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1. Iatroduction,

THE genetical research, of which this paper gives some account,

originated with an observation made in 1912 by the late Mr E, J. Allard,

Garden Superintendent of the John Innes Horticultural Institution.

He observed that the seedlings springing np around a large clump of

Chlorophytum elatum var. albo-marginatum were wholly green and did

not reproduce the albo-marginate character of the presumed parent. The

seed was without doubt self sown and pollination had been left quite

uncontrolled. From that time onward breeding with the various forms

: . under controlled conditions was undertaken with the view of elucidating

X the problems relating to the inheritance of the variegation. It has been

found necessary to investigate the origin and development of the leaf

and flower, as well as the anatomy and histology of the leaf tissues.

The earlier records were made by Mr Bateson. Miss M, R Michell of the

South African College, Cape Town, co-operated during the summer of

1916. The writer has been interested in the research since 1915 and is

responsible for the collection and presentation of the data as well as the
views expressed in the present paper.
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2 Variegation in Chlorophytum

2. Description of the Matertal.

Chlorophytum is a member of the Lilinceae § Asphodeleae. It is
characterised by the production of numerous erowns with radical leaves ;
each crown may throw a long slender stemn, upon which are borne the
numerous small white flowers, either singly or in groups. Following the
production of the flowering shaft the crown gradually dies away. New
basal crowns develop and in the course of a few years a large clump
may be formed. Vegetative shoots also break out from the points from
which flowers have been developed and such shoots under damp con-
ditions push out roots. Plants can therefore be readily propagated
vegetatively.

The forms which have been used are Chlorophytum elatum R. Br.,
with its two variegated forms C. elatum var. albo-marginatum and
0. elatum var. medio-variegatum, and C. comoswm var. variegatum. See
Plate L The type form . elatum is wholly green. Of the variegated
forms of this type, one, designated O, elatum (W. E.) in the summary of
records, has a leaf with a well-marked white edge of variable width, The
other form, designated C. elatum (W. (), bears leaves which possess a
eentral longitudinal white band. In (. comosum vay. variegatum’, which is
of smaller growth than C. elatum, the leaves also show a central white band.
In no case is the central white stripe or the white margin of uniform
colour or width, and the separation between green tissue and white is
not necessarily sharp. Outwardly, at the zone of junection between
chlorophyllous tissue and albinotic tissue, longitudinal strands of white
or green colour, varying in tint and width according to the number of
layers and rows of the mesaphyll cells affected, may frequently be found.
In the central white banded leaf forms, the band viewed from the upper
surface is more sharply defined, but seen from below it is wider, and the
transition is more gradual becanse the white tissue is extended and thins
out gradually over the green. The reverse is the case in the white
edged form. These appearances are correlated with the distribution of
the albinotic layers and rows of cells of the mesophyll. See Text-fig. 1.

Another feature to which attention must be ealled is that with
increasing age, particularly after the erown has flowered, the white bands
of the leaves of the variegated forms assume a green colour and the
marked variegation characteristic of the young leaves is lost. Usually

1 The type form U, comosnn (Baker), C. Sternbergianum (Stend.), Anthericum comorum

{Thur. Prod. 63) is wholly green. See Inder Keircnsis and Gard. Chron. 1878, pages 40
and 73, for the details of the nomenclature. :
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however the distinetion ean still be scen as a difference in depth of
" green. The variegation of the plants also appears to vary in intensity at
different times but no continned observation has been made on this
point. It is rue that a greater intensity of the variegation might well
be observed after the rapid development of many new leaves, but apart
from this the intensity of the variegation may in some way be related
to the amount of light and the degree of heat to which the plant is
subjected. With regard to these observations, an examination of the
tissues of the leaves, the resulis of which are described in detail later in
the paper, shows that the albinotic cells retain their protoplasmic con-
tents, and plastids® embedded in the eytoplasm can be made evident by
the use of iodine. Thus the mechanism is present but the power of
producing chlorophyll is lacking. This may be doe to the working of a
bleaching or an inhibitory factor which it is presumed is distributed to
the albinotic cells or the plastids at the time of meristematic segre-
gation. The green colour which the albinotic tissne assumes with

Text-fig. 1. Diaprammatic cross sections of leaves showing the genernl distribution of
albinotie and chlorephyllous tissue in the two types of variegated leaves of Chliore-
phideem,

advancing age results from a production of chlorophyll within the plastid.
Evidently the power to bleach or inhibit the production of the pigment
weakens with age and if the lack of chlorophyll is due to the interaction
of a factor with a chemical basis, alteration in the amount of light and
heat at different seasons might bring about a variation in the intensity
of the variegation,

The long slender flowering stems are wholly green in C. elatum and
C. elatum (W, E.), but in C. elatum (W. C.) and €. comosum (W. C.) the

! The term plastid is bere used to denote those granules which stain much more deaply
with iodive than the cytoplasmic watrix in which they lie embedded. They are frequently
smaller than normal chloroplasts and often of irregular shape; occcasionally in unstained
preparations they show a slight yellowish green colour.

1—%



4 Variegation in Chlorophytum

stems are white. Ocensionally faint green lines may oceur but their
occurrence seems quite haphazard and irregular. The bracts borne on
the Howeriug stem and the leaves of the \'::gt‘:l;'l.l.'i ve axes which th"\"l}]np
later upon it are in every way similar to the type of leaf borne by the
particular erown from which the flowering stem arises. Henee the
flowering stems whether whelly green or whelly white retain in their
growing points the power to produee the variegation characteristic of
each variety,

Again it must be remembered that with age the ereamy whiteness of
the white lowering stem in its prime is lost and a pale green colour is
assumed,

3. General Anatony r:lf'er Leaf.

Fresh material was used throughout. Portions of both the upper and
lower epidermis were stripped from the leal and examined ; transverse
sections were also made. Mounted in water the chloroplasts swelled, lost
their outline and appeared to become dissociated ; some cells finally
showed more or less homogeneous contents. A ten per cent. solution of
salt was then used as the mounting flnid, and although slight plasmolysis
of the eells was oecasionally found to oceur, the chloroplasts remained
in good condition for observation. After examination in salt solution
the specimens were irrigated with a solution of iodine in potassium
iodide, washed with salt solution and again examined.

Chodat(1) has made an interesting observation respecting Funkia
Sieboldiana var. albo-marginata. 1In it the sub-epidermal layer is green
but the epidermis is albinotic. This appears from the fact that the
guard cells, whether taken from above the white or from above the green
parts of the leaf, are devoid of chlorophyll. On the contrary he found
that in the form with the white centre—F. Sieboldiana var. medio-
variegata—the guard cells were green whether taken from the green or
the white paris. Hence in consideration of the condition of the epider-
mis, vach variety may be spoken of as a periclinal chimaer, It was this
observation which led me to examine the guard cells in detail, and the
investigation of the leaves of Chlorophytum has shown that in all
essential respeets Chlorophytum agrees with Funkia.

It may be mentioned that in 1916 a number of seedlings raised by
Bateson, s the result of self fertilisation of the white edged form of
Funldn, all eame green, which from the nature of the sub-epidermal
layer might be expected.
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. elatum.

Upper epidermis. Stomata when present confined to the median
longitudinal depression; guard cells with chloroplasts and stareh.

Lower epidermis. Stomata abundant; guard eells normal

Mesophyll, The number of cell layers ranges from one ai the edge to
seven in the thickest part of the leaf Chloroplasts are closely packed in
the cells. No starch is present.

. elatum (W. E.).

(a) An old leaf with a greenish edge but still less green than the
central band.

Upper epidermis. Stomata not seen in any preparation.

Lower epidermis. Stomata present over the whole surface; guard
cells possess chloroplasts with starch.

Mesophyll. Chloroplasts are not confined to or absent from any
particular layer of cells: they appear to be less numerous in the lighter
green edge.

(b) A well-developed leaf with marked white edging.

Upper epidermis. Stomata not seen.

Lower epidermis. Stomata abundant over both green and white
areas ; the guard cells are mostly colourless but some possess slightly
green and others yellowish plastids of somewhat irregular form.  In all,
plastids and starch are present.

Mesophyll. In general the chlorophyllous tissue forms a central mass
extending towards each edge of the leaf in a rough gradient which
is prolonged towards the lower epidermis. The sub-epidermal layer alone
finally continues the extension of the chlorophyllous tissue. Albinotic
cells retain protoplasm and plastids.

C. elatum (W. C.).

() An old leal apparently all green; closer examination showed
that the centre lacked the depth of green of the edge.

Upper epidermis. Occasional stomata were seen in the epidermis
stripped from the median line; guard cells with chloroplasts and starch.

Lower epidermis. Abundant stomata; guard cells over both green
and white areas with chloroplasts and starch.

Mesophyll. In the mid-leaf area the cells are generally larger than
those of the leaf edge ; the chloroplasts in the former cells are sparse
and irregularly distributed in the protoplasmic lining whilst in the latter
they are more numerous and closely packed.
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() A well-developed leaf with marked white central band.
S e ::Icier:aata}_. As described under (o).
Lower epidermis)

Mesophyll. The chlorophyllous tissne extends from the leal edges
towards the centre in a rongh gradient which is prolonged towards the
upper epidermis. The sub-epidermal layer finally continues the exten-
sion. The albinotic tissue oceupies a position similar to that oceupied
by the chlorophyllons mesophyll of the form C. elatum (W, E.). The
colourless cells retain both protoplasm and plastids,

C. comosim,

Upper epidermis. No stomata seen in the preparations made.

Lower epidermis. Stomata abundant ; guard cells with chloroplasts
and starch,

g‘rfE-'.-‘upflyH- Cells normal with numerous closely packed chloroplasts.

. comosum (W, C.).

(@) An old leaf in which the central stripe was distinetly green but
less green than the edges.

Upper epidermis. No stomata were found.

Lower epidermis. Stomata abundant over both green and white
areas ; guard cells with chloroplasts and starch.

Mesophyll. The number of cell layers ranges from one to seven, and
the average size of the cells approximates throughout. In the central
area very few cells are without some chloroplasts but the number in each
cell 1s less than the number in the mesophyll cells of the darker green
edges of the leaf.

(5) A well-developed leaf with a marked central white band.

Upper epidermis)

Lower epidermis| '

Mesophyll. The cells of the central area are without chloroplastids
but the protoplasmic contents are retained. Embedded in the protoplasm

are plastids—leucoplastids—which appear small and fragmentary. The
cells in the green areas are normal.

As in (a).

The green flowering shaft of C. elutum.
Epidermis. Guard cells with chloroplasts and starch.

Cortex, outer. Cells with abundant large chloroplasts; some colour-
less cells.

Corter, inner, A zone of cells with thickened walls.
Medulla. Cells larger than those of the outer cortex, and usually
with small and sparsely distributed ehloroplasts.
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The grean flowering shaft of elatwm (W, K.

Epidermis, Guard cells without typieally green plastids; the plastids
contain starch, Many plastids showed traces of green or yellowish eolour.

Cortex, outer. Cells with numerous ehloroplasts.

In an old flowering shaft, which had produecd vegetative growths,
the guard cells possessed chloroplasts as well as the three layers of cells
forming the outer cortex.

The white Howering shaft of C. elatum (W. C.).

Epidermis. Guard cells with chloroplasts and starch,

Corter. outer. Cells with distinet chloroplasts few and irregularly
distributed.

The white flowering shaft of €. comoswm (W. C.).

Epidermis. Guard cells with chloroplasts and starch.

Cortex, outer. Except for isolated cells with chloroplasts, the tissue
was colourless; that the cells retain protoplasm, nueleus and plastids was
made evident by the use of iodine.

Corter, inner. A band of cells with thickened walls.

Medulla, Oceasionally ecells with chloroplasts were seen; most
frequently these were in close proximity to the vascular bundles.

In each case therefore the guard cells of the stem agree with those
of the corresponding leaf.

4. Opigin of the Le w s and the Type af Variegqation,

In Chlorophytum the leaves originate as successive collars pushed
off as it were from the rim of the meristematic zone. They are arranged
in .a close spiral with a sinall divergence, and the point of significant
interest in the typically variegated forms is the regulavity with which
the leaves show their type of variegation. Moreover, although new
growths are constantly being produced, no wholly green or wholly white
crowns have been seen to arise from the typically variegated forms.

Laubert(2) has deseribed a relatively simple case of a sectorial
variegation in Tradescantia cumanensis where the leaves ensheathe the
stem and the phyllotaxy is distichous, Here each pattern is conditioned
by the block or blocks of albinotic cells of the growing point as figured
in the abstract referred to.

Similar cases which are explicable in much the same way are found
in the collection of variegated plants grown at the Institution.

In Reineclia carnea var. variegata the shoots have a decumbent
habit, and as in Tradescantic cumanensis the phyllotaxy is distichous,
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and the leaves ensheathe the stem. The usual and moest strking form of
variegation is a sectorial one in which each leaf shows half white and
half green throughout its length. The leaves of one rank are thus
mirror images of the opposite rank. Although no prolonged observations
have been made on this plant, this type of variegation in Reinechia
appears to be of considerable stability and the shoot may long remain
in this condition, the leaves of subsequent growth reproducing the
type of variegation. Later however the variegation may give place
to some other pattern incidental to a re-distribution of the albinotic and
chlorophyllous cells, presumably by further divisions and segregations.
Some shoots may run out wholly green while others starting with a
slight green banding of the leaf may run out wholly white. The smaller
the blocks or groups of albinotic and chlorophyllous cells into which the
meristematic tissue of the apex is divided, the finer and apparently the
less stable the pattern of the variegation exhibited by the leaf becomes.
How the re-distribution of two types of cells forming the meristem of
the stem apex is brought about in those instances where the pattern of
the variegation changes in one and the same axis ean only be con-
jectured, but in any consideration of the problem the possibility of the
existence of a differential rate in the multiplication of the two types of
cells in the meristem, or even the recovery or loss of chlorophyll in the
albinotic and chlorophyllous cells respectively, must not be overlooked.
Anyhow the variegated condition of Refneckia carnea can only be main-
tained by propagation, for if left to form a large clump by natural growth
the wholly green condition ultimately predominates.

A variegated plant of Dactylis glomerata, which may be mentioned
in this connexion, was found and brought to the Institution by Mr M. B.
Crane. Text-fignre 2 shows the distribution of variegation in this
gramineous form. The lowest leaf on the right, and each succeeding
member of the same orthostichy, exhibits a central green band, while
leaves in the opposing rank show green edges. The distribution of the
variegation indicates a division of the apical meristem into two approxi-
mately equal masses of cells, the one mass gi:.*ing I",i:a;e to the fully
chlorophyllous condition, the other to the albinotic condition of the leaf
tissue, The position of the two apical masses is such that the leaves of
the one rank take out a central white band and green edges, whilst
the leaves of the other rank take out a green central band and white
edges. An examination of the epidermis of the vmiegated leal’ types
borne by this Dactylis has shown that the guard cells in all parts are
without chloroplasts. Moreover the guard cells of a wholly greeu plant,
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a seedling from the variegated Dactylis glomerata question, were
colourless,

No doubt in the variegated forms of Chlorophytum, blocks of albinotic
cells occur in the apical meristem, but how these contrive to originate
the orderly segregation of the albinotic condition to the centre or edges
of the leaves having regard to the leaf origin is not clearly evident. On

Text-fig. 2. Variegated shoot of Dactylis glomerata, The black areas indicate
the chlorophyilons areas,

the assumption that the cells forming an arc of meristematic tissue at
the apex are albinotic in character, it will be seen that for the albinotic
condition to be passed on to the leaf edges or centre respectively, the
arc of albinotic cells must so travel in segregation, that it will trace out
a spiral band passing round the apex in correlation with the spiral of
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leaf origin, That such a rhythmic distribution of the albinotic con-
ditions oceurs is but a coneeption, for examination of the stem apex has
not up to the present revealed any basis of fact for the assumption made,
'l'v!{t—ﬁglm* 3 which 15 a 11irlgl':11||||L;LIi1' representabion of the ]L';lIIUJ'ij_{I':IiH
will serve to illustrate the conception. This conception of the distri-
bution of albinotic cells to the leaves docs not alleviate the difficulty
with regard to the nature of the flowering shaft, which in the two

Text-fig. 8. Diagrammatic eross section of the meristematic cone to illustrate the
conception of a rhythmic somatie segregation mentioned in the text.

variegated forms is either wholly green or wholly white without visible
striping, although as has been mentioned earlier, the bracts borne on
these stems are typically variegated. Yet however as will be shown
later, where the distribution of the variegation to the leaves is disorderly,
the flowering axes arising from such crowns are striped or banded in a
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dugree which appears related to the character of the leat variegation,
Apparently therefore any displacement of the variegation from the
normal type finds expression in the variegated striping of the E10w-.:ring
shaft.

3. Progeny of the Types and Origin of the Dvule.

When €. elatum (type) is selfed, green seedlings are produced,

When €. elatum (W. E.) is selfed, green seedlings are produced.

When C. elatum (W. C.) is selfed, albino seedlings are produced,
which die. .

The seedlings from C. comosum (W. C.) when selfed have been albino
with the exception of a few which were yellowish green and one wholly
green, Since a flowering stem may occasionally show a fine green line,
there is always the possibility that a green seedling may be thrown
among many albines, while the production of yellowish seedlings suggests
that among the cells of the sub-epidermal layer segregation in respect
of greenness may be imperfeet.

An interesting point was raised with the production of these types
of seedlings. It is invelved in the question why the white edged leaf
type of variegated plant produced green seedlings, and the green edged
leaf type white seedlings, when it is generally held that the ovule is
produced from the margin of the carpellary leaf, there being no reason
to suspect that the differentiation of tissue in the carpellary leaf was
other than that of the type of bract borne by the flowering shaft. It
was thought possible that in this instance the ovules might be of stem
origin, but an investigation showed that the ovules of Chlorophytum
were normally developed, i.e. carpellary in origin and not cauline, The
breeding results however clearly indicate a close relation between the
nature of the seedling and the type of flowering stem upon which the
Howers and seeds are borne.

6. Summary of the Genetic Records.

Fraogeny from the Species and Varieties selfed,
Rl %o Parents. Platel Offspring

G W. ¥Var
Al C. elatum (3.} ... s 817 HTE s
1L C. elatum {W. E.} opto 1914 and 9017 6 — —
HI  C. elatum (W. C.) 1817, 85117, 118 — 48 —
. v C. comosum (W. C.) e up to 1914 and 5/18  1* G6* 2*
% the 66 classed as white, there were 7 with a slight yellowish green tinge of
which § | sufficient green to give them an existence. The two variegated had ﬁt &

slight green stripe in the first leal. The green seedling died.
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Progeny from Varietal Crosses,

Hef. Na. Parents Ofspring 0. W. Var
BT  C elatum (G.) =t elatum (W, E.) 117 2 — —
11 @, elatum (W, E. )= O, elatum (@.) .. BT ap — o
I ¢ elatum (G.) = C. slatum (W, C.) 2117, 10{18 il - —
IV G, elatum (W, C.) = O elatum (G)) ... Bf18 soad cc‘_lluutg_l.l 17T P— 1 —
fore ripe
V O elatum (W, E.)x €, elatum (W, C.) 16/16, 17/17, 1118 161 1 a*
¥I C elatum (W, Q.) x C. elatum (W. E.) . IBJ1T, 9/18 =i ViR —

* Ome seedling in 16/10 and one in 17/17 showed stight white markings in the early
leaves. These were kept as 16116 and 1717 but later became wholly green,  An all green
form kept as 17217,

Progeny from C. elatum and forms « C, comosum (W, C.).

Ref, No, Parents Oifspring G, w. Varn
ClI C. elatum (G.) = C. comosum|W.0.) 10f15 M — —
I ¢ elatum (W. E.} = €. comosum (W. C.) 1316, 15/16 2 — 1%

* One seedling kept as 13!/16 showed a white stripe on leaves 5 and 6; Inter became
all green. & other seedlings were kopt of 15/16

CIIE  C.elatum (W. E.) x C. comosum (W.C.) 14/17, 1517, 16/17 i R |

t One seedling kept as 16417 showed white stripes on leaves 2 and 3, and after passing
through an all green phase, developed new basal crowns showing iI‘[EE‘IJ.LI'tl' vn:-i_eglt.inn dis-
posed in lines and narrow bands; now mainly a white edged type.

D1 C, comogum (W, C.) x C. elatum (W. E.) 815 — 11 o

+ These two seedlings 81 2/15 grew into forms with an irregolar distribution of varie-
gation.

DI € comosin (W, C.) = C. elatum (W, E.) 1914, also 14/16 1§ B
§ Raised in 1914; this plant was E.

and was psed in producing families 11716, 5/17, 6/17, 2217 — — —

also by selfing ... - 2015, 1216, 11/17, 12/1T B8 — 1]

i The variegation eame late, and the plant was grown as 21/15.

Derivatives.

Rel. No. FParents Ofspring G, W. VYar
Bille 1018 and 10°/18 selfed 520, 8{20 H — =
BYa 10YlGsslfed ... e 4/18 13 1*

Grown as 4118,
BYb  WABxC elatum (W.C) ... .. 818 govE
81/18 selfed, and 3%/18 selfed 2/20, 3/20 Hp A
BVe 16416 x €. eomagum (W. C.} 718 16 — o+
* These were grown as 7% 318,
Two green forms were also grown as 74/18,
T%(18 selfed ; the seeds from the various parts of the plant
were kept and sown saparately as
Plate I1 119 seed from green stems with slight — 24 15 @&
white lines

2/19 seed from green branch of aerial —_ nothing
slem
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Refl. ¥o. Parents Offspring

Plate IT  3/19 seed borne directly on white stripe -
of stem
++ sp 419 seed from upper groen part of _—
serial stem
5/19 seed from o green band . . —_—
6/19 seed from green hmnu:h of LhE —
aerial stem’

Also TH18 selfed, the seed [rom the 4720
various parts of the plant being
mixed
Plates 11 7#/18 selfed and seed mixed ... B1G

and I This plant had fine white lines on the -
flowering stem, with a terminal tuft
of leaves having white marging and
irregularly disposed white stripes.

1 Nine variegated plants of 8/19 were grown and observed in detadl.

7118 nnd 718 selfed . =

BYd 17917, 17917, 11418 sue!Fed var 11419, 15718, 6/20
BYe Celatum (W, C)x16'16 ... 2/18
BYy 0. comosum (W, 0.} 1616 ., G618
Clla 13416 selfed ... .. 3117

r CIIE 15416 x O, elatum (W, ﬂ i o ¥ 25117

Ome seedling had & white stripe in the —
* 3rd and 4th leaves 23417, One be-
camea slightly variegnted later 23917,
Twao other seedlings which showed a f
varicgation in depth of green were
grown as 234417,

Plate LI 2834017 each selfed I o 128, 17719, 18/18, 18/19
* Eleven geedlings arising from 28217 selfed showed varie-

gation in depth of gresn.

Clle 1516 €. comosum (W. C.) ... 24/17

CIld . comosum (W. C.) = 1516 ... 20017
f 1 Four were yellowish green.

Clle & comosum (W. C.) x 15416 20417

§ One sesdling yellow green ; the four variegated ware grown

on and have o detailed history.

Flate VII 21%%4/17 ran out white and 21%/17 has
stabilised on a slight white edged

type of leal
CILf O elatum (W, C.) %1516 ... .. 1917
* One seedling showed a stripe of green on the second leaf,
Cllla 14417 selfed ... 13/18
GITD 1617eelfed ... .. o e 14/19
E??‘;f"‘i’ * 14 variegated seedlings grown on.
Repeated Tj20
Dia 8115 selfed i P 5 |7

* Bome seedlings with lum twisted and nicked.

.

14

T2

82
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41

111*

a4

a0
31

43
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=

[
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.

18

20

53
14

a6

17

13

Var.

12
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Ref, No. Parents Oifspring G, W, Var,
DIla . comosum (W, C.)xgreen F [ co. 1/15 -— 6% 2
mosim (W. C.)x €. elatum (W, E.)]
* The yellowish green type predominated ; 2 variegated were
grown as 1%7]15
1115 and 1715 each selfed .., 26017, 27T wo— 1*

* At first all green; then wariegnted, and finally green;
grown as 2617,

SlTelld . o o L 14/18 fe™ .
DOy F %‘. comosum (W, 0.) = C. elatum 215 M4 - by
{W. E.}] selfed

* This plant threw variegation inits Srd leaf and subsaquently
threw several irregularly variegated crowns; it was grown
as 215,
2415 selfed ‘ 28117 443 — a*

* These three plants were grown as 28L%317,

Plates 28417 zelfed 3 10/1% 30 8 13
IV, V1 * 6 variegated seedlings of 10/19 grown.
Plate  28%17 selfed. The seeds from the varions parts of the plant
Yl were gathered and sown separately ns ;
12/19 seed from just below the terminal tnft of leaves .. 42 — B
13/19 sced borne directly on the main variegated stem. ] 1
{Group £ in the photograph)
Flate 111 1519 seed borne on the basal white branch .., — W —
1619 seed bLorne on the white fasciated part of the stem 1 31 1
near the base

Plates 20/19 seed was collected from three flowers, Gronp 4 in the
IT1, VIII  photograph, borne directly on the variegated stem,

From two flowers the seed was mixed... 4 3 10
The third Hower showed a variegated capsule, and the =eed
from each loenlus was sown separately os:
Eoie Il 804[10 5as8s ... ... o ot i an e R gt
o e e o o Rk e S S e
20 Gf19 & eeeds, from the white locnlus - ;i
21/19 seed borne on & green branch of the varicgated stem. ., 12 — 1

DIle C. comosum (W, C.} % green Fy [C. co- 11716, 617, /17 e B g
mosent (W, C.) % €. elatum (W, E.)]

(Repeat D 11 a)

* These were grown as 11416 and 11216 ; the first became
wholly green and the second wholly white and died.

11316 selfed ... #0j17 15

7. General Summary of the Results.

The number of seedlings raised of which records have been made is
2589, and the summarised tables show in some detail how these seedlings
have been bred. Of this total, 1514 seedlings were green, 445 albino
and 130 or 547/, were recorded as throwing some form of variegation,
In no instanée was the orderly type of variegation characteristic of the
original forms directly reproduced. Attention is particularly called to
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the crosses deseribed under the Refs. BIIL and B V and the derivative
forins deseribed under the Refs. BIITa and BV a—e No less impor-
tant are the breeding details given under Refs, C 11 and D) 1T and the
derivative Refs. CIla—f and D11b From these results it is clear
that the variegation is not distributed on any Mendelian system, and
that this property seldom enters the germ cell lineage, or is expressed
in the offspring arising from the interbreeding of the typieally variegated
forms. Nevertheless the green probably owes its character to a factor
which the white does not possess and the variegateds may thus be
regarded as a special form assumed by the heterozygotes.

Variegation in the seedlings must originate in the first instance by
some peculiar action which brings about a somatic segregation of the
two opposite characters, and the disorderly distribution to the leaves
must depend upon the sequence and mode of the subsequent meristematic
segregations. Though not at present referable to any cause, it is clear
that this pair of allelomorphs, for green and eolourless plastids, are
especially liable to such somatie segregation, which has brought about
the long series of variegated plants. Seedlings exhibiting such disorderly
segregation originated in the families deseribed under the Refs. BV,
BVa, BVe ClIle, DIIb, and others, and it will be seen that except
for the B V a family—an F, from a varietal eross—the progeny in these
families was derived by the introduction of the second species C. como-
sime (W. C.). These seedlings produced Howering shafts which were
striped in white and green bands and lines of variable width. As soon
as plants were raised with noticeably striped Hlowering shafts, variegated
seedlings were obtained in larger numbers.

In general the results may be interpreted in the sense that no matter
how the pollinations are made the progeny result as follows :

() Seed carried on wholly green flowering stems produces green
seedlings.

(b) Seed ecarried on wholly white flowering stems produces seedlings
devoid of chlorophyll and which subsequently die. j

(¢) Seed borne on striped fowering stems gives green seedlings,
white seedlings and seedlings showing variegation of irregular pattern.

() Seed gathered from finely striped flowering stems produces a
much larger proportion of these irregularly variegated seedlings, while
from those Howering stems showing broad bands of green and white,
seed can be isolated which will give wholly green or wholly white
seedlings. This isolation of seed has been shown to be possible even to
the seed produced in a single variegated eapsule. See D IT5.
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A fact of further interest has been revealed by the later growth of
the disorderly variegated secdling crowns and the subsequent production
of new basal crowns. Where the vartegation is of the finely divided order
the crowns quite frequently ran out whaolly green or wholly white.
Where the variegation oceurs insomewhat broad bands, the variegated
basal erowns produced later tend to stabilise on the white edge and the
white centre leaf types. Wholly green and wholly white crowns may
also be thrown off. By this production of new basal erowns which arise
from buds developed on the old erowns at the soil level, forms ex-
hibiting the orderly variegation of the stable types may ultimately
result and the disorderly variegation exhibited by the seedling becomes
lost. Hence the conditions which lead to the production of disorderly
variegation appear to be unstable and temporary and it is presumed that
conditions of stability are regained by further segregations in the apieal
meristems and consequent re-organisation of the distribution of albinotic
and chlorophyllous cells.

Grieve(8) writing of variegated zonal Pelargoninms as long ago as
1868 called attention to an nltimate recovery of a stable type of varie-
gation. The passage seems worth quoting in full; it is as follows::

“ Although it is by no means uncommon for seedling plants in their
early stages to produce numerous leaves, the surfaces of which are
irregularly splashed or blotched with white or yellow, still they ultimately
resolve themselves into some regular or symmetrical pattern of marginal
variegation or otherwise recover, as it were, from their variegated
tendencies altogether and become entirely green.”

EXPLANATION OF PLATES.

PLATE 1.
A, Chlorophytum elafion ; loaves and Aowering shafi,
B. . elatum var. albo-margingtum ; leaves and dowering shafl,
C. O, elatuwn var. medio-variegatum: leaves and dowering shaft.
D. €. comesum vax. variegatum ; leaves. The #owering shaft is similar to that of C.

PLATE Il
Seedlings in pans ; families 1/19, 319, 4/19, 819, 10/19, 14/19, 19/19.

— e

Refervnce in Genetic Summary : BYe DITh CIIIH, CIla.
Family 19/19 of all green seedlings is contrasted with 319, a pan of albino seedlings.
PLATE 11l

Seedlings in pans ; families 15/19, 20/19, 20 A/19, 20 C19, Reference D LD,

Four geedlings of family 8/18 showing disorderly variegation in the original Beedling
Erowns.
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The original eeedlings of which the above are photographs wers exhibited at the

boval Bocicty's Conversazione in June 1014,
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PLATE VI

NO. 1
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MO,
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PLATE IV.
Serdlings of familics 10/19 and 14/19. Refevence D 115 aud ©TTL S,

PLATE V.

Seedlings 14519, 14319 more ndvanced,

PLATE VI,

Seedling plant 258917 at three different poriods; A, 15—3—18, B, 9—8—18, and
C, 38—1—19. Referonce DITY,  This plant tow shows one whaolly green erown and
two crowng with white centre lenves,

PLATE ViI,

Seedling plant 21417 at two difforent periods; A, 15—3—18, and B, 13—#--18. Referencs
Clle. C, Seedling plant 21317,

These two plants ran out white and died,

PLATE VI,

Seedling plant 28417 at two diffevent periods. Teferenge D IT 6.

A 8—T—18. A white and green striped flowering stem Leaving white nnd green lateral
branches is shown, Seed collected from the variona parts of thiz stem pave fumilies
as deseribed under DIFY in the genetic summary,

B. 24—4-—19.

the present date 16—4—21 the plant shows two erowns prademinantly white ; one

crown with white centro leaves and two crowns wholly green exeept for an oecasional

leaf with a slight white line in the centre,

o
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INTRODUCTION.

Ix previous papers' I discussed the genetie constitution of Linum
wsttatissimum for the colonr and some other characters of the flower and
the seed, and the interaction of the hereditary factors or genes, detor-
mined by means of erossing. Since that time I have eontinued my
research and 1 have suceceded in further analyzing that part of the
genotypus, especially relating to the characters above mentioned. 1
should now like to communicate the results obtained by that research.
For a good understanding of what follows, however, it is necessary to
summarize what has been tanght by the crosses previously deseribed.
The blue colour of the petals depends upon the interaction of two
factons B and €. If either of the two is absent, the fower is white. In
the common blue eolonred enltivated fHax an intensification-factor is

L Die gonotypische Zosammensetzung einiger Varietiten derselben Art und ihr geno-
tischer Zusammenhang.” Ree. d. trav. bot, néerl, Vol. xn. 1815, p. 217, ' Die gegon-
geitige Wirkung genotypischer Foktoren.” Ree. d. trap. bof. néerl. Vol xnr, 1916, p. 44,

“0On the mutual offect of genotypie factors.” Proe. Kem, Akad. ¢, Wer., Amaterdam,

Yol, xvin. p. 1056,
a2
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also present, which by itself eannot produce eolour but darkens the
light-blue cansed by B and €' conjointly. In the absence of B, (! causes
the narrower shape and the crumpled condition of the petals and a
deerease of seed-formation and germinative-power. C therefore acts as
a factor inhibiting the development. This inhibiting action of €' how-
ever is nentralised by B, which in this respect works as an inhibitor of
this inhibitory factor. In the presence of B, independent of the presence _1
or absence of C, the eolour of the anthers is blue, of the seeds brown ;

while the anthers ave yellow and the seeds greyish-green when B is
ahsent,

The results above mentioned are deduced from the observations
made by crosses between the following strains: the common blue and
the common white cultivated Hax, a variety with light-blue flowers; all
of them with blue anthers and brown seed, and a white-flowering form
with narrow erimped petals, yellow anthers and greyish-green seed.
These strains were crossed with three others, already mentioned in a
previous paper’. One of these has lilac Howers, o little darker than
those of the common blue flax, and blue anthers, another has pale-blue
flowers, a good deal lighter than those of the light-blue variety and
yellow anthers, and the third has pink flowers with yellow anthers. All
three varieties have broad flat petals and brown seed. The yellow
eolour of the anther of the narrow-petalled white of the pale-blue and
of the pink variety is due to the fact that the yellow pollen is visible
through the colonrless wall. In the blue anthers however both wall and
pollen are blue. Whether there are forms.in which the pollen is yellow
and the wall blue or the pollen blue and the wall colourless is o matter
I have not yet investigated. If in this paper the colour of the anther is
mentioned, the whole anther is meant, wall with pollen, as they show
themselves in the flower to the naked eye. The filament is white or
blne, either the whole or a greater or smaller part, while the intensity
of the colour also varies. The style and also the stigma are white or
colonred lighter or darker blue®. All the differences in eolour and in

1 [.c. 1916, pp. 219, 220, { |
* The biue colour of petal, flament, wall of anther, style and stigmn is ehiefly eansed
by sniboeyanin in solution, Moreover a dark-blue globular Lody, very probably alse con-
taining anthoeyanin often oceurs in the cells. Addition of hydrochloric ncid makes these
bodies dissolve in the cell-sap, colonring it red. Addition of ammonia gives & green soly- {
tion. In the list of plants, composed by Gertz, in which solid or erystalling anthocyanin
oceurd, quoted in the work of Miss Wheldale: The anthocyonin pigments of plants, pp. $0-—33,
L. usitatissimum is not mentioned, In white flower-parts we often find in the cells a group

of amaller, usnally yellowish-brown globular bodies. T know nothing about the naturs of
these,

LA s S e
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the extension of colour, even the very slight differences, are genctically
determined. T shall not discuss this here, as the investigation has not
been finished as yet,no more than the one relating to the interdependence
between the colour of anther, filament, style, and stigma. I will only
mention that blue filament and yellow anther may oceur topether.

The characters to be fully discussed here, are the colour of the petal,
in which the lesser or greater extent of pigmentation towards the base
will not be taken into consideration ; next the eolour of the anther, the
colour of the seed, i.e. of the seed-coat, the breadth of the petal and its
being flat or not.

There is some difference between the forms with petals that are not
flat. Some have not so much erumpled petals as petals which might be
called hooded ; since their shape reminds us much of the hooded
standard of some types of Lathyrus odorafus of Bateson, Miss Saunders
and Punnett's experiments’. In this paper I have not distinguished
between the various forms and continued to call them ernmpled or
crimped. Reciprocal erosses were made between the four strains
formerly investigated and the three others mentioned above.

Before discussing the results of the various crosses it seems desirable
for the sake of a clear representation to give a preliminary aceount
now,

While through the crosses between the four varieties above mentioned
as already stated, three hereditary factors, denoted by 4, B and €,
could be determined, it was possible through crossing these with the
three last forms to analyse the complex B, €' into seven factors. Two of
these are necessary for bringing about colour in the [Jc-t.ﬂ.!s, they are
ground-factors for the colour. In order to agree as much as possible
with the previous notation, I shall denote these with B and €” and the
others with ), E, F, ¢ and H.

The common blue flax, therefore, has as genetic formula :
AABBCCDDEEFFGGHH,

the light-blue, which is distinguished from the common blue flax,
beeause it lacks the intensification-factor 4 is:

wa BB CC DDEEFFGGHH.

As has been shown by previous crosses the two white-flowering
varieties differ from the common blue one, beeause they lack one single

! Reports to the Evol, Comm. of the Roy. Soc., Iep. 1. 1905, p. B3 and Rep. 1v.
1908, p. 7.
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factor, In avcordanee with the previous indication it is the factor €7,
which is absent in the common white flax: this therefore has as
genetic formula AA BB’ DDEEFFGGHH ; while the narrow-petalled
crimped form lacks the factor B and is AAVYCCDDEEFFGGHH.
The three other formsare: the lilae one A 4 B'B'CCDDEEffGGHIT,
the pale-blue one with yellow anthers AAB'BCC DDeeFFGGLR, and
the pink one AAB B CCddEEFFGGHH,

I. Gexeric AxaLysis,

The crosses with the lilac floc with broud flat petals, blue anthers and
brown seed.

Common blue x lilue. F, had Aowers very like the common blue flax
in colour, only slightly more lilae-tinged. F, consisted of 230 blue- and
71 lilac-flowering individuals, i.c. about 3:1. Five of the lilac ¥, plants
were further cultivated and have given alveady during five generations a
pure lilac offspring, numbering some hundreds of individuals. From three
F, plants, bearing common blue flowers, but slightly lilae-tinged, an ¥,
was raised, segregating into common blue and lilae, superficially estimated
at about 3: 1,

All these observations together point to a monchybrid eross and the
factor, in which the two forms differ, T will denote with F.

Sinee blue dominates over lilac so strongly, that the hybrid is hardly
distinguishable from the blue strain, it may obviously be accepted that
F is present in the blue-Howering flax F therefore changes the lilac
colour into blue and as the blue colonr is less intense than the lilac, B
appears Lo act at the same time as a diluting factor.

The lilac flax, which is only distinguished from the blue by the lack
of the factor F, possesses like this the factors A, B and ¢". The light-
blue flax and each of the two white-flowering varieties are anly distin-
guished, necording to a previous investigation, by the lack of one single
factor, viz. respectively A or B’ or €” of the common blue flax. Like the
common blue flax they must therefore possess the factor #. In erossing
the lilac with the light-blue varicty, and with the two white forms,

common blue must arise in F., and likewise individuals which, besides F

also lack A or B or O,

The observations prove this as will appear below.

Light-blue x lilac. F, had flowers almost equal to those of the com-
mon Hax, only slightly more lilac-tinged. F, segregated into: common
blue 55, light-blue 19, lilac 22, light-lilac 7, a ratio sufficiently agreeing
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with the ratio 9:3:3:1, to show that we have to deal with a dihylbrid-
cross. This was corroborated by the offspring. Among the common blue
ones there were thuse which segregated in F, as in F,. Others gave
common blue and light-blue, still others common blue and lilac, in both
cases according to an estimate of the plots of about a hundred indivi-
dnals in 2 ratio of about 8:1;: while some common blue-Howering F,

plants bred true during five generations consisting of some hundreds of

individuals. The light-blue F, plants were either pure,or segregated in ¥,

into light-blue and light-lilac, according to an estimate in a ratio of

3:1; likewise did the lilac F, plants produce either a pure lilac offspring
or segregated into lilac and light-lilac. Allof the seven light-lilac F, plants
produeed nothing but light-lilac in some hundreds of individuals during
five generations. It is this constant new form which lacks both factors
A and F.

Common wihite x {ilag. The Howers of F, were colourved blue, o listle
lighter than the colour of common flax. As in the crosses of common
white x common blue, or x light-blue?, the veins of the petals are no
darker than the intervenin, thus contrasting with the homos gous blues
and lilacs and with the erosses of nurrow-petalled erimped white % blue
or % lilac. By the uniform tint of the petals the hybrids are casily dis-
binguishable from the homozygotes.

Previously T denoted the flowers in which the darker colour of the
veins was wanting, as “without veins” and I shall continue doing so.
While here too it appeared that in the crossing with lilac flax the
intensity of the colour of the veins depended on its being homo- or
heterozygous for the factor €”, I have been able to deduce from experi-
ments, which will however not be treated here, that besides this there
exist one or more separate factors for vein-colouring. Intervenia and
veins may be coloured quite differently, ez the intervenia pink and the
veins blue.

F, gave :

Caminion Canunon blue Lilze
Blie withoal veins Lilaz  without velos  White

42 6 15 3 it

A (i 1 2 4
et r— e — -
9 i B 1

The theoretical ratio for common dihybrid cross has been given in
the bottom row. The ratio observed and the theoretical ratio are suffi-
ciently in accordance, taking into consideration that the behaviour in

1 L. 1915, p. 235,
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the next generations was similar, Of the blue-flowering K. plants some
bred true, others segregated into blue and lilae in o vatio of about 3:1,
according to an estimate of the plots of some hundreds of individuals,
The blues without veins again segregated, either as F. or only in blue,
blue without veins, and white. The lilac-Howering F. plants bred true
as observed during five gencrations in some hundreds of individuals.
As appears from the above statement, there arose also in Fy individuals
with lilac-colonred Howers, in which the veins wore no darker than the
intervenia, denoted therefore as lilae without veins. As in the case of
the blues, this shows that they are hybrids, heterozygous for the factor
€. That this really is the case, appears from the offspring which I shall
dizeuss below.

All whites oceurring in F, were phaenotypically equal and had Hat
petals, blue anthers and brown seed. Genetically however they must be
of three different compositions, viz. with FF, with Ff and with ff. The
first is the common white, the second o hybrid, but the third is a new
torm, viz. the common white but without the factor F. The different
whites being externally not distingnishable, this new one could not be
dircetly isolated from F.. To obtain it various whites would have to be
crossed with lilac. In the one which does not produce blue in its off-
spring, the factor ¥ is absent. It is however more convenient to avail
aneself of the fact above mentioned, that the lilac-coloured hybrid is
distinguished from the homozygous lilac by the deficiency of the dark

*veinsg. This lilac without veins, which may easily be isolated from F,,
segregates in F, in lilag, lilac without veins and white, and in this white
the factor F is wanting.

The observations gave : lilac 44 ; lilae without veins 82 ; white 44.

The proof that these whites really lack the factor F, was given hy
crossing them with the common blue. There appeared in F individuals
with lilac flowers, while in crossing comnmon blue with common white,
this is not the ease, according to observations previously mentioned.

In all erosses above mentioned all the descendants have flat browd
petals, blue anthers and brown seed.

Nurrow-petalled crimped white, yellow anthers and greyish-green
seed # liluc. As in the case of blue, it is also with lilac, that the hybrid,
which is heterozygous for the factor B, is not distinguishable from the
homozygote, as in the hybrids the veins are darker coloured than the
intervenia. The observations on F, gave the following ratio: common
blue 411, lilac 141, narrow-petalled erimped white, yellow anthers and
greyish-green seed 158. All of the blue or lilac-coloured ones had in
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their offspring flat broad petals, blue anthers and brown seeid. The pro-
portion of blue and lilac is nearly exactly expressed as 3:1. The pro-
portion of the total number of coloured ones to that of the white ones,
viz. 552 : 158, or calenlated for four individuals 311 : 0-89 deviates rather
much from the ratio 3:1. The mean ervor for this number amounts to
0065, the deviation therefore is about twice as great,

I previously! demonstrated that in crossing the common blue flax
with the narrow-petalled erimped white in F, the ratio of the blue and
white deviates so much from the ratio 3: 1, that this deviation eannot
be attributed to chance. I was then able to demonstrate that® the
deviation consists in a deficiency of whites, which is caused by the fact
that € acts as a semi-lethal factor, when B is absent. It is very pro-
bable that here we have to deal with a similar case,

The whites occurring in F. were phaenotypical ly alike, having
crimped narrow petals, yellow anthers and greyish-green seed. Geneti-
cally however they were different, viz. FF, Ff or ff. This appeared from
crossing with lilac, Besides white some produced blue and lilac in the
offspring, others only lilac besides white, In this latter case the original
white one had been homozygous for f.

Some of the common blue F, plants segregated in F, into blue, lilac
and white, as was to be expected ; others into blue and white, while
some bred true., The lilacs segregated into lilae and white or bred truc.

The crosses with the pale-blue flas with broad flat petals, yellow
anthers and brown seed.

Common blue % pale-blue, ete. The whole of the offspring in all genera-
tions had broad fat petals and brown seed. The petals of ¥, were a little
lighter in colour than the petals of the common blue flax, The anthers
were blue. On close comparison with those of the common flax they
appeared to be a shade more greyish-blue. In future these heterozygotes
will however be indicated as with blue anthers and counted among the
homozygous blue ones.

F. segregated as follows: Common blue with blue anthers 58,
common blue with vellow anthers 18, pale-blue with blue anthers 18,
pale-blue with yellow. anthers 7. These latter bred true during five
generations observed in some hundreds of individuals, The pale-blue

! **The explanation of an apparent exception to Mendel's law of segregation.” FProe,
Kon. Akad, ¢, Wet,, Amsterdam, Vol, xvi. 1814, p. 1021; also Ree. d. trac. bot, wnéerl,
‘ol. x1. 1914, p. 54,
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types with blue anthers bred true or segregated in F, only for the colour
of the anthers into blue and yellow in a vatio of about 3:1; likewise did
the eommon blue ones with vellow anthers breod true or segregated in
F, only for the eolour of the petals, viz into cormmon blue and pale-blue
.'lL'.L'Uh]i]!g to an estimate of 3:1. Some of the common bluc I, '[In!lI.I.I.LJi
bred true, some segregated only for the colour of the petils, others only
for the colour of the anthers, others again for both characters,

From the prc:u-_-ding it may be concluded, that the two erossed forms
are distinguished in two factors, which oceur in the common blue flax,
but are wanting in the pale-blne type with yellow anthers. These factors
will be indieated with & and H.

The pale-blue fax with yellow anthers must possess 4, B, ¢ and F.
It has been demonstrated before, that the light-blne, the lilac, the
common white, and the erimped narrow-petalled white forms are only
distinguished from the common blue type in one single factor. All these
strains therefore must also possess K and H.

E 15 an intensification-factor working in the same way ns 4 : the
action however is stronger, for without A the eommon blue colour is
light-blue, without # pale-blue. In crossing the light-blue with the pale-
blue, individuals must arise in F,, possessing A as well as &, common
blue ones therefore and individuals lacking both these factors, There
actually appeared ecommon blue types and individuals with flowers of a
still fainter hue than those of the pale-blue flax. I have called this type
very pale blue. They Wwere hardly to be distingunished from white flowers,
espeeinlly in very hot weather or when the flower had already been open
for some hours, In order to be perfectly sure of the absence or presence
of pigment in the petals, T watched the slightly-opened buds, because in
these the colour is intenser, or I erushed some petals on white paper to
make the colour intenser. The best way however appeared to me to treat
the petals with an acid, Ialways used hydrochlorie acid for that purpose.
White petals put in hydrochloric acid become more or less intense
yellow, the very pale blue, apparently white ones, become distinetly pink.
By applying this test cven to extremely light-coloured offspring of
erosses (to be discussed later on) I have always been able to distinguish
the really white from the apparently white. But for this, part of the
hybrid-analysis discussed here would not have been possible.

Lilac with blue anthers x pale-blue with yellow anthers. As far as the
colour of the flower is concerned this cross must produce in F., besides
pale-blue and lilac, individuals possessing both the factors £ and F
common blues therefore and individuals in which both factors are
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wanting, namely, pale-lilaes.  All fowr actually appearcd and in each of
the four two forms, namely one with blue and one with yellow anthers,
This however remains for the present out of consideration. The propors
tion of the varions phaenotypes was not determined, The blue types
bred trne or segregated into blue and lilaes, into blue and pale-blue,
both according to an estimated ratio of 3 : 1, viz segregation occurred as
in F.. The ten pale-lilac F-individuals further eultivated gave all of
them a pure offspring, twe individuals followed up for five generations
in some hundreds of individuals.

One of these pale lilac-Howering plants was erossed for control with
light-lilae proceeding from the eross between light-blue and lilac. When,
as must be supposed to be the ease, the pale-lilag flax possesses 4,
but lacks &, whereas the light-lilac possesses /, but lacks A, individuals
with both A and E must ocour in F., which should be lilae-coloured and
individuals lacking both factors, therefore very pale lilac ones and these
latter ones must breed true. The experiments confirm this.

While the very pale blue flowers are hardly to be distinguished from
whites, the very pale lilaecs still have a distinetly perceptible colour,
which tallics with the fact that the lilac Howers are a good deal darker
than the blucs.

The sceond factor I, in which the pale-blue flax with yellow anthers
is distinguished from the common blue type, influenees the colour of the
anthers. Previously it has been proved, that for the formation of the
blue colour of the anthers the factors formerly called B and € which
together eause the blue colour of the petals, are not both needed, but
that one of the two, viz. €, may be wanting. The common white flax,
namely, which lacks € has blue anthers. When however B is wanting, the
anthers are yellow. I have already pointed out that the relation must be
more complicated, the anthers not always being blue, when B is present,
as appears from the oceurrence of forms with blue flowers and yellow
anthers. Now various erosses have shown that for producing the blue
colour of the anthers not only the facior B’ but also the factor H must
be present and, as will be diseussed later on, still a third factor,

Apart from this factor there may be genetically different forms with
yellow anthers, viz. without B but with &' ; without H but with B’ and
without B’ and H. The first two intercrossed must also produce indi-
viduals with B’ and H conjointly, consequently with blue anthers. This
indeed happens.

Narrow-petalled erimped white with yellow anthers % pale-blue with
yellow anthers. The form first mentioned lacks B', the second H,
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Alveady F\ (B'W'Hh...) shows blue anthers. Hence the form which
lacks both B' and H must ocenr in this eross. Phaenotypically however
this is not to be distinguished from the narrow-petalled crimped white
one which only lacks B, F. produced as follows :

Number  Theoretical

observed proportion
Common blue, anthers blue 445 27
Commuon blue, anthers vellow e 9 8
Pale-blue, anthers blue & ; % 10 9
P'ale-blua, anthers yellow : 3 5 3
Narrow-petalled crimped white, anthers yellow .., 18 16

The ratio of the various phaenotypes agrees fairly well with the
theoretical ratio for common trihybrid crosses.

The crosses with the pink flax with broad flat petuls, yellow anthers
e brown seed,

Besides the six factors A, B', ¢°, E, F, H, unother factor could be
determined by these crosses, influencing the characters considered above.
This factor indicated with D is present in all forms mentioned, but is
absent in the pink one.

Common blue x pink. The Hower of F, was common blue with blue
anthers, while F, segregated into 150 commmon blues with blue anthers
and 52 pinks with yellow anthers, The pink forms appeared to be homo-
zygous; of the blues some were homozygous, others heterozygous and
segregated anew in a ratio 3:1. Thus the common blue and the pink
Hax differ but in one single factor. From this may be concluded that the
pink flax must possess all the factors A, B', ¢, E, F and . This is
confirmed by the erosses between the pink flax and the forms in which
one or more of these factors are absent, since in the offspring common
blue is always present. Moreover from the fact that the common blue
and the pink flax only differ in one factor, it follows that the factor D
must also oceur in the light-blue, the lilac, the pale-blue with yellow
anthers, the two white forms and all the new forms obtained by crossing
these. The crosses between these forms and the common blue flax con-
firm this. In the ofispring there never occurred individuals without 1),
viz. pinks.

The pink is, notwithstanding its possessing both the factors 4 and
E, much lhighter than the common blue. The factor D therefore not
only changes pink into blue, but acts at the same time as an intensifier

Light-blue x pink. In this cross individuals must appear in F.
possessing both factors A and D, common blues therefore, and also indi-
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viduals wanting both factors. The experiments produced as follows:
common blue with blue anthers 381 ; light-blue with blue anthers 132;
pink with yellow anthers 40: and light-pink with yellow anthers 137.
These latter are of a considerably lighter shade than the pink forms.

According to previous observations made in erossing common blue
with light-blue Hax, the intensity of the colour of the blue-flowering
individuals, which are heterozygous for the factor 4, is fairly equal to
that of the homozygotes. With the blne colour therefore the intensifying
effect of 2 is the same or almost the same, whether A is single or
double. This however is not the case with the pink colour. When 4 is
present, heterozygous, the colour is much lighter than when the plant
is homozygous for A and fairly equal to that of the individuals, in which
A is absent altogether. This appeared from the offspring. None of the
eight pinks further cultivated segregated in F,, of the cight light-pinks
five segregated into pink and light-pink, three produced light-pink only.

Thus it appears, that when the factors for blue are present, 4 domi-
nates over a; when only the factors for pink are present, ¢ dominates
over . Consequently the same factor can behave differently in this
respect, according to the complex of factors, with which it eo-operates.
I think I may deduce from my observations, that in neither of the two
cases is dominance absolute. On close comparison the homozygotes are
presumably distinguishable from the heterozygotes after all.

Pale-blue with yellow anthers x pink. This is a trihybrid eross; in
the first form the factors E and H are wanting, in the second I, The
fuctor H will for the present not be considered. In Fi, individuals must
oeenr, possessing both D and %, consequently common blues and indi-
viduals in which both factors are absent, viz. pinks without £. Indecd
there ocenrred besides the two crossed forms, blues and such light pinks
that they eould only be distingnished from whites by the aid of hydro-
chlorie acid. These have been indicated as pale-pink. They are still
lighter than the light-pinks mentioned above ; and afier treatment with
hydrochlorie acid it takes much longer for the red colour to beeome dis-
tinctly visible. Just as in the ease of blue and lilae, so it appears in the
case of pink, that & exerts a stronger action than 4.

The mtio of the various eolour phaenotypes was as follows : eommon
blue 81, pale-blue 25, pink 29, pale-pink 9. The number of the pale-
pinks is smaller than that of the pinks, the ratio is about 1:3. In F,
some of the pink forms appeared to breed true, others segregated into
pink and pale-pink. All the pale-pinks bred true. From this it appears
that of the F, pinks some were homozygous for £, some heterozygous;



30 Genetic dnalysis e, of Linum usitatissimum

but the pale-pinks were all homozygous for e, Cs msequently the factor &
exercises in the case of pink as well as in the ease of blue, whether
single or double, the same intensifying effeet and differs in this respect
from A,

In crossing the light-pinks with the pale-pink types there must also
veenr in F, individuals, in which, besides D, both A and & are absent.
It appeared however to be an imposaible task, even by means of hydro-
chlorie aecid to distingnish these with cevtainty from the pale-pinks
which are apparently white,

As has been stated above pink flax possesses the factor F. Besides it
was ascertained that in the case of blue flax F has a dilu ting action on
the intensity of the colour, for if F is absent, the intensity becomes
greater, while at the same time blue changes into lilac. The pink Aax
grows also darker, when F 1s absent; the colomr however changes but
little, 1t remains pink. This was deduced from the following cruss:

Lilac x pink. In F, appeared: common blue 94, lilae 31, pink 32,
dark-pink 9. The dark-pink types bred true in some hundreds of their
offspring observed during five generations. If the dark-pink loses 4 or
E, which may be the case in some of the F, individuals obtained by
erossing the dark-pink with light- or pale-pink, the colour becomes still
lighter. The dark-pink form without & is hardly distingnishable from
white to the eye. Individuals in which A is also absent, I have not yet
produced ; without doubt they are so light that the pigment could only
be demonstrated with hydrochlorie acid or by ernshing.many petals.

The action of the factor D is not limited to the colour of the petals;
it also influences the eolour of the anthers. For producing the blue
colour of these, D must be present together with B’ and H. If D is
absent, the anthers are yellow, even thongh B and H are both present.
This is the ease with pink Hax. The results of the following eross are in
accordance with this ;

Common white x pink. Both forms possess the factors B’ and H, while
D) oceurs in the white and is absent in the pink. All the offspring there-
fore will possess B’ and H, ecither with or without I, likewise the
whites. Consequently two genetieally different white types must be
formed, viz, B°B'¢'¢ DD, .., this is the eommon white with blue anthers
and B'B'dedd.... Now in F there oceurred besides common whites
with blue anthers also whites with broad fat petals like these, but with
yellow anthers, The ratio observed was the following: common blue
with blue anthers 406, pink with yellow anthers 146, white with blue
anthers 140 and white with yellow anthers 42, These latter appeared to
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breed tene, observed in some hundreds of individuals during four
enerations,

All blue and lilae forms, cither with or without the factors A and ¥,
possess B’ and D, while I is present or absent. In the former case they
have blue anthers, in the latter yellow., The pink-coloured types how-
ever always have :.'q_ri]m.\' anthers, beeause £ 15 absent.

']‘hinii:r, D influenees the shape of the petal and canses, together with
", its crimpiness. Moreover, £ and € together inhibit the factors for
breadth, so that the petal is narrower.

That € by itself does not exercise this action cnsues from the
results of the cross between pink and narrow-petalled erimped white.

 produced : common blue with blue anthers 509, pink with yellow
anthers 164, narrow-petalled erimped white with yellow anthers 117,
white with broad tlat petals and yellow anthers 40. Accordingly there
arose two phaenotypically different whites. As there are also formed
only two genetically different hin NOZYZOUS whites, n:unci}' one with both
€ and D, and one with € but without D, and the former is the narrow-
petalled one, the lntter must be the one with common Hat broad petals,

The ratio of blue and pink isabout 3 : 1, ikewise that of the narrow-
petalled erimped whites to the whites with broad flat petals. The ratio
of the total number of coloured ones to the number of the two white
types together, viz, 673: 157, deviates considerably from the ratio 3:1.
There too the canse is a deficiency of whites in consequence of the semi-
lethal action of €’ in the absence of I,

That, conversely, [} without € eannot cause the erimpiness of the
petals, and eannot inhibit the factors for breadth, is proved by the results
previously described of the cross between the common white and the
narrow-petalled erimped white. In this ease there arise the F, individuals,
in which B’ and € are both absent, but D is present. These whites have
common flat broad petals.

Thiz action of ¢ and I) together is nentralised by £°; all blue and
lilae forms have B', " and D, they have broad flat petals; likewise the
pinks. In the first place they possess B and sccondly they lack D.

Fourthly, the factor D influences the colour of the seed, With all
the forms mentioned, blue, lilae and pink-coloured, the seed is brown,
also with the common white flax, while the narrow-petalled erimped
white type has greyish-green seed. The former all possess the factor 87,
while the latter lacks B’. It might be deduced from this, that in the
presence of B’ the seed is brown, in its absence greyish-green. The
relation however appears to be more compliented. In erossing pink
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with narrow-petalled white there arises, besides these whites, also a
white, in which both B’ and D arc absent, and this form has brown
seed. The brown colour therefore is not cansed by B, but there must
exist another factor or group of factors which produces this eolour.

From my observations [ have been able to deduee that there must
be more factors co-operating. As however the analysis of this gronp has
not yet been finished, I will indicate this complex of factors for the
present with . Inall the forms above mentioned f oceurs. The action
of f however is inhibited by D, so that the colour of the seed is greyish-
green instead of brown, but B’ neutralises the inhibitory action of 1.

The pink-coloured forms, either light or dark, all lack D; they have
brown seed. All blue and lilac forms, just as the commmon white, possess
D, but likewise B’; they also have brown sced, just as the whites in
which B and D are both present. In the narrow-petalled erimped white,
however, and also in the white with yellow anthers and flat petals arising
from the cross between common white and narrow-petalled white, D
ocenrs, but B is wanting. Both of them have greyish-green seed. If 7
is absent the seed is pure yellow, independent of the absence or presence
of B and D. This colour is eaused by the cotyledons which are visible
through the perfectly colourless seed-coat. In my cultuves I have blue
as well as pink-coloured forms with such yellow seed.

From the preceding it has appeared, that at present eight factors have
been determined, all of them oceurring in the common blue flax. Besides
the crosses mentioned 1 have made several more as controls, the resnlts of
which completely confirm the conelusions drawn here. These eightfactors
give together 256 genetically different homozygous forms, of which,
since B° and € must be present together to produce colour, 64 are
coloured and 192 white. From the 64 colonred forms 16 are blne, 16 lilue
and 32 pink. The 16 blue and the 16 lilac forms ave all phaenotypically
different ; the 32 pink forms show together 8 phaenotypes, the 192 white
Fenoty pes h:gf.'l.hm* T

The table on p. 38 gives a survey of the different phaenotypes.

Of all these different phaenotypes only two are cultivated for fibre,
at least in Holland. These two are the first of the coloured and the first
of the white, in the table. The question of the value to agriculture of
these forms and whether there exists a relation between the colour of
the ower and the characters of the stem and the fibre T have disenssed
elsewherel,

i #Der blanblithende nnd der weissbliihende Flachs und ihre Bedentung fiir die
Praxis.” Mitt. des Forschungs-Instituts Sorau, Jahrg, 2, 1920, Nos, 6, 7,



SN

Tixg TAavMMEs 23

TABLE I,

Ualomar Breadih Ll Lolowr
o of tlie patal, i ol
e pial flat or crimysed the nutlrs the el
Common blue l {lrlu-- ::’:;m:
Light-blne brond. it 5
Pale-blue Uhenwen
Yery pale blne | yvellow '[_u'];:}w
: brown
Lilae ] blue i
Light-lilae | e R | yellow
Pale-lilac i ' (brown
Yery pale Lilae | yellow | yellow
Dark-pink
Pink = ] { brown
Liglit-pink H broad, flat yellow Tl
Pale-pink (near I_'-l W
winte)
{ o
blue | yellow
[ broad, flat
4 ( brown
White yellow : greyish-green
{yr.'ilow
]
S5 2 [ grevish-groen
{ narrow, erimped  yellow | yellow

IT. Tk CoRRELATION OF CHARACTERS.

In the seven original forms, and those which have avisen from them
by erossing, several cases of correlation of characters oceur. For instance
in the case of the petal, broadness is always associated with Hatness,
and narrowness with erimpiness. There exists however another relation
among these forms, which T should like to eall a one-sided correlation.
This consisis in the fact that one definite character only oceurs com-
bined with one of two or more possible other characters, while the
roverse is not the ense. For instance pink colouring of the petals always
voes with yellow colour of the anthers, but not all individuals with
yellow anthers have pink petals; for as has been stated above, Ll
petals may also be blue, lilac or white. Besides the one ease mentioned
the one-sided correlations occurring in the varions forms are: petal
narrow and erimped with petal white; petal narrow and erimped with
anther vellow : petal eolonred with petal broad and flat: anther blue
with petal broad and flat; seed brown with petal broad and flat.

It is not improbable that several of these correlations will yet be
broken up, and one or more of the factors at present determined may
prove to be still a complex, when other forms again arc put ab onr

disposal for erossing-purposes. This I eonclude from what follows. With

Journ. of Gen, &1 4
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the four forms, which were originally at my disposal, the one-sided
correlation, petal blue with anther blue, oceurs. This corrclation has
been broken up on further investigation; petal blne may also go together
with anther yellow. Furthermore in crossing a fAat-petalled, white-
flowering variety of L. usitatissimum with L. angustifolinm  there
appeared in F, individuals with eolonred fowers, blue anthers and
brown sced, and also whites with blue anthers and brown seed, the
petals of which were not normally flat, but erimped, as the narrow-
petalled erimped whites of L. usitatissinoom,

In the eross mentioned the one-sided eorrelations, petal blue with
petal flat, and mﬂhml' blue with petal flat, were broken up.

With the individuals mentioned, just as with the narrow-petalled
erimped white, the petals did not drop for some hours after the npening
of the bud as is the case with L. angustifolium and with by far the
greater number of forms of L. usitatissinem,

The erosses with L. angustifolivan 1 shall not further disenss here.

ITT. GENETIC ScHEMES 0F CoO-0PERATION,

The eight factors that are determined eo-operate in a complicated
way in order td produce the characters, as has been already shown,
This interaction is made clearer by the following representations, which
might be called genotypie schemes of co-operation. The topographic
representations given by Morgan and his colleagmes relate to the re-
ciprocal connection of factors at the forming of the gametes, the factors
being considered to be bodily in the chromosomes. In the schemes of
co-operation however an attempt has been made to represent the Wiy
in which the factors co-operate. The schemes have the advantage that
they represent the interaction of the various factors in a simple survey,
much quicker and hetter than by words. T have tried to arrange them
in such a way, that they are not only suitable for the cnses mentioned
here, but also for others. When introducing a special method it seems
desirable to me to give a somewhat detailed explanation. Before pussing
on to this, I want to point out that if any advantage is to be gained by
the schemes of co-operation it is absolutely necessary to apply the same
principle everywhere. The schemes of co-operation can be extended
according to needs, but I hope that what has been given here will be
used as a starting-point, considering, that for the sake of unity it is

better to saerifice part of a representation or view, than to lose the uni
itself.

by
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In the schemes of co-operation the fetor or factors which must b
present to produce a character, namely the so-called gronnd-fctors, are
surronnded by a double eirele, The factors which ean only modify the
character produced by the ground-factor or -fictors, without being able
to bring about a character themselves, are placed outside these cireles.

A single circle around two or more of these modification-factors,
shows that they must necessarily be together to enable them to eanse
any modifieation of the ground-character.

The sign — indicates that the action of the factor or the complex
of factors to which the arrow points, is intensified by the factor or
complex of factors at the other end,

The sign —< indieates the reverse, namely that the factor or factors
placed before the open end are diluted or inhibited by those at the
opposite end.

In case the modifieation of the ground-character does not consist in
an intensification or dilution, but is of a different nature, e.z. the change
of colour, it 1s indicated by a eommon connecting line.

The sign —— straight or curved indicates that the factors connected
in this way act in the same sense or cuomulatively, as for instance the
homomerie mel'-i

The s1gn —— straight or eurved indicates that the factors thus eon-
nected act in a c:ont: Ary sense,

A dotted line straight or eurved indicates that the factors connected
by this operate differently.

A double cirele, the inner being dotted, indicates that the factor or
factors denoted inside have been investigated only partly or not at all.

I shall now give some of the schemes of co-operation for the
characters, discussed above.

Cdoner of the Pelal,

_....n--r- ----- - e

'l-
.' h ; 1 i 'i i
d— —f d— -F D-— —f D— -F
".‘ l' " v '\ r' '1
Fig. 1. Piok Fig. 2. Fink. Fig. 3. Lilne. Fig. 4. Blne.

Above, the schemes of co-operation for the four possible cases for
coloured petal have been given. The ground-factors 87 and €" together

prnhiuce pink. D and Fact as modifying factors. F does not modify
¥ 3
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]
the pink colour worth mentioning; D alters the pink eolour into lilac; .
D and F together change the pink colour into blue. If one or both of
the ground-factors are absent, the petal is white. It is superfluous to
give the twelve possible eases, I only want to give one ease as an g
example of what the sehemes of co-operation may express,
-‘"’- “H\*‘
i‘ L}
r' k]
% i
'\ # L
LY tl
L P

Pig. 5. White.

From this it immediately appears that the petal must be eolonrless,
sinee one factor inside the donble cirele is abszent.

Fatensity of Colowr,

d— *F D= ~f D— F
o E E
Fig. ti. Slightest intensity Fig. 5. Greatest intensity Fig. & Intermediate
pink, nearly white. lilne. intensity Llne

The intensity of the eolonr caused by the ground-factors only is
extremely slight. Of the 16 possible cases three have been given
above. Fig. 6 shows the scheme for the shightest intensity, the intensi-
fieation-factors are absent, the dilnting-factor however is present and
consequently the intensity of the colonr is still slighter than the one
produced by the ground-factors alone. Fig. 7 is the scheme for the
greatest intensity. The three intensification-factors are present, the
diluting-factor is absent. This i1s the scheme for the lilae flax. Next to
it in Fig. 8 has been given the scheme for the common blue fax. From
this it appears that beeause of the presence of the diluting-factor, the
intensity of the colour is slighter than that of the lilae-Hax.

The 16 lmih]t: cases in which the intensity of the colour differs Hy ]
be divided into three groups, viz a gronp of eight with pink lowers, a gronp
of four with lilac lowers and one of fonr with blue, while the three gron ps
acconding to intensity may be arranged in an ascending row.
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In the 48 cases, in which the colour is white, the intensification-
and diluting-factors exercise no influence i conseguence of the lpck

0
Q

&

Fig, 9, No intensity, while.
of colour. Just one of these schemes of r?L*-ilEJk!!'iLLiUII Ly serve s
example (Fig. 9).

Colowr of the duther.

Fig. 10. Blue. Fig- 11. Yellow,

_ The double eirele round the three factors shows elearly that all three
of them must necessarily be present to bring about colour. This is blue,
Fig. 10. If one of these ground-factors is absent, Fig. 11, or two or
three, the colour is yellow. Factors modifying the colour caused by the
ground-factors have not been determined.

The representation is so simple that it 1s not necessary Lo represend
more than two of the cight possibilities.

Colowr of the Seed-coat.

b — .:L-—c. b—D — .

Fig. 12, Drown. Fig. 13, Greyish-green.
B'—D —< B—d—< .
Fig. 14. Brown. Fig. 15. Brown.

From these schemes it appears that G is the ground-factor, and B’
and D the modifying-factors, When these latter arve absent, as in Fig. 12,
the colour is brown. Fig. 13 shows that beside the ground-factor only
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D is present, which acts as an inhibitory-factor. The colour is then
grevish-green, That B’ neutralises the inhibitory action of D, appears
from Fig. 14. The colour is again brown, B’ influences D only, not &
dircetly, and is therefore unable to inhibit &, if D is absent, which fact
is represented in Fig. 15. If the ground-factor (# iz absent, there 1s no
colour, quite independently of the presence or absence of B’ and D.
Fig. 16 gives an example of one of these four possibilities.

B—D — O

Fig 16, Colourless.

The flat or crimped Condition of the Petal.

With the common flax and with many other varieties the petal is
flat, and the edge lies exactly in the same plane as the middle. The
factor or factors for this character unknown to me I have indicated
with Z.

From the schemes it appears that € and D have a modifying
influence upon Z, and that they exercise this action only in co-operation.
If both of them are present as in Fig. 17 the petal is erimped. If one
or both are absent the petal is flat. Fig. 18 gives one of these cases.
Thc action of the complex €D is neutralised by B F:g. 19 illustrates
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Breadth of the Petal.

wiotsly? shown that the breadth of the petal of L. usifatis-

I have pr
I shall indieate these,

st is partly cansed by some homomerie factors.
as well as the factors not yeb farther examined, by ¥. This complex, or
part of it, is influenced by B, 0" and D in a way illustrated by the

following schemes. Of the 16 possible cases three have been given.

-6-0 ~0-0+-0-0

Fig. 20. Narrow. Fig. 21. Normal breadth. Fig. 22. Normal breadth.

Y by itself causes a certain breadth of the petal, which 1 shall
indicate as normal. As appears from Fig. 20, " and D have an in-
hibitory influence on ¥, but only conjointly. In this case the petal is
narrow. If one or both are absent, Fig. 21, the petal is normal in
breadth.

B’ neutralises the inhibitory action of the complex €D Fig, 22
shows this. From the schemes of co-operation it appears that only in
one of the cight possible eases is ¥ inhibited and the petal narrow.

A comparison of the schemes of co-operation given above shows at
once that the co-operation of factors for various characters is very
different. It further shows that one and the same factor takes part in
bringing about wholly divergent characters. For instance B’ and D
ocenr in all six, € in four of the cases.

IV. Ter Distrizurion oF FACTORS AMONG THE CHROMOSOMES,

While in the preceding pages the various factors and their co-
operation have been treated, it must now be diseussed whether anything
may be deduced from the observations, concerning their ponnection ab
the forming of the gametes. The question is whether from the propor-
tions found in F, cither a perfeet independence, or a certain degree of
coupling of the factors, may be inferred in the various cases. In this
I want to leave the factor & out of consideration, because T have very
few data concerning it. The remaining seven factors give 21 combina-
tions of two, consequently 21 different crosses are possible, in which the
parents differ from each other in two of these factors.
 The following table gives a survey of this and the ratio in F, as
found for the various cases, For some of them this has been given

|« Das Verhalten flukiuierend variiercnder Merkmale bei der Bastardierung.” Jec. d.
trar. bol. néerl, Vol. vom. 1911, p. 201,
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above, while for 1, 2 and 3 the ﬁglu‘rs g]'\'vll. have been derived from
nbservations previously made!,

The number of individuals with two dominants is always mentioned
first, that with the two recessives last, Only in the cross of light-blue
with pink (4) is, as explained above, the rativ of duminant and recessive
other than nsual. In some cases only three phaenotypes can be distin-
guished, the theoretieal ratio is then 9:3:4 instead of 9:3:3:1. In
numbers 1, 3, 8 amnd 10, all relating to crosses with the narrow-petalled
erimpeed white, the number of phaenotypes denoted with an # is too small,
The caunse of this ﬂl.'ﬁl.:il:!li.:}' has been disenssed above, In 9 and 11
nimbers are too small to be certain that the slight deficiency is due
to the cause mentioned.

TABLE Il

Nuubwer of Twlividuals representing
e 4 for 3] elasses of phasnolypes in F,

Number Factors -~ _ -
1 A and K A (i -_— 1"
2 A and C* 2RT G - 125
3 ¥ and ' 610 2 16T - T4
4 A and D 381 182 10 - 187
5 4 and B 25 8 9 - 2
[ A and F 55 L] 1% - 7
T A and If a4 10 & - 3
8 Band D 504 164 117" - 10
] B oand E 1 15 — 18
10 I3 and F 411 141 - 158" —
11 I and IT 15 14 . 14 -
12 ¢ and I S[iTH 146 140 — 412
13 Cland K N8| 15 ~ 18 3
14 C and ¥ 138 15 - 5 o
15 O and H 41 13 12 — LH
1 I and & K1 29 25 - 1
17 I oand ¥ LIF] i1 Fi 1] - 0
15 I and IT A 15 - 23 -
19 E and ¥ 2 12 14 = |
a0 E and H a8 18 18 — i
a1 F and If 45 17 16 7

In none of the 21 possible cases does the F. ratio deviate enough
from the theoretical 9:8:3:1 or 9:3:4 to make a coupling of two
factors a certainty. In o fow cases numbers are too small to deduee
anything with certainty, though the ratio found makes us presume that
the true ratio is 9:3:3:1. In most cases however the ratio 9:3:3:1
is sufficiently evident.

Can we now conelude from this, that the pairs of factors for which
this holds good, are actually completely independent, of each other ?

Some years ago this conclusion would certainly have been drawn ;
according to more recent investigations however, another possibility

! [ 1515,
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eannot ho exeluded. The ratia 9 :3:3:1 will also be obtained, when
the two factors are not independent of each other, but lie in the sune
chromosome, a distance equal to half’ the length of the chromosome
between them and that no double crossing over occurs. It atb the for-
mation of the gunetes, crossing over always takes place, the two factors
will be separated in hall’ the eases and cach will be united with the
allelomorph of the other factor in the same chromosome,  In the other
half of the cases the factors will remain together as in complete coupling.
The number of sametes with the original combination of factors and
that with the new combination will be equal and consequently give the
ratio 9:3:3:1 in F.. The same will be the case, and F, will also show
the ratio 9:3:3:1, when each of the two factors lies at an end of the
sume chromosome, so that in crossing over they arc always separated,
and if moreover at the formation of the gametes in half the number of
cises erossing over oceurs, in the other half not. The third possibility,
namely that the two factors lie in the same chromosome, but not with
half the length between them, or cach at an end, while a percentage ol
crossing over takes place In accordance with this, I will leave out of
consideration here. For each separate pair of factors, therefore, 1t cannot
be concluded from the ratio 9:3:3 :1, whether the two factors oceur
in the same chromosome or not. For the pairs of factors collectively
however at least something may be deduced frow it.

Let us take the first case, viz. that crossing over always oeenrs and
the factorsare at a distance equal to half the length of the chromosome.
This, e.g. holds good of 4 and B, and also of A and €. It is possible,
when A lies in the middle of the chromosome and B and ¢ each af an
end. B and € however are assumed to lie with a distance of half the
length of the chromosome between them. The three factors thercfore
cannot lie together in the same chromosome, but must be distributed
mmong at least two chromosomes.

The same holds good for the case when two factors lie each at an end
of the same chromosome.

If for all the 21 combinations the ratio 9 :3 :3: 1 had been observed,
the seven factors would have to oeeupy at least four chromosomes. In some
cases the number of observations is too small. For the ten possible com-
binations of the fictors A, B, €7, 0 and F (Nos. 1, 2, 3, 4, 6, 8, 10, 12, 14
and 17), however, the ratio expected has been atfained within a reason-
able limit of error. It follows that even in the greatest possible number
of couplings these five factors must be distributed among at least three

chromosomes.
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It appears from the preceding, that even when the ratios found in
Foare 9:3:5:1, but little can be determined about the distribution
among the chromosomes, A starting point cannot be obtained until
enses oceur in which the F.ratio shows definite e mipling.

For researches on the situation of the factors in the chromosomes
L. usitatisstmum however is no sunitable object, for according to
Mr Reynder's investigation, made in the Botanical Laboratorium here,
the diploid number of chromosomes is 30,

V. MULTIPLE ALLELOMORPHS.

The analysis of factors deseribed above has revealed six factors,
infueneing the colour of the flower. For this character the number of
torms genetically distinet amounts to 64, OF these there are 16 coloured
and 48 white. The 16 coloured types are blue, lilac or pink in various
grades,

Now I have known for o long time that the number of forms of
L. usitatissimum of a genetically distinet Hower-colour 1s much groator
than 16. Besides these I have 46 additional forms in eulture, all
different in Hower-colour from the 16 above mentioned and fram one
another’. They may be joined into three groups. The first group con-
tains the forms in which the Hower-colour resembles most that of
common flax; the second is of a much lighter shade of blue, the third
bears lilae owers. Forms belonging to the different groups ean casily
be distinguished in normal circumstances; the differences between the
forms of one and the same group however are sometimes (.‘!it,mmuly
slight. Only by comparing flowers newly opened is the distinetion per-
ceptible. The differences refer to the intensity of the colour only, or to
the tint only, or to both. Such slight differences in colour as are dealt
with here are not represented in any work on the determination of
colour that I know of Out of the 54 blue or lilac-eoloured types,
belonging to the first and the third groups, only six can be found in the
Code des Couleurs of Klincksicek ot Valette, and at most cight in
Baumann's Neue Furbentonkarte,

! These forms are of various origin. Some of them [ have isolated From the blne-
Aowering flax that is cultivated in Holland for the fibre. Before the war the sesd wis
regularly imported from Russia. This sced however was not pure, it prodoced a Crop eon-
gisting of a great nunber of forms, not only differing in ihe colour of the fower but also
in many other characters. One of the colours predominated very strongly with respect (o
the nomber of individoals that show ie. It is this colour form that I chose several YEATS
ago as o starting-point for my investigations, and which I have in my papers indicated as
eommon blug, or dark biue.
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. The differences however small are perfectly hereditary ; some forms
I have already had in culture for vight years and every summer the
differences can be recognized ancw.,

By means of erossing I have further examined three forms of each of
the three gronps. It appeared that these three forms of the common
blue group, erossed with the common blue flax, gave monchybrid segre-
gation in F.. Crossed among cach other however they produced the
same, and not the dihybrid segregation, as was to be expected from the
faet that each of them ditfers in one and not the same factor from the
common flax. This relation deviating from the common rule has
repeatedly been observed of late. Since the researches of Morgan and
his colleagnes the phenomenon is explained by assuming that in these
cases we have to deal with so-called multiple allelomorphs, i.e. a group
of more than two factors, each factor of which ean form an allelomorphic
pair with every other, while in any one individual two at most ean be
present at one time, one in each of the two homologous chromosomes.
Accordingly the number of hereditary factors for which the locus in the
chromosome is the same, amounts to more than two.

For the blue-flowering L. usitatissimum a group of four allelomorphs
has been determined through the crosses above-mentioned.

The three lilac forms crossed with cach other or with the lilie which
wits used for the extensive investigations reported above, always gave
monchybrid segregation; so did the three light-blue forms when crossed
with each other or with the light-blue previously mentioned. By this
the existence of a group of four allelomorphs has also been demonstrated
for both.

Now the question is which of the factors causing the flower-colour
oceur in an allelomorphic series # For those forms, in which the differ-
ence only refers to intensity of colour, it may be A as well as & for the
blue and the lilae group; for the light-blue, which lacks A, only E. If
it is a difference in tint, it may be the consequence of slight differences
in the factors B, (¥, D or F, for the blue and light-blue group; in the
factors B, €, or D for the lilac group. To decide which factor it is the
various forms of a group with multiple allelomorphs must be crossed
with all those forms, in which une of the factors is absent. Suppose it
is the factor B’ which belongs to the group of multiple allelomorphs
and accordingly is different in the different forms. This will be indicated
by B, B, B, and B, In crossing these four forms with the narrow-
petalled crimped white ¥'0'C'C"..., there arises in F, in the first ease,
ie. when the blue form possesses B, only the blue B'B'C°C..., in the
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sueoid case only BB, . in the thind case only SBIECCR L, and in the
futirth ||t||_'|.‘ Bpcer, In Gvery case nl]lj.' one blue |:1':I11Ll!l:/._"|':;:'lllk', When
however the same four forms are erossed with o form lacking another
factor, there arises only it one case a single blue type in I, in all other
eases there appear two different ones, eg. the crossing with pink,
BBdd..., sives with BB DD... only B8'0DD, but with BB:D1D both
BEDD... and BBDD. Consequently that factor which is absent in ihe
form, which in all crosses with the group of forms with multiple
allelomorphs in F, gives but one blue-coloured homozygote, oceurs as
multiple allelomorph.

From the foregoing it appears, that it is a very extensive labour to
attain resuolts, Though some work has already been done in that
direction, it has not yet advanced far enough to draw definite con-
clusions. For the 37 remaining forms, only the heredity of the mutual
differences has been determined, genetically they have not yet been
further examined. Whether each of the three groups comprises but one
single series of allelomorphs, or some series differing in the factors for
which they are multiple allelomorph, or whether some forms possess
yuite different factors not vet determined, 1s so far unknown, Such an
investigation, where such extremely slight ditferences are taken into
aceount, is attended with great difficulties,

It has been proved recently that the presence or absence of a single
factor docs not always produee a striking charmeter, nor does it eause it
to disappear,but the difference produced may be so extremely slight, that
1t 15 hardly perceptible, even in cirenmstances most favourable for its
mantfestation.  Where a greater difference is observed between two
individuals, only diﬁurillg in one hereditarvy factor, it is often eaused by
the fact that the lack of a single factor renders the co-operation of
a whole complex of factors hnpossible ; or conversely, one single factor
iy complement an incomplete complex. How small the power of one
factor may be, will probably be more apparent as the analysis of the
genotypes advanees, and as knowledge of the interaction of hereditary
characters increases,

Conversely, investigations have tanght that many hereditary factors
are much more dependent for their manifestation on external cirenm-
stances than was originally expected. Flower-colour of flax too is vory
variable; the nutritional condition of the plant, temperature and light
have o great influence on it. The variety showing the darkest flowers
in normal cirenmstances, that 1s a little darker than those of the com-
mon Hax, has, at a low temperature, lowers which are almost white, The
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range of variation of this one lorm embraces the phaenotypes of all
blue-flowering genotypes ocewrring in my enltures. The differences
eansed I::.- extornal etrcumstances are much oreater here, than those
which are the consequence of differences in hereditary factors, and this
makes the genetie investigations still more diffieult.

That I have nevertheless suceeeded in defermining something about
these hereditary factors is due to the fact that I have tried with the
ntmost eare to cultivate and observe the plants in completely similar
circImstances.

SuMMARY oF RESULTS.

1. For Linum usitatissimum eight factors have now been deter-
mined : A, B, €', D, E, F, @ and H, mfluencing the colour, shape and
breadth of the petal and the colour of the anther and the seed-coat,

2, These factors co-opernte in various ways to bring about the
chareters mentioned.

3. Some of these factors influence several characters together and
their action in producing those various characters is qnite different.

4. For the colour of the petal six of the factors, namely 4, B,
D, E, and F co-operate.

5. Of those factors mentioned under 4 only B and (7, and then only
when ecombined, can produce colour.

6. The colour caused by B and € is extremely light pink, hardly
distingnishable to the cye from white.

7. A and £ are intensifiention-factors of the colour, In each other's
presence they act aceumulatively. The action of E is stronger than that
of A.

8. The intensifying action of 2 is different for various complexes of
factors. When B, *, D) and F are present, A dominates a, when &, U7,
and & are present ¢ dominates 4.

9. D modifies the pink colour eansed by £ and £ into lilae, acting
at the same fime as an intensification-factor,

10. # does not appreeiably modify the pink eolonr eaused by £ and
€7, but it changes the lilae eolonr produced by Y, €7 and 1) into blue.
In both eases F acts simoltanconsly as a diluting-factor,

11. The blue colonr of the anthers is dependent on the co-operation
of the factors &, P and H; if one of these is absent the anthers are
yellow. Consequently blue and lilac-coloured Howers have either light
or dark anthers, and likewise white flowers may have blue or yellow;
pink flowers only yellow ones.

12. The brown colonr of the seed-coat is produced by o complex of
factors not yet further analysed, indieated with . If & is absent the
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seed-cont is eolourless and transparent and the seed vellow in eon-
sequence of the yellow colour of the cotyledons.

13. The action of & is inhibited by D; in the presence of both G
and D the seed is greyish-green,

14. The inhibitory action of D is neutralised by B

15. £ and D together cause the erimpiness of the petal, an aetion
nentralised by B

16. €7 and D together inhibit the factors for breadth of the petal, an
action which is prevented by B

17. The 64 genetically different forms with coloured Howers show
40 different phaenotypes:; the 192 white éoloured genotypes show 6
different phaenotypes.

18. With the different phacnotypes ocenr six one-sided and one
common corrclation. Probably some of these correlations may still be
broken np.

19. The co-operation of the - varions fictors in producing the
characters may be represented in a simple synoptic way, by what I
have called genetic schemes of co-operation.

20. The common blue-Howering flax possesses all of the cight
factors. All other formms mentioned in this paper are loss-mutants ;
they are distinguished by the lack of one or two factors of the common
blue-flowering type.

21. The seven factors: A, B, €', D, E, F and H may le in seven
different and must lie in at least three different chromosomes, the
haploid number of chramosomes being 15.

22, Besides the 16 different forms obtained by different combing-
tions of the factors A, D, E and F with the complex B'CY there exisat
for the colour of the petal a great number of others, which are geneti-
cally distinet from these 16 and from one another, So far T have
izolated 46 different blue, light-blue or lilac forms, and 1 have ohserved
several others. The total number is unknown to me,

23. Three serics of multiple n]]oimuurph&, ench series consisting of
four, have been determined,

24, For the Hower-colour the genetie differences between BTN
forms are so shght that they are searcely perceptible. The Huetnating
variability of the flower-colour on the other hand is very great; the
range of variation of one single form comprises the phacnotypes of
many others,

This paper is dedicated to my honoured master Prof. Dy J. W. Moll
on his 70th birthday. .

GiroxisGes. 3 Juae, 1921,
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I¥TrRODUCTION,
Freolution of the study of systematics af plants,

THE characteristic feature of the history of plant investigation, from
Tournefort up to the present, has been the varied conception of syste-
maileal units, Further mvest igilf o did away with the former {‘nm_'ul}l.inu
of species, as introduced by Linné. The history of systematies of plants
gives a vivid illusteation of attempts to arrange in a convenient and
harmonions system all newly discovered morphologieal and physiological
characteristics, the number of which grows vapidly with improved
methods of discerning hereditary forms, and with the study of new
specimens of the same plants, gathered in different regions. The
Linnean species had to be divided into subspecies and varieties (in
seinsu bot.); varieties into races. Genetical studies of the last decades
have proved even the divisibility of the minutesi morphologieal and
physiological units in systematics (races, Elementararten of de Vries),
and established that, although outwardly similar, they ean be different
genotypically. The same is applicable to the animal world.

Lotsy, in his book Evolution by Means af Hybridization (1916), proposes
to introduce a new terminology to distinguish fundamental units in the
classification of hereditary forms. He proposes to call the old Linnean
species, which, as was shown in the nineteenth century, are of collective
nature—" Linneons 3 raeces, varieties, which make up the elementary
species of Jordan and de Vries he proposes to define as “ Jordanons.”
The term “species,” Lotsy would retain (as it seems to ns not very
suceessfully) for the modern coneeption of genetics—the genokype, as a
fundamental unit covering similar hereditary groups of individuals,

Statistics of the diversity of the plant world.

Up to the present, statistics of the plant and animal world are
available only for * Linncons.” According to Hooker and Engler there
are known altogether abont 130,000—140,000 Linnean species of higher
seed plants, including Coniferae. Families most abonnding in Linneons
are, according to Engler!, those of Composttue (ca. 13,100, Leguminusene
(e 12,000), (Framinene (ea. 4000).

Although these numbers of Linneons are quite large, they give a
very superficial representation of the real diversity of the plant world

! Engler, Sytlabus der Plagzenfomilien, Sta Auflage, 1914,



N. L VaviLov 49

Only a closer study of Jordanons and genotypes would give a true idea
of this diversity.

The systematic study of numerous varieties among Linnean species,
which was initiated by Lindley (Monograph on Reses), de Candolle
(Brassiea), Kraus, Meteger, and Alefeld on enltivated plants, and by
Séringe?, Jordan and Naegeli on wild plants, and is continued nowadays
by plant breeders and by botanists (Swedish school of systematists :
Wittroek, Dalstedt, Almquist and others), has revealed a total absence
of monotypical Linneons. Linnean species, which, in the nineteenth
century were regarded as uniform, in the twentieth century were scpa-
rated by plant breeders and systematists into large numbers of Jordanons,
easily distinguishable boih wmorphologically and physiologically ; e.g.
many species of Gramineae, Compositne, Cruciferae, Leguminoseae,
Sesamum tndicum, Viola fricolor, Linnea borealts, ete. Up to the
present, not many Linneons of wild and cultivated plants have been
studied thoroughly, but still the data available shows an immense
diversity of Jordanons among Linneons.

Thus, after investigations of local Russian and Asiatic wheats at our
experimental station, the existence was proved of about 3000 Jordanons
of Triticum wulgare Vill., perfectly recognizable morphologically and
physiologically®. This number does not include many hundreds of
varieties of hybrids created artificially by plant breeders of Western
Europe during the last thirty or forty years, but only the natural loeal
varieties of wheat.

For barley we know at least 600 to 700 Jordanons, for oats more
than 600. In Rye, Secale cereale, many hundreds of forms, differing in
hereditary morphological and physiological characters, were collected
by Mrs V. P. Antropova, from different parts of Persia, Bokhara,
Asiatic and European Russin. Hundreds of easily distinguished forms
are found in sorghum by American investigators. Investigations in
Japan and India discovered thousands of varieties in rice. Thousands
of varieties might be established in Indian corn, Zea mays. Hundreds
of varieties were found in peas, Pisuim sativum ; vetches, Vicia sativa ;
lentils, Frvum Lens; beans, Phaseolus vulgaris. Hundreds of varieties
are found among Soya beans, Soya hispida. Jordan and Rosen found
about 200 constant varieties in wild Draba verna. Miss Sinskaja, at our
experimental station, found more than 300 well recognizable varieties

1 Musée helvétigue, p. 115 {Aconitum).
® This data is given in the address by the author and his co-workers at the All-Rossian
Conference on Plant Breeding, 1920, Saratov. Now in the press, -
Journ, of Gen. xn 4
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of Eruca sativa, a weed occurring in fields of flax in Turkestan and
Bokhara. Thousands of forms, perfeetly distinguishable, exist among
Spﬂt:ili‘s of Cueurlite Pepo, Cucurbita macima, Citrullus valgaris—water-
melon, Cucumis satives, and Creremis Melo'. Hundreds of forms ave found
among wild Linnea borealis (Wittrock), Picea excelsa ( Wittrock), ete

Wild and cultivated plants.

The majority of eultivated and wild Linneons propagated by seeds,
are represented by hundreds of well-defined Jordanons. There is no
essential difference in this respect between wild and caltivated plants.
Wild Linneons, like clover (Trifolium pratense), Agropyrum cristatum,
Agropyrum repens, yellow alfalfa (Medicago fulcata), Alopecurus pra-
tensis, Brassica elongata, studied in detail at Russian Experimental
Stations by plant breeders (Roudzinski, Lorch, Jegalov, Bogdan), proved
to be no less variable than enltivated wheats, barleys, oats, and peas.
The monotypic nature of many wild Linnean species is kept only so long
as they are studied by a few specimens in the herbarium. The indi-
vidual study in cultures of many samples of the same Linneon inevitably
discovers its polymorphic nature.

Still greater diversity is observable in plants multiplying vegetatively
or apogamically, like roses, potatoes, apples, Hieracium (Naegeli), and
Dalhlia, -

We do not exactly know if there are really monotypie Linnean
species in nature, fairly well specific and separated from other Linnean
species and represented by one variety, one Jordanon only. The whole
impression 1s that the more we study our plants and animals, the more
variable they are, the more varieties we find among Linnean species.
Several Linnean species of plants and animals, like roses, wheats, Indian
corn, rice, squashes, Drosophilu, seem to be extremely variable, but
these have attracted more attention than others. We u;mﬂ}' notice sharp
differences in colour, size, and shape of several organs and are rather
inattentive to others.

The differences of Jordanons within the limits of the same Linneon,
in the shape and colour of their flowers, form and size of leaves, fruits
and other organs, are very often no less marked than the differences
between Linneons themselves. For instanee, some varieties of Cucurdita
Pepo are characterized by fruit the size of hen's eggs; other varieties,
growing under the same conditions, bear fruit three and four feet in

! These plants were studied at our experimental station by Mr 5. M. Boukasov and
Mrs 8. A. Eartashov,

el i i
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diameter. Some varicties of Sesamum indicum have opposite leaves and
fruits, others have alternate. Some varieties of wheat and rye have
simple leaves, without differentiation into vaginae and plates, having no
“ligula,” or “auriculae”; others have the usual complicated leaves,
with “ ligula,” and “ an riculae.”

Plants self-fertilized, as wheat, barley, peas, soya, ete., and cross-
fertilized, as rye, maize, beet, are alike polymorphous. The seeming
uniformity of several cross-fertilized wild and cultivated plants is only
apparent when they are not studied carefully. The difference con-
sists only in the heterozygotic nature of many characters in cross-
fertilized plants, and in the homozygotic nature of sell-fertilized plants.
Some recessive characters may be hidden in cross-fertilized plants by
the dominance of other characters, but by artificial self-fertilization of
these plants, and by inbreeding, it is possible to re-establish them, From
what we know at present from the study of Indian corn (Emerson,
Collins, and others), of rye, beetroot, Drosophila, man himself, eross-
fertilized organisms are not less variable than self-fertilized.

The above-mentioned numbers of Jordanons are in reality still
greater, because, up to the present time, African and Asiatic varieties
of even the most important cultivated plants, hke wheat, oats, barley,
peas, lentils, Cruciferae, are almost unknown.

Problems of the future.

There is a real need for the study and systematizing of these
Jordanons, especially in cultivated plants and domesticated animals, for
the benefit of geneticists, as well as systematists and agriculturists.
Only the closest study of Jordanons and genotypes will give a real re-
presentation of what a Linneon is. To construct the general genetic
schemes, it is necessary to know the composition of Linnean species.
Before creating new varieties by erossing we ought to know what exists
in nature. Even for cercals, Lequminoseae, and other most important
plants, we have no adequate knowledge of even easily recognizable
botanical varieties. Regions of ancient culture in Asia, Africa, and
Ameriea still preserve numbers of varieties unknown to systematists
and plant breeders.

In 1880, Alphonse de Candolle wrote in his remarkable book La
Phytographie: “ Un jour la science traitera les éléments de l'esplce
comme les éléments des genres, comme ceux de la famille et tous ces
groupes seront coordonnds, les uns an-dessus des autres d’'une maniére
parfaitement uniforme ” (p.80). This day has arrived, but the task is not
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very simple. The closest study of sume Linneons of sereals, Leguminoseae,
Cruciferne, Compositae, and Cucurbifaceae, persuades one of the immensity
of this work. The diversity of plants and animals is too great to admit
of giving a complete list of existing forms. There comes the necessity
to establish some principles and schemes of elassification.

The near future promises to differentinte the Linneons still more,
and to multiply the number of Jordanons and species in Lotsy’s sense.
Artificial hybridization threatens considerably to enlarge the external
diversity of forms.

It may be expedient to define even at the present time the multi-
formity in Linneons, not by the number of described and possible
combinations, but by the number and list of varietal characters through
which Jordanons differ from each other, not forgetting that separate
characters can be dependent on several hereditary factors or genes,
involving complicated genotypical formulae, The complete genotypical
composition of Linneons is a problem for the future.

The multitudinous chaos of innumerable forms obliges investigators
to look for some way of simplification. The process of differentiation
will go on inevitably, adding to the records of existing forms, and giving
a true coneeption of Linneons. But parallel to differentiation it is natural
to search for ways of integration of our knowledge of Jordanons and
Linneons themselves. If some 130,000 Linneons are difficult to manage
for investigation, the work with tens and hundreds of millions of
Jordanons will be still more complicated.

As formerly, in the study of dead organic and inorganic worlds, so
at the present, the problem before the investigator of the animal and
plant world is to explore the regularities in polymorphism, and to
establish its classes,

The object of this work.

Below is an attempt to integrate the phenomena of polymorphism
which we define as “The Law of Homologous Series of Variation.”
These regularities were noted by the author during the study of in-
numerable varieties of cultivated and wild plants,

The 1deas expounded below in some part are not foreign to biological
literature, Separate facts of regular variation were known long ago.
Naudin noticed them in his classical study of Cucurbitaceae. Darwin?,
who was in general rather the adherer of fortuitous variations in all
direetions in his Origin and Vardation, paid attention to regular varia-

! Darwin, Variation of Animals and Plants, Part 2; * Analogous or Parallel Variation,”
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tion, which, as he states, © occasionally " happens in plants and animals,
M. J. Duval-Jouve collected a great many data on the variation of wild
Linnean species of Gramineae, Juncaceae and Cyperacene in his paper
on “ Variations paralltles des types congendres” published in 18G5 in
Bull. de la Sté. Botanique de France, Vol, x11. His conclusions in some
part come near to the statements of our study, De Vries notices in his
Mutationstheorie the existence of series of variation, Eimer! in his study
= of Orthogenesis approached the same subject from a different point of
view. Several }m!.-leumu]ngfsls (Cope, Osborn) noticed regular variation
in animals. More recently Saccardo® and Zederbauer® gave extremely
instructive instances of regular variation in fungi and Caniferae.

The detailed study of variation among many different groups, and
the great number of new facts permits us to take this subject anew and
to bring all known facts into the form of a general law to which all
organisins are submitted.

I. Variariox ofF Croseny ALLIED LINNEONS,

In studyving the varietal composition of the plant world, and in
investigating in detail Linnean species, one can observe some regularities
in their varietal diversity, in spite of their enormous polymorphisin.

The first regularity one meets with is the similarity in series of
morphological and physiological characters, which distinguish varieties
and races (Jordanons) of nearly allied Linneons; also a parallelism in
the series of genotypical as well as phenotypical variation in Linnean
species of the same genus, Let us consider some examples.

Wheat. There are eight Linnean species of wheat, which represent
typical collective units, well determined by their specific characters.
. Numerous investigations have shown that these Linneons form three
genetical groups, as follows:

I. (1) Triticum vulgare Vill. I (4) T. durwm Desf.

(2) 1. compactum Host. : (3) 1. polonicum L.
(3) 1. Spelta L. (6) T\ turgidum L.
III. (7) T. monococcum L, .

1 G. H. T. Eimer, Di¢ Entetehung der Arien auf Grund von erworbener Eigenschaften
nuch den Gesetzen organischen Wachsena, Vola, 1—mr. 18881001, Tena,

* P, A, Saceardo, ** [ Prevedibilli Funghi Futuri secondo ln Legge d° Analogis.” Degli
Atti del R. Imstituto Feneti de Scienze, Lettere ed Arti, Tomo vin. Ser, T,

2 . Zederbaner, * Variationsrichtuvugen der Nadelhiilzer.,” Sitzberichte d. Akademie
d. Wissenschaften, Wien, Math. Nat. Klusse, 116, Abt. 1. 1907.
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The eight species, T\ dicoccum Schrank, oeeupies a place between
the first amd the second groups'. Triticum vulgare s represented
by a multitude of Jordanons (varieties and races), which differ in the
following characters:

1. Bearded, beardless, semi-bearded ears,

Ears white, red, gray, black.

Ears smooth, hairy.

Seeds white, red,

Winter, spring varieties; and so on.

S

~

- compactum, 1. Spelta, genetically closely related to 7. vulgare
repeat exactly all its varieties. So we have a complete similarity in the
series of varieties in all three Linneons.

The second group of wheats, separated from the first by a consider-
able sterility of hybrids between them, repeats, in general, the series
of variation of the first group. In 7' durum, T polonicum, T. turgidum,
there are white, red and black eared varieties, smooth hairy eared, white
and red grained, winter and spring varieties. Only beardless forms are
still unknown. All existing varieties of this gronp of Linneons are
bearded or semi-bearded. By artificial erossing, beardless durum wheats
have been obtained during the last few years, at Saratov Experimental
Station.

The third group of T. monococeum, in its wild and eultivated forms,
completely repeats the former group in its variability®,

T. dicoccoides Keke, a wild Linnean species nearly allied to culti-
vated wheat, and found in great quantities by Aaronsohn in Syria,
consists of a large number of varieties parallel to varieties of 7% durum,
T. dicocenm and other Linneons.

Numerous races included in different botanical varieties of T. yul-
gare®, and investigated at our experimental station, showed the minutest

likeness in their series. For instance, among the botanical variety
T. vulgare var. ferrugineum Al, studied by Miss E. I. Baroulina, about

I K. L. Vavilov, * Immunity of Plants to Infectiouns Disenses,” 1919, Ch. v. Annales de
Udeadémie Agronomigue Petrovskes {prie Moscow), Annde 1918, (With & résomd in
English.) *‘Immunity to Fungous Diseases as n Physiologieal Test in (renetics and
Systematics, exemplified in Cercals.” Journal of Genetics, Vol, v, No, 1, June, 1914,

; * K. A. Floksberger, “ Triticum monococcum L."  Bulletin af Applied Botany, 1914,
Petrograd. . '

? This Linnean species is divided, aceording to F. Koernicke (Handbuch der Getreide,
1885) and K. A. Flakeberger (“ Determination of Wheats.” Bulletin of Applied Botany,
Petrograd, 1915), into 26 botanical varieties, ench of which is of collective nature and
consists of & oumber of races. e
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290 Jordanons were established, differing in structure of ears, glumes,
rachis, gmin, leaves, in physiological characters {immunity to fungous
diseases, early ripening, ete.). The same series of morphological and
physiological races were found in T. vulgare var. erythrospermum Keke,
T. vulgare var. graecum Keke, T. var. erythrolewcon Keke.

Barley. Cultivated varieties of barley are represented by two
genetically closely allied Linneons, which can easily be crossed: Hordeum
vilgare L. and H. distichum L. The first of these has the varieties:

1. With dense and louse ears.

With black, yellow and red (anthocyanin) ears.
With hairy and smooth empty glumes.

With kernels hulled and without hulls,

With awns smooth and rough.

With “ Kapuze ” instead of awns.

Winter and spring varieties; and so on.

@ g

b

The second Linneon (H. distichum) completely repeats the whole
series of varieties of the first one.

Until late years, only one variety of wild barley (H. spontaneum
C. Koch), closely allied to cultivated H. distichum, was known. This was
a winter variety, with yellowish ears. In 1916, we found in Persia and
Transcaspic Provinee and Bokhara, a number of spring varieties of
wild barley, with typical bristle spikelets, varieties with black ears, with
smooth as well as with hairy, empty glumes.

Oats. Let us take a larger group of Linneons, belonging to the
botanical section Fuavena, which includes genetically nearly related
Linnean species of cultivated and of uncultivated oats. A closer in-
vestigation of their numerous varieties, studied in our Burean of 1‘11.:}_:!5&1{1
Botany, Petrograd, by Mr. A. I. Malzev, showed that Avena difuse
Asch. and Gr., 4. orientalis Schr., A. fatua L., A, Ludoviciana Dur,
A. sterilis L. are represented by similar series of varieties with white,
yellow, gray and brown (black), flowering glumes, with hairy and smooth
glumes; all these Linneons include spring as well as winter varieties,
those susceptible to crown rust (Puccinia coronifera), as well as those
which are immune, ete. :

Millet. The same parallelism may be observed in Linneons m:.rhich,
although nearly related, are still quite distinet and cannot be crossed.
Panicum italicum and P. milliaceum give an example of such distinet
Linnean species, represented by a large number of botanical varicties,
studied by Koernicke (Handbuch der Getreide, 1885), and by Russian
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plant breeders Arnold, Syriousov, and others at our experimental station,
The series of varieties differing in compactness of panienle, in colour of
Howering glumes, in the presence or absence of anthoeyanin pigment in
panicules, and in the size of the plants, ete., are extremely alike in both
Linneons.

Cotton. If we compare the variability of Asiatic cotton, Gosaypium
herbacewm, cultivated on a large seale in Turkestan, Persin and India,
with the variability of American cotton, Gossypium hivsutum (Upland),
we notice a striking similarity in both Linnean species, Asiatic cottons
were studied in detail by Leake, Gammie and others, in India, and by
Zaitzev in Turkestan, In their manner of branching, in the variation of
the shape of their leaves, colour of stem, and in all details of structure
of fruit, colour of fibre, and other characters, one Linneon repeats the
other. At the same time, these Linneons differ not only geographically
but also physiologically in. their origin. They can only be crossed with
great difficulty, and then give mostly plants which are completely
sterile?,

Agropyrum repens and Agropyrum cristatum.

Let us take two distinet Linnean species, grown in typical wild
conditions. Agropyrum repens and A. eristatum, two typical wild
Linneons, meadow grasses, widely distributed over European and Asiatic
Bussia. These grasses were studied in detail by V. S. Bogdan, at the
]{msn}' Kout Experimental Station (Samara Government), and by the
author, in Moscow and in Saratov Government. On comparing their
polymorphism we must acknowledge a striking likeness between the
series of varieties represented by both plants. Both have—

1. Bearded and beardless ears.

2. Hairy and smooth glumes.

3. Yellow, red and black eared varieties.

4. Varieties with anthocyanin in ear (violet, and without antho-
eyanin).

5. Varieties with spreading (lying) and erect form of seedlings.

6. With thin and thick straw.

7. "Loose and dense ears,

8. Ears covered with wax, and without wax.

9. With yellow and violet anthers.

10. With short and with long stems.

Y G, 8. Zaitsev, **The Results of Crossing Gossypium hirsutum and G. herbacewm.'
Bulletin of Applied Botany (Petrograd). At present in the press.
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11. Hairy and smooth leaves.

12, With parrow and broad leaves,

13. Early and late varieties.

14, Hydrophilous and xunnp]!ilﬂqls Ly pes.

Agropyrum erisiatum, also, has varieties with straw full of pith, as
well as the ordinary varieties with hollow straw. The former varieties
are not found yet in . repens, but it has not been sufficiently studied
to say definitely that these forms arve absent.

Brassicn Napus and B. rapa.

A clear parallelism of series of varieties is to be observed in Brassica
Napus and Brassica rapa. Both have annual and biennial varieties;
the diversity in colour and shape of flowers and leaves, form of plants,
shape and colour of fruit and seed is quite similar in both Linneons.

Cucumbers and melons, Cucurbita maxima and C. Pepo.

A striking parallelism of a series of varieties is observed in cucumbers
and melons, belonging to two different Linnean species, Cucumis sativus
and . Melo, which are physiologically distinctly separated, as was
shown by Naudin. Both in shape and colour of their fruit, seeds and
leaves, in details of flower structure, and habits of plants, one must
notice the astonishing similarity in series of variation of these Linneons,
represented by a large number of well distinguished” Jordanons, Some
varieties of melons are quite similar in appearance and Havour to several
varieties of cucumbers. This parallelism has already been mentioned by
Darwin in his Variation of Animals and Plants under Domestication.

Very similar variability in Jordanons might be observed in Cucurbita
mazima and Cucurbita Pepo, and C. wmoschata, three Linneons repre-
sented by a large number of varieties. “Three species of Cucurbita have
yielded a multitude of races which correspond so closely that Naudin
insists they may be arranged in an almost strictly parallel series'.”
These Linneons, notwithstanding their similarity in variation, eannot
be crossed together, as was shown by Naudin and confirmed at our
experimental station by Mrs Kartashov. -

An immense number of other similar examples conld be given for
wild and cultivated plants. So far as we know, this kind of variation is
not “ occasional,” as Darwin supposed it to be, but quite general. The
data were not available in his time, but the detailed study of hundreds

1 Darwin, Fariation, Part 1. New York edition, 1876, p. 341,
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of Linnean species belonging to different families shows that there are
no plants which are an exception to this rule. Therefore, we may conclude
that, in general, closely allied Linnean species are charvacterized by
similar and parallel series of varieties; and, as a rule, the nearer these
Linneons are genetically, the more precise i3 the similarity of morpho-
logical and physiological variability. Genetically nearly velated Linnsons
have consequently similar series of hereditary variation,

II. VartaTioN OF DIFFERENT GENERA.
Rye and wheat.

In the study of Linneons and Jordanons of closely allied genera, one
can notice the same regularity in polymorphism. To compare wheat
and rye—

The varietal composition of rye—Secale cereale—until recently has
only been studied in a fragmentary and insufficient manner, notwith-
standing the great importance of the culture of this cereal in Europe.
As a typical cross-fertilized plant, rye has no definite constant varieties,
and the separation and definition of different hereditary forms is more
difficult than in wheat, which is usually self-fertilized. The predominant
view met with in literature is that rye is a uniform plant, as compared
with wheat.

Investigations made by Mrs V. P. Antropova and Mrs A. J. Toupi-
kova, at our experimental station, of many samples of rye collected
from different regions of European and Asiatic Russia, from Persia,
Bokhara, Pamir, and Afghanistan, showed a sharp polymorphism in rye
no less than in wheat. The most interesting result of these studies is
that the characters which distinguish the different forms of rye appear
to be strikingly similar to those marking the different forms of wheat.
So it appears that rye, just as wheat, is represented by :

- 1. Varieties with bearded, beardless (almost), and semi-bearded ears.

2. With hairy and smooth ears.

3. By white (yellowish), red and dark brown eared varieties.

4. By varieties with violet ears (with anthoeyanin), and without
anthoeyanin.

5. With not only the common green seeds, but also seeds of white,
red or brown?,

! Several varieties of Abyssinian wheat (Triticum durum) have brown-purple seeds, of,
A. St C. Caporn, Journ, Gen, vir. 1918, p. 261.
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. As in wheat, varicties with grins casily shed from Howering
glumes, or wice versu, with seeds entirely covered in glumes.

7. Forms with hollow straw, and with straw full of pith.

8. Varieties with fragile rachis, as well as with strong rachis (as in
ordinary varieties of European rye).

9. Varieties with long and short ears,

1o i
11, "
12, -
13, "
14, "

Howers i1 a Spﬂ-:ch't.

"

dense and loose ears.

hairy and smooth rachis.

broad and narrow glumes.

bearded and beardless empty glumes.

many flowers on their spikelets, or with only two

15. Varieties with rough or tender beards.

14. »
17. e
18. »

n

ai

L1

starchy or flinty seeds.
small and with large seeds.
nerves highly developed on glumes, with nerves

weakly developed on glumes.
19. Varieties with smooth leaf sheaths, or with hairy sheaths.

20, -
21. i
22. "
23. "
24, S
25. =
26. =
27. o
28. 5

ligula, or without ligula.

well-developed auriculae, or without auriculae.
smooth auriculae or with hairy auriculae.
violet seedlings! or with green seedlings.
broad and narrow leaves.

hairy and smooth leaves.

thin and thick straw.

short and long straw (stems).

procumbent and erect form of seedlings.

29. Early and late varieties.
30. Winter and spring varieties.
31. Resistant to and susceptible to brown and yellow rusts.

32, Varieties with ordinary simple ears, or with complicated branchy

Ears.

23, Varicties with leaves covered with wax inflorescence, or without

Wix.

34, Cross-fertilized or self-fertilized forms®, ete.
In general, the genus Secale repeats in detail the series of variation

1 In wheat some Persian varieties belonging e.g. to Triticum vulgare var. ferrugineum
Al are characterized by seedlings in colour and shape not distingnishable from seedlings

of ordinary violst ryc.

2 In wheats, several varieties of T. vulgare are inclined to cross-fertilization,
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of the genus Triticum, o result which was unexpected at the beginning

of our studies.  In the same :ilu'l.'r.'-tij_;’nt-il‘m. a scarch was conducted for

varieties similar to those of wheat previously known to us; and our

presuppositions concerning the forms of rye which theoretically ought
- to exist were, in most cases, exactly corroborated.

Prediction of existence of rye without © tigula,”

Thus we found in 1916, in Shugnan (Pamir) and in Afghanistan,
several varieties of wheat (I vulgare), the leaves of which were without
“ligula,” unknown before that time, so far as we know, in botanical
literature. (See PL IX.) A pivord, basing our opinion on the principle
of homologous variation in nearly allied plants, we expected to find
these curious forms without “ligula” in rye too; and in 1918, it was
actually found among Pamirian spring rye, sown at our experimental
station. (See PL IX.)

In literature there is no mention of the existence of varieties of rye
with hairy ears. A prior, their existence was very probable, for in the
genus of Triticum, all Linneons are represented by smooth eared, as
well as by hairy eared, varieties. In 1918, such hai ry forms were found
by examining thoroughly ears of Pamirian spring rye.

Wheat, as we have seen before, is represented by bearded and beard-
less Jordanons. Even in Linneons, which usually are represented only
by bearded varieties, as e I\ durwin, there are known semi-bearded
varieties (var. drraseite Hochst.). A priord, we should expect to find
the same differences in rye, and, in 1919, there were found typical long-
bearded (Astrakhan rye), semi-bearded, and almost beardless varieties
(the latter among specimens from Pamir and Afghanistan).

Rye and wheat belong to two genera comparatively closely allied.
In some cases they produce many natural hybrids, as has happened in
recent years in south-eastern Russia, some of which may even be
partially fertile (single seeds)’. Most striking is their complete paral-
lelism in variation down to the minutest characters.

Aegilops.

The genus A egilops, which is related to Triticum, and grows in large
quantities in natural wild conditions in southern Russia, Turkestan and
Persia, as was shown by our observations, repeats in general all varieties
of the genus T'riticum. In Aegilops squarrosa and Ae. eylindrica, there

L G. K. Meister, " Hybrids of Wheat and Rye.” Repert of the Third Al-Russion
Conference of Plant Breeding, Vol. 1. 1920,
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are beardless as well as bearded varieties, varieties with yellow, red and
black ears, hairy and smooth cars; and we know winter as well as spring
varieties of these Linneons. The same division of the genus Aegilops
into collective Linneons scems to be similar to that of Eufrificum
(cultivated wheats). The Linnean species, degilops cylindrica and
Ae. sguarrosa, are akin to Triticum wulgare and fo other Linneons
of the same group of wheat. Both are characterized in general by
hollow stems, susceptibility to yellow and brown rusts (Puccinia glu-
marum and P. triticing), to mildew ( Erysiphe graminis), and to smut—
Tilletia fritici. Other Linneons, like Aegilops triuncialis, correspond
more to Triticum dwrum or T. monococcum in their immunity to these
parasites, and the similarity of their straw, which 15 full of pith, and in
the absence of completely beardless varieties’.

As is known, Godron produced artificially hybrids of wheat and
Aeqilups, which proves the relative affinity of these genera.

Agropyrum.
The genus Agropyrum belongs to the group of genera closely allied
to Triticum and to Secale. In 1919, we produced a sterile hybrid (F))
by crossing Secale fragile with Agropyrum villosum. As we have shown
before in the example of polymorphism of Agropyrum repens and A.
cristatum, this genus in general repeats, even in detail, the series of
variation of Triticum and Secale.

Vicieae.

Let us turn to the family of Papilivnaceae. Four Linneons—Pisum
sativum, Lathyrus sativus, Evvum Lens, and Vicia sativa—belonging to
‘the systematical section Vieleae, were studied in detail at our experi-
mental station. All four Linneons manifest a similar homologous series
of variation like cereals. Each Linneon was represented by a large
number of varieties collected from different European and Asiatic
countries. All four genera proved to have varieties with white, red
(pink), and violet (purple) flowers, and all manifested a striking pheno«
typical similarity of variation in the shape and colour of their seeds
and cotyledons. In all genera were found varieties with yellow-green
cotyledons, also with orange-red, and with black, brown, green, yellow,
and white seeds. (See Plate X.) In all Linneons there are varieties

with spotted, as well as with unicoloured seeds. In all genera were .

1 For details see ¥. 1. Vavilov, Immunity of Plants to Infections Discases, 1910, Ch. 4.

s k
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discovered varieties*with small and large seeds. ‘The variation in the
shape of seeds is found to be alike in peas, lentils and vetches, as well
as in Lathyrus sativus; they may be flat, angular, or vound. TIn all
genera we found varieties with narrow and broad leaves, with lenves
covered with wax, with coloured (violet) seedlings, and with ordinary
green seedlings.  All four genera have tall and dwarf varieties, early
and late forms. The variation in fruits in all of them tends in the same
direction.

This similarity in Vieieae is so clearly expressed that sometimes it
was difficult to say, from an external view of the seeds, to which genus
they belonged. This is the more striking as all these genera are physio-
logically quite independent and cannot be crossed together, in spite of
many attempts made by Fruwirth!, and at our experimental station.

Chicurbitaceae.

The most cultivated genera and Linneons of the family Cucurbitaceae
are Citrullus vulgaris (water-melon), Cucumis Melo and C. sativus (melons
and cucumbers), and Cucurbita Pepo, C. marima and C. moschata
(squashes, gourds and pumpkins).. After the investigations of Naudin,
it was found that thesc three genera, although quite distinet, belong
to the closely related botanical sections Cucumerinae and Cucurbitinae,
and their variability can therefore be compared.

The numerous varieties of these genera, collected from different
parts of Russia, Persia and Bokhar, were studied at our experimental
station during 1919 and 1920,

All three genera in their Linneons have varieties with round, ablong,
and flat, simple, as well as segmented fruits, The variation of the eolour
of fruits is relatively similar in all genera, whether monochrome, streaked
or spotted, white, green, yellow, brown, or black. Their parenchyme can
be colourless, or with coloured plastids. The fruit may be sweet or
bitter. Variation in the size of fruits is extremely great in all genera,
beginning with small fruits of the size of apples and even smaller, and
ending with the gigantic fruits, such as the ordinary squashes, melons
and water-melons. The diversity in flower structure, colour and hairi-
ness of petals and calyx, is very great in different varieties, and varies
similarly in all genera. The leaves vary greatly in all three genera,
Most varieties of melon have simple leaves, very different from those
of the water-melon, but some resemble, in the dissection of their Jeaf

! Panzensuchinng, Dritte Auflnge, 1919,
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plates, varieties of water-melon. At the same time, we know soveral
varicties of water-melon which approach other melons in the shape of
their leaves. Varieties of gourds (Cucurbita Pepo) have leaves differing
from the simple undissected shapes to those similar to ordinary water-
melons.

Probably there are not many plants which vary so greatly, or at
least so conspicuocusly, as these genera of Cucurbitaceae. Sometimes
it is difficult from the exterior, and even from the interior, of their
fruits, to decide positively to which genus they belong. The similarity
of variation in separate characters is so sharp that several very careful
botanists, such as S. I Korshinski, have classified some varieties of
melon as being natural hybrids of water-melon (Citrullus valgaris), and
melon (Cucumis Melo). It is often stated quite wrongly in agricultural
and horticultural literature that melons are fertilized by pollen of
squashes, and give intermediate forms.

The experiences of Naudin, repeated on a large scale at our experi-
mental station by Mrs S. A. Kartashov, have proved the impossibility
of crossing these three genera. KEven separate Linneons, within the
limits of the same genus, e.g. Cucurbita moschata, C. maxime, and .
Pepo, cannot be erossed together.

The so-called intermediate forms of these plants, accepted erro-
neously as being natural hybrids of these genera on account of the
shape of their leaves and seeds, and the flavour and shape of their
fruits, are only a beautiful illustration of similar variation of these
distinet genera, and of their overstepping their characters?, including
the “hybrids” of water-melon and melon described in detail by Professor
S. 1. Korshinski. The same phenomenon evidently is observed in the
case of Gramineae in so-called varieties of Festuca loliacea supposed to
be hybrids of Festuca and Lolium.

The most essential point is that, notwithstanding an exceptional
diversity of varieties in these genera, their yariation is very regular, and
not aceidental. Knowing in detail the series of variation of water-melons,
we could find a similar series of varieties among melons and gourds

(Cucurbita Pepo and C. maxima).

1 8, 1. Korshinski, * Bastarde swischen Citrullus vulgaris and Crcumis Melo”

Bulletin de I'Académie des Sciences de St Pétersbourg, 1897,

2 & detailed article on this sobject, entitled: “Hybrids between melons, water-melons
and squashes,” was given by the author (X. L Vavilov) at the First All-Rugeian Congress
on Applied Botany, Veronej, Sept. 1920, and will be published in the Heport of this

Congreas.
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Cruciferae,

Observations have also proved the striking likeness of varicties of
different geners of Cruciferae, belonging to the section Brassicinae,
namely—of Linncons Eruca sativa, Brassica eampestris, B. elongata,
B. juncea, B. rapa, and B. Nuapus, Sinupts albe, and Raphanus sativus.
Linneons of these four genera show a complete repetition of a series of
varieties, diffeving in the shape and colour of their petals and calyx, shape
of leaves, presence and absence of wax on stems and leaves, shape and
hairiness of fruits, colour of seedlings, hairiness of stems and leaves, as
well as by many minute characters. Linneons of all four genera are
ditferentiated into early and late varieties, into spring and winter (or
biennial) varieties. In general, it was found that the more specimens of
the same Linneon were studied, the closer was their parallelism of varia-
tion to that of other Linneons of the same generic section.

Capsicum and Solanwm.

A clear repetition of variation can be observed in Solanaceae. The
genera Capsicum and Solanum belong to the same botanieal section,
Solaninae (Engler). In comparing series of varieties of pepper—Capsictm
annuum, with tomatoes—Solanum lycopersicum, the similarity of their
hereditary variation in different organs and different characters becomes
evident.

The phenomena of homologous variation in related genera may be
observed in quite different botanical families of monocotyledonous,
and dicotyledonous plants, as well as in Coniferae (Zederbaner), Not-
withstanding the extinction of many links during the millennial existence
of most genera and Linnean species, the rile of natural selection and
extinetion, there is no difficulty, by careful study, in tracing the
similarity in variation in moest of the related genera.

Therefore, in general, the second rule or law in polymorphism, as a
sequence to the first one, ts thut not only genetically closely related Linnean
species, but also closely allied genera, display similarity in their series of
phenotypical, as well us genotypical, variability.

IIL. Variatiox oF WHoLE SYSTEMATICAL FAMILIES.

Closer investigation of many genera within the limits of different
systematical families, discloses the fact that all genera of a given family
are subject to common tendeneies in variation,

i i D e
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(Framinene.

Let us take the family of Gramineae, and consider the schemes of
division into varieties of guite distinet genera, belonging to different
generie seetions of the same fumily. All genera and Linneons might be
divided into varieties according to their density of inflorescence. Millet—
Panicwm milinceum—is divided by systematists into three groups, ae-
cording to its density of panicule:

1. Loose (branchy)—Effusumn.
2, Densed—Compactunt, and
3. Intermediate—Contractum®

In just the same way Andropogon Sorghuwm might be divided. Oats
(Avena sativa) are represented by varieties with one-sided, compact
panicules (. orientalis Schr.), as well as.by varieties with loose, branchy
panicules (4. diffusa Asch. & Gr.). The latter are divided into varieties
with more or less crowded panicnles (Steifrispe, Sehlafrispe). In general,
the division of ocats corresponds to that of millet and Andropoegon.
Cereals with ecar-inflorescence might be divided into compact, loose,
and intermediate varieties, In wheat, barley, and rye, there arve all
these kinds of ears among their different varieties. Varieties of maize
might be distinguished quite clearly through the density of their ears.
There are varieties of rice with compact vs. loose grain arrangement.
Many food grasses, studied from a varietal point of view, as Festuea
pratensis, Loliwm perenne, Agropyrum cristatum, A. vepens, Phleum
pratense, Alopecurus pratensis, Dactylis glomerate, Bromus inermas, and
others, all proved to be composed of varieties with loose and dense ears
and panicules.

In the family of Gramineae, almost all the varieties may be divided
into bearded and beardless forms.

The type of wild barley—Hordeum spontaneuwm, and wild oats—
Avena fatua, characterized by spikelets which are brittle at the time of
ripening, repeats itself in many different genera belonging to various
sections, as Secale (Secale montanwmn), Lriticum (1. dicoccoides), Agro-
pyrum, Oryza, ete.

Branching ears are common not only to different Linneons of wheat,
.. Triticum turgidum var. mirabile Kcke, but other Linneons belonging
to guite different genera, with ear-shaped inflorescence, as barley, rye,
Agropyrum, Lolium, Pantcum italicum, ete.

L F. Koernicke, Handbueh der Getreide, Vol. . Bd. 1885,
Journ, of Gen. xn 5
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Varieties of entirely differont genera of Graminese might be divided
into forms which have hulls and these which are hull-less, i.e. with grains
tightly held by glomes, or with grins loose and casily shed out of
glumes, We know such varieties in wheat (compare 7. vulgare and
I. Spelta), in barley (i.e. Hordeum distichum var, nutans and H. dis-
tichum var. nudum, or H. vulgare var, coeleste), in vye, in maize, in millet,
in A ndropogon,

A great many Linneons, belonging to quite different genera of
frramineae, studied in detail, have manifested o similar variation in the
colour of their glumes. Varieties may usunally be divided into white,
yellow, red, gray and black (or black-brown) eoloured forms. These
varieties are known in wheat, barley, rye, oats, rice, millet, A ndropogon,
Aegilops, Alopecurus pratensis, Panicum italicum, and other genera.

Nilsson-Ehle has found among cultivated oats a variety with leaves
which are entirely lacking in “ligula,” called by us var, eligulatum. We
found such varieties in wheat and rye, and hope to find them also in
barley. Dr Emerson and Dr Collins in America recently found aligulate
maize'. Prof. Janishevski found such varieties among different forms of
Poa bulbosa. Several varieties of Panicum Crus Galli have a small,
almost undeveloped “ ligula,”

Most Linuneons belonging to different genera may be divided into
smooth and hairy varieties. Hairiness may be connected with the stems,
leaves, or glumes of spikelets.

Probably all Linneons of Gramineae might be divided into varietics
with anthocyanin in stems, and these without it; into varietics with
stems and leaves covered with wax, and those without wax.

In many Linneons belonging to quite different genera, we find
varieties with procumbent forms of seedlings, and those with erect
seedlings,

In a great number of Linneons belonging to different sections of
GFramineae, cases of “vivipara” were observed. (See Penzig, Terato-
logie.) Duval-Jouve in his old paper (lLe.) gives many examples of
similarity in variation of different genera of wild grasses (Poa, Festuca,
Bromus, Brachypodium, Agropyrum).

Even the rare and isolated characters, which are regarded as confined
to distinet Linneons, could be found in other genera, as e.g. the so-called
* Kapuze,” or “ hoods,” in several varieties of barley, that is, the special
metamorphosis of beards into short, thick projections. (See Hordeum

! Dr R. A. Emerson, * The inheritance of ligule and aorienles of corn-leaves,” A,
Rpt. of Nebraska Expl. Sta. Res. Bull. 25, pp. 81 —88,

e Ty,



N. L. Yavinov 67

trifurcatun.)’ Thus, some varieties of wheat (Triticum valgure), found
by us in Persia, as well as some varieties of Chinese wheats deseribed
by Mr K. A. Flaksberger? under the name “dnflutum,” ave by their
morphological as well as their genotypical nature very similar to
“ Kapuze,” “hooded™ in barley. (We crossed them with ordinary
bearded and beardless wheats.)

If we compare the following series of variable characters distin-
guishing different hereditary forms of wheat with those distinguishing
varieties of other genera of the same family, we nobice a 5imiiul‘il-}' in
most of them.

A SERries oF CHARACTERS DISTINGUISHING VARIETIES (HACES,
Jorpaxoxs) or WHeEsT—Triricvy voceare VILL
L Characters of Ears (Spikes) :
1. Bearded, semi-bearded, beardless.
2. Colour of ears: white (yellow), red, gray, black (brown).
3. Hairiness of glumes: absence, presence, the degree of pubescenee,
the character of hairs.
4. The shape of glumes: narrow, broad, cuspidated, “ hooded,” cte.
5. Hairiness of the rachis: presence, absence, the degree of pu-
beseenee, the character of hairs.
6. Density of ears: loose, compact, intermediate.
7. Length of awns.
8. Length of the glume-tooth.
8. Length of the ear.

10. Number of flowers in spikelets.

11. Wax efflorescence: presence, absence, the degree.

12. The character of awns: smooth, rough.

13. Grains easily shed out of glumes, grains tightly covered by
glumes.

14. Nerves of glumes: highly developed, or weakly developed.

15. Dents of nerves: weak, rough, present, absent.

16. Presence or absence of undeveloped spikelets at base of ears:
presence or absence of additional spikelets in ears (very typical for
severnl varieties of wheat).

17, Branched and simple ears.

1 G. V. Ubisch, * Beitrag zu einer Faktorenanalyse von Gerste.” Zeftsch. f. indukeive
Abstammungs- und Vererbungsichre, 1921, Ch. 25, H. 3M.

* K. A. Flaksberger, * Wheats of SBoonpan' (China). Bulletin of Applied Hotany,
Petrograd, 1910, John Pereival, Wheat Plant. A monograph, 1921.

§—2
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IT. Churacters of Grains (Seeds) ;

18. Shape of seeds: oblong, short, round, angular,

19, The size of seeds,

20. Colour of seeds: white, yellow, ved, brown,

21. Character of the internal strueture of sceds: farinaceous or
flinty (glassy).

22, The characters of hairs on the top of grains (brush): long, short,
dense, rare, ete.

III. Characters of Plants ( Vegetative Urgans) :

23. Colour of seedlings : violet (presence of anthocyanin), or green
{absence of anthocyanin).

24. Hairiness of leaves: presence, absence, the character of pu-
bescence (short hairs, long hairs, rare, dense hairs, ete.).

25. Borders of leaves are cilinted, non-ciliated.

26. Leaves and stems covered by wax efflorescence, without wax
efflorescence, '

27. Colour of leaves : dark green, light groen, variegabed,

25. Length and width of leaves.

29. Length of stems (straw): tall, short, intermediate plants.

30. Straw thick, thin.

31. Straw full of pith, hollow straw.

32. Presence and absence of “ligula.”

33. Presence and absence of * auriculae,” size of “ aurienlae.”

34. Colour of “auriculaes,”

35. Hairiness of “auriculae,” presence, absence.

36. Nodes of stems: hairy, smooth,

37. Seedlings procumbent, erect, or intermediate,

38. Straw smooth and hairy.

39. The number of nodes, leaves,

40. Stems coloured by anthocyanin, without anthocyanin.

41. Leaf-sheaths hairy or smooth.

42. The number of tillers, stems, i.e. the degree of branching.

IV. Physiological Characters:

43. Winter and spring varieties.

44. Late and early varieties.

45. Susceptibility to brown rust (Puccinia triticina).
46, " » Yellow rust (P. glumarum).

47. o » mildew ( Erysiphe graminis).

4
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458, Closed and opened flowering.

49. Number and length of stomata.

50. Xerophytic types, hydrophytic.

This list of variable characters is not complete ; further investigation
will undoubtedly increase the number of dizsimilarities between different
varieties of wheat. Nevertheless, it gives anidea of the great variability
within the limits of one Linneon in the family of Gramineae. Many of
the enumerated characters are independent of others in their inheritance,
and in their different combinations form thousands of varieties. Those
who are engaged in the study of different genera of cereals, as well as of
different wild grasses, cannot deny that in Gramineae of quite distant
genera variation manifests itself on the same lines. The knowledge of
the details of a series of varieties of a single Linneon or genus might
help to discover new varieties among other genera and Linneons.

The nearest families to Gramineas from a systematical point of view,
as Juneaceae (Duval-Jouve) are characterized by a series of varieties

similar to those of G ramineas.

Papilionacene.

The same similarity of variation can be seen in Papilionaceae. "The
detailed study of variation among distant genera of this family discloses
a striking unity in their differentiation into varieties, in scores of dif-
ferent chamcters of seeds, fruits, flowers, and vegetative organs. For
example, if we compare the differentiation into varieties of the above-
mentioned section— Vicieae, including Vicia, Ervum, Pisum, Lathyrus
and Cicer?, with differentiation of Linneons belonging to sections—1'ri-
folieae (Trifolium pratensis, Medicago sativa), Loteae (Lotus corniculatus),
Galegae (Caragana arborescens), Plaseoleae (Phaseolus vulgaris, ‘Soya
hispida), we cannot help noticing the great resemblance in their mode
of variation. They vary in colour of seeds (from white to black), from
unicoloured to those covered with small spots or large spots), in golour
of cotyledons {from greeu-_r,rulluwish to orange-red), in shape of seeds
(from round to oblong and to flat or angular), in size of seeds, in colour
of flowers (from white to violet), in shape of fruits, in structure of leaves
and flowers, in pubescence of stems and leaves, in shape and colour of
seedlings (green or violet, spreading or erect, cte.), and in many other
characters (notwithstanding the specific nature of these genera, and the

L\ Cicer arietinum. Memairs of the Department of dgriculiure of India. Bot. Ser.
. YVol. vir, 1915,
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botanieal sections to which they belong). These variations are tending
in the sane direction, and the completed series of varieties of separate
genern show a clear and evident regularity and likeness, It is possible
to speak about systems of varieties for different genera and families.

Cruciferae and Papaveracene.

An astonishing parallelism of variation might be observed in the
family of Cruciferae. At our experimental station we studied in detail
varieties of some Linneons belonging to the section Sinapeae, namely,
of Eruca sativa, Brassica campestris, B. juncea and B. napus (studies
carried on by Miss E. N. Sinskaja). The first Linneons established a
great number of varieties differing in hairiness of fruits (presence,
absence), in colour of flowers (petals) and calyx, in eolour and form of
seeds, in shape of leaves (beginning with quite simple forms and ending
with complicated, dissected varieties), in the shape of petals, form of
plants (spreading, erect), in the colour of seedlings (with anthocyanin,
withont anthocyanin), in structure of fruits (long, short, round, broad,
narrow), in density of Horescence, ete. In Eruco sativa we established
more than 250 fixed varieties,

The Jordanons of Brassica juncen were studied recently by the
Howards in India’. Comparing the varieties studied by the Howards
and onr varieties of Eruca and Brassica, belonging to the section Sina-
peae, with Linneons of a quite different botanical section— Hesperidene
(several Linneons of which (Draba verna, Capsella Bursa pastoris) were
studied in detail by Jordan, Rosen, Lotsy, Shull, and others—it is impos-
sible not to notice the striking similarity of their series of varintion.
We have no doubt the same series will be found in other genera, and
other seetions of Cruciferae. The mere examination of lists of varieties
in * Keys to Determination of Species,” in different * Floras " oceasion-
ally indicated by some authors for single Linneons, proves this regularity
in variation.

The nearcst family to Cruciferae, from a morphological and anato-
mical point of view, Papaveraceae, is characterized, as far as we can

Judge, from the study of varieties of Papaver somniferum, Chelidonium
majus and Corydalis solida (sub-fam. Fumaricideae) by a seriez of
variation very similar to that of Cruciferae.

! Memairs of the Depariment of Agriculture of India, Botanieal Series, 1915,
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Clomposttae.,

The numerons family of Compositae displays quite distinetly eommon
tendencies in forming varieties within the limits of different genera.
If we compare numerons varieties of Hieracium, stucied carefully by
Naegeli, numerous varieties of sunflower ( Helianthus annuus), studied in
detail by Miss E. M. Plachek in Russia at the Samtov Experimental
Station?, and by Dr Cockerell in America, and varieties of Clarthamus
tinctorius, studied by the Howards in India% we cannot help noticing
the general character of varietal differentiation. Dahlias, cornflowers
(Centaurea cyanus), Cichorium Intybus manifest similar series of varia-
tion in the shape and colour of flowers. The examination of catalogues,
hortienltural literature, and exhibitions of fAowers, shows an extremely
instructive similarity in direction of variation in chrysanthemums,
asters, dahlias, sunflowers. The similarity is not only superficial and
exterior, e.g. there are some varieties of sunflower characterized anatomi-
eally by the presence of a layer of dark cells in the skin of seeds, which
prevents the zeeds from attacks of larvae of sunflower moths— Homeo-
soma nebulella. The same varieties exist in Carthamus tinctorius, as well
as in some other genera of Compositae. The colour of plastids in flowers
of Helianthus, Carthamus, and Hieracium, varies in different varieties
from pale yellowish to bright orange; there are known varieties with
anthocyanin in petals (red sunflower and ved Hieracium) and without
anthocyanin.

The same unity of variation, with the same series of varieties, could
be observed as a general rule in families of Solanaceae, Cucurbitaceae,
Chenopodiaceae, Caryophyllaceae, and, we believe, in all families of the
plant world. A beautiful example of parallel variation in different
genera and families of Coniferue, is given by Mr E. Zederbauer?,

IV. PrepicTioN oF Exisrexce or New ForMs.

The immediate future will define modes of variation in different
families. The series of variation specific for single families will become
more exact as the varietal studies of genera become more differentiated.

! Mizz E. M. Plachek and Prof. A, I. Stebout, ‘‘Sunflower.” Report of Saratov
Experimental Station, 1915, Miss E. M, Plachek, * Materials for the Classification of
Sunflowers.” Report af the third All-Russion Conference on Plant Dreeding, Snratoy,
1920,

! Memoirs of the Department of dgriculture of India. Botanical Series, 1415,

3 E. Zederbauver, * Variationerichtungen der Nadelhilzer." Sitzber. d. Alkad, Wiss,
Wein. Matk. Nat. Klasse 116, Abt, 1, 1907. *
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But it is already evident that the similarity in series of polymorphism
of allied Linneons, genera, and even of nearly related families, is so
regular that it becomes possible to forceast, on this basis, the existence
of forms and of varieties (and even Linneons), not yet discovered. Some
such unknown forms might be obtained by artificial hybridization of
corresponding varieties, or Linneons,

We have mentioned already some instances where predictions were
fulfilled in the finding of forins of rye without “ lignla,” and of hairy,
bearded and beardless varieties of rye. We have met many times with
convineing oceurrénces in forecasting, according to the law of homolo-
gous variation, the existence of forms not yet deseribed. To give some
more examples—

Linnean species of wheat: Triticum vulgare, T com pactum, T, Spelta,
T. dicoccum, T. monococcum, T turgidum, are represented equally by
winter and spring varieties’. But 7. durum is usually described in
literature as a species represented exclusively by spring varicties, not-
withstanding its great polymorphism in many other characters. In
literature, occasionally, we find remarks about the existence of one
variety of wheat belonging to 7% durum?®, but even these statements ave
discounted by other authors. :

A priori, one would expect that such winter varicties onght to exist
in great numbers, in T. durum, if they exist in T maonococcum, T. Spelin,
and 1 vulgare. Investigations were begun, and in 1918 we actually re-
ceived from Mr D. D). Boukinich a large number of specimens of 7.
durum, brought from an isolated, mountainous region of Sonmbar, in
North Persia, near the Transcaspian Provinee. And, among these speei-
mens, we found a considerable number of real winter varicties of ditritime
wheats, as was shown by sowings of these samples in the spring.

On the other hand, wild Linnean species of Triticum dicoccoides
Kcke, as well as of wild barley ( Hordeum spontanewm), are characterized
exclusively as winter plants; no spring varieties of these species being
known®. The study of many specimens of wild barley, collected by the
author in 1916 in Persia, Transcaspic Province, and in Bokhara, and
sown at the experimental station, resulted in the discovery of a series of

! N. L. Vavilov and Miss E. 8. Kouznetzov, “On the Genetie Nature of Spring and
Winter Varieties of Plants.” dnnals of Agricultural Colleye of Saratev University,
Vol. 1. 1921. (Résumé in English.)

2 F. Koernicke, Handbuch der Getreide, 1855, B, 2,

* K. A. Flaksherger, ** Triticum dicoceoides Keke-Wild Emmers.” Bulletin af Applicd
Botany, 1918 (Petrograd). R. Regel, * Les Orges Cultivées de Russie.” Bulletin of Applied
Botany, 1910 (Petrograd).
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wild spring barleys. Among a number of varieties of T'riticum dicoccoides
obtained by us from Mr A. Aaronsohn, from Syria, we found a typical
spring variety of wild wheat. Theoretically, it is very likely that spring
varieties will be found eventually in Secale montanum Guss., which is
characterized in botanical literature as a perennial plant,

Several genera of Gramineae contain varieties with naked grains
(hull-less), as well as the ordinary hulled varieties, with grains tightly
covered by glumes. Systematists know naked barley, oats, wheat. We
searched for naked varieties in other genera, and found them among
millet ( Panicum milliacenin), and A ndrapogon sorghum.

It seemed probable that in Aegilops, Secale, and Agropyrum, as in
Triticum, there would be forms with hollow straw, and with straw full
of pith. Indeed, such varjeties and Linneons were found in these genera.

Melons and squashes (Cucurbita) are characterized by varieties with
round, oblong, flat, and segmented fruits. In literature we could find no
indication of the existence of segmented varieties of water-melons
(Cietrullus), but after special search for them they were found in south-
enstern Enropean Russia, in the Astrakhan Government.

Knowing the scheme of variation of colour and shape of seeds and
cotyledons, and in colour and shape of stems and leaves in Pisum and
Vigier, we conld establish just such a series of similar varieties in Brvum
Lens and Lathyrus sativus, as well as in other genera of Papilionaceae.
Most Linnean species of Pupilionaceae are characterized by hairy as
well as by smooth fruits. Soya Aispida in all botanieal literature is
always characterized by hairy fruits. A priori, we expected to find
sometimes a variety of Soya with smooth fruits. On visiting the
United States we saw such a variety in the collection of the Illinois
University. '

Similar esamples are very numerous. We are accustomed at our ex-
perimental station to investigate the varietal composition of a plant
according to a scheme based on the law of homologous series in variation,
and this makes it possible for us to determine many differences and to
note many varieties which otherwise would escape a systematist.

V. PHENOTYPICAL AND GENOTYPICAL VARIATION,

We have spoken, so far, strictly about phenotypical differences.
Jordanons, Linneons, genera, botanical families in the sense of Johannsen,
are phengtypical units. But we have no doubt that the same rules apply
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to genotypical variation as well. The majority of differences between
varieties established by old and new systematists are hereditary differ-
ences, and although all our morphological and physiological systems of
organisms are systems of phenotypes, they imply genotypical differences
Lo,

There is no doubt that under the sane external aspect different
genotypes may be coneealed. The red colour of wheat gmins may be
dependent on one, two, three or more hereditary factors (genes), as
was shown by Nilsson-Ehle. But genes for colour of grain may vary in
different varieties. We know, e.g., two types of yellow eotyledons in peas,
one dominant, the other recessive (Love) ; and different types of hairiness.
In barley the character of crenatures depends upon five or six different
genes in different varieties®. :

But this only obliges us to be careful and to study varietal differences
not externally but genetically as well. It complicates the scheme of
differences but does not change the statements settled before ; it merely
requires further and more detailed genetical investigation.

Until now, only single plants and animals, like one or two Linneons
of Antirrlinum, or peas, maize, Drosophila, have been studied in detail,
from a genetical point of view; and not even these in all their varietal
characters and existing varieties. The study of genetics of many cha-
rncters and of all types of varieties of a Linneon is not an easy task,
and even for single plants looks almost hopeless to carry out in detail.
The number of phenotypes by itself is so large in most Linneons (e.g.
for wheat, barley, potatoes, ete.), that it looks an incredible task to ae-
complish. Up to the present, and for a long time yet, the knowledge
will be fragmentary. So far, we have had no adequate system of pheno-
types, even for most important plants like cereals. There are no
complete scientific classifications for varieties of cultivated plants. In
their systematical and geographical study, the investigators still work as
in the pre-Columbian time. Very few Asiatic or African varieties of eul-
tivated plants have as yet been discovered or deseribed. Fhe attainment
of complete genetical monographies for single Linneons will still be more
difficult.

At the same time, the relation of these laws to genotypical variation
enables us to use them for purely genetic purposes. After the period
of differential work in geneties a period of integration of all data for
single plants will inevitably come.

! M. L Vavilov, **On Origin of Smooth Awaed Barleys." Hulletin of Applied Botany,
1919, (Petrograd.) Not yet published, on aecount of state of nffairs in Husgiu.
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The existence, e.g., in wheat, of two kinds of beards, dominant and
recessive, obliges us to search for the same division in other genera of
firamineae. And in reality two types of bearded varieties were recently
found in oats: one dominant, another recessive in crossing with the same
variety’, two ditferent kinds of beardless varieties of oats: one recessive,
another dominant.

In our erossings of Avenn wuda var. biaristata Arch. & Gr. with
A, brevis and A. strigosa (two hulled varieties with gray flower-glumes),
all plants in F, as well as in F. of hull-less type, proved to be colourless
(vellowish), showing repulsion between genes of hull-less and grey colour
of lowering glumes.

On observing this, we began to study the crossings of black, hulled,
with yellow hull-less varieties of barley. Here again was clearly seen the
partial repulsion between genes in black (coloured) glumes, and genes
of naked grain.

Moreover, all varieties of millet with naked grains, which are
cultivated i Afghanistan and Bokhara, proved to be white, that is,
colonrless.

The genetical behaviour of the special kind of awns in barley—
“ Kapuze " (var. trifurcatum)—is very similar to that for the character of
awns in wheat called “ inflatum.”

Many suggestions of this kind might be found by the systematical
comparison of varieties of different genera of the same families, which
would facilitate the comprehension of phenomena of segregation, and
give useful generalizations, necessary for differential work in geneties,

In summarizing the above regularities, we state also that :

1. Linneons and genera more or less nearly reluted to each other are
characterized by similar series of variation with such a regularity that,
Fnowing o succession of varieties in one genus and Linneon, one can fore-
cast the existence of similar forms and even similar genotypical differences
in other genera and Linneons. The similarity is the more complete as the
Linneons and genera are more nearly allied.

2. Whole botanical families in general are characterized by a definite
eyele (series) of variability which goes similarly through all genera of the

Jmmnaly.

! Prof. 8. 1. Jegalov, “Hybrids of Oats.” Report of the Third Al-Russion Conference
on Plant Breeding, pp. 80—86, 1920, Vol 1.
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VI. ForMULAS oF THE Law or HoMoLoGoUs VARIATION,

The above conception may be represented by symbols in the follow-
ing way. As we have seen, different Linneons and different genera are
composed of an immense number of varying distinetions; at the same
time this variability is similar in nearly allied Linneons and genera.
For purposes of abbreviation let us call these different varying cha-
racters by letters a, b, ¢, d, e, f, g, b, ¥, j, k, ete. Their different expres-
gions let us signify by a,, @, a,, a,, a;, ete., by, b, b, b, b, ete. For in-
stance, the colour of glumes we signify by a, for white we shall use a,,
for yellow a,, for red a,, for gray e, and so on.

Linneons and genera consequently differ, not by these characters,
but by their specific complexes of morphological and physiological nature.
These differences we shall call radicals. There might be radicals for
Linneons, as well as for genera, and whole families too.

Thus we have for two different but nearly allied Linneons of the
same genus the following expression of their morphological and physio-
logical peculiarities:

Lifa+bt+c+dtet+f+g+h+i+k.....)

Lia+b+e+d+e+f+g+h+i+k..... )

Liatbte+d+e+f+g+h+itkh.....)
Ly, Ly, L; are radicals distinguishing these Linneons one from mmt.hu-r,
i, b, e, d are different varying characters, as colour and shape of glumes,
of lenves, stems, ete. Each of these characters is complicated and
accordingly may be divided into two, three, or more morphological and
physiological units—a,, w,, a;, a,, a;, ete. Each of these morphological
units may be, if necessary and possible, represented in terms of geno-
typical composition.

If we compare, e.g., the three Linneons of wheat, Triticum vulgare,
T. compactum, T. Spelta, we can say that the radicals L, and L, are dis-
tinguishable from the morphological side, simply by the density of the
structure of ears and stems, for L, (T. compactum) from L, (T vulgare).
Triticum Spelta (L;) will be distinguished by the density of its spikelets,
grains tightly covered by glumes and extremely loose ears. The varying
characters a, b, o, d, ete., are the same in all these Linneons.

The same determination might be given to different genera. Let
ns take rye and wheat. As we have seen, their resemblance in the
mode of variation is extremely close. Although every one will say there
is no diffieulty in distinguishing rye and wheat, there are, as a matter
of fact, very fow characters really specific to each of these genera which
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cannot be met with, although perhaps in some rare vavieties, in the
other, and which could be considered radicals, Let us signify the radicals
of different genera by &y, Gy, G,, Gy, G, ete.  We can express by formulas
the composition of rye and wheat as follows:
Gila+b+otd+etfHg.connnnnns)
Gela+btetrdtetS+g ).
The contents of the brackets are the same in both genera, The difference
between their radicals, from a morphological standpoint, consists, in this
case particularly, in the differences of empty glumes and flowering
glumes of ryc and wheat, narrow seed of rye, and a few other characters
not so conspicuous and stable. As the different genera include many
ordinary Linneons, some of which might be very distant phylogenetically,
the more correct representation of a genus in symbols would be as
follows:
Gla+b+e+dte+f+g+h+i+h..)Ly, L, L L L)
But practically, at least in a good many cases, Linneon radicals might
be taken in some cases into simple brackets, as they are often not
divisible from ordinary alternative characters of Jordanons. In the
same way the composition of ditferent families might be represented.

Radicals of Linneons and genera could be understood as morpho-
logical and physiological complexes specific for single genera and
Linneons; they could be of special genetic nature, but in this direction
our knowledge is at present too limited.

If we consider from this point of view the modern classifications of
plants by systematists into Linneon species and genera, we notice that
in many cases they are perfectly correct, through intuition, as the specific
characters of radicals were taken as a basis for the division into Linneons
and genera. Several systematists like Linné, Jussieu, de Candolle, and
Boissier, were very sagacious in this respect. But in many other cases
it was quite different. Varietal alternative characters were often mixed
with those of radicals; particularly was this the case when deseriptions
of new genera and Linneons were made on single plants and samples
collected in one district.

From this representation of systematical units it 1s clear that for
systematics and classification of genera and Linneons, as well as
for phylogenetical purposes, only characters of radicals ought to be
taken as a basis of separation.

A great number of examples of such an unsuccessful division can
be seen in the family of Cruciferae. Such genera as Sinapis and

L]
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Brassica are not divisible by radicals; their division is based on varietal
alternative characters, and as a vesult it is diffieult, and even impossible,
to say to which genus some varieties are related. Many Linneons of
Cruciferae appear to be simply different varieties of the same Linneon,
In the near future there must be a revision of such doubtful species,
and a consequent reduction. Many new “species” described by botanisis
in recent systematical literature as new species are only new Jordanons.

Sometimes the characters of radieals are very sharp, as for instance
in the family of Ranunculaceae (genera Pueonia, Aguilegin, Aconitum,
Nigella and others), and in many Gramineae.

Certainly our conceptions of * Linnecons,” “genera,” are conventional—
only schemes. Characters which are alternative for most “higher”
plants, are taken often as generic in myeology. But without * systems,”
without “schemes,” it is impossible to grasp the phenomena of multi-
form life. Seience itself is in many respects a schematization of the
phenomena of nature. The adoption of the above point of view of the
systematical study of variation scems inevitable. Except for some in-
dividual observations in this direction, it has not so far been taken
seriously into account.

*,

VII. VartatioN 18 Distaxt FamiLies

We have considered variation within the limits of different genetical
groups united into Linneons, genera and families. But, besides, the
parallelism of varietal polymorphism displays itself also in different and
distant botanical families, even in different orders and classes.

Albinisin,

For instance, the phenomena of albinisin, or the appearance of plants
without chlorophyl, or partly deprived of chlorophyl, occurs in most
different families, It was observed in hundreds of genera of Gramineae,
Compositae, Papilionaceae, Chenopodiuceae, Polygonacene, Onagraceae,
Rosuceae, Scrophulariacene, Caryophyllaceae, Cannabinaceae, Coniferae,

ete.
(rigantisu, niuisoe.

In most different and distant families, as Gramineae, Papilionacene,
Urticaceae, Solanaceae, Rosaceae ( Pisum, Phaseolus, Tviticum, Hordeum:,
Zea, Rubus, Myesotis, Oenothera, Primula, Humulus, Nicotiana, etc.),
there were established dwarf and gigantic forms.
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Fazciation.

In almost all families there exists a tendency to form fasciations or
enlargements of different organs, eg. from Compositue to Egquisetum
(de Vries). We have seen it in peas, flax, beet, barley, sunflower,
wheat, maize, buckwheat, rsqu:l:ihf::‘-, water-melon, and several different
Cruciferae.

Dwarfism, gigantism, albinism, and fasciation vecur in the whole
plant world, as well as in the animal world.

Hoot formation.

On a level with these general types of variation there are alsv
narrower kinds of variability, inherent, nevertheless, to many families
genetically rather distant. So, e.g,, many genera of some families are
apt to form swelling of their roots, as beet, turnips, radish, carrots.  This
Pﬂuulim‘ib}' is & trait of many families, but what 1= more remarkable is
that in the process of their formation the varietal differences repeat
themselves in most distant families. For example, beet, belonging
to Chenopodiaceae, has varieties with oblong, eylindrical, rhombie,
spherical, and Hattened and segmented roots. Similar varieties can
be found among turnips (Brassica rapa) belonging to Cruciferae, in
carrots belonging to Umbelliferae, ete., which means that forms of roots
are crystallized in definite directions in genetically different families.

Shape of fruits.

The same may be seen in fruits of different families, e.g. apples,
melons, tomatoes, peppers, squashes, water-melons. In all these quite
distinet plants, varieties differing in the shape of fruits give the same
series of variation—round (spherical), oblong, flattened, eylindrical, pyri-
form and segmented (cantaloupes in melons, “serijapel " in apples).

CUslour of flowers and fruits.

The colour of flowers is determined chiefly by two groups of pig-
ments—yellow or orange, of plastids and pink (rose-red) or violet
anthocyanin pigments dissolved in cell-sap; the last group is often
accompanied by a special kind of pigment—fiavone, pale yellow, also .
soluble in cell-sap. Series of varieties in anthocyanin colouring, from
white (absence of anthocyanin), through pink (rose), to dark violet and
blue, are similar in most different Linneons belonging to quite distinet
families. Compare variation in cornflowers, fris, Aquilegia, Linum,
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Cichorium, Hysopus, Myosotis, Matthioln, peas, vetches, lilae, Hyu-
cinthus, ete. . :

Red, pink or white cornflowers (Centanren cyanus), pink Hax (Lineem
usttatissimum), and pink lilies of the valley arve rave, but still they exist,
as do many rare minerals, and one has to consider them in constructing
a system of genotypes and phenotypes in plants.

Varietal differences in colour of plastids are similar in a great many
Linneons: pale yellow, yellow, orange. Compare e.g. varieties of Hie-
ractun, Nosturtiwm, Helionthus, and many other genern.

When a Linneon is characterized by the presence of both pigments,
of anthocyanin as well as of colouved plastids like Howers of dahlias,
tulips (Tulipa Gesneriana), Cheiranthus cheiri, Viola tricolor, Helian-
themum vulgure, we have more complicated but also regular series of
polychroism.

The distribution of pigments is not altogether irvegular, and it is
possible to recognize types in different varieties and plants, and these
types repeat themselves in different families,

A similar variation in anthoeyanin colouring is observed not only
in Howers, but in fruits of many distant genera: Atropa belladonna,
Daplne mezerewm, Fragaria vesca, Ribes rubrum, Rubus idaeus, Solamum
nigram, Vitis vinifera, and many others (Wheldale).

Nearly all seedlings in some varieties are coloured by anthoeyanin,
in others l.hn’_"}-' are colourless, The same is observable with the stoms.

Variation in other characters.

Linneons of nearly all funilies are divided into varieties with hairy
leaves, stems, fruits, and petals, and those with smooth organs. Almost
all plants could be divided into dense and loose varieties, aceording to
the density of their inflorescence. Many plants are characterized by
varieties with procumbent as well as ercet form of seedlings.

Zederbauer (Le.) poiuts out that several types of varieties in shape
of stem and branches (vv. pendula, pyramidalis, nana) are common in
Coniferae and dicotyledonous families Sulicacene, Betulaceae, Fagaceae,
Juglandaceae, and, we believe, they are common in herbaceous plants too.

Thousands of Linneons are represented by both single and double
flowers.

Most families with zygomorphie flowers have pelorie varieties ( Labia-
teae, Scrophulariaceae, Papilionaceae).

Winter and spring varieties, genetically distinet, are common in
most herbaceous families and genera of plants.

o e " e e
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Teratology gives thousands of clear examples of conumon variation
in most plants’.

In general parallelism is noticeable in organs having the same forin
and function. To this category are related the phenomena of “ unab-
hiingiger Entwicklungsgleicheit” or “ Homogenesis” of Eimer by
which he accounts for the acquiring of similar characters by different
groups of plants and animals.

Series of varieties in distant familics.

We have observed in detail large numbers of varieties among
different gener of Gramineae, Cucurbitacene, Papilionaceae, Cruciferae,
Compositae, Linaceae, Urticaceae. In general, we came to the con-
clusion that a great many varietal morphological and physiological
differences are similar even in most distant families. There is e.g. very
little in common in phylogeny between squashes (Cucurbitn Pepo) or
water-melons (Citrullus vulgaris)and wheat or barley. Nevertheless, there
are many common varying morphological and physiological characters
which vary in the same direction in both families. The shape of petals
varies in Cucurbitacene very similarly to that of glumes in cereals—
there are varieties in both families with pointed petals of perianth (in
case of wheat of glumes) as well as with blunt petals. In both families
we know varieties with sharply tlE‘.’ﬂll}[JEd Nerves in lwriutlt-h, or thee
versa, with very weakly developed nerves. Types of hairiness in different
varieties, although at first sight very unlike in both families, are
strikingly alike in Cucurbitacese and Gramineae on close examination
of varieties. There are varieties of squashes (€. Pepo) with naked seeds,
similar to the naked varieties of cereals. In the shape and form of
Seedliugs, there are common varietal differences in both families.

Homologous and unalogous variation.

The origin of these organs might not be quite the same in different
families—they might, from a formal morphological point of view, be
only analogous and not homologous. The same genotypical difference
in the sense of modern genetics, might vary in different families. But,
nevertheless, the similarity in variation allows us to construct simple
general schemes of morphological and physiclogieal variation.

The difference between homologous and analogous organs, as well
as between homologous and analogous variation, is in many cases not
easily discernible. Some authors, competent enough to know the

! Penzig, Teratologie, 1, 2, Bd. Becond edition, 1920.
Journ. of Gen. zn g &
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difference between homology and analogy, are prepared to deny the
pssential difference of these two kinds of variation (Lotsy, Evolution
by Means of Hybridization). In any case, the great majority of varietal
characters, not only within the limits of single genera and families but
even in distant families, are homologous from a morphological point of
view (colour, shape, ete).

If we follow the above-mentioned symbolic designation, we must
own that although the radicals for families might be extremely different,
as in the case of Cucarbitaceae and Gramineas, the contents of brackets
will be similar for both families in a considerable degree.

Origin of new forms and the law of homologous variation.

Summarizing all above said, it is clear that after detailed study of
any particular Linneon it would be possible, according to the law
of homologous variation, to foreeast the division into varieties (Jor-
danons} of other genera and Linneons. To some extent the same
divisions into Linneons, and even genera too, are subject to the
same rules.

Moreaver, this concerns not only the existing diversity of forms, but
also new forms appearing from hybridizing distant forms or through
mutation.

The origin of new forms was studied in Oenothera Lamarchkiana,
where a great number of varieties originated during observation. If one
compares the series of varieties obtained from Oenothera by de Vries
with that obtained from Rulus by Lidforss!, in hybrids of different
Linneons, one cannot help noticing the remarkable parallelism in the
vartetal composition of Oenothera mutants and Rubus hybrids.

The same similarity in the series of new furms (we mean forms not
representing simple combinations), obtained as a result of distant cross-
ings, could be observed in hybrids of different Linneons of wheat, and of
hybrids of wheat and rye. In both crossings hybrids showed new forms
with extremely narrow leaves, or with extremely broad leaves, plants
with very hairy stems and leaves, the appearance of very late, as well as
of very early forms, varieties with branching ears, the development of
awns on empty glumes, dwarf plants, as well as giant forms, albino
plants, ete., partly as a result of “cryptomery” in the sense of Tschermalk,
partly as a result of abnormal development very common in the offspring
of distant hybrids. Helianthus and Oenothern are very little related—

1 Zeitschrift fiir induktive dbstammungs und Fererbungslehre, 1914,

S
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writes T. D. A, Cockercll—yet in breeding and studying sunflowers one
is eonstantly reminded of phenomena previously recorded in connection
with evening primroses. The parallelism in variation is such that one
is led to ask what, precisely, do we mean by a “new variation®”

Mutations in closely related Linnean species and genera all tend in
the same direction. 1. H. Morgan, C. B. Bridges, A. H. Sturtevant,
A. Weinstein and H. J. Muller?, found it for different species of Droso-
phila, E. B. Babcock for Jugluns®. De Vries, R. Gates, Stomps and
other investigators established the same for different species of Oeno-
thera®.

E. Baur, in the fourth edition of his Einfithrung in die erperimentelle
Vererbungstehre, 1919 (pp. 193—194), in the Chapter on Mutations,
notices the remarkable parallelism of mutations in different velated
Linnean species of plants and animals, homologous series of mutations,
* ganz merkwiirdige homologe Reihen.”

In general, in comparing mutations in different plants and animals,
one notices general lines of variation even in distant groups of organisms.

VIII. VariatioN I¥ FUNGI AXD IN ANIMALS,

Doubtless the same regularity in variation manifests itself not only
in * higher ” but also in “lower” plants, as well as in animals.

Ascomycetes and Basidiomycetes give a complete parallel series of
Linneons and genera. The same differentiation into the smallest units,
“ biologic species,” is noticeable in both classes. P. A. Saccardo in his
article I Prevedibili Funghi Futuri secondo la Legge d'Analogia®” has
noticed the existence of series of forms in fungi, and has given a
system for their division according to a series of variation in single
families. In general his system has proved to be too artificial ; he took
for the basis of classification the characters of varieties of “higher
plants”; his division of great groups as genera is based, not on separation

1+ Zuppression and Loss of Characters in Sunflowers.” Seience, Vol. xn. No. 1025,
1914, p. 283,

= T, H, Morgan, Physical Basiz af Heredity, 1919, A, H. Bturtevant, **A Parallel
Mutation in Drosophila funebrie.” Seience, 1918, Yol. xuvir. A, Weinstein, ** Homo-
logous genes and linear linkags in Drosophila virilis.”" FProc. of the National dead. of

Sciences, Vol. v1. No. 11, 1920,
3 “Sendies in Juglens, 1. A parallel mutation in Juglans hindsit,® U. €. Pub. Agr.

Sei. 4. 8, 1916,
4 R. R. Gates, Mutations and Evolution, Loendon, 1021,
& Degli Atti del R. Institute Veneti de Scienze, Lellere ed Arti. Tomo, vinr. HSer. vir
" Or in Tabulze dnalpgical Guuinm Gener, Fung, Syll. Vol. xr, 1806—07.
6—32
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of radicals, but pre-eminently on varietal characters. But still some of
his predictions were afterwards justified. And, undoubtedly, Saceardo’s
beginnings in this direetion are of great importance in systematics.

Comparative animal and plant anatomy discovered a common plan
of construction for distant classes and families. The facts of hereditary
variation among Linneons, genera and families of animals, known
nowadays in great numbers, are a proof of the general plan in variation.
Exterior characters of many animals show an evident subordination to
the law of homologous variation. Colour of hair, the same structure of
hairs, and horns, in their variation, show a similarity not only in near
Linneons and genera, but also in different families; and, as genetics has
shown, from a genotypic as well as from an external point of view'. The
series of known mutations in rabbits, rats, and mice are extremely alike.

The systematical division of many genera into Linneons in zoology,
shows in some cases a clear series of homologous variation. Palacontology
gives many examples of this kind. Gastropoda, Goniatites, and in
general, fossil-molluses, show beautiful examples of the existence of
these series of variation. Many examples could be taken from Rota-
toria, ete.

Looking over botanical and zoological, as well as pahmunt.ulugic:ti
literature on variation and systematics, one could find many data
for parallel series of variation in different genera and families. In
Pangenesis and Mututionstheorie, we find many facts signifying the
existence of parallel variation. “ Suchen wir in irgend einer Flora,”
writes de Vries in Mutationstheorie, p. 454, “ diese abgeleiteten Varie-
tiiten zusammen, so fillt sofort auf, dasz dieselbe Abweichung in der
verschiedensten Familien, Gattungen, und Arten widerkehrt, Uberall
bilden die Varietiten Reihen von parallelen Formen.” Mutationstheorie, 1.
p- 454 Variation does not take place in all directions, by chance and
without order, but in distinet systems and classes analogous to those of
crystallography and chemistry. The same great divisions into orders
and classes manifest regularities and repetitions of systems.

IX. PHENOMENA OF MIMICRY AND CONVERGENCE.
Phenomena of mimicry.

The so-called mimicry—the imitation by one genus of another in
shape and colouring, which may be of some profit in living beings, un-
doubtedly is in most cases only a repetition of similar cycles of variation

1 A, Lang, Ergebnisse der Mendelforschungen. Jens, 1914, Costle, Genetics and
Eugenics, 1920.
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in different families and genera. Eimer was quite right when he ex-
plained the phenomenon of mimicry in butterflies by independent
development of the same types of variation in different genera and
families. Mimicry may be regarded as a general phenomenon of repe-
tition of form characteristic for the whole organized world, and by no
means as an exception, illustrating the rile of selection in creation of
forms, as was supposed by Darwinists®.

At our experimental station we observed a striking case of such
mimicry in plants, namely in Papilionaceae, studied in detail by Miss
E. I. Baroulina®. Vetch (Vicia sativa L.) is often found as a weed in
sowings of lentils. Several varieties of vetches are so similar to ordi-
nary lentils in the shape, colour and size of their seeds, that they
cannot be separated by any sorting machine. Most of these varieties
Hower and ripen simultaneously with lentils, and are perfect mimics
of their * models "—lentils. We began to study both plants in detail.
Many samples of lentils (Ervum Lens) and vetches ( Viela safiva) were
gathered from different parts of Russia and from Persia, Bokhara and
Afghanistan. As a result it was found that not only vetches exist
which in shape, colour, and size of seeds are inseparable from ordinary
lentils, but also that there exist varieties of lentils which are quite
similar in their seeds to ordinary round black seeded vetehes. The whole
series of varieties (a number of which are represented on Plate X)
showed clearly that the similarity between these two different genera is
so great that it would be difficult, even for an expert eye, to divide
several varieties of vetches from lentils by their seeds. This example
gives one of the best illustrations of the idea of homologous series in
variation which we have in the plant world. In the eolour of their
flowers and in many other characters lentils show similar series of varia-
tion to vetches.

The réle of natural selection in this case is quite clear. Man uncon-
sciously, year after year, by his sorting machines separated varieties of
vetehes similar to lentils in size and form of seeds, and ripening simul-
taneously with lentils. The same varieties certainly existed long before
selection itself, and the appearance of their series, irrespective of any
selection, was in accordance with the laws of variation.

The phenomena of “mimicry,” from our point of view, are general
for all classes and families, and those usually impressive forms of mimicry,

i §ee R, C. Punnett, Mimicry in Butterfiies. Combridge, 1915,

% E. 1. Baroglius, * On Vetches (Ficia sativa) weeds in lentile.”” (Mimicry in Plants.)
+ Report of Third All-Russian Conferenre on Plant Breeding, held in June, 1920, Vol. 1.
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which are found, for example, in butterflies, give an excellent illustration
of the law of homologous variation®,

The phenomena of convergence, or similarity in characters, which is
known in many existing and fossil animals and plants found in similar
or sometimes in different surroundings, represents also the phenomena
of parallel variation, if not homologous, at least analogous. These phe-
nomena are also of general character und no exception, There are already
many data on convergence in most different groups of plants and
animals, and their number increases every year. The same division of
placental mammals into various orders of carnivorous and insectivorous
15 parallel to the orders of implacental beasts. Countess Linden estab-
lished many cases of convergence in Gastropoda?, without any relation
to their affinity and biological surroundings. Dr F. Alverdes recently
published a work on parallel development of birds and mammals®. It
seems as though nature cannot differ indefinitely, but creates analogous
or =imilar forms in different families and orders.

St G, Mivart, in his book On the Genesis of Species (New York, 1871),
devoted much attention to the coexistence of closely similar structures
of diverse origin. He regarded these phenomena as contradictory to
Darwin's theory of “ Natural Selection.” It seems that Mivart was the
first who used the expression “ The Law of Homologous Variation " (see
P 145}

External conditions to which naturalists of the last century aseribed
phenomena of convergence, acted as a factor in selection and elimina-
tion without creating forms, but leaving and sorting those which were
best suited to their surronndings.

X. GEXERAL ('ONCLURIONS,

Parallelism in vanietal polymorphisin, and the existence of regularity
in differentiation of greater gronps as Linneons, penern, and families, is
a great help in the study of vanieties in self- and cross-fertilized plants
and animals,  Instead of searching for unknown forms, the investigntor
can definitely look for, and foresee, forms luncking in o system, by noticing

!B Punsett, Mimiory dn Hutterflica, Cambridge, 1916, H, Eliringham. ** On Bpecifio
and Mimetie Belationsbips in the genos Heliconios." Trans, of the Entomolagical Sueiety
&f Londem, 1918,

® Linden, Grafon U, v " Unabbangiger Fotwicklungagloleheit bel Hehnoekenga.
higeen.”  Bislegisches Centralblatt, Bd, xvire 1806,

3 Lir ¥, Alverdes, * Lo glelchgerichion stsmimesgenchichio Entwicklung der Vigel und
Baogetiere, Pinlogiseh. Contr, 39 B, Beptemnbeor, 1919,
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the similarities with the nearest known Linneons and genera. In this
respect a biologist places himself in the position of a chemist, who
classifies substances according to their place in a system, and ereates
them through synthesis.

The investigation of polymorphism and the deseription of new forms
become full of scientific meaning and interest, New forms have to fill
vacancies in a system. The collections of immense numbers of butter-
flies and beetles in our museums and herbariums will play a more worthy
role in the immediate foture than ever before. For a systematist is not
a man who knows all the curiosities of nature, but one who grasps the
order and sense of it all.

The existing systems of Linneons and varieties ought to be funda-
mentally changed, and constructed aceording to a general plan. Instead
of oceasional characters, which usually determine species and varieties,
it would be more rational to follow a general system. The greatest
problem of systematists is to build up a general well sustained mono-
typical system, where similarity and homological series of variation
would be considered as the fundamental basis, instead of an indefinite
tangle of names impossible to remember. This may seem rather
revolutionary for systematists, and it must be done very carefully,
in consideration of existing orders. It would be easier to arrange in
general systems of minutest systematical units, varieties and races which
are as yet almost untouched by systematists. We have tried this for
cultivated plants, and have found it expedient. Instead of remembering
endless forms, usually named after occasional places of origin or in
honour of persons, we have the possibility of studying a system and
introducing into it individual additions, where it may be necessary to
do so, for single Linneons and genera. We realize well the size and
difficulty of the whole problem. Without a differential work, and without
studying in detail, the integral work will be groundless. To integrate it
is necessary to differentiate. We know that perhaps a century will pass
before botanists and zoologists will create, through collective work, an
organized world system; but this way is historically necessary and
inevitable.

Analogy with chemistry.

The above-mentioned analogy of the present day position’ of the
biologist and chemist is deeper than it might seem at first. We have
spoken conventionally about characters, colours, hairiness, beardedness,
ete. Chemistry says little about the exterior of its substances; it
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considers the chemieal nature of its compounds and their formulas.
Numerous chemical substances are reduced to a harmonious system
of combinations of a few clements. The biologist is still far behind.
During the last decades, however, geneties has advanced greatly and
is rapidly overtaking chemistry—at least the old chemistry of com-
plicated organic compounds. Genetics is ereating a laconie langnage
of signs for hereditary factors, determining external characters. The
biologist has learned to analyze organisms, and to get a hold on methods
for the synthesis of new forms.

The regularities in polymorphism of plants, established by a minute
examination of variation in different genera and families which we have
examined, can be compared to homologous series of organic chemistry,
e.g- carbohydrogen (CH,, C.H,, C,H,,...). Iis series of compounds
differing from each other, are still characterized by Many common
properties in reactions, by definite cycles of compounds, by definite
reactions of exchange and adhesion. Every single hydrocarbon gives
a series of compounds similar to that of other hydrocarbon.

In general, genera (G, G,, G,, ...) and Linneons [ L Ly oiciyiof
plants and animals display, in just the same manner, their homologous
series of varieties, corresponding to different homologous series of hydro-
carbons.

Gli(e+b+ec.) GL(e+b+e..)
Gilo(a+bte.) Gilyfas+bte.)
G Li(a+b+e.) GlLi(a+b+e..)

Lyayy  Liay, Lim, o

Fad, o Lade, i,k

Iads;  Loay, Loy o

Where a, a,, @, a,, ... are different characters which distinguish different
varietivs. The series of forms are strikingly analogous to homologous
series of organie chemistry.

Besides their chemical structure, different forms of organized nature
are characterized by physical structure, and perhaps it would be better
to trace also the analogy of homological series of plants and animals,
with systems and classes of ::rysm]]ogmph}r with definite chemieal
structures (Crystallo-Chemistry of Fedoroff),

We leave the question, in detail, of these analogies, which is already
disenssed in literature (Johannsen, Lehmann, Tischler),

Farther investigations will establish more precisely the law of homao-
logous variation in plants and animals, and it may be possible to bring

x



JOURNAL OF GENETICS, YOL. XIl. NO. 1

PLATE X

Yig. 2.

Fig. 1.

Fig. 4;

Fig. 5.



JOURNAL OF GENETICS, VOL. XIl. KO. 1

icie L
atttind Ta T [
TR Wimennng

o
-t

a1}
=1

L7
=

0:l. q.
& =

Viavee Ericami
Avetieer L, Fenx L.,
Ihna L RO
| 11
T, ':

10 108

11 1la
12 12a

cotyledones

COMANOI0IN
I 11
-‘J =
13 13 a
14 laa

@ @
15 15a

PLATE X



B ® LLEad o i R N A — . -

. ¥R -
e . , .
=k . B

= e SR
r A r L LT

J@ N 1 };Aﬂm ¢ Ty 39
# g .h e
g the same series into mathematical expression.  The vaviation in form

! might be reduced to some geometrical scheme,
i The problem of the m;g‘l: of bl]?CILS cannot be separated from the,
problem of variation. A great many forms are undoubtedly only different
combinations of the swme genes, some primary types. The study of
wariation will gw& us the possibility of esmhhshmg these primary types,
s of variation of organisms.
r hbmnluguus series in variation in its essence is only
Went.of the gen&ml idea of Goethe's “ Metamorphosis of plants,”
, f the unity in variety of C, Dresser’.
I oA conclusion, we take the liberty of expressing our strong conviction
~ that the most rational and expedient method of studying the diversity of
plants. ang:l‘iammuls open to breeders of both, even for practical purposes,
£ ough the establishment. of parallelism and homologous sevies of
tions.

! Christopher Dresser, Unity in Varifety. Londen, 1860, Becently there appeared

 works devoted to the general uniformity of phenomena of life, history, psychology.

Sqfw.‘i. K. Marbe, Die Gleichfirmigheit in der Welt, Bd. 1 and m. Miinchen 1016—18918.
1. Kammerer, Das Gesetz der Serie, 1919,
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A NOTE ON THE INHERITANCE OF THE “STEEL"
COAT-COLOUR IN RABBITS.

3y H, OXNSLOW,
Trinity College, Cambridge.

Tug work of Punnett, Hurst, Castle and others has treated of many
colonr varieties in the domestic rabbit, but the inheritance of the peeuliar
ticking of the hairs which produces the colour known as “steel” has
apparently not yet been fully investigated. There appear to be more
kinds of “steel” than one almost the same in appearance, though no
doubt. genetically quite different. Such, for example, are Punnett’s
“agouti-black,” medified to steel by being heterozygous for B, the factor
which converts chocolate into black. Again, there are the “eisengran”
of Pap, mentioned later, and no doubt more than one type of steel
among Flewish and other breeds. The relationship of the various forms
of “steel " to each other will no doubt be a problem of some difficulty,
but it is one that ealls for immediate solution.

"The following communication deals with certain experiments which
have been in progress for a considerable time, but owing to the many
difficulties eaused by the war, the results have not hitherto been pub-
lished. The original animals were of the variety known as “ steel Dutch,”
i.e. the coloured portions of the Dutch pattern were steel and the
remaining portions white. The choeolate, black and yellow barring
on a steel hair is not unlike that on the hairs of the common wild
rabbit, except that steel hairs contain more black pigment, especially
in the distal portions. These steel Duteh when erossed with some
black English rabbits, produced, in addition to agouti, black self and
English, a certain number of rabbits, in which the entire coat, including
the belly and scut, had the same steel colour as the pigmented portions
of the original Dutch parents. The rabbits werc in fact steel selfs, and
they supplied the material used in the following experiments.

A pair of these steels was first tested by erossing them with blues,
to see whether they carvied the dilution factor, which it was feared
would complicate the results. When a number of steels had been
obtained, which did not carry the dilation factor, they were mated

Lo — -
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together, to see if it were possible to produce a rabbit homozygous for
steel.  On the supposition that steel is produced by the interaction of
two factors A and B, steel, agouti and black would be produced in the
vatio of 9:3: 4. The steels would be of four types; 4 would produce
all three forms, 2 would give steel and agouti, 2 would give steel and
black, and 1 would give all steel. It was, however, found quite im-
possible to produce a homozygous steel, and although 28 rabbits of both
sexes were tested, they all gave black and agouti as well as steel. In
consequence of this it seemed probable that steel was itself a hetero-
zygous form. A number of litters were accordingly obtained from matings
of steel % steel, the results of which were as follows:

TABLE L
. - Steel x Steel,

3 =yl

I"-‘I R I R IR | na:nh--hh-h-s
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The figures fit perfectly a 1: 2 : 1 ratio of agouti, steel and black, and
diverge considerably from the 9 : 3 : 4 ratio. The sex of every rabbit
was not recorded, but as the ratio of males to females in the large
majority which were determined showed nothing abnormal, the sexes
were omitted from the tables. The steels were for the most part self-
colonred, but, as is usual, a few animals showed traces of the white
Dutch markings.

The following hypothesis, which, as Professor Punnett pointed out,
makes the case parallel with that of his “agouti-blacks',” appears to
afford an adequate explanation of the phenomena. An agouti-black is
a black rabbit with a slight development of agouti hairs at the nape of
the neck. The main feature in the case of the agouti-blacks was the
existence of a factor [, which decpened the melanie pigment. It behaved
differently, according to whether it was present in the homozygous or
the heterozygous condition. If heterozygous, it would turn an agouti
into an agouti-black ; if homozygous, it converted an agouti into a full
black, which in appearance was indistinguishable from a normal black.

In the case of the steel rabbits, the factor comparable to D) may be
called X. Like D it.appears to-have a darkening effect, but to a less
degree. It is a darkening factor which (1) in the heterozygous condition
turns agouti into steel; and (2) in the homozygous condition converts
agouti into black. Thus, if 4 is the factor for agouti and a the factor
for black, then:

dAdzz =agouti,
AAd Xz =steel,
AAXX =black extracted from steels,

. gaxe  =normal black.

In other words “one dose” of X turns agouti intoe steel, and *two
doses” of X turn agouti into black. This obviously means that there
are two forms of black, which are the same in appearance but genetically
quite different. These two forms may be represented as already shown.
Moreover, an animal cannot be steel or agouti unless it is at least
heterozygous for 4.

From these considerations it follows that :

(1) Steel x steel will, as has already been shown, give the 1:2:1
ratio of a heterozygous form.

(2) Black (extracted from steels) having the constitution 4 AXX,
mated to normal agouti (4 Azr), will give nothing but steel (44 Xz).

| Punnett, R, C., Journal of Genetics, Vol. m. p. 227, 1612,
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(3) Steel (AAXx) mated to agouti (A Adex) will give equal numbers

of steel and agonti,

(4) Finally, black (extracted from steels) having the constitution
AAXX mated to steel (AAXw) should give equal numbers of steel and

black.

These matings were accordingly made with the following results:

TABLE 1I. Black (extracted from steel) x Agouti (homozygous).

Most of these matings were made with the 4 51b, kindly given
by Professor Punnett, & homozygous agouti whose ancestry was known
for a number of generations. The male parents in the last two matings
of the table were agoutis extracted from steels. These agoutis were
presumably of the supposed composition 4 Azz, since they gave nothing
but steel. It appears, however, as will be shown later, that more than
one type of agouti can exist. The same male, 51b, when mated to
steels, produced, as was expected, equal numbers of steel and agouti.

TABLE III. Steel x Agouti (homozy gous),

Mating
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Y The agouti ' 51 @ used for some of these matings also came from
Professor Punnett, and was believed to be of the same breeding as the
agouti 51b. With both males the numbers of steel and agouti were

approximately equal. In the last two matings the agouti parents were

extracted from steels, 68 b being a  and 454 a 4",

TABLE IV.

Black {extracted from steels) x Hteal,

Mating
rm——,

Pox 3 Steol Agouti Black
GhecxB5a — —_ 1
66 ¢ xB6a b = 1
b xT0a 1 — 3
T8bxB83a 1 - 5
77 =xbba 1 2k @
Blax ,, 2 — 3

Totals 8 (40%.) — 12 (60°f.)
Expeetation 1o —_ 10

The figures in Table IV diverge rather widely from the expected
ratio, but the number of animals bred was small. Otherwise it will
K be seen that all the four suppositions on pp. 93-94 have been fulfilled
with sufficient accuracy.
A number of matings were also made in order to test the question
whether steels which were made by mating blacks (extracted from
steels) to agoutis (Table II), behaved in the same way as the original
steels. The following table shows that this was the case.

TABLE V.

Steels (from black = ngouti) mated fnfer se.
Mating

i

P x4

50 b o= 87
S0bx .,
606w,
13axbfe
1ax ,,
106ax ,,
107ax ,,
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115
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117
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These proportions are nearly the same as those in Table 1, and need no
further comment.

If normal blacks are expressed by the formula aeer, and blacks
extracted from stesls by the formula AAXX, as has been suggested,
an interesting result should follow the mating of these two forms of
black with each other. All the offspring of such matings (awere x 44X X)
should have the composition daX.e, and must therefore all be steel. As
the result of an experiment, in which a strain of homozygous chocolates
was used in place of the normal blacks, the following families were bred:

TABLE VI.
Black (extracted from ateels) x Chocolute,

Mating

=

[ Steel Agouati Black
STexdla
d7exila
GTexdla
Shex 7oL
Gbe x31 L
Biaxilh

O T |

£ He B8 s B2 BO
el N1 69 1

Total -4 19

In all matings but one of the above table, a chocolate was used as
the male parent. In the wating 56 ¢ x 73, the female parent was a
chocolate. The fact that two blacks to all outward appearance exactly
the same (but genetically different) should produce nothing but steel
offspring, seems to be explicable on some such hypothesis as that
already outlined.

Since the families in Table VI were bred, some of the same blacks
have been mated to blues, i.e. blacks carrying the dilution factor. In
these three litters the black ¥ § 66¢ and 84a and the black & 730
gave T steel and + black young. An explanation of this unexpected
result can only be looked for in the constitution of the blues. Thus it is
possible that the blues used were heterozygous for Punnett's D factor,
in which case we should expect equal numbers of animals with the
constitution deXadd (= steel) and daXaDd, An animal of the consti-
tution Awexld is an agouti-black, i.e. not far removed from a full black
in appearance, and on the addition of a further dose of D such an animal
becomes a full black. It seems not unlikely that the addition of a dose
of X' to an animal heterozygous for [) may have the effect of producing
the full black coat.

As was said above, mating together the two forms of black produces
steels as in Table VI, having the composition daXz. The result of
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pairing two of the latter individuals has not yet been ascertained, although
the matings are now being offeeted. 1t is clear, however, that as the
four gametes are AX, Az, aX, ar, when these meet, sixteen rabbits will
be produced consisting of black, steel and agouti, in the ratio 7:6: 3.
This assumes of course, as previously stated, that to be steel an animal
carrying X must also be at least heterozygous for 4-—thus aaXae will
be black. In an exactly analogous manner Professor Punuett's' agouti-
blacks of the constitution DdEEAa produced black, agouti-black and
agonti in the same ratio of 7: 6 : 5.

It was mentioned on p. 94 that more than one type of agouti might
exist, becanse a certain agouti male did not behave in the same manner
as the others, when mated to blacks of the constitution AAXX. The
explanation of this anomalons beha viour has not been discovered, but
the work is being continued in the hope that some light may be thrown
on the matter.

From Table IT it will be seen that blacks of the form AAXX mated
to homozygous agoutis produced, as was expected, nothing but steel.
This male, however, 51a, bred by Professor Punnetb in the same way as
the &' 51b, gave in addition to steels 2 number of agoutis, as follows :

TABLE VII.

Black (extracted from steel) < dgouti d 51 a.

¥ Steel Agoutl Black
LT o 2 =
16 a - I -
470 3 & —
48 2 4 “=
48 o 2 4 o
Totals 12 0 -

The figures are very small, but it appears as if an equal number of
steel and agouti might have been expected. At the same time it
must be carcfully noticed that this &' 5la, when mated to steels,
behaved in exactly the same way as the 4" 515, which produced equal
numbers of steel and agouti (see Table III). Unfortunately, until
another agouti can be found which behaves in the same way as & 5la,
the guestion must remain unsolved, So far, the few animals tested
have behaved quite normally.

As this is going to press, a paper by Pap?® has been received which
roviews most of the work on the coat-colour of rabbits, and contributes

¥ Loc: eil.
* Pap, Endre. Zs fo induktiv. dbstanmuogs- und Vercrbungslehre, xxvi. p. 185, 1021
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certain new facts, The author says that some of his unpublished ex-
periments confirmed in every particular the work of Punneit on the
extension and decpening factors D and E, and he gives data which
show that in agreement with Punnett?, these two factors ave completely
linked. Punnett observed that the factor B which converts the choco-
late series into the black, had an interesting effeet upon his agouti-
blacks. If instead of an ordinary agouti-black (DdEEBB) he produced
a similar animal heterozygous for B, the coat would have far more of the
wild character. In fact, so far as the back is concerned, the execellent
figure in Punnett's Plate® is not at all unlike a steel. Such rabbits were
bred by Pap, and to them he gives the name of * eisengrau”, which he
says is the term used by breeders of Flemish Giants to denote this parti-
cular colour. The bellies of Pap's rabbits often had much of the wild
character, but could always be distinguished from those of true wild
rabbits. This I understand is also the case with Flemish steels.

The main point of interest is that Pap says rabbits carrying D and
E. and also homozygous for B, which should be full black, can still be
modified by another factor to efsengrau. These eisengran are hetero-
zygous for the dilution factor, which converts black into blue and
chocolate into lilac. In fact, all Pap's mabbits with D and E, which
should have been agouti-black or full black, varied from a dark form of
agouti, through eisengrau, to a form not quite so dark as agouti-black.
This divergence from Punnett's results was proved, it is said in a note
at the end of Pap’s paper, to be due to the fact that all these rabbits
were heterozygous for the dilution factor.

It is very difficult to give an opinion as to the relation of these
eisengrau rabbits to the steel of the present paper, but it seems doubtful
whether Pap was dealing with rabbits of the same constitution. In
the first place, so far as is known, all the animals in the author's experi-
ments were in the black and not the chocolate series; and secondly, as
was said on p. 91, special care was taken to remove the dilution factor
from the strain used. It is of course possible that Pap may be mistaken
in the interpretation of his results, which may have been due to an
extension factor similar to Punnett’s D, or to the one deseribed in this
paper, and not, as he thought, to the dilution factor.

! Punnett, B. C. Jowrnal of Genetice, Vol. v. ¥o. 1, p. 37, July, 1915.
2 Punnpett, R. C. Jowurnal of Genetics, Vol. 1. 1912, Plate XII, fig. 1.
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CoNCLUSIONS,

1. The peculiar ticking which causes the coat pattern known as
“steel” in Dutch rabbits may be represented as a heterozygous character.

2. The factor for this character, called X, may be considered as a
darkening or melanising factor, similar to [ in the * agouti-blacks ™ of
Punnett, but rather weaker in its effect. In a heterozygous condition,
it converts an agouti rabbit into a steel; and in a homozygous con-
dition, it converts an-agouti into a black.

9 The data show that blacks extracted from steels, and therefore
homozygous for X, when mated to agoutis (homozygous for &) give
nothing but steel; and moreover, the same blacks when mated to
normal blacks or chocolates (aaawr) give nothing but steel.

4. There is some evidence to show that there may be more than
one type of agouti, for two agouti males were used, which when mated
to steels gave equal numbers of steel and agouti, but when mated to
extracted blacks, one gave nothing but steel, the other both steel and
agouti. On this point, further investigations are being made.

I should like to thank Professor Punnett for his help and encourage-
ment throughout the experiments, and Mr W. Auton for his management
of the rabbits in extremely difficult cireumstances.
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SEX RATIO AND UNISEXUAL STERILITY
IN HYBRID ANIMALS.

Br J. B. 5. HALDANE, M.A.
Fellow of New College, Oxford.

Many observers have noted that the crossing of different animal
specics produces an offspring one sex of which is rare or absent, or if
present sterile, whilst oecasionally the missing sex is represented by
intermediate forms. Doneaster(1) concluded that the missing sex was
generally the female, but, as will be shown later, this is by no means
always the case. T believe, however, that the following rule applies to
all eases so far observed, with one certain, and a few doubtful ex-
ceptions :—

When in the F, offspring of two different animal roces nne sex is

. uabsent, rare, or sterile, that sex is the heterozygous sex.

By the heterozygous sex is meant that sex which 15 known to be
hetespzygous for sex factors and sex-linked factors, to contain an odd
pair or an odd number of chromosomes, and to produee two ditferent
classes of gametes, which normally determine the sex of the offspring.
The heterozygons or digametic sex is in most groups the male, but in
birds and Lepidoptera the female, Groups in which the male sex is
haploid are only extreme cases of the normal type, in that all the
chromosomes here behave like the sex-chromosomes of other gronps.

Disturbanees of sex-ratio and unisexnal sterility have been observed
as the result of crosses in Lepidoptera, Aves, Diptera, Mammalia,
Anoplura, and Cladocers. 1 have here recorded all eases known to me
in which (i) the animals were bred in eaptivity; (b) more than 10
offspring were raised, and (¢) one sex was absent or sterile, or the sex-
ratie was more than 2: 1. In the tables F denotes fertility, S sterility
established by testing several individuals, Of course the fertility is
often subnormal.

Table I summarizes the data for Lepidoptera.  Goldschmidt's resnlts
were each obtained with several different races. In the other erosses
there were 24 eases where ﬁ:n‘mle.‘i were absent or rare, 10 where males
were fertile and females sterile, and a number where there was an

Journ. of Gen. xn 7
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unstated exeess of males;

ot else the males, though not known to have

been fertile, were anatomieally normal, whilst the females were elearly

sterile,

Of exeeptions to the rale there is first the ease deseribed by
Goldschmidt (20) where erosses between two races of Lymantria gave
TARBLE T.
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g intersexual males, and an excess of males. This took place in two
broods only. Goldschmidt’s other intersexmal males oceurred either
sporadieally or in generations later than F, and are therefore not
exceptions. It seems just possible that the intersexuality of the two
abermant broods may have been doe to disease or other external con-
ditions, or to unsuspected heterozygosis of one parent.  His theoretical
explanation of them is not convineing, since he ascribes to the race
“ Fukuoka™ on p- 103 (loc. cit) a formmula which, n{!cnn{ing to the
analysis on p. 606, is entirely inconsistent with its being a “ weak " race
as stated on p. 12 and borne out by its behaviour in other crosses,

In two of Harrison's reciprocal erosses noted in the table there was
a modernte excess of females, though in one of them these females were
sterile. Standfuss(6, 12) mentions five cases where a species-cross gave
only females. In three of these the numbers of females recorded were
two, one, and one, which are insignifieant ; one (Drepana falcotarin
§ x D. curvatula &) was subsequently shown by him to give both sexes
in equal numbers. In the last (Malucosoma castrensis § x neustria ')

A Bacot(22) found that the males emerged a vear after the females, but
in only htly smaller numbers.

Finally Fletcher(23) obtained a brood of 33 females and no males
from a Cymatophora or 9, supposed to have been fertilized by a
€. verdaris &, but he was himself dubious of their paternity. There are
thus no undoubted exeeptions outside Lymantric.

The data for Aves are summarized in Table I

TABLE II.
Avas.
Mother Father Uifspring Referanes
{'ur!ﬂl' oricntalis ven Columba Hvie 138z, 12 Whitman and Riddle (24)
Streptopelin T{:Jr:? ml 35:1{".5, ng 91 v ' ¥
= allu-risorin * 5 5 3, no 4 & o
= risoria ... ZFNI_I:EEH:J'H carolinensis 16 Sc.;‘,. na?é T - "
- B e : ht:f;.;:uprim P l.: I;ti,: 0] g or ] .
PN oTheand e e R Lo '
hybrids® | Ectapistes migratoring 1054, no 2 o i o

Gallug domesticus e Phasianns colehicns ... =105 3, 173 Lowis Jones (in litt.)

s . 1 w  lorgustus | ; [ Bmith and Haig-Thomas
Phasianus recvesi . i 5 wersicolor| Wlsg, 680 a5

Tetran wrogallus e Tetrao betrir .., 403, 8¢ Smehetet, eit, Goyer [26)

Besides these erosses many have been made, giving smaller numbers,
or less aberrant sex-ratios. They are deseribed by the anthorities eited

! One male begot a few living young, most were sterile,
# Alba and risoria yield fertile hybrids with normal sex-ratio. It therefore seeme legiti-
mt-tu!uﬂ‘uﬂu crosses of such hybrids along with crosses of pure speeies.

T—2
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above, and Phillips(27). With reganl to unisexual sterility the evidence
is not eclear, Whitman and Riddle(24) report one ease (Colwmba
Livia § % Twrtur orvientalis &) which gave two fertile males and one
sterile female with rudimentary ovaries, and four cases whera the
males were fertile, and the females not known to be so, though not
apparently proved sterile, The only possible exception is the cross of
Purtur orientalis @ x T. turtur &, which gave T males and 14 females,
all fertile. This may be compared with some of Harrison's eases which
gave a moderate exeess of fomales.

In Diptera the male is heterozygons. The data for the only recorded
CrOSS are given below, from Sturtevant(28).

Drosophile melanogaster 3 x D. simulans §' gave 24, 3552 §, the
reciprocal 588 4, 171 L.

Drosophila melanogaster X XV R x D. simulans 4 gave 594, 128 3.

All these hybrids were sterile.  The males pre wdneed from XXV §'s
were shown genetically to contain a simulans X like those of the
reciprocal cross. These latter all die in some families, but all or
almost all survive in others, the difference perhaps depending on the
simulans parent. Thus, thongh one eross often gives an cxcess of males,
there 1z n far greater excess of females in the reeiproeal, the two
recorded males being perhaps non-disjunetional execptions.

The data with regard to mammals, where again the male & hetero-
zygous, are given in Table 1L

TABLE ITL.

Meannialtee,

Maother

Fatler

i Hlspiring

Lefereen

Carin porcellis | Careia rifescens 453, BFG Dietlefeen (20)
Bos indices Hibox frontaliz 1955, 98 Kunhn!
s goandenfeos 183 Fg's H
5o lanirus vo  JRUNNECRS S8 M 'a i
s tizon americanis 653, BOFQ Trayd (30]
Y o Dnases 154, 3F2 Twanow (31)

Here the males ave always sterile, and sometimes rave. This sterility
and paucity may persist after one or more generations of back-crossing.
Thus in the guinea-pig cross the ¥, fomales with porecellus males gave
318 4, 52F ¢, and it was only in the next generation that a few of the
males proved fertile. Similarly 19 yak-cow male hybrids containing
1 4 & % and { cow uhlood ™ were all sterile, and three ont of four
males containing } bison blood were sterile. Mammalian erosses soine-
times give small cxcesses of males; not exceeding 30 °/ . Bufion (33)

! Quoted by Detlefeen (29) and Ackermann (32},
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states that he obtained 7 males and 2 females from Geis aries § % Capra
hiveus 4, but this has never been confirmed.

In Anoplura the method of sex-determination is unkoown, Keilin
and Nuttall(34) found that Pediculus corporis § x I, capitis f' gave
3o, 129, 107 2, whilst the reciprocal eross gave 242 d- 187 1.
The normal sex mtes for P, corporis is 144 4" : 100 2. The increased
excess of mmles suggests that sex-determination is here perhaps «on
avinn and lepidopteran lines, the fomale being heterozygous.

In Cladocera there seems to be no obvious 1.'1.'l|.||n.-_;ju;=| difference
between the sexes. Daphnie obtusa § x D. pulee f was found by
Apar(33) to give a great excess of sexual broods and males (all sterile)
among the descendants by parthenogenesis of the single original female
hybrid. As these disturbances did not occur in the first gencrabion
they are not really comparable with the other cases cited.

Thus, with the exception of Goldschmidt's intersexual male families
the rule always holds as regards sterility, while in the rare cases where
an excess of the heterozygous sex is produced the reciprocal cross
always gives a greater excess of the homozygotes.

As pointed out by Sturtevani(28) the excess of homozygotes may
be due to two distinet processes, a killing-off' of the helerozygotes, or
their transformation into members of the normally homozygous sex.
In Drosoplile the missing males die as larvae, on the other hand both
Goldschmidt and Harrison have shown that in certain moth hybrids
partial or complete transformation oceurs. If the generalization of this
paper is more than a mere coincidence it must be shown how these
two effects, and also sterility, may be explained as due to the same
cause,

Goldschmidt and Harrison have shown that many of their results
can be explained by difference of intensity of the sex [actors carried by
the Z or X chromosomes in the two parental species. In Drosophila at
loast the other chromosomes play a part as well In the pure rces
these factors are balanced by the eytoplasm or W chromosome, but in the
hybrids there is a lack of balance. This will be most serious in the
heterozygous sex, since in the homozygotes the effect of the two
Z or X chromosomes will be the average of the parental values. The
heterozygotes will tend to be pushed cither towards the homozygous
sex or towards an exaggeration of their own sex. Either of these effects
in moderation may be expeeted to cause sterility, as pointed out by
Harrison, The former may ciuse g}-u:mdmmurphism. gex-reversal, or
death when pushed further, the latter only death. Thus where both
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reciprocal crosses yield males only, as®in Frnen, we may suppose that
in une case some of the males are transformed females as in Lynone-
triet, whilst in the other the zygotes with an exaggerated tendency to
maleness have died. This hypothesis may be compared with the demon-
stration by Bridges(36) that in Dresophile melanogaster both super-
males with one X chromuesome and 3 sets of antosomes and super-
females with 3 X's and 2 sots of antosomes are sterile and nob very
viable,

But since in some eases the heterozygotes are transformed, in others
killed off, alteration of sex-potential must have different effeets in
different animals. That this should be so is intelligible when we
consitler the great difference between the effeets of eastration or rrii-
biosis in different groups. In Lepidoptera these conditions have little
or no effect on sematic development, in mamimals a great deal. The
case here is by no means parallel, since the somatic cells are affected
dircetly and not through an internal seeretion, but the analogy shows
that we need not expeet the same effect from the same cause in
different groups.

Althongh the explanation in terms of sex facturs is attractive we
have no satisfactory evidence of their existence. If sex is due simply to
a double dose of a factor in the X chromosome (or sex-linked factor
group) we should expect this factor oceasionally to wutate like its
neighbours. This would lead, if the factor were lost in mammals or
l.‘j.l}tl}l‘:l, to the lJrudul_'liuﬂ of males with two X chromosomes and two
sets of sex-linked factors, which would now exhibic partial and not
complete sex-linkage. But such a condition has never been observed.

Moreover, upsets of the sex-rativ similar to those found in species
crusses have been recorded in which fetors which are certainly not sex
factors are nvolved.  Examples from Dirosophila are given in Table IV.

The missing males are not transformed, but die as embryos. The
charcters concerned are all sex-linked recessives to the normal, “olazed”
and “rugose " being multiple allelomorphs.  They appear in the normal

TABLE IV,

Uil bng ol
Mother Fatlier Uilspeing reciprocal erpss  Ulserver
Fuoged mclanogastor Normal melanogaster No 3, B23FS 12 :1% Lynch(37)
Fused XX Y melanopusicr 5 i g3, THFD i £
Hudimentary Ps - 108, 928F 2 13 :1%2 Lyneh(37) and
Bridges (38)
Rudimentary XX ¥ melanogaster o A 083, HIFG —  Lynch (37}
Bugose viriliz o oo Ulazed virilis Nog., 859 Hil Metz and
I!ridge.m{:iu_:
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sex-tatio when the mother is a wild type heterozygote, but in each
ense the Tecessive female is almost wholly sterile.  However * rudi-
mentary " females have given 7  and 13 g ofispring with rudimentary
males, so the upset of the sex-ratio is conditioned by erossing, The
analogy with speeies crosses 1s striking, and may throw light on them.
r|"-'n'l.l -'l.l.I[J:-lel:ul[ ]'\_-L'L'-.ﬂ.-'-ik'L-;-k 1 i :':r.lulll,rl-'.s!".'.". B I|1|'!'1l]:l " anul "Ll'-"nll'll." 5!".'-
have similarly, except that with mornln and dwarfl males the recessive
females have given 2 § and 7 § respectively, with no males.  Finally
according to Doneaster(40) colour-blind men have an exeess of daughters
].l:l," normal women. _-"Ll[-]lulu__ﬂ] the data here ave not so satisfactory,
there is no sterility in the recessives.

Entie non sunt multiplicanda praeter necessitatem, and 1f ordinary
fictors, either sex-linked, like  rudimentary,” or autosomal like morula,”
can cause the disappearance of the hetervzygous sex I Crosses, we
have no right to postulate sex factors fur this purpose. A possible
cxplanation of the phenomena unider disenssion is then as follows, In
the course of the evolution of a species factorial differences arise
between it and its parent speeies. They are perpetuated, probably
by natural selection. Some of these factors, like “ rudimentary,” eause
the death (or transformation) of the heicrozygous sex when the new
forin is crossed with the ancestral. How this happens is quite obscure,
but such factors do exist, whereas sex factors, though an atiractive
hypothesis, are nothing more. Morcover Bridges' (36) work on triploidy
shows that sex may be determined by other groups of factors than
those which normally determine it. It seems possible then, that sex is
normally determined, not by a specific factor, but by the simultancous
activity of a fairly large group of factors, each of which has, or may
have, other effects. The loss of any one member of this group will
not eause a change of sex, though it may cause partial sterility,  If sex
were determined by a single factor it is very difficult to see what
advantage there could be in its being linked with other factors. If on
the other hand a number of factors determine it, it is essential that
they should be linked. If in any animals sex is determined by one
factor, there is probably no sex-linkage or chromosome difference be-
iween the sexes. As scon as another factor becomes necessary, complete
linkage between the two must appear in the heterozygous sex, and the
same mechanism which prevents them from crossing over may be
expected to hinder or prevent crossing over of all factors in that sex.

I shall not attempt here to diseuss the phenomena observed in the
F, of the crosses considered. Their variability is partly explained by
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the fact that the fertile &, may cither be all homozygotes, or in et
translormed heterozygotes, partly by failures in reduction.

It is worth noticing that other disturbing influences do not affect
the heterozygous sex more than the homozygous. Thus late fertili-
zabion turns XX frog zygotes into males, and the blood of their
brothers converts XX mammalian cmbryes inte frecmartins,  On the
other hand the distinction between homosygons and heterozygous sex
15 more fundamental than that between male and female o deter-
mining the intensity of partial linkage between factors. Obviously
sex-linked factors must be completely linked in the heterozygous sex,
but linkage between autosomal factors is also always stronger in that
sex.  In Drosophile melanoguster, stmuluns and wirdis linkage is always
complete in the hetervzygous male, in Bombyx, as shown by Tanaka(41),
in the heterozygous female. Nabours(42) in d potettic and Haldane($3)
in Puratettic found linkage wuch stronger in the heterozygous male.
And Dunn(44) showed that in the rat and mouse linkage is slighily
stronger in the heterozygous male. If these facts are anything more
than a coineidence they may be due to a greater difficulty of fusion of
chromosome pairs in the heterozygous sex, and this in turn may be a
contributory cause of its sterility. A possible evolutionary explanation
of this stronger linkage has been suggested above.

[ wish to record my thanks to the Rev. E. Lewis Jones for his
information concerning pheasant-ponltry h_‘!u'!..'ll'thb.

Sy,

When in the F) offspring of a cross between two animal species or
races one sex is absent, rare, or sterile, that sex is always the hetero-
z}'gullﬁ 20X,
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STUDIES IN INHERITANCE IN THE HYBRID
PHILOSAMIA (ATTACUS) RICINT (BOISD.) 7
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Part II. ON PUPAL CHARACTERISTICS.
Secrion I Ox Toe Innerrraxce oF Cocoox COLOUR.

Tue ouly pupal character studied was cocoon colour. The parents
differed greatly, ricini having a pure white and eynthic o red-brown
¥ gal .

CLOCOUTL.

The F, cocoons were all intermediate in colour, being fawn and pale

brown. In F, there was no complete segregation but there was a much
greater range of colours than in F, the colour varying from the charac-

teristic eynthian red-brown to a cocoon which was very light, creamy,

but never quite white, In the succeeding generations the same range

of colour was continually reproduced but white cocoons never appeared.
The eolours of the cocoons were not correlated with any other charae-
teristic of larva or imago. As there was no complete segregation, and as
the effect of moisture on the colour very much complicated any deduc-

tions (4, 5), this part of the study was temporarily abandoned.

! Part I, * On Larval Characters,” was published in this Journal, Vel vu. 1315, pp.

135—134.
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Pagrr 111, ON IMAGINAL CHABRACTERISTICS.
SECTION I ON THE INHERITANCE oF CoLoul

£ eynthin and P, ricind ditfer strikingly in the colour of the lrge
medinm expanses of the w ings, ricini ]'I:I.".'II:II:,{ this part a uniform vandyke
brown, aml eynthic, a mottled $ellow. The colour in both cases is due 1o
the long parrow scales which cover the wings, Underneath these there
i another layer of short seales which do not in the least affect the
apparent colour of the wings.

The colour of ricind is mainly due to seales which vary from palest
fuwn to deep brown, but a foew pale grey seales are also present. The
different eoloured scales are however arranged in such a way, that,
macroscopically, an effeet of even coloration is produced. The darkest
seales shade from a deep brown at the tip to a wuch lighter brown at
the base, .

The colour of cynthia is produced by the presence of seales of Lwo
very distinet colours, a bright yellow, and a brown which is decper in
tone thau the deepest brown scales of riciud. In these brown seales there
is little or no shading from the tip to the base. This is, however, a
varinble character, and one difficult to determine with complete salis-
faction, I do not know whether the brown eolour in the seales of the two
species differs in degree only, or whether thare is an actual chemieal
differcnee. The two colonrs of cynthia are not distributed regularly, but
scales of the two respective eolours are massed in groups, so that a
mottled appearance is produced.

The difference in colour between the two species 1s therefore due to two
factors, (1) anatomical, the arrangement of the scales, and (2) chemieal,
the colours of the seales.

F, generation consisted of 143 almost uniformly coloured specimens
having the vandyke brown eolour of the ricind parent, from which they
eould not be distinguished by macroscopieal examination. Neither could
these F, specimens be mistaken for any of the geographical varicties of
ricint which I have so far examined.

Microscopical examination showed however that this generation, &),
differed from its riedni parent in the presence of a small number of
yellow scales in the brown arcas under consideration and an increase
of yellow in the various positions where yellow scales are normally pre-
sent in both ricini and eynthia. This addition of yellow seales is so
small and so evenly distributed that there is no perceptible variation
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from the vandyke brown of rieind, and there is no indieation whitever of
the mottling of eynthia. These few yellow scales, inherited from cynthia,
do not disappear in any of the ricini-like specimens produced in the
suceceding generations. In some specimens in F, to K, although the
vandyke brown remained characteristically rieinian, there is a distined
intensifiention of the yellow in the areas which are yellowish n Lioth
species, "

Cynthia has not shown its parentage only by the presenee of i low
yellow seales, but among the characteristically ricinian brown scales are
a few of the very dark brown from eynthia.

Macroscopical examination suggesied complete dominance of ricing
over eynthia, but microscopical examination proves that the dominance
is incomplete, apparent, not real, owing to the presence of a few of both
the eolonred scales of cyndhio.

This type of dominanee is similar in appearance, though net neeces-
sarily in genetic eomstitution, to the inheritance of colonr in pigeons,
where, although black 15 dominant over white, a number of white feathers
retain in Fy.

The method of inheritance of seale colonr should also be compared
with the inheritanee of the dark spots of the larvae, in which it was
found that although the condition of spotting in the larva of eynthin
was completely dominant in most individuals over the spotless condition
of the larva of ricing, there was a proportion of Fy larvae which had
not the full number of eynthian spots, so that, in their case also, the
dominanee was incomplete (G).

In F. there was a segregation of colour, not however into two, bt
into fonr groups.

1. Muths like ricint to be known as DR (dark).

9 Moths like ricind, but much darker, to be known as DK (very
dark).

3, Moths like cynthia, to be known as LI (light).

4. Muoths like eynthin but having a faded appearance, to be known
as LIT (very light).

This generation consisted of 296 DI, 129 DKK, and 56 LI and LI
moths. The light moths are only approximately one-half the expeeted
number for the recessive, being 56 ont of a total of 451, These
numbers ean only be regarded as an approximation to the trath as
there are certainly intermediates between the main types.

The very dark ( DK K) moths are not produced only by this particnlar
cross, but similar very dark specimens have been found by W. Watson (20)
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and O, Strecher (14) in other Saturnid crosses in which cyntlia has
been one of the parents, One of these hybiads 15 figured by Packard
I:Tﬂl. x11, Part I, Plate K”III} Mr Watson duld not at tempt to trace
the history of these very dark moths, but as a large eollector, he was
impressed by their appearanee.

The microscapical study elucidates the method of inheritance, The
brown scales of ricin (plus the few grey), are nearly dominant over the
very deep brown plus the yellow seales of eynthic, and the method of
even distribution of eolour over the method of massed colouring, In the
pracess of segregation, the approximately ricinian colour and the evnihian
colour segregate, but in addition, the very dark (DK seales of eynthia
segregate to form a wew moth, and the pale brown and grey seales of

TABLE I.
The inheritance of the very davk (DKKY moths.

R, ricivi—m. 1—P, cyuthia
DK LI

Fy 1 {07—m. 6—1 {08} 1 (105)—m, 3—1 {106)

DK [45] illy DK [#5] DK
Fa o 6 (E)—-m, B0—0© G (10) 8 (20)—m. 42—3 (21) P—m. JT—1
LEK  [17] DK 7l DRR
| | |
Fy 30 (15 —m, 75— —— 437} - =
DK [15] DEKR
30 (8)——m. 72—37 (4)
DEK 151 DEK
Al DEE
Fy 75 (12)——nu 98——75 (11}
DK (2] DK
Fi All DEK

o, i =mating 6.

1 (67) ="The 67th individual of matine 1.

The number of imagines in o family is placed in square brackets under the name of the
family.
rieint are added to a eynthian type to form a second new moth, the faded
type (LI1). The yellow scales however do not segregate and no yellow
moth appears. .

There was no sex linkage with any of the charmeteristies stndied, nor
was there linkage between the colour of the imago and the spotted or
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Dipgram I. Five camera Ineida drawings to illnstrate the inheritance of colour: yellhw
seples are white: seales typieal of rieini, ranging in colour from fawn to hrown, are
coarsely dotted : the very dark brown scales typieal of eynthia are finely dolted: the
grey scales of ricini are lined.

1. P. eynthia, showing the massing of the yellow and dark brown eeales.

2, P, ricini, showing the frregular distribution of the varions shades of Lrown scales
and the fow groy seales,

8. The zeales in Fy showing the varions shades of brown, one yvellow and one very
dark brown geale.

4. The very dark {DKK) scaled wing which appeared in F. and later generations
[mating 75).

& The very light }fmlﬁlj wing (4T} which appeared in F: and later generations ;
there i# here the massing charscteristicof eynthia combined with the lighter brown

4 and grex scales of riefni (mating T4).
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plan condition of the larvae, Eventually families were produged in
which eynthian colimr was combined with either eynthian or ricinian
type of larva, that is, a recessive eolonr in the imago was eombined with
vither a dominant or a recessive eolonr in the larva.

There was a very large proportion of males among the LI and LI
moths of £y, viz, 210 4 to 100 £ as compared with 147 4 to 100 § for
the whole generation,

The heterozygons parents were then studied in F, F,, and F, and
it was found that the LT and LI moths were near their theorebieal
number for the recessive, viz. 14 LT and £IT to 49 DK and that the
chistribution of the sexes was the same among both Lf and DK moths.
There is no apparent reason why the proportion of the LI forms should
be different in the later generations, but there does seom to have heen

eonerntion (see Section IV, The

some fundamental sex npset in the.first g

Sex-ratio).
The LI and LIT moths.

The LI moths which appearved in F, varied considerably in colonr,
most being indistinguishable from ecynthio, but a fow having a faded
Apipearanco | LIT). These faded [Jr.-.i'fb woths were more nnmerous in later
generations, bub in no generation were they characterized by anatomical
or physiological degencracy,

Microscopical examination showed that some of the ¥, moths which
were most eynthia-like had a number of ricinian brown seales among
the eynthian dark seales, while others eonld not even be distingnished
1|l|-4':'-l.'-=r‘rli]if':1|]l'1' fromm the l"l-l_||'.|-'|f.lr|'.'.l'r parcnt, The recessive form is some-
times ineompletely recessive just as the dominant form is incompletely
dominant.

The natnre and canse of the faded (LI condition arve interesting.
It 15 found to be due to—

1. A larpe number of the brown senles are such as are found in
rieint, only a few or none being the dark brown unshaded seales ehare-
tevistie of cypathie, As the chemical difference between these two browns
15 unknown, there is the possibility that these apparently ricinian seales
are really poorly eolonred eynthian seales.

2, There are a greatly inereased number of the grey seales which
ocenr in small quantities’in ricind.

3. There is a reduction in the proportion of the yellow seales.
A few are less bright in colonr or shaded from bright yellow at the Lip
Ly |‘|:1]|- j.'."l"""' at the baso, ].lll'l_ thi Jnujn;'il_\,' Are as hrigh[. iL }-,_.[h,“. a8
those found in -l'_.',.'raHJr'r.l' itself,
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‘@ The faded (LIT) moth appears to be a segregate, due to a redistri-
' bution of colour, a parallel ease to the very dark (DKK) segregate.
This faded moth is probably approximately constant as it has reproduced
itself for three generations. As it appeared in F, as well as in F,, it
r cannot possibly be regarded as due to the effects of inbreeding,

Only one mating (m. 24) between light parents was made in Fy, the
male, 10 (36), was a true eynthia (L1) and the female, 4 (44), was faded
(LII). The progeny were all cynthian, one of them being faded.

In F, two matings (m. 79 and m. 62) were made between eynthian

_ parents and both produced only LI and LIT progeny.
i Mating 79 had forty-five progeny which were both LI and LIT.
From these forty-five moths nine successful matings were made and from
their progeny four hundred pupae were reared, mice however ate more
than half and ultimately one hundred and twenty-six imagines, all LT
and LIT emerged.

Mating 98 (F.) was between parents, 81 (21) and 83 (17) which were
- so eynthian in appearance that the presence of a large number of grey
g seales was only perceived on microscopical examination. Out of a large

g number of pupae only one escaped disease, and beeame a moth which
both macroscopically and microscopically could not be distinguished
from eynthie. This moth represented the sixth inbred generation, but

- no further breeding was done as disease had become too prevalent. The
A light moths had now bred true for four generations,

The DK K moths.
 The DKK moths have no yellow scales, no grey seales, and only a
few of the ricinian seales (the lighter brown). This type bired true in
several ﬂu‘lﬁm for two genemt.mna I did not have enoogh maungu
with DI moths to be sure of its relation to that form. No mating was
made with & LI moth.

Secrion 11 THE INHERITANCE OF SCALE SHAPE.

,ﬁ.-atnﬂy was made of the seales which oceur on the large uniformly
red onter Balf of both hind and fore wings, exeluding those on the
.W ﬂm&enhh aren in which the seales were uniform.
more aceurate, a spdm.[ nmuH porﬁ:un ﬂf ﬂul
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Y The results here recorded are those found in five inbred generations,
the respective parents of the suceessive generations having been chosen
in pursuit of certain charmeters already deseribed, No mating was made
with a knowledge of the condition of the seales of the parents, so that
the results here recorded are those due to practically random matings
in an inbred family.

TABLE III1.

L eyuthin P, ricini

-

Btk -
- Wjﬁﬁ W

30(3) a7 (4)

" w
72(3)

The inheritance of gcale shape, showing the reappearance of eales of o distinetly
eyvnthian shape in F.

Except on the veins, there are two types of scales on the wing:
surface scales, to which the colour of the wing is due, and deep seales
which are entirely hidden by the surface scales.

The surface seales are the samg in both speeies, long, narrow and
two-pronged. They do not lie flat and do not appear very regularly
arranged even in a perfect specimen,

]
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The deep seales, which lie evenly in regular lines, differ in shape in
the two species and it is their inheritanee which has been studied,

The total length of the deep scales is approximately the snme in both
species, but they have a number of differences (Table 111)

1. Comparative breadth. The seale of eynthia is 50° wider than
that of ricini.

2. The number of the prongs and their length in proportion to the
fodal :‘EH.!;I'H: of the scale. Cynthia has tour, five, and six prongs which are
approximately one-third of the total length of the scale, whereas ricing
has two prongs (rarely a third) and frequently indieations of a third and
fourth. The two constant prongs of riciai are one-fifth of the total length
of the scale.

3. Shape of scale. The sides of practically all ricini seales are parallel
until the base is almost reached, but a number of the scales of cynthia
tend to be cone-shaped.

4. The scales of both species vary, but those of cynthiz more than
those of ricier,

By

In F, the nm_jor;it;’ of the scales are, in general appearance, much
more like eynthia than ricind, but amongst them are found a very few
scales which are exactly like typical ricing scales.

1. Comparative breadth. The majority of the scales are intermediate
in breadth between those of cynthia and ricini but nearer the former

(Table III).

2. The number of prongs and their length in proportion to the total

scale length. The wmajority have four prongs but a large number have
five. The length of the prongs is nearer to that of rieini than cynthia
but varies greatly, some prongs being almost as long as those of cynthin,
whilst others have prongs almost as small as the minute, incipient prongs
which oceur in the middle of some ricing seales {Table IIT).

3. Shape of scale. The sides may be parallel or converging.

There is no typical F, scale, but certain individuals have charac-
teristic scales; thus 1 (91) has scales with exceedingly short prongs
(Table IT, F), 1 (42) has a scale very suggestive of ricini, 1 (61) has a
fairly regularly four and five-pronged scale. No F, moth could be
mistaken for either of its parents as a result of an examination of the
scales alone.

On the whole, eynthic has influenced the scales of F, more than
e,
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F.

In this generation there is greater variation than in F,, but there
is no segregation into the original types. One family (4) has some
individuals 4 (44) whose scales differ very little from those of cynthin,
but there is no individual characterised by ricini-like scales, although
individual rieini scales are found 11 (46). But, in this generation there
is segregation of the separate characters which make up the scales of
the original parents. Thus, whilst in F, practically all the scales are
intermediate in breadth, in F, there are scales as wide as those of eynthia
and others as narrow as those of ricini 10 (36) (Table 11, F.), 11 (46).
Again, some seales are long and parallel like ricind 12 (39) whilst others
have a definite cone-shape 11 (11). Some have the one-third prongs of
cynthia 4 (26) whilst others have the one-fifth prongs of ricini 11 (11).
There appears to be a segregation of separate scale characters with a

‘wide and irregular re-assortment.

TABLE IV,

Q0 U
4

MJM of the barrel-shaped seales, the shape of
mw&ﬁ lmmnrtmu{:ddtham pen
mhumm._

.5 Qfﬂ
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e

Three families (79, 75, 72} in this generation show more homogencity
than any family in the carlier generations,

In mating 79, the offspring have a large number of the seales very
suggestive of ricind, having the width, parallel sides and two prongs
charmetenstic of that ancestor. In some individuals there is a tendency
to a barrel-shape. In others the ricini-shape is combined with three or
four prongs which may be long 79 (24) (Table 11, F)) but never so long
as eynthia, or very short 79 (25) (Table 11, F,).

TABLE V.

Deep seales of P cynthin advena,

In the matings 75 and 72, the majority of the scales are very similar
to those of cynthia, broad, four, five, and six-pronged and the sides slightly
converging. Mating 75 differs mther more from cynthia than mating 72,
as many of the scales are too cone-shaped. In both families there are
individuals in which the number of prongs is reduced, but even then the
scale would be recognised as eynthian.

The remaining families in this generation are similar to those in the
earlier generations.

.

Nearly all the families of this generation were descended from
mating 79 of F, (of which the seales were ricinian in character) and
they have the same type of seale as in mating 79, except two of the
families (90 and 91) in which the scales are almost purely ricinian,
indeed there are even a larger proportion of “ typical " rieini seales than
in ricind itself, that is, there are only a few of the minute, intermediate
incipient prongs which oceur in ricini. But these seales are somewhat

smaller than in ricini. These tamilies all consist of small moths and it
may be that the smaller seale is correlated with the smaller moth. T have
not been able to find out whether the number of rows of seales on a wings
15 constant ; butif t.h:cy are, a smaller descendant of a larger moth would
have necessarily scales reduced in size. If the seales remained the same
size there would have to be a reduction in the number of rows, or much
overlapping.

In this generation again individuals have characteristic scales,
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F;.

This generation eonsisted of very fow imagines. One family (94)
showed that one type of scale (Table IV) with its barrel-shape and three
or four short prongs might be inherited as an entity. By a re-assortment
of factors, a new scale has arisen which is approximately stable for one
generation. There is no barrel-shape in the original parents, but it
appears in a few moths in F,. It seems to resalt from a combination of
the factor for wide scale with a poor development of the prongs.

From the above facts, one must suppose the shape of the seales is
not due to one, but to a number of factors which in this erossing showed
no linkage, but tended to behave independently ; hence the Jarge number
of shapes which have arisen, cach of which may be analysed into the
following factors:

1. Total length of seale.

L

Number of prongs.

3. Relation of length of prong to total length of scale.

4. Direction of sides of scale, parallel or converging.

These factors may however re-combine to produee a seale which 1s
inherited, just as the eolours of the scales have re-combined to make a.
new coloured moth which breeds true.

A point of considerable interest, is that from the random mating of
five generations there reappeared scales of one of the original parents
(Table I1, F;).

The condition of the seales of P. cynthia advena is one of the most
surprising finds of this scale study. This moth as seen by the naked eye,
can only with difficulty be distinguished from P. cynthia (Ning-po), but
the difference in the seales is considerable. The advena scale (Table V)
most commonly has four prongs, and may have five, but never has six.
The prongs are one-fourth or one-fifth the total length of the seale
instead of the one-third charncteristic of cynthin., The odvena scale is
also narrower. The scales are also more homogeneous than in the Ning-po
moth, This change has presumably taken place since the moth was
introduced to the United States from China in 1561, a space of 60 years
but possibly 180 generations. There is no evidence that there has been
any interbreeding, but a definite anatomical change has taken place for
which no cause can be suggested, nor do I know how many years after
the introduction this change took place or whether it occurs equally in
moths from the various parts of the United States.

There is no proof of linkage between the colour and the shape of the
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scales, although the ricdni seale reappeared in a light family and the
cynthin scale in a dark family,

It will be noticed on Diagram 1 (. 115), which shows the inheritanes
af eolour, that the long top seales are different in shape in families 75
and 79, and that they differ in shape not only from each other but from
the original parents. As the seales of the original parents are the same
the new shape cannot be accounted for as the reappearance of any known
factor. Families 75 and 79 both belong to F,, so that the longer prongs
of the one and the shorter prongs of the other eannot both be accounted
for by the supposedly bad results of inbreeding. They may be new
factors so charactenistic of hybrids.,

SECTION ITL THE INHERITANCE OF SIZE

Cynthia and ricini differed so much in size that I hoped their offspring
might throw some light upon the still obscure subject of size inheritance,
Progress in the study of inheritance in these breeding experiments
was retarded somewhat by the necessity of breeding from the moths

TABLE VI,

Parents
o —
d 7
original parcnis Average size Largesi Bmalloat Number
wiciri 4% cnthin 35 —— of progeny progeny progeny of Imagines
: f———— rm—"— rm——— e e
Avernge size of parcnts 4 ¥ & ¥ i ¥ 4 ¥
Fy
Matings 2—13 '
5l-1 A ] 052 5l-3 T T E] i1 46 G4
45 FE — ]
F.
Mutings 15—52 vi
49-17 50-1 4954 o1 A a9 34 432 M 196
#r2 +7 —y
Fy J
Matings G0—79
43 4440 4766 4leqh 56 57 a7 41 (e 47
4 66 1
Fy |
Matings 8092 i
4753 4765 48428 Sl Ak hfy 42 40 73 bl
44 dhid — “q
s ‘

e
=
i
=

4608 a8 b a3 a6 105 id

The numbers give the wing length from the base to the middle of the &ye spot in mm,
The figures in italics in the first column are the sizes of the smalles parents used. Tha
arrow points from parent to progeny.
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very soon after emergence, for I was thns prevented from choosing the
largest and smallest of each family. The individuals of ench fanily
emerge, in this elimate, at intervals extending over some weeks. The
males appear first, next both sexes, and finally females only, so that,
unless one has a very large number of families, the largest and smallest
specimens from which one would desire to breed may have to go unmated,
for suitable mates may be already dead or may not yet have emerged.

The measurement taken as a eriterion of size was the distance from
the base of the wing to the middle of the eye spot. The difficulty of
dealing with the edge of the wing, which was frequently broken after
mating, was thus avoided. Wing measure is here used in the study of
size, just as beaks were used in ducks (15, 16) and ears in rabbits (13), ete.

The original parents differed greatly in size. The male, ricini, being
49 mm, and the female, eynthia, 59 mmn., that is, the female was nearly
20 °/_ larger than the male.

The male was one of a family of 14 imagines reared by Mr Watson
of Manchester from eggs laid by a wild, presumably pure ricing of Assam,
This family consisted of twelve males, their average size being 50 71 mm.
and two females of 52 and 53 mm. respectively. The maximum of the
males was 54 mm. and the ninimum 45 mmn.

These numbers are of course quite inadequate but unfortunately the
number of specimens of wild ricini in England is very small, but I here
give measurements of those which I have been able to examine.

Number
nod eex Locality Hize Collection Measurements taken by
1.3 Unknown 15 mm. Hope Museéom Commander Walker
1g Svlhet 50 mm. i L}
13 Java 495 . = o
13 Gowhatly 43 mm. Tring Muzcum Dr Jordan
13 T 48 mm. 0, o
13 Sikkim 435 mm. 5 o
1Q o 47 mm. i3 i
1a Asznm &56-5 mm. i o
13 Unknown 42 mun. South Hensington — Mr West
13 Hengal 4570 mm. 2 =
13 { 45°76 mm. i i
15 Indin 4675 mam. ’ 1
13 . India 44 mm. o i
1% Iudia 475 mm. e £
13 Assam 47 mm. o ]
1g g A6+25 mm. r -~

The average of the above males (leaving ont the exceptionally large
one from Tring Museum) 1s 454 mm. and the average of the very few
fermales is 4676 mm. These averages are smaller than those of the
famnily bred by Mr Watson, but they do confirm the very stall amount
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of sex difference, a point on which ricind unexpectedly differs considerably
from eynthin and most members of the Saturnids.

The Eri silk worm bred at Pusa and other places in India for silk
producing purpose is called P. rieint, but there is no doubt that this
domesticated form is a mongrel rather than a true hybrid.

Mr Bainbrigge Fletcher, entomologist at Pusa, has very kindly helped
me with information concerning the size of the moths at his station : he
sent moe

wsinrements of 25 males and 25 females, the avernge of the
former was 537 mm. (min. 50, max, 537) and for the latter the average
was 5418 mm, (min. 505, max. 585). He also sent me 41 moths from
which [ obtained the following measurements average of males 55°5 mm,
(min. 52, max. 60); female average 57 mm. (min. 50, max. 60). Both
these sets of figures show that there is little difference in the size of the
sexes of the Eri moth, the females being about 1 mm, bigger than the
males. The Eri mongrel evidently retains the sexual size character of its
wild ricini progenitor.

The female parent cynthia was one of a family of 24 (16 male,
8§ females) also reared by Mr Watson, of which the average male size
was 53587 mm. (min. 53, max. 59) and the female average G124 mm.
{min. 565, max. 64:5).

The following table gives the measurements of the specimens of
cynthia at Tring Museum, The measures were made by Dre Jordan,

Nuniber

aml Eex Average Maximinm M lniminin Locality
23 52 mum. 44 mm. 40 mm. Kinngsi
§y 57 mm, £0 mm, i mm, i
a5 §-2mm, 475 mm. 62 mm, Rinkiang
63 394 mm. G4 mun. 515 mum, o
83 573 mm. G0 ram, 56 mm. Bikkim, Indin
34 625 mm. G685 mm. 57 mm. -
i3 o'l mm. 58 mm. 495 mm, Randakeit, ¥. W, Indis
T3 o8 mm, 57 mm. 523 mm. Bhutan, Indis
24 i mm. &b mm, 56 mim. Khnsin, Assam
ag 62 mm, G645 mm. 62 mm. =

Totals 223 589 mm. 578 mm, 523 mm,
152 G006 mm. G642 mm. 5585 mm,
Specimens of eynthia advena Trom the 15,4, :
M3 fiimm. 625 mm. 53 mm. Ereoklyn
209 gbmm. G635 mm, 585 mm, o

The nambers of the American cynthia have been given separately, ag
P. Packard (14) (p. 243) writes: “ Sinee the date of the introduetion into
this country (1861) this inseet has undergone a considerable change of
eolour and wing form, quite marked when compared with specimens from
China, It is larger, deeper in colour and the wings are much broader

o
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1 (3d)—m. 5—1 {1&} 1 (42)—m, 10—1 (43) 1 (9L}-—m. 5— K1 (92) 1 (30)
SOmm.  [36] 52Fmm. S0mm.  [40] 51 mm, ? [58] 536 mm. S0Gmm, [42] 51 mm,

0. A. MegrrITT HAWKES 127

and more rounded, much less excavated below the apex.” The size of
the musenm specimens corresponds with that of the one family reared by
Mr Watson. It is clear that there is a considerable size sex difference
of the eyathins of China, India and the TL.S.A., the fomale in these
specimens being from 67/, to 127/ bigger than the male.

The numbers of the pure rieini are so small that much more
information will be needed, but the results obtained by these breeding
experiments are worth stating for when the full details concerning the
sex size of ricind are known they ean be used to interpret the results
given here.

Table VI gives the measurements of the five generations. The F,
moths are not intermediate in size between the two parents, but are
approximately the size of rieini. The large sexual size difference of
eynthia has disappeared, the male and female being velatively the same
size as in the pure rictni. The sex size difference, which is just as

TABLE VII.

g 3 2 3 2 3 9
m. 12—1 (81}

Amg:fnrl FyAs SOr52 mime 5, 51032 i
2

5 6 m. 25 10 (3) 8 (31 w, 22 12 (39)
* 4dmm, 161 485 mm. 488 mis [15] 50 .
ois :ﬁ 53 mm, S5 46 3 40 ET mm, 35 1 3 1 478 man, S8 : A 2 52 po,
g
25 I(n . 60 a 22 (7)
47 mm. | [10] 48 mm.
S5+ 34 2 478 nnn. !' : 56 ¢ 2 J0e6 o,
i) &] : m. 88 il :%}
455 mun. [#5] 49 mm.
GO0 3 455 dTS m, SEM 12 0w
a
410 mm, A4 mm,

(e, 49 pem.)  (ueer, 4345 mm, )

This tuble shows the decrease in size of the mothe with eontinual seleetion of smaller
parents, ﬁmw ' normal type are the actual size of the moths, figures in italic are the
the Wlﬁﬂ,ﬂI? average for the family, The number of imagines in a family

etn v :mllu: mmnl !hlflmﬂj'
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faleation of the anterior wings is quite clear and remains just as clear
in Fyas in F, and as elear in the small speeimens as in the large ones,
As regards size the erossing has affected the female more than the male.

The Eri worm, which is a mixture of ricini and cynthive as well as
other bombyeine moths, has been inbred for hundreds of generations
and has a female which is abont 1 mm. greater than the wale, the sune
difference which has been found in the hybrid here studied. 1t is as yet
impossible to state whether there is a blending of the differences of the
two females, or whether ricind is dominant, even to the fifth generation,
or, as i the commercial Eri, to many hundreds of generations.

F, shows greater variation in size than F, (compare G“li’]” 1 and 2)
but it is not sufticient to be called segregation, such as oceurred so
clearly in the second generation of Punnett’s (17, 18) fowls, but appears
more like the partial segregation Phillips found in ducks. Thus the
largest female is 59 mm. and the largest male 56 mm., that is, about the
size of the original female parent, but if there had been real segregation
one would have expected some sign of reaching towards G4°5 mm,, the
largest size of the sorority. Neither are the results intermediate such as
Harrison found in his autumnaia -filgrammaiia cross in both F, and F,.

It is difficult to deal with the very small specimens, as a small
departure from good environmental conditions upsets the size of the |
wings, but no specimen has been counted which was not perfieet and did
not show signs of normal reproductive activity. ;

There is a striking difference between F, and the small families in
Fy. (See Table VI and Graphs 1 and 3), The differences between these
generations is, I believe, due to deliberate breeding from selected small
moths and in only a small degree to artificial conditions.

Table VII shows how the constant choice of the smaller forms has
resulted in a small type which however was fertile and vigorons,

In contrast to mating 88 of Table VII is mating 86 of Table VIIT, the
two matings belonging to the same generation. In the latter family,
parents of average size were constantly chosen, and the- average of the
ultimate progeny in generation five was practically the same (47°07 mm.)
as the average of the four families (49:6) in F, from which they are
descended. Mating 86 also produced the largest male (58 mm.) in all
the generations. This table suggests that inbreeding has been detri-
mental to size only to a very small extent. Punnett and Bailey (18)
state: * In so far as our limited experience goes, close inbreeding appears
to lead to a diminution in weight”; the sume tendency to reduce size
was found by Sumner (19) in his inbred mice, But King, as the result
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of her very extensive work with rats writes: “The evidence does not Y
warrant the conclusion that inbreeding, per se, has altered the form of
the growth graph to any appreciable extent™ (8—12).

TABLE YIIIL

i ; 2 a ? g ? g 2
1 (M}—m. 8—1(92) 1(80)—m. 12—1(81) 1 (42)—m.10—L(43)  1(61}—m. 4—1 (62)
¥ [G8] S3hmm. S05mm. [42] 51 mm. 50 mm. [40] 51 mm. 525 mm, [41] 51 mm.
f Arerage for J 1;1 is 5052 mm. g, 41°§ © (
B [ﬁ] o 12 (39) 10 {36) e 2—mnouo {-.ii]
- 485 mm, [15] 50 mm. Al mmm. [5] 52 mun,
BF 38 478 mm. 5846 52 mm. i 3 42 496 mnr, 53 £ 42 2 402 mun,
3 9
FEYI P m. 79 21 ()
48 mmn. [41:]) 50 mm.
R ﬁ : 4972 e, a6 ¢ 50 1 53 mu.
3 g
T9{%) - m. 8 — 70 (10)
19 mm. [22] I 54 mm,
15 42 1 54 mn. S#: A0 45T mm.
8 2
4855 mm. 4771 e,
(mar. S8mm.} (mar. 32:3 mm.)
This table shows the small amount of deerease in size in five inbred pgonerations when ’A

no sttempt was made to breed from the smaller specimens, Figures in pormal type are the
tunl gize of the moths, figures in italie are the maximum, the minimum, and the average

of thie family,

TABLE IX.
Perceniage of
Matings Eggolaid  Fgpshatched  [magives "‘"{m“"”‘“i,"
sy

— e ~

m. 2 250 200 It} 212

m. 3 160 150 35 218
m. 4 250 230 52 208
‘m. 3 150 147 36 2y

m, 6
.7

m 8

m, 9

m. 10

T
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in /.. The two ancestors, parents of mating 4 for m. 86 and parents of
mating 5 for m. 88, which these two groups did not have in eommon,
were in both cases above the average size (compare Tables VI, V1I,
VIIT), Further,in F. there is a distinet difference between the ancestors
which the small and large groups did not have in common, those of the
small family (m. 83) being 49 mm. and 485 mm. respectively and those
of the large family (m. 86) being 50 and 52 mm. respectively.

Table IX gives the number of eggs laid, the number hatched and the
resultant number of imagines for all the families in F, and the three
families of small moths in F, which were not badly attacked by disease.
If the vitality is represented by the percentage of imagines produced, it
will be seen that inbreeding has affected it only to a small degree, if at
all. Similar results were found by King (12) who states: “ the data given
...show elearly that, despite all theories to the contrary, it is possible to
maintain a high degree of fertility in a mammal for at least twenty-five
generations of the closest possible form of inbreeding.”

The number of eggs laid by the smaller moths is less than that laid
by the larger, but this is a necessity as the eggs remained the same size
as in the original parents, whilst the body decreased in size. I am here
dealing with the size inheritance of the moths only, for the majority of
the worms were just as large as those produced in F,. The statement
as to the size of the eggs and the worms is based upon general observa-
tions and not on careful measurements. -

An effort was made from the beginning to breed from the smaller
moths, i.e. moths under 50 mm. in size. Of such matings, one was made
in F., five in F., three in F,, and seven in F;. In all the generations the
smaller parents produced, on the average, a smaller progeny than was
produced by the larger parents, the differences were small—but—the
aceumulated differences of five generations produced small families.

Among the smaller matings, three had the male larger than the
fomale, but the measurements of the progeny give no indieation that the
results are different from those in matings, where, as is nsual, the female
is larger than the male.

MeDowell writes: “ A law may be stated, the second generation of a
size cross will show a greater diversity than does the first generation or
the parental lines. The interpretation of multiple factors can be applied
to all the facts.”

This statement does not appear true here, for the large females, and
the large of both sexes expected in F, failed to appear.

Further work will show what the reciproeal cross will produce.
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SEcTioN 1V, ON THE SEX-RATIO.
The study of hybrids during the last decade has shown that crossing
frequently produces a sex-ratio which is different from that of the pure
races to which the parents belonged and King (8—12) states that this

new ratio “ almost invariably shows an excess of males,”

TABLE X.

Imngines Pujae Total

e g e

d ¥ d ¥ d 7 Batio
F 46 G4 L] o 46 tid 0:718: 1
Fs 234 198 26 19 410 215 1=4d: 1
M T 47 il 14 105 G 1* 58:1
Fy 78 50 aw 19 1060 69 1" 45:1
Fy 105 i1 19 12 124 7B 1- 5811

Total &52 423 103 G G 492

The sex-ratios in five inbred generations.,

The present hybrid is of interest as in the F generation there is an
excess of females, and further the succeeding generations, F., F,, F,, F,,
reversed the original ratio and produced an excess of males. This
excess not only characterised the generations as a whole, but also 42 of
the individual families out of the 47 bred. In the remaining families
there was practical equality in three and an excess of females (50 ®f.}in
two. This shows that, whateve® the cause of the excessive male rate,
1t is characteristic of, and distributed with considernble evenness through-
ont, the group. The reciprocal cross has not yet been made.

An excess of females is known in only a few erosses—the crosses of
Doneaster (1), two moth hybrids of Harrison, erosses of Goodale (2) and
this hybrid.

This cross, unlike so many insect crosses, has not produced any moths
which are sexually intermediate,

H. E. Crampton tells me that data from both wild and pedigreed
Philosamia cynthia and cynthia advena show that the numbers of the
sexes tend to be equal. No record of the ratio of the impure Indian
commercial ricini has been obtained. The presumably wild race which
I have used as one of the original parents has never been bred in sufficient
quantities for the sex-ratio to be determined. The few moths of both
these species which emerged from the cocobns sent to Mr Watson show
a great excess of males, eynithia 16 and 7, and ricini 12 and 2.

The 110 imagines reared, were from 180 eggs laid by a eynthia ferti-
lised by a ricini at Manchester, but these eggs were only part of the
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tokal number laid. Unfortunately, no records could be obtained from the
Dntnnmluigists who reared the remainder of the eges. There is the posst-
bility of eourse, that these eggs were not an average of the whole batch,
for it may be that male and female eges are not distributed evenly, but
more of one sex than the other THAY be Inid at the llL~gi]IIbE!1g‘ or end of
the batch, or there may be a variation with the age of the moth or with
the duration of copulation.

The reversal of the sex-ratio is here constant and complete. Huxley's
(7) suggestion of “swing back" does not apply to this hybrid as the
ratio persists for four generations and has an approximate mathematical
stendiness.

There is, however, one unknown quantit v, viz,, the sex of the dead
larvae (the sex of the dead pupae was determined). But there is no
evidence suggesting a selective death rate in the larvae, which acts
lethally in F; on the males and then in the succeeding generations acts
lethally on the females. .

Harrizon (3, 4) found that inbreeding had “a very profonnd effeet in
weakening the male sex determiners in P. pomonaria, P. lapponaria
and Zonosoma alicularie. King seems to have found this true to a small
degree in her six inbred generations of rats, but the results are very
different in these five inbred generations where the excess of males is
large and nearly eonstant. These inbred moths were either brother x
sister or cousin x cousin matings. In inbred generations such as these
the relation of sister to brother and cousin to cousin represents a far
nearer genetic relationship in the later generations than in the first.

The moths always copulated as long as they desired, a period varying
from 3 to 78 hours. Copulation invariably took place when the males
were less than three days old, generally within a couple of hours after
emergence. The females mated from shortly after emergenee to about
five days old. In a very few matings a week-old female was used, hence
the excessive male rate conld not be due to the retardation of fertilisation.

Two positive results only ean be given:

1. Continued inbrecding to the fifth generation did not modify the
sex-ratio of the F) generation in which an excess of males first appeared.

2. Whether the matings were cousin x cousin or brother » sister,
the ratio remained the same.

There are at present no data that can account for the reversal of the
sex-ratio, or for either the excess female rate in £, or the equally ab-

normal male rate in the succeeding four generations.

Journ, of Gen. x11- i
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SeerioN V., O THE INHERUTANCE oF THE WHITE HAnies
N THE ABDOMENX.

The bodies of the ricind and eynthic differ very much in the degree
of development and arrangement of the long white haivs on the abdomen

Each segment of the abdomen of rictid has o transverse line of white
hairs which extends across the dorsal side of the abdomen and a short
distance down on each side. The hairs are long enough to extend back-
wards over the line of origin of the hairs on the succeeding segment, so
that the whole abdomen has & white and woolly appearance. The abdormen
of cynthia is covered with yellow-brown hairs, among which there are
tufts of white hairs, the tufis being in the position of the tubercles of
the larvae, four sets of tufts on each segment, as well as a median dorsal
tuft. The hairs have the appearanee of being somewhat crected.

When the cross is made, there 1s no regnlarity of inheritance of the
sandition of the white hairs. There is, in every generation, every Varin-
tion between a ricinian and a eynthian abdomen, but the extremes are
sire. The ricinian abdomen is apparently due to the lateral coalescence
of the separate tufts of eynthia. 1 have not midle a stady of the exact
anatomical relations of the brown and white hairs,

Elaborate analyses were made in regard to the bands or tufis on the
successive segments and in relation to sex, colour, ete., but no definite
results were obtained.

There is a certain regularity in the oceurrence of the intermediate
ennditions—the tufts coalesce on the first serment b fore dui]i}_: 0 on the
second, and on the second before the third, and so on; further, there is a
union of the median dorsal tuft with the upper lateral before the latter
unites with the median lateral, thus reproducing the condition of ricini.

The actual parents used showed the two conditions clearly, but the
specimens examined in the musenms showed a considerable variation in
both species, =0 that the intermediate results obtained may not be so
much due to the hybridization as to the variations inherent in the parent

species, but here again a larger knowledge 1s needed of the bwo SpeCies,
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A PECULIAR MODE OF INHERITANCE AND ITS
CYTOLOGICAL EXPLANATION.

By . WINGE,

fRijJ'f L,?".l'um: the Genetic f.!-'l?ln'l."l.'.fr-'r‘;l_." ‘:'#‘I‘llrf,, Royal Veterinary ounel
Agricultural College, Copenhagen.)

{(With Plate XL)

Ix Drosophila and other organisms hitherto examined in which sex-
linked inheritanee is found, it is the absolute rule that it has not been
puﬁiibiu to show any factor in the nnpaired Y-chromosome (or IF-chromo-
some), whereas the X-chromosomes (or Z-chromosomes) contain many
factors which are inherited sex-linked.

Goldschmidi?, it is true, assumed that a female deciding factor in the
W-chromosome is possibly found in Lymantria dispar which might serve
as an explanation of the appearance of intersexual individuals in his
iutf:msting u,\'peri ments. This, however, is not necessarily the case since
the possibility exists that it is a question of plasmatic inheritance.
Nor did Seiler sueeeed in showing any cytological difference in Lymantiria
dispar as to the male and female chromosomes, Thus this question may
be set aside,

1f we look npon a skeleton-like sketeh of the sex-chromosomes, e.g.
in Drosophila melanogaster (Text-fig. 1). we find that while the X-chro-
mosotnes are transferred from generation to generation in zgzag from

3 a
Somun XX XY
Crametes X X 1 ¥
Lygotes XX P
%4 (2}
Fig. 1.

! & [Intersachungen fiber Intersexualitae,’ Zeitsehr, F. ind. Alst, und Vererl.-lehre,
Vol xxnr. 1920, p. 1.
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one sex to the other, the Y-chromosomes ave normally bound to the male
individunls, Provided the Y-chromosomes contain a dominant factor,
this will come out in a corresponding character, inherited from father to
som, generation after generation, ie. inheritance is literally sex-limited,

As to the hitherto examined eases of so-ealled sex-limited inheritanee,
the many investigations seem to show that the factors which form the
basis of the characters in question do not have their seat in a Y-chro-
mosome (or W-chromosome). The seconda ry sexual chavacters are, so far,
not inherited in sex-limited fashion, but have their seat in chromosomes
which are found in individuals of both sexes, although the characters
phenotypically only appear in one of the sexes, while they are latent in
the other sex.

The question of a literal sex-limited inheritance, even if it does
not allow of definition, would only arise if a character could be shown
following the chromosomes, which generation after generation are trans-
ferred from father to son, grandson, ete, or from mother to danghter,
granddaughter, ete.

The investigations of the inheritable conditions of the cyprinodont
Lebistes reticulatus made at the Carlsberg Laboratory, of which Dr Johs.
Sehmidt has given a detailed account !, have given an u.-xtmr:!ingh.' good
instance of this hitherto quite unknown mode of inheritance, and the
eytological investigations which I have made in order to explain the
phenomenon have now been finished and are published in the present
paper.

In order briefly to recapitulate the conditions of inheritance in
Lebistes reticulatus, as they are accounted for by Dr Johs. Schmidt in
his above-mentioned work, it appears that the male and female Lebistes
reticulatus have a different appearance, the female being considerably
larger than the male and of a plain greyish green colour, while the
male, according to the race to which it belongs, is adorned in different
ways, sometimes with red or yellow spots on the side, sometimes with
a black spot on the dorsal fin, sometimes with vertieal side stripes,
sometimes with a round, sometimes with an elongated caudal fin.
The difference in pigmentation and colouring in the males belonging
to different races 1s very great, whereas the females, as mentioned
above, virtually look alike. If a male with a black spot on the dorsal
fin 1s crossed with a female of a race in which the males have no
such spot, all the F; male offspring will resemble the father (ie, have

1+t The genetie behaviour of o secondary sexual character,” Comptes-rendits des fray, dy
Laburatoire Carlsberg, Vol. x1v, No. 8, 1920,
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a spot on the dorsal fin), and when attempting to segregate the
material into F,, all the F. males will also have a dorsal fin spot.
Back-crossing of F, males with fomales of an unspotted form only gives
males with dorsal fin spot, whereas F, females erossed with males of an
unspotted form will get sons quite without dorsal fin spot.  In other
words it is exclusively the male that deeides the looks of his sons, while
the female does not in any way influence the pigmentation or colouring
of her sons. No apparent segregation takes places, but an incessant
imitation of the appearance of the father, of course always subject to
more insignificant variations which, it is supposed, are mainly of a purely
phenotypical nature.

These experiments were earried through toa great extent with about
1500 individuals and in several generations (5—6), so as to give an
absolute gnamntee as to the results. Furthermore, this holds good not
only of a single “race” or “variety” but the same applies to several races
of Lebistes reticulutus,

It was a natural assmmption that we had to do with factors having
their seat in chromosomes which were exclusively inherited through the
male individuals. It is probable that a disposition in the Y-chromosome
was shown here, and in the hope of solving the question cytologically
I made the necessary fisations of both male and female individuals of
the races in question of Lebistes veticulatus.

The Cytologival Conditions of Lebistes reticulatus,

Lebistes reticulatus is not a pleasant object for an investigation of the
chromosome conditions, as the chromosomes are exceedingly small in
this fish. On the whole fishes seem to a small degree to have been made
the object of cytological investigations. Experience has taught me
that the young genital organs both of the male and the female are the
organs best adapted for the studying of the chromosomes. Consequently
I have wainly examined such organs. The individuals in question of
Lebistes were decapitated, the genital organs prepared and for some
hours fixed in Carnoy’s liquid; after the necessary treatment and entting
on the microtome they were stained with Delafield’s Hematoxylin.

Spermatogenesis. At an age of three months the males are fertile,
provided they have been cultivated under favourable conditions in an
aquarium placed in a light room at about 25 degrees. As has heen
accounted for by Erich Philippi® as regards some kindred species, and by

1 « Fortpllanzungsgeschichte der viviparen Teleostecr Glaridichthys jonwariue, ete”
Zool. Jukebiteher, Yol, xxvir. Heft 1, 1008,
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D Johs, Schoide ( Le. ), the copulation and fertilisation take place ina very
peculiar wanner.  Through the transformed anal fin (gonopodium) the
male during the act of copulation discharges some roundish projectiles
(“Spermatozeugmen”), consisting of thousands of spermatozon, the heads
of which form the cap of the projectile, while the tails are lying towards
the middle of the ball. The male discharges these * Spermatozengmen ”
like shot towards the genital ducts of the female, The spermatozoa,
chemotactically affected by the secretion of the oviduet, are set free, and
i large quantities they ciliate into the folds of the oviduct in order to
fertilise the mature eggs. Some spermatozoa, however, remain in the
oviduct where they are able to keep alive fur several months, and when the
female a month after the fertilisation has east her young—generally in
a number of 10—30—these spermatozoa can fertilise the eges which
have matured in the meanwhile,. During this time the spermatozoa are
lying ready by thousands in the folds of the oviduet. After the copula-
tion they are seen lying in the ovary with their heads as near the
immature eggs as possible.  Off each egg they are seen lying as a shoal,
their tails arranged in the form of a convoluted cord, as shown in the
mierophoto, Plate XT, fig. 5.

I do not intend to try to give'n detailed account of the finer eytolo-
gical conditions in Lebistes reticulatus, but only to point out the most
striking features, and to account for the peculiar mode of inheritance of
the male secondary sexual characters.

In the testis of a fertile male all stages of development are generally
found, from the large newly developed mother-cells to spermatocysts
with mature spermatozoa. The division of the nucleus generally takes
place synchronally in a spermatocyst; however it oceurs—especially
at a later stage of development—that the contents of a spermatocyst, as
regards stage of development, are divided into two parts of which one part
is further divided, whereas the other part remains in a resting stage,
Sometimes it is found that there is some difference as to the stage of
development in the different spermatogonies of a spermatocyst. The
chromosomes become very evident; however, it is not possible to ascertain
their number, as they are not lying in a single layer, but so close
together that it is impossible to count them. At the reduction division
in the primary spermatocytes a very clear picture appears, making it
possible with absolute certainty to state that the haploid chromosome
number is 23. Figs. 1, 2 on Plate XI show some nuelei in which 23
chromosomes may be counted. The chromosomes are placed with great
regularity, as 18 chromosomes neatly always are found on the circum-
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ference, and 10 within the cirenmference. The chromosomes are very
much alike. 1 myself have partly found, partly indueed others to control
the existence of this number so many times, that 1 venture to state with
absolute certainty that neither more nor fewer chromosomes are found
in the material which has been at my disposal.

After thé reduction division the daughter nuelei remain together
as seen on Plate XI, fig. 3, no secondary spermatoeytes being formed,
and are simultaneously dividing homoeotypically, After this division
spermatoeytes with four nuclear plates, Plate XI, fig. 4, and later on
groups of four sl_‘l-.'_'r:lu::Tii]S may be obzerved.

A very characteristic feature is the absolute lack of stages which
may be ealled synapsis and diakinesis. At most a faint deposit of chroma-
tine may be observed as a compensation for the synapsis.

The spermatids are comparatively quickly transformed into sperma-
tozoa, the nucleus being clongated and forming the arrow-shaped split
head. The spermatozon quite fill up the cavity of the spermatocyst.
Subsequently they gradually move towards the wall of the spermatocyst
where they gather in large groups, each havinga cell of the wall (Sertoli-
cell) of the spermatocyst asa centre, At a certain stage the sperinatozon
are seen lyving towards the wall of the spermatocyst which is formed by
one layer of cells, forming a polygonal shoal off each cell in the eellnlar
wall. Gradually the spaces between the polygonal groups are also filled
up, all the contents of the spermatocyst contracting into a globular or
ellipsvid body, exclusively consisting of spermatozoa whose tails project
into the middle of the ball, almost filling it, while the circumference is
formed by the heads. The heads are placed very close together, and as
generally all the spermatozoa do not succeed in finding a place in the
circumnference, a new layer of heads—as a second row —is formed. Thus
the “Spermatozeugmen” are completed and glide towards the emunctory
where they often gather in comparatively great quantities, gradually to
be discharged—probably one at a time—during the act of copulation.

Uogenesis. On the whole the female Lebistes veticulatus become later
mature than the males, and when fertilised they bring forth a little
brood —generally about 5—10. Almost every month they will bring
forth another brood, provided the conditions are favourable—as is de-
seribed in detail in Johs Schmidt's treatise (Le.), the number of young
gradually increasing ; at the same time the females continue to grow
considerably for many months.

The vogonies are placed—just as mentioned by Philippi (Le.) when
speaking about Glaridickthys junuarius—partly one by one in the epithe-




142 A Peculiar Mode of Inheritance

lium of the eavity of the ovary, partly below the epithelinm.  Here the
ovoeyles are not formed one by one, a whole group being formed by
synchronal divisions from a mother-cell, so that often more than half
a flozen are found in the same gronp. When following these synelironal
divisions of the nug:'-ni._-:—: there 15 a chance, ::iihuull_f]i 0 very stnall
one, of finding the stages of the divisions of the nuelei, rendering a
counting of the chromosomes possible, Before sueceeding in finding
some oogonies in the proper stage of division and at the same time ent
in the proper position, I have had to undertake a considerable work in
vain, A great number was, it is true, observed under division, in most
cases ab a stage of metaphase, but very often several ovaries may be
examined without finding any stages of division at all in the cogonies.
It is a matter of course that consequently only a small number of the
nuelei under division were placed so favourably that it was possible to
count the chromosomes, Sometimes the spindle of the nucleus was cut
obliquely and distributed on two sections which necessarily renders the
counting of the chromosomes less accurate, as one or more chromosomes
may be eut through or removed by the microtome knife, sometimes the
ineision plane was not parallel with the plane of division of the nucleus,
which also renders the counting difficult. Afrer many efforts [ succeeded
in finding some nuclei in the metaphase which seen from the pole were
frn’ﬂl]l‘;]hl}' I!IIICL"II. These nuclel :l'l:}l'l-l'_“;l'l_‘i_'lj to contain a similar number
of chromosomes as the male, i.e. 46. It must, however, be observed
that this absolnte number is not given with as great certainty as that
with which the number 23 is given as regarids the spermatoceytes of the
uale. Only in a gingle one 46 chromosomes were counted with sufficient
certainty (Plate X1, fig. 6). Fig. 7 on Plate X1 seems to show only 45
chromosomes. It is quite out of the question that a higher number than
46 may be found.

As furthermore 23 pairs ul"gumini are found in diakinesis (Plate XI,
fig. 8) there can be no doubt that also the female has 46 ehromosomes.

The further development of the oogonies is of no interest for our
object. The ovoeytes which are finally formed are growing considerably,
a great volk being formed. Not until the fertilisation it is supposed that
the reduction division, the egestion of the polar bodies, takes place,
although I have not sueceeded in finding this stage represented in the
material at my disposal. The egg with the embryo remains in the folliele
until it is full grown and the birth takes place.

During a lapse of time of about 20 minutes to an hour and a half all
the young have usually been bred and are often still provided with so
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much yolk that they have sufficient food for some days.  Besides they
immediately start snatching small particles in the water.

As 46 chromosomes are found in the metaphase in the noclei of the
soinatie cells of the female, the number of chromosomes in the two sexes
is the same,

Conformity belween the Mode of Tnheritance and the

Clvomosome Conditions.

As the number of chromosomes in the two sexes 1s the same, it may
\\'i]’_h(rul. l]u_'luhl. hu &1 !_illﬁ.-'u*[f that the 1']1|'umu.-u1nr L"l.tl'"]i['illll."i so far corre-
spond to those found in Dresophife, the total number of chromosomes,
however, being eonsiderably larger. The result of the fertilisation is seen
from the following sketch :

- s
]

Soma 44+ X+Y 444+ X+ X

Gametes 224+ Y X 22+ X

Lvpotes M+X+Y MM+ XN+ X
(3] (2)

The F-chromosome 15, as will be seen, connected solely with the male
individuals, and the factors this chromosome contains will not be found
in the female individuals, but in all the young of male sex, and be
visible, provided none of the factors in the autosomes predominate over
the factors inherited through the Y-chromosome. It seems that the
factors of the Y-chromosome fully dominate those of the antosomes, for,
as already stated, the young of male sex always resemble the father so
much that there seems to be no Mendelian segregation whatever which
has influence npon their pattern and colouring.

This mode of inheritance has not yet been observed elsewhere, since
inheritable characters, exelusively inherited through the male line, have
not yet—as mentioned above—been shown elsewhere.

The ideas * sex-linited” and “sex-linked” inheritance will from now
on be more difficnlt to separate.  According to Morgan's definition the
sex-linked characters depend on such factors as have their seat in the
sex chromosomes. Our ease belongs to this group. On the other hand
one cannot think of characters being inherited sex-limited to a greater
extent than the secondary sexual characters in Lebistes. 1 propose the
term one-sided inheritance for our case—especially one-sided masculine
ﬁ;h.eﬁmnce. This term should then be used for the factors which have
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their seat in the sex chromosomes only found in the one sex (Y- or
W-chromosomes), whereas sex-linked inheritance concerns such factors
as have their seat in the sex chromosomes found in both sexes (X- or
Z-chromosomes).  Ser-limited inheritance should probably, even though

the indication is very unsatisfactory, continue to be employed as regards -

the factors for the secondary sexunal characters found in the antosomes,

Whether the Y-chromosome itself also is sex-deciding is uncertain.
Experiences gained from the Drosophila researches have proved that one
must indeed take care not to state anything certain on this subject.
The appearance of Lebistes individuals with differing chromosome con-
ditiens will probably be able to decide this question.

Finally it may be mentioned that at the Carlsberg Laboratory two
forms of Lebistes are cultivated which differ from the other “rmeces” in
regard to inheritance of the secondary sexual characters of the male. The
result of the experiments with these forms will be publishéd in a later
paper, as these experiments have not as yet been finished ; but this wuch

15 known for certain, that it is a question both of one-sided masenline

inheritance as well as of sex-linked inheritance. And the demonstration
of both modes of inheritance in Lebistes does to a great extent support

~my view given in this treatise as to the chromosome conditions of this

form,
CARLSBERG LABORATORY,
COPENHAGEN,
&cgmﬁer 1, 1921,

EXF'LANATIDN OF PLATE XI.

?/
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ONE-SIDED MASCULINE AND SEX-LINKED
INHERITANCE IN LEBISTES RETICULATUS.

By (). WINGE.
(Report firom the Genetic Laboratory of the Hoyal Velerinary
and Agricultural College, Copenliagen.)

{With Plates XII, XIIL.)

Froym Schmidt's work (1920) on the inheritance of secondary male
sex-charaecters in Lebistes we meet with the peculiar condition of an
:lpimr{:ut absence of segregation for such characters; for all male off-
spring, notwithstanding the origin of the mother, always present the
same appearance as the male parent’.

It was impossible in any of the species mentioned in Schmidt's work
to ascertain any influence whatever of the mother on the secondary sex-
chameters of the male offspring. This, however, did not exclude the
possibility that other species behaved otherwise,

The one-sided mode of inheritance might be supposed to depend on
a male sex-chromosome—as the Y-chromosome of Drosophila—con-
stantly being transferred from father to son, without ever entering the
female individuals, and that this sex-chromosome eontained the factors
for the said secondary male sex-characters.

This supposition induced me to make a eytological investigation of
Lebistes. It appeared that both the male and the female had the same
number of chromosomes, 1.e. 46 in the somatic cells and 23 in the sexual
cells; consequently the number of chromosomes of the female is probably
444 X + X, while that of the male s 444+ X + V.

However, I have not succeeded in laying down any morphelogical or
other differences in the chromosomes, which render it possible to dis-
tinguish the sex-chromosomes from the autosomes. Thus it was a mere
hypothesis to suppose that both the V-chromosomes and the X'-chromo-
somes existed in Lebistes, so that further proofs were demanded, to make

ont the correctness of this hypothesis.
1 See al=o the present number of this Journal, p. 137, &
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J"I.h-hullg]l H II‘ILlI'Ellhl];:r;{l-':.':ln_"l.' traceable Y-chromosome 1s not t'mmqlI
I was on the other hand l.lh]if_"'l_‘ll to take it for j__:l':llti.t'il that the nnl}-
explanation of the one-sided male inheritance was that such a Y-chromo-
some existed, and that it was the bearer of the one-sided inherited
factors. The very fact that it was a question of male inheritance must
be said to support the supposition to a far higher degree than a one-
sided female inheritance; for in the latter ease it was necessary to reckon
with the possibility of plasmatic inheritance. As is well known, several
cases of inheritance have been shown within the vegetable kingdom,
which it seems possible to explain only by the supposition that in some
cases plastids transfer the inheritable characters, while in other cascs
this is done by eytoplasm (see in this respect my treatise of 1919).

One-sided female inheritance could not with the same obviousness
be indicative of the existence of a W-chromosome. Tt was necessary to
take into consideration the possibility of eytoplasmic inheritance. The
female eytoplasmn, it is true, is transferred to both sexes: thus a one-
sided female inheritanece through the cytoplasm might, on a superficial
view, seem out of the question. But where at the same time it was a
question of female sex-limited inheriance—ie. provided only female
individuals phenotvpically showed the said qualities—as only the males
of the Lebistes phenotypically show the inherited secondary sex-charac-
ters—it might, in spite of everything that might be indicative that a
female W-chromosome was the bearer of the said factors, virtually be a
question of a eytoplasmic inheritance, that acts like a one-sided female
inheritance. [t is true, that this is mere supposition, but there would
appear to be no very strong objections against it.

As mentioned in my last work, Punnett, Onslow and Goldschmids
thought it necessary to seck the explanation of certain conditions of
inheritance in the presence of factors in the corresponding WW-chromo-
some, 1.e. what I call one-sided female inheritance, but it has not yet
been shown with certainty whether the supposition is correct, Although
I do not doubt for a single moment that a one-sided inheritance trans-
ferred through the W-chromosome must be found, T have desired in the
foregoing to point out the difficulties in distinguishing the one-sided
female inheritance through the chromosomes from the cytoplasmie one.

But although the existence of a V-chromosome in Lebistes, on
account of the conditions of inheritance, seems to be almost certain, it
would of course be a great support for the correctness of the supposition,
if it were possible to show the existence also of the X-chromosomes.
For if the diploid chromosome number is 46 both in the male and in the



O, Wisar 147

female, and i a Y-chromosome is found, X-chromosomes must also be
found and thus a sex-linked inheritance is taking place, provided these
X-chromosomes contaan fctors.

The present paper will prove that such X-chromosomes ocenr,

On theoretieal considerntions Castle (1909) long ago advanced the
idea that secondary male sex-characters might accompany the Ychromo-
some, a supposition of which the correetness has hitherto not been provedd
in other organisms.

In Drosophile melonogaster the Y-chromosome is empty, althongh
it must be supposed to be of certain importance, as the males produced
by “non-disjunction” are sterile if the Y-chromosome is wanting. One
might say that the Y-chromosome in this case contains o * normal
factor " necessary to the fertility of the males; so that this faetor may
be contrasted with the recessive, sex-linked, lethal factors, that have a
killing effect on the males.

Although the Y-chromosome of Drosophila evidently has a physio-
logical effect, it does not contain any factors in the sense that the
males are umrllhulugimlll}‘ marked ]]i't'-\'h}'. as is the ease with many af
the other factors. And as on the whole no allelomorph to this possible
“ pormal factor " has been shown in the Y-chromosome of Drosophila, it
is only in a very improper sense that a factor is found. The factor con-
tent of the Y-chromosome in Drosophile must in reality be said to be of
a doubtful nature.

In Lebistes on the other hand different values of the ¥-chromosome
have, as we know, been shown, since the Y-chromosome of each race
has its special effect; and this brings it about that the secondary mitle
sex-characters of each single race are inherited through the wale line.

As vet it has not been possible to state whether the Y-factors in the
different races are placed in the same locus in the chromozomes, ic,
whether they are allelomorphs.  In ease individuals with two ¥Y-chromo-
somes were found, crossing-over might perhaps be possible, thereby
proving whether they were absolutely linked real allelomorphs. Norisit
Msiblg_- b0 say whether the Lebistes factors are dominant or recessive; for
whether they are one or other their effect will presumably appear as
lung as no corresponding Y-chromosome is found. Their effect is so far
epistatic in that no factors have as yet been found in the autosomes or
the X -chromosomes that might coneeal their effeet.

As before mentioned, it is characteristic that the X -chromosome and
Y-chromosome in the spermatocytes during the reduetion division do not
act otherwise than the autosomes, and cannot be distinguished from the
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latter; 1 therefore take it for granted that the X-chromosome of the
male individual in all respects acts like the partner of the Y-chromosome,
That erossing-over between these two chromosomes may even take place
—it phenomenon of extreme interest —will be treated in the last seetion
of this treatise, although I reserve myself to undertake more elaborate
ill\'t‘sligﬂ!-illth‘. in a later work,

After these more general observations I may pass on to submit the
special part of my investigations,

E{Fﬂ‘h‘ rf.f”fr' Factors in X- and Y-chromosomes.

In order to facilitate the I!l]f]gt'ﬂ.:“uliug of the |_~1~n_~:_-1ing l'.\f{ll't'ilﬂl"!if-.*‘-
undertaken by me, I shall submit the main results of these experiments
at once ; afterwards I shall mention the experiments themselves which
formn the basis of the results.

As mentioned before, Lebistes reficalatus has 46 chromosomes in the
somatic cells of both sexes, the female having 44+ X + X, while the
male has 44 + X + V. No attention will be paid to the 44 antosomes
here, for 16 is only the sex-chromosomes that play an essential part in
the inheritance of the secondary male characters, ie. only the sex-
chromosomes contain the essential factors for the eolour patterns, which
are here taken into consideration.

In the different Lebistes races the X-chromosomes, as also the
Y-chromosomes, are of different value, i.e. contain different charncteristic
colour factors. The }-chromosome always contains factors for some
colour pattern or other, while the X-chromosome only in certain races
contains such factors, being empty in other races.

Where only the Y-chromosome in a given race contains factors, the
above-mentioned one-sided male inheritance will be found dependent
on the }-chromosome being inherited only through the male line. If on
the other hand the X-chromosomes also contain colour factors, the mode
of inheritance on crossing is found to be a combination of the usual sex-
linked inheritance and one-sided masculine inheritance,

Even if female individnals contain eolour factors in their X -chromo-
somes, they remain phenotypically uncoloured, as only the males are
coloured. This recalls de Meijere’s actount of Papilio mennon (1910),
and Fryer's case of Papilio polytes (1913), in both of which the males

always have the same appearance, while the females may be of different
phenotype according to their genotypical content. That it is the opposite
sex, the females, which in Lebistes are always phenotypically alike, is
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evidently attributable to the fact that it is the female which here is the
homogametic sex, while it is the male in the butterflies,

The two X-chromosomes of a Lebistes female may be alike or may
differ as to their factor content. Thus we have homozygotic and hetero-
zyvgotic females; the latter form two kinds of eges in egual numbers,

A male Lelistes is always heterozygotie, as it is heterogametie, its
X-and ¥-chromosomes not containing the same factors. Thus the male
Lebistes constantly forms two kinds of spermatozoa, of which one—the
ong with Y—is male determining, while the other—with X'—is female
determining.

In the male Lebistes containing a colour factor both in the X -chromo-
some, and in the Y-chromosome, the corresponding characters are pheno-
typically vizible at the same time. The effects of the two factors are
combined, leading to a sort of compromise between them. Thus it is
possible in each male individual to see what factors it contains, whereas
the females phenotypieally are indistinguishable.

As only the males show the characters, we have sex-limited inheritance
as a further complication ; this badly designated conception is, as far as
inheritance is concerned, of minor importance, as it is only a question of
phenotypical differences between the male and female.

On the last 3 rows of Plate XIIT I have reproduced in skeleton
form the single effects of the factors' found in the Lelistes races with
which 1 am engaged in this work, as also some instances of the combined
offects of the same factors.

We shall here go over the said factors, or—more correctly—the
“effects of the chromosomes” on the compound characters. They are
called X and ¥ according as the factors are contained in an X- or
Y-chromosome, and as index a letter is added to indicate in shortened
form the most characteristic colour effect of the factor,

Of the X-chromosomes only two will be mentioned :
X, does not involve any colour pattern of the males (see Plate XIII).
X, (sulfureus) (see Plate XI1II).
(1) Sulphur yellow colour in the dorsal fin and a dark dot that
only at times is visible in the said fin.
(2) Sulphur yellow colour in the tail and in the caudal fin.
(#) Red colour in the lower edge of the candal fin.

! That they are pot single factors but complex ones is n matter which will be dealt
with later.

Journ, of Gen, xn 10
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OF the Y-chromosomes we shall mentian four types . i
Y. (ruber) involves (see Plate X111
(1) Red colour proximally in the upper edge of the candal fin.
{2) Large oblong red side-spot, lying for the most part below and
behind the dorsal fin.
(3) Dark side-dot in the tail at the base of the caudal fin.
¥Y; (iridescens) involves (see Plate XIII)
(1) A characteristic mother-of-pearl sheen on the body.
(2} 2—3 red smaller side-spots.
(3) Black side-dot on the tail near the candal fin,
(4) Black side-dot on the body.
Vo (maculatus) involves (see Plate X1IT)

(1) Large black spot in the dorsal fin.
(2) Large red side-spot below and in front of the dorsal fin.

{#) Black dot at the gat (sometimes invisible). i
Y, ( ferrugineus) involves (see Plate XIII) ,
{1} Black rust-coloured part in the proximal part of the eaudal fin. - *&

(2) Black side-dot in the tail near the caudal fin.

The said effcets of the factors must be understood in the sense that
I have only mentioned the constant pu:“ili\'ﬂ * pffects. I have, for ex-
.un|:|c stated that Y, involves a black spot in the dorsal fin, while
is not stated—what in itself might be justified—that ¥; nvolves r,1n
uncoloured dorsal fin, Besides the colour patterns dealt with above,
other less conspieuons differences might be included. Thus, there are
cases in which a little red side-spot occurs more or less constantly on
the front of the breast, and so on. Doubtless the phenotypical variation
plays a part as regards these less constant patterns, but it 18 not impos-
sible that the antosomes may contain important factors. We need not
busy ourselves with this question here. The colour patterns beyond the
b-'l'l.ll sharacteristics are under all circumstanees of such small extent that
they do not in any way conceal the factor effects deseribed.

The mees of Lebistes that have been used for the crossing experiments
mentioned in this treatise have the following formulae :

The ** Magdeburg Race ™ XX, XY
(Plate XIII, figs. 33—23)

The = Spot Race ™ ... P 0 Xe ¥
(Plate XIII, fig. 30)

The ** Ofd Race ™ ok Xoa b ¥

{Plate X1I, fig. 13)



0. Wixae 151

The names of the races refer to the designations which they have
received during the daily work in the Laboratory, When comparing the
pictures of the coloured tables with the above descriptions of the effects
of the factors, one will easily obtain a notion of the peculiarities of the
single races.

In addition to the above-mentioned three races, the effect of the
Y-chromosome has been described above in a fourth race, ie. the
Y-chromosome of the so-ealled * Hamburg Race” As the conditions of
inheritance of this mee have not as yet been used in the experiments
treated here, I shall confine myzelf to the above mention of the factor
effect of the Y-chromosome and to the illustration on Plate X11L

The Crossing Ezperiments.

As will be seen from the preceding, it only holds good of a single
one of the above-mentioned races—the “ Magdeburg Race"—that the
X-chromosome (X,) contains  factor for the colour pattern of the males,
i.e. the factor (the complex factor) s. In the “ Spot Race” and the “ Old
Race” on the other hand the X-chromosomes (X,) are empty, as 15 also
the case with the Y-chromosome of Drosophila.

Although 1 have determined the presence of colour factors in X for
other Lebistes races, the work is not yet sufficiently complete for publi-
eation : and, therefore, I shall confine myself to the crosses I have made
with the ¢ Madgeburg Race” in order to show the combined sex-linked
and one-sided masculine inheritance.

A general deseription of the " Magdeburg Race™ is as follows:

The female individuals, as with all the Lebistes forms, are dark
grevish green, semi-transparent, without any colour pattern, and with
nearly colourless fins. The males are characteristic in the body and the
tail having a vivid red and yellow pattern. Especially conspicuous is a
large oblong side-spot below the dorsal fin and extending somewhat
behind it. On the breast may be found a little black and a lttle red
spot, the black one usually above the red one. The dorsal fin is of a vivid
yellow colour and sometimes also has a little black spot. The lower edge
of the tail has the same vivid yellow colour as the dorsal fin, and there
is a dark side-spot on the tail near the candal fin. The form of the caudal
fin is not quite round, but has a tendency to be prolonged above and
below, the prolongation however not being flagelliform. The prolonga-

tion tendency often shows itself in the hindmost edge becoming more
10—2
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or less vertical instead of rounded. The caudal fin has a red and yellow
pattern, of which a vivid red patch at the top, proceeding from the root
of the fin, is especially noticeable, while another somewhat’ similar patch
15 seen below,

It has already becn stated, that the factors for the colour pattern of
the “ Mugdeburg Roce” ave placed partly in the X-chromosome, partly
in the Y-chromosome. 1 would refer here to the illustration of the three
“ Madgeburg " males in figs. 23—25 of Plate X111, andl to the figures on
the same Plate representing the single effect of ¥, and X, as also the
combined effect of V,.+ X,, which thus is a skeleton-like produced
“ Magdelnrg " male.

The crossing experiments I have made with the * Magdebwrg Race"”
were commenced as early as 1917, but as other work was then considered
to be of greater importance, the recording and drawing of the different
types of the young mdividuals were partly neglected. During the last
year I have agaan thoroughly gone into the material, so that I have
realised that beside the one-sided masculine inheritance, sex-linked
inheritance is also taking place. This is so0 much more to be regretted,
since the Lebistes females of late years have suffered from a rather
limited propagation ability, so that only rarely have 1 had such large
hatches as in former years. Twenty young in one hatch is at present
highly satisfactory, while double the number in former years was general.
The birth-rate has also decreased, as the females now seldom bring forth
one hateh of young per month as was formerly the case.

The crossings made are the following :

I. “ Spot Ruace ™ @180 « ** Magdeburg Race" 3 114
XoXa [ X, ¥,
TR SR |
29 Jd
Fy Theoretically :  All XX, Al X, Y;
Found: ~Of which ! 4 44 N, ¥, All? as in Plate X111, fgs. 26— 28
\.};f used in Exp. IV [of which some nsud for Bxp. XIV]
< 5 b
Ime. w VIS
2 dd
Fu Theoretieally: 1 X,X,:1 X, X, B A e B, o
Found : X e T XY

! Besides a deviating male, the only individonl in all the experimonis mentioned in this
treatise that did not fall in with what wag expected. Tt will be made the object of a closer
cxamination later,
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1T, “ Magdelwrg Race” 92344 % " Spop Rygee " 3180
X I Aol
I
29 33
Fy  Theoretically: All X, X, All X, Y.
Foumnd : 1* X, Y, depicted in Plate X11, fig, 2
- [used as 3 33 10 Lxp. X
111. 2 Magdeburg ™ 5 158 “Epat flaee™ 3 180
e ' il
L
Fy  Theoretically : All X, X, All X, Y.,
Found : —ﬂf which - e e i
| € .-d need for F. i 3 'aEh||l~:|~- b4 \[l|
! Exp, VII | and for Fa
VI ¢ L 2280 jn Exp. X J
L Others i o TR
x Yy g0
¥, Theoretically : 1 XX 21 XX, | et o B it
Found : [Of Fy© 258 « F; 3 259 R (S o o

The above-mentioned F, individuals have—as will be seen—the
fullowing formulae :

AN F, g2 X, X,
Fy, &5 of “Spot Race™ = " Magdeburg ™" : X, ¥;
* Magdeburg™ = * Spot Race™ : X, Y,

The appearance of the above-mentioned 47 F, males agreas with
what was theoretically expected, as they all have received the factors
characteristic of the }Y-chromosome of the paternal race. That the
nature of the offspring from the F, parent of both sexes is consistent
with the theory will appear partly from the appearance of the F, indi-
viduals, and partly from the following erossings.

As will be seen, the two types of F, males, which are produced by
the reciprocal crosses, contain quite different colour factors, namely
X.¥.and X,Y,, ri_"b'l..'ll_‘fl-'i '.'1.']_';', while the F, females all have the formula
Aoy

Ne-crossing of F1 8 2 X, X, with the © .|.Irm;rf.---"n:r_a; "rﬁrl’}:rr = i e
Iv. 2 174 [from Exp. I] = 5 114
X, XLy,
B g3
Theoretically: By £ s L9, 5 o T X T 21X, Y.
Found : 4 X, ¥V +4 X, ¥,

! Several individoals of the same appearance have not been entered,
* 2 Severnl individoals of the same appearance have not been enteresd.
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Y. 2175 [from Exp. 1] = 3 114
XX, X, Y,
] e
Ty dd
Theoretioally ; B S S T, p G e L B o
Faonnd : |, G T v
VI S 176 [from Exp. 1] = 3 114
algatyg A by
e = o ghl
By g3
Theoretically : PN TXX, § [ L P 0
Found : X, Y. +2X, Y,

The three F, females (Experiments IV—VI) thus by re-erossing
with the father have given two kinds of sons in equal number, in all
T5Y 7YV, as expected. Déspite the very small number an equal
number of the two types has by chance fallen in each of the three
CrossIngs,

Other Crossing Experiments with F, ¢ 9 X, X,.

V11, S B335 [from Exp. I11] = Old Race" 3 836
“tpta g &
| |
e dd
Theoretically : X1 XA 1X¥:1X
Found : T X Yi+5 X, 1

Individnals from this eross will be found figured on the lower half
of Plate X11, where female 335 and male 336 are seen reproduced with
9" of the sons, viz. 5 with X, ¥; and 4 with X,V

VIIL § 337 [from Exp. III]x** Spot Race™ g 338

#hg=ta e tm
| |
og g a
Theoretically : XN TR, § B o S B ot
Found : X Y5 X, Yy [ofwhich 379X, Y.

used for Exp. XVIIT]}

Individuals concerned in this eross will be found represented on

Plate XIII. Figs. 29 and 30 represent the parents; while 3 X,V,,.sons
are shewn in figs. 31, 34, 36, and 3 X, Y, sons in figs. 32, 33, 35,

¥

IX. Fy 2 2 [several EHQI\'EﬂunIs of Exp. IIT] = ** Old Ruce ™ 3 340

L | X
I |
0 ad
Theoretically ; 1 XX I 1X ¥ XY, :
Found : 11 X, ¥i+14 X, T,

1 On account of lack of space only a few individnals from the different experiments are
figured.
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It will be seen from the above experiments that /) females ex
“ Magdeburg " » = Spot Ruce,” together with the reciprocal, accord with
the theory in having the formula XX, for half of their male offspring
show yellow in the dorsal fin, on the lower edge of the tail, and in the
caudal fin, together with red on the lower edge of the eandal, all of which
is due to the ehromosome X, while the other half lack these colours, as
their X -chromosome, X, does not contain any eolour facior. In aceord-
ance with the theorctically expected relation 1:1, we find that the
offspring of F, females, X, X, in the above-mentioned experiments, were
30 males with X, anid 44 with X,. When we include the offspring of the
X_X, females mentioned below, the theoretical expectation of eqquality
is exactly attained, as altogether we have 50 individuals with X, and
50 with X,.

Crossing Experiments with £, g & X, 1, (from
“ Magdeburg "x 4 Spot Rees”),

X “ Spof Tiaes ™ 9 270 x 3 280 [from Exp. II1]
XN XY
¥ A
- aa
Theoreticnlly : All X, X, All X1
Found : 11X Y
X1, o Spot Race™ 3 260 x 5 269 [from Exp. I1I]
S o | X ¥a
5 |
28 dd
Theoretically : All X, X All X, ¥,
Found ; 18X, Y,
XIL i Spat Race™ @ 841 x 4 259 [from Exp. 111]
Ko g dm
[ |
! 4 A
g éd
Theoretically : Al X, X, [0f which AEX.Y,
s s [ 9 853 used in Exp. XVII:
. 3 X, Y. [Of which nsed
Faud i 4364 in Exp. XIX
2868 ., XX
. XILL “ Spot Race™ ¢ 333 = 3 434 [from Fxp. K|
;... @ { akg
1
| B
8¢ gd
Theoretically : ALK Al X, Ya
Found : Of which used 36 X, Y
¢ 350 in Exp. XYV
QBEL 40 AVI

(See moreover experiment IT1, Fqi
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Individuals from this experiment are reproiduced at the top of Plate
XII. In figs. 1 and 2 female 333 and male 334 are seen, and in
figs. 3—11 are shewn 9 out of the 36 sons of similay appearance. Thoese
all have the eharacter of the pure “ Spot Race (X, 1), as the sex-linked
inheritance involves that none of the sons receives the X, character.
while this character on the other hand is transferred eryptomerieally to
all the danghters,

Experiments X—XIII show very clearly the combined sex-linked
and one-sided museuline inheritance in Lebistes, While none of the F
males used (X,Y,,) transfers the X,-colours of the © Magdeburg Race™
to their sons—63 in number—all the sons have received the one-sided
masculine inherited Y, -chromosome and consequently the black spot in
the dorsal fin and so on.

Crossing Experiments with Fid g XY (from
" Spol Race™ « ¥ Magdebury Race ",

XLV, * Spot Race " 2 200 x Beveral Fy g 4 [from Exp, I]

Ag Xy stg Lp
i 1
a-.l ] --|I -
- o o
Theoretieally All X X, All X, Y,
Found : 88X, Y,

Gi'ﬂﬁ-ffli;! E-t‘,r-lr:!';ur-’.r!-".u with h':-:f;:'--:a.rrrf:rf X,_, .lll..,.

XV, ¢ 50 ff:rm_n Exp. XIII] = = Spot Haee ™ o 354
X | X ¥
=i |
: =i, dd
Theoretically : ¢ o, R o, g ) B R e
Foumn ; 1 XY,
XVL & 851 [from Exp. X1I1] » “ Spot Race™ 3 855
x.x I XV
als !
¥ 5 g4
Theoretically: 1IN N1, X, 0 S I
Found : 10X,Y. 45X, Y, ’
XVIL 853 [from Exp. XII] =, % Spot Race” & 357
nl | .o
1
| i
a8 aa
Theoretically : 1 e W B e » e i s i e
Found : 1= X%

M, S . T
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Crossing Frperiments with segregated Xy, da.

XVIIL “ Spot Race™ O 877 x 3870 [from Bxp. VI
XX, PP
|
L) 4 a
Theoretically : All X, X, ANl X, Ta
Found : XY
XIX, ‘i Spel Race™ 2 860 x 364 [from Exp. XII]
XX, X ¥
| |
A gd
Theorctieally : All X, X, All Xy ¥
Found: 1
XX, “Spot Race' 2 361 « & 365 [from Exp. XII]
o rF E rn e rlq
| |
Dl ag
Theoretically : All X X, All X, ¥
Found 22XV

Finally, male 383, which originated in Experiment IV, and which,
from its appearance, had the formula X,Y. was crossed with a female
of another race. The six males thus produced all had the red colour
pattern proximally in the upper edge of the caudal fin, and the other
peculiarities accompanying Y, while they all lacked the red and yellow
patterns accompanying X,, as was expected.

Crossing-over between the X- and Y-Ciu‘umnfonee.

From the above experiments we cannot decide whether each single
colour character depends on one, or more genes. As long as the
chromosomes retain their integrity, it is impossible to decide whether
a whole series of factors in the chromosome, or only a single one, is
responsible for the hereditary phenomena.

However, I have in my experiments a few highly interesting cases
whick admit of no doubt that the colour characters in a chromosome are
due to more than a single gene, since 1 have substantiated crossing-over
between the X- and Y-chromosome in Lebistes males.

In Experiment I it was found that when crossing a pure “ Spot
Race” female 140 (X,X,) with a pure “ Magdeburg” male (X,T,)
44 males were produced, all of which looked alike (cf. Plate XIII, figs,
26—28). Characteristic of all these F, males (X ,Y;) was (1) red colour
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proximally in the upper edge of the candal fin, (2) a long red side-spot
placed below and behind the dorsal fin, (3) a dark side-dot in the tail
near the caudal fin, sometimes displaced into the ecaudal fin, and (4) a
colourless dorsal fin, Le. 1]]1.‘_1.' all showed the charneters due to the factors
in the Y-chromosomes. None of them had the }'k'i]m.'.‘ colonr on the
dorsal fin, on the lower side of the tail and on the candal fin, nor the
red colour on the lower edge of the candal fin, which accompanies the
N,-chromosome of the © Mugdeburg Raee Al this is in accordance with
the fact that the X-chromosome alone was transferred 1o all the daughters
of male 114 (X,.X,\

In addition to the 44 males another male individual wis, however,
found (mentioned in foot-note p. 152) which was of quite special
interest, s it had the yellow dorsal fin and the yellow colour on the
lower side of the tail which follow the X ,-chromosome, while it lacked
completely the red and yellow colours in the caudal fin, which was con-
sequently uneoloured,

As I have found a somewhat similar instance in another of my cultures,
I entertain the view that the said individual is bronght about by erossing-
over between the X,- and the V,-chromosome, as shown dingrammatically
i the following sketch of the chromosomes :

X ¥
Yellow dor=al fin ., T —  Uneoloured doranl fin
Yellow lower side of the tail i =t i —  Led upper side of the eandal in

[ K: — Not yellow candal fin
Yellow caudal in ... v — |

[ — Hed spot on the side of the body
Female-determining recessive factor —| —  Male-determining dominant fnetor
Red lower edge of the candal fin ... - —  EBlack eide dot on the tail

This is the only way in which the origin of the individual can be
explained.

Lam sorry to say that the individual in question was not submitted
to any genetic analysis, for it occurred at such an early stage of the
experiments—being born in October 1917 —that I did not fully realize
its signifieance at that time, as T was engaged in other investigations.
Therefore, the individual was only registered, while I myself drew it
with colours in June 1918 together with its 44 brothers, On the drawing
of the individual, which I recollect very well, I noted: “Very anomalous
specimen ; notwithstanding fully developed.”
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In itself 1t is not strange that a erossing-over may take place between
chromosomes which are morphologically alike, and which evidently
conjugate like the autosomes previous to the reduction division; and
perhaps it is correct to suppose that, at any rate here in Lebistes, there
is no other principal difference between the X- and Y-chromosomes
than that the latter contains a dominating factor for the male sex, while
the former contains the allelomorphie factor tor the female sex.

The case is of considerable interest, as it snggests that a crossing-
orer between an X- and a Y-chromosome may take pluce, and the hitherto
Hfm:'j_l fineit between the X- and V-chromosomes has been done away with.
1 suppose that all investigators of heredity will realize the highly i por-
tant consequences in respect of the theory of heredity entailed by this
tact.

I expect before long to be able to give the decisive proof of the
crossing-over by the experiments I am now undertaking, experiments
which already are fairly advanced.

DiscussIoN.

As will appear from the experiments, the mode of inheritance of the
secondary sex-characters in Lebistes is clearly either one-sided masculine,
namely when the X-chromosomes are empty, or a combination of one-
sided masenline and sex-linked inheritance, viz. when the X-chromosome
containg colour factors. To this must be added that the whole mode of
inheritance is sex-limited to the male individuals, as the factors are found
cryptomerically in the females.

In none of the races hitherto examined by e, were Y-chromosomes
found without colour factors; therefore it is the opposite of the condition
in Drosophila where it is the Y-chromosome that lacks factors affecting
the morphological structure.

Since an exchange between X-and F-chromosomes, as briefly pointed
out, may take place, it is probably only a matter of time when it will be
possible to find in Nature—or to produce experimentally— Lebistes
males without colour factors in the ¥ chromosome, There is a possi-
bility that the sex-determining factor is extremely closely linked to
some colour factor or other, so that crossing-over only takes place very
seldom. That the sex-determining factors should be identical with some
of the colour factors is, it is true, improbable, as males of different
Lebistes races nave different colour factors, but notwithstanding they all
evidently contain a dominating male sex factor, But as regards the sex
factors it may also be a question of multiple allelomorphs.
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The allelomorph conditions are as ye! an open question as far as
Lebistes is concerned. Although the factors for colour pattern found in
the X-chromosomes act like allelomorphs in the above-mentioned experi-
wents, it is certainly only on account of the relative rareness of the
crossings-over, or of the insufliciency of the material, that this appears
Lo ].ll_' the cise, At any rite the ;hlhrk‘x:-!l|L'I|.t]'ulhﬂ CrOss-0ver IJI.'I.Ei_“ has
shown that the X, character and the ¥, character are divisible unities.

I eannot finish this work without conveying my warmest thanks to
Dr Johs, Sehmidt, Director of the Physiologieal Department of the
Carlsberg Laboratory, who entrusted me with the Lebistes material for
further investigation when I left the Laboratory in the spring of 1921,
He also provided room for the Lebistes enltures, until my own laboratory
was able to contain the NECESsAry ;li|lli1.l‘i:i. I also thank Mr J, Clansen,
MLA., who with great care has assisted me of late vears, and the com-
missionaire of the Laboratory, Mr N. R. Poulsen, who has had charge
of the feeding of the fishes.

REsuMEe,

L. It is shown that ina race of Lebistes reticulatus sex-linked inherit-
ance of the secondary male sex-characters oceurs in connection with the
one-sided masculine inheritance found in the Lebistes races hitherto
examined,

2. This result agrees with the previons demonstration of 46 chromo-

somes in both sexes of Lebistes, the female having presumably 44+ X+ X
chromosomes, and the male 44 + X + ¥. The factors found in the
X-chromosomes show sex-linked inheritance, those in the V-chromo-
somes show one-sided maseuline inheritance,

3. Two kinds of X-chromosomes are deseribed differing as to their
genetic content, of which one is empty (X,), while the other (X,) con-
tains characteristic factors for secondary male sex-characters. The colont
effects of the chromosomes are depicted and deseribed.

4. Four ¥Y-chromosomes differing as to their genetie content are
deseribed (1, Y5, Vi, ¥) that severally contain eharacteristic factors for
secondary male sex-characters. The colour effect of the four ¥-chromo-
somes are described and depicted.

5. If both the X- and ¥-chromosome in a Lebistes male involve
factors for colour pattern, the colour effects in the individual are added
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. up; consequently it is possible by direct observation to judge of the
f genotype of each male.

6. In the females the factors are always found cryptomerically,

therefore all females look alike. In this respect inheritance in Lelistes
y is further sex-limiged.

7. Crossing-over between the X- and the 1-chromosome in a male
individual has been noted, by which colonr factors are exchanged, amd
the sharp separation between the .X-and Y-chromosomes has thus been
removed. The above described secondary male sex-characters in Lebistes
are not a consequence of single factors, but of a series of linked factors.

® CorEXHAGEN, 17 Nay 1922,

EXPLANATION OF PLATES.
PLATE XIl.

Fig. 1. @ 333 ( Spot Race ") =X, X,
b Fig.2. & 334 (from Exp. 111) =5, T\
Figs, #—11. Ninesonsex 2 833 = § 834, All of composition X, ¥a..
Fig. 12. 9 885 (From Exp. I = X, X,.
Fig. 13. 3 836 (** Old Ruce"}=X, ¥,
Fige. 14—22, Nine sons ex § 335 x § #36. Nos. 14, 16, 18, 21, and 22 are X, ¥, in com-
m. Nos. 15, 17, 19, and 20 are X, V.

'i' . X
=, PLATE XIIL.

F"_Br‘f‘-!‘_.-*i- ﬁ%m_ﬁ Three 3 3 of the * Magdebirg Race " =X, V.
) "or 4 IR m;&m.-ﬁ& Three g g ex 2 140 (*Spot Race=X,X.) % g 114 (* Magdeburg Race™
S -&.;;1. All of composition X, ¥,
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SEX-LINKAGE IN THE SILKWORM'.

By Y. TANAKA,
Department of Agriculture, University of Kyushu, Japan.
(With Plate XIV.)

WhEN I was working at Fukushima in the snmmer of 1916, I hap-
pened to find three lots® of F, silkworms (Ex. Okusa (Japanese bivoltine)
? x Giallo puro indigeno (Ttalian univoltine) &) in which a number of
animals with translucent skin were found mixed with more numerous
normals. These translucent silkworms were all females, while the
normals consisted of both sexes. By mating these translucent females
with their normal brothers I got some males showing the same trans-
luceney. This form of translucency proved to be sex-linked, following
the same system of descent as that well known in dbraras. At first 1
did not know from which parent the linked factor came, but later I
found some translucent females in a pure breed of Giulle puro wndigeno,
which possessed the sex-linked character. Henee it is evident that the
linked factor is introduced by the Italian parent, but not by the
Japanese. 1 started my experiments with these materials and am still
4 u_mtinu{ng them with the addition of a considerable number of trans-
i Tucent silkworms from varions sources.

' ‘Having examined the translucent larvae which belong to thirty-seven
different races and strains, I have found that there are at least eight
translueent factors, any one of which, when homozygous, is able to make
the skin translucent. Among these multiple translucent factors, one is
|, while the others are all independently transmitted so far as
ed.

t on the subject was given in a Japanese sericultural
_ ‘_1{7 and further results were mentioned in one of my books
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L. MorrHoLOGICAL CHARACTERS OF TRANSLUCENT SILKWORNMS.

The normal silkworms are provided with the skin opague white in
ground colour, the opacity perhaps owing to white granules contained
in the epidermal cells. The skin of translucent silkworms is, on the
contrary, more or less destitute of the opaqueness, allowing some
internal organs and tissues, e.g. muscles, fatty tissues, tracheas and the
dorspl vessel, 1o be seen from outside to a certain extent.

The translucency is, however, not necessarily uniform in degree but
differs in different races. In some races, it is highly developed and
more approaches to transparency, while in others it is difficult to dis-
tinguish from opaque without sufficient caution. The character attains
. | its highest development only in the last instar of the larval life, though

it 15 distinguishable in much younger instars. When a larva gets
full-grown and evacuates all green contents of the stomach preparing
for spinning, the body becomes translucent even in normal silkworms,
and becomes very difficult to distinguish from the translucent type. In
moths, the character is, as a rule, hardly distinguishable except in
¢ certain races in whieh it is still conspicuous in the adult form.

- The sex-linked translucent silkworm belongs to the type in which
. * the character is not highly developed, but this is not the characteristic
e : ;_he sex-linked strain alone, since some non-sex-linked silkworms show
an appearance quite like i, so that you cannot guess at all by mere

inspection whether a silkworm belongs to the sex-linked strain or not.
e In my previous paper (1916), I stated that a translucent factor! is
. recessive to its normal allelomorph. This holds true for all translucent
factors which have been examined since 1916, no matter whether they

are sex-linked or not.

1'I CROSSING BETWEEN SEX-LINKED TRANSLUCENT AND NORMAT.
1. Bex-linked Translucent § = Normal 4. (Table L)

BEYhoiots . - Maomski - Transiueesl
ol -8 15 4405 0
e lots out of fifteen, the sexes were diseriminated, the result
374 females, 1354 males, total 2728,
: - of the lots, 17.

-Fi-

il

nr X

o R



Y. TARARA

L, 2. Normal § x Sex-linked Transluecent &, (Table I1,)
F. Number of the lots, 9.
MNorrmal Translneent Totals
Females 0 T iy |
Males T8 1 [exceplion) 743
‘Totals .. 782 ° 75 1357

F.. Number of the lots, 15.

Naormal Transhucent Todnls

Femalez ... G10 A6 1046
Male= e 524 153 977
Totalz ... 1154 (U 20438

3. Theoretical Analysis.

165

The above resnlts evidently show that the linkage in the silkworm

is of the Abrazus type. The exeeptional translucent male might be due

to the non-digjunetion of chromosomes such as found by Bridges (1913).

As 15 shown later, two more exceptional males were met with in my

. experiments, but the number is, of course, too small to diseuss the fre-

queney of their ocenrrence.

As to the manner of representing the sex-factors, opinions are

divergent. Morgan and his colleagues give a summary of the alterna?

tives in their book (1915). After discussing the question, they come to

the conelusion that the symbols should be used for the sex chromosomes
instead of sex fuctors, ie. X, ¥V for Drosophile type, and W, Z for
Abrazas type. But this does not apply, without making an additional
assumption, to an animal as the silkworm in which no sex chromosome

' has, as yet, been discoveral,

For the present, I do not find any objection to adopting the old
symbols given by Bateson (1909), and in assuming that the female s
here of the genetic constitution Ff, the male ff and that the linkage

exists between Fand a sex-linked factor, Under this assumption, I will

represent the sex-linked translucency by o and its normal allelomorph
by O, therefore, the sex-linked translucent female by Ffo'o, sex-linked
transluicent male by /0%, normal female by Ff0%, and normal male

by fFO-0".

In crossing Ffo'e® x ff0°0%, F, should he all norial, and F, should
consist of normal fomales, normal males and translneent fomales in
proportion of 1:2:1. The crossing Ff0¢" x ffo'o* should, on the other

~hand, give rise to normal males and translueent females in equal
nnmbers in F,, and four possible combinations in equal numbers in ..

' These expectations are fairly realised in the experiments.

. Journ, of Gien, x11

4

11
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! T
III. CROSSING BETWEEN SEX-LINKED TRANSLUCENT
AND NON-SEX-LINKED TRANSLUCENT.

The results of the erossing of this sort are naturally more complex
than those deseribed on pp. 164-165

1. See-linked Translucent § < Non-sex-linked Translucent §

(Table I1L)
F,.
‘?umhur :
AL - of thelots  Normal  Transtucent
il 8 2011 0
e In five lots out of eight, the sexes were diseriminated, the resalt
' follows : females 542, males 528, total 1070,
" F.. Number of the lots, 14,
¥ e Noamal  Transhieent  Totals
Females ... 787 958 1775
I Males .. 1350 499 1819
SN Totals '

v 28T 1487

3624 ‘
F.,. Five lots, which were produced by mating F, normal males and .
nales, gave the following results.

. {n) Two lots consisted of all normal individuals,

=4 il'ét. 175
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2, Theovetical Analysis.

As already mentioned, there ave, at least, seven multiple non-sex-
linked factors for translucent character, which I will vepresent by letters
o', 0%, o* ete. The vesults of experiments concerning these non-sex-linked
translucent factors only, will be reported in a separate paper. For the
present time, I will denote one of the non-sex-linked factors generally
by o and its normal allelomorph by O, so that an individual homozygons
cither for o* or o, or for both, will develop the translucent character,

The parents used in above experiments were Ffo'o*O0 and ff0°O%n,
and F, generation consisted of Ff06*0o (normal female) and ffi0Fa'Co

{normal male). In F, nine genotypes are expected, i.e,

Femsalos Males

— e —_— e —
1 FytFa* (i} normal 1 fi(PLrO0 normaol
2 FiFe* O i 2 (rOMI* O =
1 Fio's*00)  transhacent 1 #ro%t00
2 Ffo'o"Oe . 2 0% O -
1 Ff0%e'ec 4 1 et oe  translucent
1 Ffoo®oo S 1 it o0 o

Accordingly the F, ratio should be theoretically 3 normal females : 5
translneent females @ 6 normal males : 2 teanslucent males. It 18
evident that there are 9 normal to 7 translucent all together, and
1 female to 1 male. The experimental results are compared with the
theoretical expectations as follows :

Artnal figures  Expectation arl Frevintlinms

Normal .. 87 =235 + 1075

Translucent ; 085 27D ~ 1445

Normal ... 1350 a2 - 040

Translucent & 4949 &149-9 o LR
Totala .. Aiiag

The above comparison shows that the deviations of actual fgures
from thearetical numbers fall within three times of & in males, while
those in females far exeeed that limit. We ean consider two possible
eauses of the somewhat remarkable diserepancy of actual figures in
females. One of them is differential viability in normal and trans-
lncent females. In some steains, 1 have found that the translucent silk-
worms were notably less vigorous, slower in growth and more liable to
disease than the normals, while in other strains, no sensible difference
was found between the normal and translucent types. In the former
ease, translucent females were, as a rule, weaker than males of the same
category. If this is the case also with the sex-linked translueent, althongh

I Standard error.
11—2
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no definite cvidence for this has yet been discovered, the deficiency of
translucent females and excess of normal females in the expernments
would be largely accounted for.

The other possible cause is the differential development of the trans-
lucent character in both sexes. If it is assumed that the translucent
charaeter is less developed in females so that somne translueent females
might be taken for normal females, the diserepancy would be fairly well
explained. The fact that the deficiency in translucent females and the
excess in normal females are nearly the same in absolute values not only
in the above case, but in almest all cases deseribed in this paper, seems
to make this supposition plausible. This point has, however, not yet
been studied morphologically.

Nubwith:ﬂ-nnding somewhat remarkable deviation, there is searcely
any doubt that 83:5:6:2 ratio is realised in the F, gencration in above
experiments: no other adequate explanation ean be suggested.

From the genetical constitutions of F, individuals above given, we
can easily understand why four differens F, ratios were obtained ; there-
fore 1 shall not go further into this point.

3. Non-gex-linked Translucent § x Sex-linked Transtucent .
{Table TV.)
F,. Number of the lots, 6.

Normal  Translueent Total

Females .. 1] 452 Ah2
Males G616 0 1
Totals: ... GG 452 Tikis

F.. Nuouwber of lols, 0.

Normal  Transloesnt Totals

Females ... fr{i:] Hill] 1165
Males = 520 LA 1134
Totals ... 1048 1205 230

t. Theoretical Analysis.

The genetieal constitutions of the parents must have been FftFo'on
and ffwte'00, and F, individuals Ffe'o'Oo (translucent females) and
fitFe'o (normal males), which shoull give rise to the fllowing
F, genotypes:

Females Males
—_— — T
1 Efire'00l  normal 1 frere* o normal
2 FfOriho o 2 [ Cho i
1 FfiFa'on  translugent 1 ff(¥afnn  translocent
1 Frofwird i 1 flota* i e
. 2 Ffota'Oo Al 2 ot to %

1 Efatoton " 1 fio*aton e
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i ol : k2 X s
That 1s 8 normal females : 5 tmnslucent females @ 3 normal males @ 5

translucent males, The uxlwi'flnulll.ll results are rather far from the
above expectation as shown below :

Actual figures  Expectation * Dhavintivn
Normnl females i) 432 + 137
Tranelucent femnles 13} 20 =120
Normnal males 520 132 + 07
Translucent males GG 720 115
Totals 2303 g1 1

Here we meet again a deficiency of translucent and an excess of
normal, the absolute values of deviation being practically the same.
The discrepancy may be aceounted for if differential viability is assumed
to exist between translucent and normal silkworms as suggested on
P 167,

5. F, Sec-linked Translucent § x Homozyyous Non-sea-linked
Transtucent 4. (Table V.)

As already stated, F, offspring from the erossing between non-sex-
linked translueent females and sex-linked translucent males consists of
two 1.rhul1:_il}'l_|-:s, normal male and translucent female, These I trans-
lucent females were mated with non-sex-linked translucent males which
belong to a different strain from that to which the female translucent

parents l:u!ungud.

F,. Number of the lots, 4,
Normal Translucent
Females F00 (i)
__Mnles T05 _1]_ ;
Totals 14035 (1]
F.. Number of the lots, 5.
Norpsal Transincent Tuotals
Females 5ag 06 114
Males o32 . _E‘:ﬂ 1291
Totals 1530 D55 2485
6. Theoretical Analysis.

In the above experiments, two distinet non-sex-linked factors are
concerned, which I will represent by symbols o® and ¢, their normal alle-
lomorphs being 0 and (P respectively. The parents arc Ffo'o'0%"0"0"
and ‘{}‘T_’]‘(PU“{PULU"‘ genetically, and F, individuals are of following
genotypes:

L Ff0w0:0:0%"
1L P00
UL f0re 000t
IV. ff0ro 00 0%

normal female

normal male
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These males and females will, when mated at mndom, give rise to the
fllowing F. ratios :

Tt Normnl I'ranslncent
Malcs Males Tulals
I = 111} .
IxIV ; B : 5 ; i 1 ) 16
=11
II=1IV ! 1 : ] : 18 : 11 (|

From the experimental results, it will be casily seen that 3:5:06:2
ratio was realised, admitting the already discussed L[I:Jil:iu::lt-lx' ol lrans-
lucent females,

7. Non-see-linked Lranstucent § x Normal d Heterazygous for Sec-
Linked F-!I'(.'!'un". A [T._l_'ril,' I'LFJ,:I

Fy normal males obtained from the erossing non-sex-linked trans-
lucent females » sex-linked translucent males are, of course, El-:.'LL']'-:J:/.}"'_'"IILIh
for the sex-linked factor. They were mated to homozygous non-sex-
linked translucent females, which belong to a different strain from that
to which the translucent females used in the first crossing belonged.

Fi. Number of the lots, 6,

Normal Translucent Taodals
Females i 601 185 109G
Males 1173 2 (excoptions) 1175
Totals o 1774 197 2371
F.. Two F., lots were obtained by mating F, normal males and
females,
Mormal  Trmoslocent Totals
Femalez .., 119 145 4
Males Ha 234 63 piat i
Totals ., 353 M\ il

Another two F, lots were obtained by mating F. normal males to
their translucent sisters,

Normal Trapslocent  Totals

Females . ] 128 018
Males .. 77 124 201
Totals .. 167 259 114

B, (Table VIL)

This erossing is similar to that given under A, except that the male

parents were not actually taken from F, gencration, but, as the result
showed, they were heterozygous for the sex-linked factor.
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F,. Number of the lots, 9.

Normal  Trasslicent Tulals

Females ... {H] 423 gaz
Males e 0T (1] 907
Totals: .. 1406 421 1829

F,. Two lots, produced by Fy normal males and females, gave the
following resulls:

Normal  Trapslocent  Tofals

Femules 155 ! 41
Males 170 & 226
Tutals Ty 453 104 J67

8. Theoretical ;jjutrfli,re'.!-s.

The genetical constitutions of individuals in the above experiments
are as follows:

L]
.

Parents.  Froto'0Rogbol s [ (Fo" 0%t ORCP
I. f-",rUm"{J"{J" (Mg normil female
II. Ffora'Omos " 5
| 1L FroeOeOeO%" translucent female
| IV, Efee 0% 0%

Fy il V. fO0i0m e 0" normil .1.||.'Ll1:
VI. [0 0o Ot 5
VII. fforo0e0r0bt o

% 1||r.| I I Jj'u-rux Ulluﬂ Un!lutr

That is, mormal females, normal males and translucent females are ex-
peeted in the ratio 1:2:1 in &, which is fairly realised.

By wating ¥, normal females and males, we should obtain the fol-
lowing F. ratios:

Mormal Tmuslocent Normal Transluwcent
Fomales FPunsales Alales Males Tutals
IxV
1=YI " i 3 1 : 3 : 1 B
=V
IxVII | :
Ix¥IIL > .. 3 3 [ : 2 16
IIx¥YIL |
II= V1 a i g - 7 32
11 = VI hn ] 23 18 ; 14 64

In o experiments the 3:5:6:2 ratio was realised.
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By mating & translucent females and normal males, the fullowing
ritios are to be expected :

Murmal Tr.|._||-I|t| unl Normal Trwssluoend

Females Females Male= Males Totals
I =V |
I = V1 3 : | ; 3 3 1 H
V=V |
1L % VII |
IM=xYOI: .. 3 5 3 t 5 14
IV YIL |
IV VI ] . 7 1] : 7 59
IV = V111 3 ] : a3 L] 2 4

In the experiments, 3:5:3:5 mtio was obtained,

In the B experiments, F, exactly corresponds to that of .l CXper-
ments and K, ratio is 8:1:3:1, which can be easily analysed from the
statements above given,

IV. SUMMARY.

l. The translucent factor found in an Italian race, Giallo puro
tndigens, is sex-linked, i
2. The linkage in the silkworm belongs to the Abrawas type. i
8. Besides the sex-linked translucent, there are some other multiple
translucent factors which are inherited independently of sex. When

sex-linked and non-sex-linked translucent strains are erossed together, ~
very peculiar F, ratios are obtained.
4. The number of translucent silkworius, especially females, are, as
a rule, below theorefical expectations, The actual eause of this is not
yet elear,
EXPLANATION OF PLATE XIV. :

1. Nermal-skinned silkworm from Gialle puro indigens,
2. Bex.linked transloeent silkworm [rom Giallo Pure indigeno,
#. Bex-linked translucent silkworm from a hybrid generation

P
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THE INHERITANCE OF FUR TYPES AND
HAIR CHARACTERS IN RADBBITS.

By REDCLIFFE N. SALAMAN, M.A, M.D.
{With Twenty-four Text-figures.)

THE investigation, the results of which are now recorded, coneerning
the hair shapes in the coats of rabbits, was begun in the spring of
1907, repeated in 1908, and again in 1919. The long delay between the
inception of the work and its publication is due to the fact that in 1908
it was apparent to the author that there was evidenced by the material
a phenomenon which suggested the oceurrence of a loeal differentiation
of hair types taking place under certain conditions in the pelt ol an
animal heterozygous for the same, a condition which, at that time, he
ventured to call somatic segregation. The suggestion was not favoured
by those most competent to advise and the anthor. was urged to repeat
and extend his observations. This was done, nevertheless, the pressure
of other work and military service during the period of the war not
only delayed the publication of the results but has effectually prevented
a more extended research in this direction,

The inheritance of the shape of hairs was suggested by a preliminary
work which the anthor nndertook on human material collected by
Professor C. G. Seligman including the hair of erossbreds chiefly between
Enropeans, Papuans and Malays. The investigation yielded very sugges-
tive results but was hampered by the paueity of the material. It therefore
aeeurred to the writer that a parallel phenomenon might be found in the
furs of animals, The extensive series of pelts which Major C.C. Hurst?! had
recently exhibited in relation to his work, the Inheritance of Characters
in Rabbits, appeared to form just the desired basis. Major Hurst
responded to the request for the nse of his rabbit skins with the ntmost
generosity and has ever since placed them freely at the writer's disposal.

The method employed for examining the hair shapes has been to
isolate a pencil of hair in the mid-dorsal line and to sever it with seissors

i Huret, €. C., * Experimental Stadies in Heredity in Rabbite.” Limnean See, Jowrn.
Zool, 1905, Vol xx1x, p, 233,
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a8 elose to the skin as possible, The proximal end was then dipped in
soft paraftin and when that was frm the distal end was steeped. A silk
ligature was tied round the peneil 1 from the basal end aml the soft
paratin removed in sylol. The hair was then teansforred to absolute
aleohol, again to xylol, and then throngh the paraffins and ent on a
rocker microtome,

To obtain thin and perfect transverse seetions is not ensy. The
diameter of the small hairs at their base is about 12 ., or twice that of
a human red blood corpusele, and their substance is very brittle. More-
over there is in such a pencil no supporting matrix to sustain the minute
and delicate transverse seetions of the individual hairs, nor are they very
readlily retained on the slide, It was found that the chief element in
obtaining successful specimens was to maintain an exquisitely sharp
razor. In practice the rzor was stropped after every few sections, and
its edge controlled under the microscope.  Drawings were made with the
camera lueida, Exelusive of the series of moulting rabbits, hair was
examined from 90 sking, in all eases twice, and in some instances three
or four times, In several instances hair was also examined from the
shoulders, flanks and hindquarters, but no difference, except in the
special eases to be mentioned later, was observed between the hair
shapes from these different parts of the pelt of the same animal.

The Rubbit's Pelt. The coats of rabbits may be short, as in the wild
rabbit, the “Flemish Giant,” the “ Belgian Hare” and many other
breeds, or it may be long, as in the Angora breeds. The pelts may be
of varying colours, and these eolours, as in the “ Duteh” or © English "
pattern fanecies, may be obtained in both long and short-haired animals.

In general, the hairs of the rabbit's coat are of two kinds. Very fine
delicate hais of a more or less uniform diameter, and Contour-hairs,
which arve stout and Aat and vary in shape at different levels, terminating,
as o the small enes, in a whip end.

The hairs arise from follicles in which a very definite grouping ean
be observed: in the short-haired coats the follicles in the skin are
grouped in islets in which a Central-contour hair is surrounded by
three groups of follicles, each containing six or seven small hairs (Fig, 3).
The individual hair follicles, as well as the compound group and the
islets, are wrapped strongly round with fibrons bands, and they give rise
to a very characteristic picture,

At the skin level, only one Contour-hair has been observed in each
islet, but within each group of follicles, at least one of the smaller hairs
is of slightly greater diameter than its fellows, and if such hair be traced
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llismli‘}‘ it will be seen nltimately to cxpand and take on the charncter
The relation of the number of Contour to Small-hairs varies with
the distance from the skin at which the hair is examined, increasing

of a Contour-hair (Fig. 3).
distally, till at about 1" from the proximal end the Contours may almost
equal the small single hairs in number. The L']::Itlgc which talkes 11[11&:1::

in these small hairs, which become transformed to Contour-hairs, manifests
itself at a level of about 1" from the skin and consists in an exaggeration

of a Hattening of the eross seetion which had begun about 1* lower down,
till the section becomes definitely rectangular and oblong, passing from
that to a bean shape, then to that either of a dumb-bell or a sausage

finally narrowing down to a whip-lash end (Fig. 1). In addition to this

change of shape, there occurs a reduplication of the medulla, which

originally single in the simple hairs becomes subdivided so that at its
extremne width it may be as many as thirteen-chambered. The Primary

Contour-hairs start with #3—4 chambered medullas in the short-coated
animals and, like those already deseribed, increase the numbers of
their meduollary chambers pard passie with their increase of diameter

Apart from certian peculiarities, which will be dealt with in detail
later, the sections of the small and big hairs at different levels may be

(Fig. 4).
represented as in Fig. 1. At alevel 1" distally from the skin, the smaller
hairs have for the most part become fattened and a certain proportion
of them have acquired two or three medullary chambers, whilst the
original Contour-hairs are becoming more sausage-shaped and have
increased their medullary chambers to at least five in number, from
thence onwards it is increasingly difficult to distinguish the meta-
morphosed Small-hairs from the original Contour ones. Those Small-
hairs which do not take on the Secondary Contour type have, however,
become fattened towards the middle of their course and thinning down
towands their proximal ends are found in seetion as more or less cirenlar

solid chitinous bodies which represent the section of their terminal
whip ends. The Contour-hair, whether pl‘iln.'lr_\,‘ or sunundury, gem:m]]}*

assumes at its widest part an outspoken dumb-bell shape and the

medullary cavities inerease up to a maximum of abont 15 chambers.
At 1” from the skin no sections of Small-hairs of the open cireular or
ovid type are to be seen, and the larger Contour-hairs become narrower,
12

their dumb-bell lateral extremities more pronounced till finally they
narrow down, losing gradually their medullary cavities, or terminate, like

the smaller hairs, in solid whip ends.

Journ. of Gen. xn

Wi
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The changes deseribed have been followed in the wild rabbit as
well as in the domestieated short-haired varieties. In the Angoras a
similar process takes place. In the type of pelt, which later will be
deseribed as the “A" type, the changes are identical with those in the
short-coated ones, except that they begin at a higher level. In the 3"
type, on the other hand, the Contour-hairs persist as single medallated
fibres or at most aequire two or three medullary eavities (Fig. 2). The
Small-hairs become somewhat enlarged, but are still furnished with only
one medullary eavity, thus differing from the Secondary Contour-hairs
already deseribed, and neither they nor the Contour-hairs become much
fattened or indeed assume any of the extreme shapes figured in Fig 1,
retaining rather those features which churacterised the type at the skin
level. At the termination of the individual hairs, both small and big,
however, a slight flattening may be observed as the solid whip end is
approached.

The explanation of the changes in shape which ocenr in both Small
and Contour-hairs presents some difficulty, for whilst the varying change
of shape can be readily followed at different levels of the hair, yet in
both sections of skin, and of hair at skin level, one can observe but
slight trace of the flattening of the Small-hairs or an increase of their
medullary eavities, nor does one find, exeept very occasionally, amongst
the Contour-hair sections immediately ontside the skin other than simple
bean-shaped ones with 2, 3, or at the most 4. medullary cavities, and
then it might be presumed that a hair has beeome misplaced and has
been eut at a higher level than its fellows,

If the hair is a non-living structure excreted by a follicle by which
its shape is solely determined, it is difficult to understand how the hair
can assume the bizarre dumb-bell and sausage forms which the majority
ultimately do, without finding some evidence in the shape of the
follicles themselves which corresponds with that of the issw ng hair, but
neither in the adult wbbit nor in the young of various ages whose hair
was exawined at skin level every week for 18 wecks, is the evidence
forthcoming entirely convineing.

Serial sections of portions from a eouple of adult skins have been cut
and in one only was a single dumb-bell section found, and but few
Contour-hairs with a transverse section of the bean shape with 3 to 4
medullary cavities. The smaller hair groups in their compound follicles
were all simple. Skin sections in rabbits of 3, 4, 5 and 6 days old exhibit,
a greater simplicity of follicular grouping than in the adult.

In the 8, 4, and 5 day old animals, none but single medullated hairs

Lo
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were seen in the skin, but in the Gth day animal several Contonr-hairs
with 2 and 3 medullas oconr. On the other hand, in an 8 weeks old
animal, al though well developed Contour-hairs exist in the coat which
towards their distal ends spread out into the characteristic sausage and
dumb-bell shapes already deseribed, not one folliele was found with more
than a single medullated fibre in it, although 250 sections of the skin
were searched, It would seem, therefore, that the formation of the
Contour-hair in the follicle takes place with extreme mpidit}’ and that
when the first coat is formed no fresh hairs are thrown out for some
time. After the Sth week a moult begins and in the series of 4 rabbits
whose hair was examined weekly between the 4th and the 22nd week
of life, snusage and dumb-bell sections of Contour-hairs were met with
between the 9th and 14th week at skin level. It was, however, surprising
how relatively few such sections were actually met with, a fact which
lends further support to the idea that the extrusion of the Contour-hair
from the follicle must be a very rapid process.

The evidence is at present perhaps insufficient to decide as to whether
the highly variable shape of an individual hair throughout its length is
controlled entirely by the follicle, or whether it is dependent on changes
outside it. But the latter hypothesis is inconsistent with the view that
the hair is an inert and virtually dead structure excreted by the follicle
and, so far, there does not seem to be any adequate evidence on which to
challenge this view.

In respect to moulting, in the four young Flemish Giants observed,
the shifting of the hair began about the 8th week and ended about the
16th. The change of hair was gradual, occurring on different parts of
the pelt in varying intensity. After the 16th week mouliing slowed
down, but in those domestic rabbits examined it appeared that at no
time of the year was moulting entirely quiescent.

The distinetion between mature and immature hair is not easy to
define, but it may be stated at once that in the very young cont there
are fewer Secondary Contour-hairs than in the adult. Indeed in the
new-born rabbit the skin sections display no Contour-hairs of the multi-
medullated type met with later. The sections of the Small-hairs are
generally round and the medullary cavity is always much larger than in
the adult.

When it is remembered that the difference of area between the
eross seetion of a Contonr-hair at its widest and the same at its proximal
end in the skin is 7is much as 10 :1, and in the case of the Secondary

Contour-hairs even greater, and further, that in an “ A ” type pelt about
122
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half the whole hair covering assumes the Confour eharacters, it will be
obvious that a mounlt which ocenrred simultancously all over the body,
and in which all the hairs were thrown up from the follicles at the same
stage, wonld excite a tremendons disturbanee in the skin at one eritieal
moment. Indeed under such econditions the volumne 1-L'-_'|LEJiL-<| by the
hairs in the entis would have inereased some five-fold and wonld produce
an almost impossible congestion. It may therefore be not improbable
that the prolonged and disseminate method of moulting observed in the
rabbit has some definite relation to the type of the hair covering.

The = B™ type of }1|'|t. in its moult wonld not involve its owner in
any such like discomfort under similar conditions.

It would be of interest to know whether the slackness and elasticity
of the rabbit skin is related to the extreme vartability of the transverse
section of the hair, as I_‘l.l!ll['r:l!'-_*:] with otheranimals, and more 11.-11'i.ir:r||.-|1‘5}f
whether there is in this respect any difference in the living between
long-coated rabbits of the “A" and “ B" types respectively.

Types of Pelt. The examination of Hurst's collection of pedigree
skins has disclosed the existence of two distinet types of fur in the
rabbit, which for convenience may be described as the “4A"” and “B"
EVpes,

“A7 type of Peit. This type is characterised by the following:

{a) The relation between Contour and Small-hairvs at the skin level
15 in the neighbourhood of 1 : 20.

(8) The Contour-hair at itz basal end i ||.|-:11|_5:E'|.-|pp1] in seckon
(Fig. 1). As one proceeds distally along the hair the shape passes
gradually te kidney, thence to sausage, and finally to an ontspoken dumb-
bell shape, when it attains its maximom diameter, which may be as
much as ten times that at its base. From that point the width of the
hair becomes reduced, the section begins to lose its dumb-bell ends and
becomes flattened, the medullary cavities coalesce and gradually it passes
into a somewhat compressed ribbon with rounded angles and ends in a
very fine whip point (Fig. 4).

(¢) The Contour-hairs may leave the follicle with from 1 to 4
medullary cavities, but in general the 4 medullary stage is not reached
till the hair is about ;" from the skin level, and the cavities increase in

number till in the dumb-bell shaped portion of the hair they may be

from 12-15 in number, from thence they decrease and finally become
obliterated,
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Y () The Small-hairs on leaving the follicles may be round, oval or
siquare in shape (Fig. 6). All these forms may oceur together, but a
pelt may be pure for either round or square, probably never for oval.

(¢} The Small-hairs are themselves of two kinds, More than half

remain simple, single, mednllated fibres throughout their length, the

remainder, after a course of 4 to & an inch in the adult, take on the

.,. characteristics of the fully developed multi-medullated Contour-hairs

r and become “Secondary Contour-hairs” (Figs. 3 and 4) indistingnishable,
exeept at their proximal ends, from the Primaries.

The “A™ type of pelt is found on all the short-coated rabbits

: examined, ineluding the wild rabbit (Fig. 6). (The pelt of the wild hare
is also of the “A" type)) 1t is also found in some, possibly the majority,
of the long-coated or Angora rabbits. In such long-coated animals the
types of individual hairs in the pelt are just the same as in the shori-
coated ones, the only difference being that the changes both in the
Primary and in the Secondary Contour-hairs take place at a somewhat
3 ' greater distance from the skin level (Figs. 8 and 9).

‘ The “B” type of Pelt differs from the “A" type in the following
| mannen;

{u) The relation between Contour and simple Small-hairs at the
skin level is from 1:50 to 1:70. In a very good exmnpla in other
respects of this type (No. 23 Hurst's series) the ratio is but 1:30. Tt
is of interest to note that in this case the maternal parent was hetero-
zygous. in respect to “4 " and “ B

; {b} The Contour-hair at its basal end is either eircular or almost so
£ and retains this shapa thronghout its leng‘ﬁh, except towards the distal
-and where it flattens somewhat, becoming slightly bean-shaped before
Ii it ends as a  whip poing (Fig 2},
:: ' (¢) The Contour-hairs are furnished for the most part with a single
medullary cavity but hairs with two or three may be occasionally met
wi mtthaahn level. Close to the distal end a very occasional hair,
in been observed to be of a flattened kidney-shape,
\ny as six mgdu]laa Still rarer, and possibly not
an 1"in 1000 hmrs,ma»mm ur'lneu!‘dﬁmh«
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reach the same size as the Primary Contour-hairs or acquire more than
one medullavy cavity (Fig, 2).

Figs. 11 represent the “ 8" type at skin level.

The “B” type of pelt ditfers from the “A™ type not only in the
manner described but also in its general appearance and to the touch.
Owing to the lesser number of both kinds of Contour-hairs and to the
lessor degree of Hattening, the fur is softer and has less gloss or surface, o
chameter which in the “4" type is due to the ribbonlike fattening of
the Contour-hairs. The absence of this feature, in addition te the lesser
diameter of the hair fibres, renders the “ 8" type of pelt more silky than
the “4" type to the touch.

The “B” type of pelt is found exelusively in the long-coated rabbit
and is always made up of hairs of circular or widely ovoid shape and
never with the square type of Small-hair, It may be carried by a short-
coated parent of “4” type whose hair shapes are mixed.

Seeing that the two types of pelt “4" and “B" are distinet and
differ in several characters, it becomes of intervest to observe in what
manner, if at all, either is inherited—whether as a unit character or
otherwise. The evidence is derived from the examination of Hurst’s
sertes of skins, the genealogical relationships of which are shown in
Figs. 22-24, and as these were derived from rabbits bred without any
reference to the “4" or “B" type of pelts, or the shape of hair sections
in general, it is unfortunately scanty and insufficient. It is possible,
however, to draw the following conclusions :

1. Type “A" is dominant to type “8," whether the “A" is a short
or a long coat. The evidence for which is: (a) The “B" type can be
carried by short-coated parents heterozygous for long coat and will
segregate out therefrom. See Fig. 22, matings 8 x12 and 5 x 12,
(b) The “B" type occurs as a result of the mating of a rabbit with a
long-coated “A" pelt presumably heterozygous for “B” with a son of
the same whose father was homozygous for an “A" type of short coat.
See Fig. 23 (p. 206), mating 3 x 10. (c¢) The “B" type occurs as an F,
from a mating in which one of the original parents is an Angora HL: oo
type and the other a short-coated “ A" type. See Fig. 22, mating 8 x 10.
(d) The two Angora parents Nos. 2 and 3 of Hurst's were mated, but of
the offspring one skin was alone preserved, the coat of which is of the
“B" type. The parent No. 3, both from its behaviour in other matings
and from the character of its own hair sections, is clearly heterozygous
for “A" and “B,” which strengthens the inference that the “B" type is

recessive,
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2, The “B” type can only be found in long-coated rabbits.

3. It may be associated with any colourand with the Duteh patbern,
Of the twelve “B” coated animals in Hurst's collection, six are white,
two are black, two are grey, and two are black Duteh.

The heterozygous forms may be met with in cither long or short-
coated animals. Ifin the latter theve is no distinetive sign in the hair
shapes which betrays the presence of the recessive “B" type, “d” is
completely dominant. On the other hand, if the Small-hairs are uni-
formly square as in No. 4, Fig. 7, then there is good reason to believe,
as will be seen later, that such a short-coated animal does not carry the
“B" type at all.

The Angora heterozygons for “A" and “B” types of pelt may be
recognised by the examination of the cross section of its hairs af skin
level. In such sections (Figs. 8 and 9) there may be found, besides those
Contour-hairs typical of “A,” perhaps 5°/, of those peculiar to *B,” whilst
of the Small-hairs a very considerable portion will be more or less
circular as is common in the “B” type. If however an animal is exhibiting
the Duteh pattern besides being heterozygous for “4” and “B,” then
churacteristic changes may fake place which will be described later.

Unfortunately no mating was made between two “B” type Angoras.

The “B” type is not peculiar to Hurst's series, nor is it probable
that it arose spontaneously in his stocks, for the writer has found two
examples of it amongst the stock of a fancier which was presumably un-
related to that of Hurst's.

The Shapes of the Transverse Sections of the Small-hairs.

So far we have dealt with types of fur involving several characters
in both the Small and Contour-hairs, It remains now to deal with the
oceurrence of various types of hair shapes and their inheritance, The
part of the hair considered is that most proximally situnated on a level
with the skin.

Three types of sections are to be distinguished : () square, () round,
and (¢) oval.

The square type of Small-hair sections was found in one of Hursts
original Belgian Hare parents, No. 4 (Fig. 7). The type is characterised
by the rectangular shape of the sections, indeed as the sides are more or
less equal, the majority of the hairs are definitely square in outline,
The outstanding feature is the sharp angularity of the sections to which
the hair scales, here more strongly developed than elsewhere, lend

emphasis.
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The square section has been found pure in short coats only. In the
long-haired pelts, only a small minority of the hairs are ever square
except in the case of Duteh coats to be deseribed.

The square type is recessive to both round and oval, althongh in the
dominant form it is always possible to distinguish a few square sections
(Fig. 5). '

A pelt in which all the Small-hairs were pure “squares” was found
in the F, generation in one instance only, viz. No. 31 (Fig. 22). It
was derived from the grand parental mating of an animal heterozgygous
for oval and square section shapes with another homozygous for
round respectively. When the two Belgian parents Nos. 1 and 4 (Figs,
b and T) were mated, one of the three offspring possessed a pure
square typed section, the remaining two were like the No. 3 parent,
mixed,

The round type of Small-hair is found in both long and short-coated
rabbits: it is very closely associated with the “B” type of long coat. It
is not always easy to distinguish this type in short coats from the next,
or oval type, but in long coats when it is present, the almost perfectly
round section of the Small-hair is readily recognised,

When the round and square types are mated, the F, is oval, Fig. 10,
though a few rounds and a few squares may be still found. In the F,
generation the round type, unmixed with others, has been found in the
long but not in the short coats in pure form.

The oval type of Small-hair section is an elliptical one in which the
long axis is almost one and a half times the length of the short axis
(Figs. 6 and 10). It is to be found equally in both long and short coats.
A few examples occur where the oval type is quite pure but in most
cases diligent search will discover not only some circular types, but also
some squares (Fig. 9). This indeed is to be expected, seeing that the
oval type is certainly dominant to both round and square,

It is worthy of note that whilst in the wild rabbit the oval type is
the predominant one, yet in all of the four wild rmbbits examined, both
rounds and squares in varying degree were observed.

A point of considerable interest is the relation of the *B" type of
pelt to the three kinds of hair section just described. Of 12 “B” type
skinsin the series examined, 11 possess Small-hairs which are all rounds—
using this term to include forms which, whilst not quite circular, are yet
not so ellipsoidal as to be included under the term oval. In the twelfth
skin, No. 33, however, there are to be found about 10°/, of squared forms
and the same quantity of ovals. The shape of the Contour-hairs in this
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pelt is normal but it is noteworthy that the relation of Contour to Small
is down to about 1 : 40,

Inasmuch as square is recessive to round and oval, and the “B” type
i5 correlated with round hair sections, it is not probable that this type
of coat, thongh itself recessive, should ever be ecarried by an animal pure
to =quare-shaped hair section.

There would seemn to be, therefore, a very close relation between the
“B" type of pelt and the roundness of the Small-hair sections. It may
be that in the presence of the “B" type, the dominance of the round,
rather than the oval form of Small-hairs, is assured.

The Dutch Pattern and its Relation to Hatr Shapes.

It will be remembered that in Hurst’s experiments there appeared
in the F, generation rabbits with well L[evelupm] Duteh markings,
although neither of the original parents showed any trace of such
character. Indeed they were known to be pure bred for many genera-
tions, each to its own type, viz. White Angora and Belgian Hare. Hurst
showed that the pattern factor had been smuggled in by one of the
Angora parents, viz. No. 3. In the F, derived from the cross between
No. 3 and the square-haired Belgian Hare No. 4, it was noticed that
fonr out of five of the F, family had small patehes of white on the
shoulders. The extent of the patch varied from a single pencil of
white hairs on one shoulder to patches four square inches in extent on
both shoulders.

It occurred to the writer that it might be of interest to examine the
shape of the transverse sections of thé hair in the white shoulder patches
in these F, animals. The Contour-hairs exhibited no difference, and the
remarks that follow refer to the Small-hairs only. The result, indeed, was
rather surprising, for whereak the dark hairs in one, No. 9, of this series
was almost completely and regularly oval, the white area was to a con-
siderable extent covered with square-shaped hairs. In a brother, No. 10,
in whom the white patches reached their largest expansion, there was
no appreciable difference, the square-sectioned hairs forming about
10°/, of the whole both in the dark and the white areas. In a third,
No. 8, whose white patch consisted of a mere tuft of hair on the left
shoulder, it was found extremely difficult to determine whether a change
in shape had taken place or no, for the hair on this pateh was under-
going a mp]d monlt quite independently of the remainder of the coat.
The impression conveyed, however, was that there was no differentiation
towards squareness of section at the extreme base of the hairs. It was,
however, clear that in the F, series some differentiation of hair character
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was taking place and that this differentiation was not present in all, nor
did its degree vary divectly with that of the white patching, The F, series
yielded more definite results. In Fig. 24 is shown the breeding of the
Diuteh marked rabbits of Hurst's series. There were fifteen fully marked
Dutch, including No. 51, which was a pure bred Dutch, and seven
“marked " rabbits including Nos. 62 and 63 offspring of No. 50, and a
Silver Fawn No. 47, and No. 82 the offspring of another Stlver Fawn by
No. 51. Nos 46, 47 and 51 were introdueed from without

Four of the Dutch were long-coated and two of them, No. 200 and
No. 41, were of the pure “B" type, neither of which showed the slightest
difference between the structurve of the hairs in the white as opposed
to the dark areas. Rabbits Nos 1032, 113, 116 and 121 were small and
immature, and although some showed certain evidence of differentiation,
such evidence derived from the consideration of the infantile coat cannot
be regarded as of definite value in considering the changes apparvent in
the adult. The same in a lesser degree applies to rabbits Nas. 92 and
85, both but three-quarters grown, and the section of whose hair shows
a very considerable majority of them to be still immature. OFf the
rematning members of the series, Nos. 54, 40 and 94, all displayed
striking differences between the character of their hair shapes in the
white and black areas of their coats.

It will be best to consider these separately in some detail. No. 54
15 an Angora Duteh, the dark hairs, Fig. 14, are nearly all rounded with
small medullas and thick cortices, though a few small square forms oeeur,
The Contour-hairs are thick, rounded and eontain one or two medullary
avities ) the impression conveved by an examination at this level is
that the pelt is of a * B” type (compare Figs. 2 and 11). Mareover, the
ratio of Contour to Small-hairs is 1:50, the characteristic “ B" ratio.
If, however, the dark hair be examined at stages progressively distal
from the skin, the character of the hairs soon alters: the Contour-hairs
become more numerous and gradually iake on all the “A4” type
characters, whilst the Small-hairs become flattened in the manner
already described as eommon to the “A” type. In fact, what has
oceurred would appear to be a reversal of the usual dominance of the
“A" over the “B” type in an animal heterozygous for “4A" and “ B
And that this has shown itself in the lower part of the hair, and that a
gradual restoration of the dominance has taken place in the more distal
portion. The white area of the coat is covered by hair of an outspoken
“ 4" type, see Fig. 15. Here the ratio of Contour to Small is 1:20, the
normal “4" ratio, A further outstanding difference is that the Small-
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hairs of the white are sharply square in seetion and for the most part
the medullas are big and square and the cortex much redueed. Whilst
the arca of the individual fibre is much greater than the corresponding
hairs of the dark avea, the character of the Contour-hairs for the most
part is that of the “A” type, thongh some sections are reminiscent of
those seen in “B” type pelts, and the dark haived portions of the
satne coat,

Besides the differentiation of “A" and “ B" types there is here a
further differentiation of round and square shaped Small-hairs, so that
the “squares” oceur in the white and the “rounds” in the dark areas
of the skin. In addition, the Small-hairs of the white area are modified
in size and structure as compared with the white hairs of the white-
coated and Himalayan rabbit, whether long or short

No. 40 is a short-coated Duteh. Here there is no question of a
differentiation affecting “ A" and “B” type as this pelt, like that of all
short-coated rabbits, is unquestionably of the “A” type throughout.
However, the Small-hairs of the dark and white areas contrast very
forcibly. In the dark area, Fig. 16, the sections are, for the greater part,
rounded and oval, with medium to small-sized medullas, whilst in the
white area the hairs are all square in section, of large area, with big
square medullary eavities and thin cortices. It will be noticed that a
faw square forms are to be seen in the dark arca, which would seem to
show that the animal is in fact heterozygous for both rounded and
squared section hairs and that a more or less complete differentiation of
the two takes place in the two areas of the coat.

No, M4, Figs. 20, 21, presents a very similar picture to that of No. 40.
The differentiation between round and square typed sections in the dark
and white areas respectively is as definite, whilst the larger size of the
white hairs with their large square medullas is rather more evident.

Before passing to any discussion of the facts, attention must be drawn
to No. 31, Figs. 18 and 19, a pure bred Duteh rabbit introduced from
without. Repeated examination showed no distinction to exist between
the hairof the white and dark areas. In both, square and oval forms are
equally mixed but the latter, whether in the dark or white areas, are
neither larger than the round, nor are they furnished with the big
square medullary cavities which have been described in the preceding

examples,
A daughter, No. 82, of this Duteh out of a Silver Fawn 46 (Fig. 23)
was heavily Led with white on the shoulders, but here, as in its

father, no differentiant was observed. Further, in the adults Nos. 62
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and 63 (Fig. 23), the offspring of another pure bred Silver Fawn and of
a “B” type Angora white derived from the same stock as the original
Angora parents of Hurst carrying the Dutch factor from its mother,
No. 3, the hairs in the white areas showed no distinetion of any kind
from those in the dark.

The differentiation which has been observed is obviously dependent
for its exhibition in any animal on the co-existence in the same of ab
least one factor for the Dutch pastern, or perhaps more correctly, the
absence of one or both factors for self pattern. But it is clear that if
this differentiation is due to a factor which we may call “ D" that this
latter is not identical with that for Dutch pattern, nor is it carrvied
by all Dntech rabbits. In the F| family it was seen that not all the
“marked " members evidenced this differentintion, whilst in the F, series
it was only present in 3 out of 10 (excluding the immature),

It is practically certain that the factor came in with the White
Angora No. 3, for whilst No. 10 shows no differentiation itself, yet when
mated to No. 3 (Fig. 24) one of the two offspring shows the differentia-
tion in its most characteristic form. Without d iscussing whether the
differentiation should more properly be considered as due to an inhibitor
of normal development rather than the presence of a differentiating
factor we may call “D." There is evidence which suggests that the new
and disturbing gene probably acts as a dominant when oceurring in
conjunction with that for “Dutch” pattern. Thus from the mating 51 x 3
(Fig. 24) a strongly differentiated offspring arose which conld not have
happened had absence of the differentiating factor been dominant
over its presence, for No. 51 is the outside Dutch in which no differ-
entiation was observed either in its own pelt or in any of the four
offspring derived from the two other matings shown in Fig, 24 in which
i} participated.

It is unfortunate that the chief male F', parent that has been used is
No. 10 because this animal, as has been already observed, although the
most marked with white of all the F, series, is yet quite undifferentiated
as regards hair shapes. Three matings were made, 7 = 10, 8 % 10, and
9 x 10 (Fig. 23). The first two matings produced ten young, of which
four were Dutch, none of which were differentiated ; the latter mating
produced seven young (Fig. 21) of which only one was Datch and was
differentinted. These facts all tend to strengthen the view that No. 10
is itself free from the factor “D” and that No. 9 contains it, and that
the factor “D" is, in the presence of the Dutch pattegn, a dominant
character.
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Two of the Duteh rabbits were Angoras of the * B" type of pelt,
and in neither was there any differentiation, whilst it is possible that a
complete incompatibility exists between the factors for the “B" type
pelt and that for differentiation of hair shapes, on the other hand the
“B" type has no true square forms which might be segregated fo any
particular part of its pelt. It is clearly impossible, in view of the
inadequacy of the numbers, to do more than speculate on the possible
characters of a differentiating factor such as has been suggested,

The outstanding differences of shape, medulla and cortex which
exist between the hairs of the white and dark areas in the three eases
already deseribed, suggest that something more is involved than a
separation or sorting out of hair types in the phenotype, that the provess
iz mueh more in the nature of a modificution than a somatic segregation.
This view is further borne out by the changes that were found in No. 54
where apparently there was a differentiation highly suggzestive of a real
segregation which condemned the “B" character pelt and the round
hairs to the dark skin areas. and the “4" type and square hairs to the
white ones. Yet when the dark hairs were examined along their length
serially, it was found that no separation of “A” and “B" types had in
reality occurred, but that a structural modification of the proximal ends
of the hair had been effected, giving rise to the appearance of a L
type pelt. If the dark hairs alone be considered, it could be said that in
this case the normnal dominance of “A” over “B” had been partially
suspended during the latter part of the hairs growth, but in view of the
fact that the white hairs are also mueh modified, it would seem more
reasonable to regard the change as due to some factor which, in the
presence of that which produces Dutch, can effect a struetural modifiea-
tion of the hair of the white area and, if the factor for the “B" type
pelt be present as well as that for the “A." that of the dark hairs also.

(Onslow? has shown that recessive white coloration 15 doe to the
absence of the enzyme unit of the pigment-producing system, as opposed
to dominant whites which are due to an inhibitor.

It wonld have been of interest had it been possible to establish any
relationship between the phenomena here described and that of eolour.
The white hair of “A " and “B" type are different in structure (Figs. 8
and 11) vet both are recessive. A short-haired albine, also recessive, was
found to be different from either, being indeed identical with the normal

! Onslow, H., “ A contrbution to our knowledge ol the Chemistry of Coat Coloor in

Animals and of Dominant and Recessive Whiteness,” Proe. Roy. Soc. Series B, Vol. nxzzm.
p. 36, 1015-1017.
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short-conted type seen in Fig. 10. The Himalayan, another recessive
form of white, is similar to the last.

Three coats, two black and one tortoiseshell, of the “ English " breed
of rabbits were examined, but no difference whatever was found between
the shape and strueture of the hairs of the black and white areas, both
in all three being similar in all respects to that shown in Fig. 10. The
“English ™ pattern is a dominant form of white and its behaviour was
identical with that of the recessive whites, excepting only the three
Duteh rabbits which have been described. There is thercfore no reason
to associate diffeventiation of structure with either recessive or dominant
form of albinism.

The three differentiated Duteh pelts belong two to one sex and one
to the other. Two are full black * Duteh ™ and one dilute, so that there
is no suggestion of an association of hair structure differentint 1om either
with eolour or sex.

Attention has already been drawn to the fact that all hairs in “A4”
type pelts become flattened towards their distal parts, the seetion
becoming definitely rectangular between one quarter and one half an
inch from the skin level, see Fi gs. L and 2. This Hattening is distinet
in degree, but possibly not in kind, from that observed in the white areas
of the differentiated Dutch rabbits. The distinetion is that in the latter
the hair section is more or less completely square, whilst the fAattened
one is rectangular with the shorter side about half that of the larger.
Again, in the former the angles are sharp, and in the latter, rounded.
On the other hand, the open medullary cavity and the thin eortex are
common to them both. The normal flattening occurs equally in dark
and colourless hairs, but the change which has been observed in the three
Duteh rabbits might perhaps be considered an aberrant phase of the
normal process which affects the white haired areas only. Whether this
suggestion is a valid one or not, it still fails to account for the delayed
dominance of the “A " over the “B" type in the dark areas of the skin
of the No. 54 Dutch,

The new facts adduced in this paper as regards hair type and
differentiation of hair shapes may be summarized -

1. There are two distinet types of fur in the rabbit, designated in
this paper as “ 4" and “B" types.

2, “4” is common to the wild and all short-coated rabibits, and in
addition it is found in some Angoras.

3. There is no correlation between either of the two types and coat
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colour or other distinetive patterns recognized by the fancier or with
20X.

4. “B"is a type exclusively found in some long-conted rabbits,

5. There are three shapes commmon to the transverse sections of the
Small-hair at the skin level, square, round and oval.

6. The square type is recessive and ecan ocenr pure, the round type
is dominant to the square and was found pure only in relation to * B"
type pelts ; the oval is the form most in evidence in the wild rabbi, and
is the normal dominant form in short coats,

7. In certain rabbits exhibiting the Dutch marking transverse sec-
tions of the Small-hairs in the white areas are found to be of a square
shape, and that in the dark of a round or oval. This condition is to be
found on both short and long-coated Dutch marked animals.

8. In one instance where the Dutch pattern was developed in an
animal, heternzygous for square and round hair seetion, as well as “4”
and “B” pelt types, a differentiation took place so that the white area
presented entirely different hair characters from that existing in the .
dark portion.

9. The differentiating factor, whether heterozygous or otherwise, is
able to influence the hair shapes much more completely in an animal
which is pure for the Duteh pattern factor than in one which is hetero-
zygous and which only exhibits the presence of the factor by the
“ marking ” on the shoulder. :

10. The suggestion is made that the extreme looseness and elasticity
of the ordinary rabbit pelt in life is associated with the physiological
requirements of the hair follicles, which at certain recurrent phuses of
the coat's growth, must accommaodate hairs the transverse area of which
is as much as tenfold that of the same when fully grown.

1t would have given great pleasure to the writer to invite Major Hurst
to allow hiz name to be associated with his, in the |:mrluction of this
paper, but inasmuch as the former is entirely innocent of the unexpected
findings and their interpretation, it was not felt to be just to put forward
a request, the granting of which, whilst it would have assured the writer
much moral support, would have burdened Major Hwrst with an un-
merited responsibility. The indebtedness of the writer to Major Hurst
for the free use of the material employed is indeed great, and his most
grateful thanks are here recorded.
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Fig, 1, Transveree sections at sucecssive levels of Small, Primary, and Secondary Contour-
hairs in the normal * 4 ' type short-conted rabbit,

Alove the half inch level from the skin it is impossible to distinguish with any degree of
aceoracy the Primary from the Secondary Contonr-hairs.
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Fig. 3. A teased out hair follicle from the coat of a short-coated rabbit of the
Flemish breed.
A =Primary Contour-hair, I = Secondary Contour-lair.
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Fig. 4. Burface views of Primary (A) and Secondary (B} Contour-hairs at
sneceseive distances, measured in millimetres from the skin level.
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Fig. 5. Transverse section of hair, at the level of the skin, from the eont
of Belgian Hare, No. 1 of Hurst's series.

The Small-hairs sre mixed, oval and squave, The Fur Type is ** 1.7
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Fig. 6. Transverse section of hair, at the level of the skin, from
the coat of o Wild Rabbit,

The SBmall-hairs are of all three types, round, oval and squars.

The Contour-hairsare in general those peculiar to the * 4"

type pelt, but the central one with 3 medallary chambers
is suggestive of the " B " type.
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Fig. 7. Transverze section of hair, at the level of the skin, from the coal
of Belgian Hare, No, 4 of Hurst's seriee.

il‘he Small-hairs are uniformly rectangular or ** square.” The Fur Type is ** 4.

Fig. 8, Transverse section of hair, at the level of the skin, from the
goat of White Angora Rabbit, No. 3 of Hurst's series,
The Small-hairs are oval and round. Fur is of the 1“4 " type, but
one Contour-hair, more rounded than the others, {8 suggestive
of the * B™ type, for which this animal i heterozygous,
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Fig. 9. Transverse section of hair, at the level of the skin,
from the coat of the Rabbit, ¥o 8 of Hurst’s series,

In this group certain * squarish * forme oceor, Compare Fig. 8.

Fig.10. Transverse section of hair, at the level of the skin, from
the eont of Babbit, No. 7 of Hurst's serias.

The Fur Type i ** 4," the Bmall-bairs are of the typical oval type

found in the great majority of all breeds of short-coated
Habbita,
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Fig. 11. Transverse section of hair, at the level of
the skin, from the coat of tha Whita Angora
Rabbit, No. 2 of Hursl's series.
. The section illostrates the typical * B " type of pelt,
with its round, Small-bairs and simple Con-
tour-hairz.
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Fig. 12. 53 D. Fig. 18. a3 1r.

Figs. 12 and 13. Traneverse gections of bair, at the level of the skin, from the coat of the
Dutch Angora Rabbit, No. 53 of Hurst's series. Fig. 12 from the dark, Fig. 13
from the white area. The type is ** 4," possibly heterozygons for * B." There is no
differentiation of hair shapes or for types.
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Fig. 14. 54 D. Fig. 15. 54 W.

Figs. 14 and 15. Transverse sections of hairs, at the level of the slin, from the eoat of the
Datch Angore Rabbit, No. 54 of Hurst's series. Fig, 14 from the dark, Fig. 15 from
the light aren. There is a differentiation both ga regards Fur Type and hair seotion,
the dark hairs being round and the fur of “ & type, the white square and the fur of
A" type
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Fig. 16. 40 D, Fig. 17. 40 V.

Fige. 16 and 17. Transverse sections of hairs, at the level of the skin, from the coat of the
Duteh short.coated Rabbit, No. 40 of Hurst's series, Fig. 16 from the dark, Fig. 17
from the white area.

There is differentiation as to bair section, the gval types being predominant in the dark

ares, whilst the light contains only square forms with large medullas. There is no
differentiation of Far Type, which is al] © 4"
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Fiz. 18. 51 D. Fig. 19. 311V,

Figs. 18 and 18. Tranaverse gections of hair, at the skin level of the coat, of the Dutch
Angorn Rabbit, ¥No. 51 of Huret's =eriee. Fig. 18 from tha dark, Fig. 19 from the
white area,

There is neither differentintion of fur type nor bair =ection in this case.
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Fig. 20, 94 D, Fig. 1. 9417,

Figs, 20 and 21. Transverse sections of hair, st the skin level, of the coat of the Dutch
short-coated Rabbit, No. 94 of Hurst's series. Fig. 20 from the dark, Fig. 21 from the
white area,

There iz a differentiation of bair shape in this case, the dark hairs being predominantly
oval, the white almost exelugively square, There is no differentintion of Fur Type,
which is * 4.7
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i P of Hurst's seriea,

~ The Angora-coated rabbits are shown as circles with a double contour; the shori-conted

= ones as plain numbers,

- The *“B" type coats are shown as solid contours, the **.{ * types as open donble eontours,
‘anl those 4 * types known to be heteronygous for ** B " ps open nhova nml solid

I%v No. 24 marked with a (?) was not available for cxamination,
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Fig, 24, A chart showing the pedigree of the Dutch and ** marked
rabbits of Hurst's series,

The Angora-conted animals nre shown with double or salid eontours as in Fig, 22,
The single contours represent rabbits with short coats,

4 black triangle at both poles of the circle indicates o rabbit homozygons for the
Duteh pattern and fully marked, whilst o trisngle at the lower pole only,
indicates n rabbit which it heterozygous for the Duteh pattern buot which
miay, however, be “*marked " with white on the shoulders.

The letter ** D" at the centre of the cirele indicates o rabhit which iz differen.
linted as to its hair cbaracters in the dark and light areas respectively. The
letter * d ** indicates completo absence of such differentistion, and the sign ?
that ite absence is not definitely proved either beeause of tha absence of any
white aren as in No. 7 or because of the immatority of the coat ns in
Nos. 103, 113, 116 and 191 or, finally becanse of a localized moult in pro.
gress, as in No. 8.
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THE MALE TORTOISESHELL CAT
By RUTH C. BAMBER, M.Sc. (Mrs BISBEE).

Ix 1920 Professor Donecaster published a paper in the Jouwrnal of
Genetics(1) in which he suggested that the occasional male tortoiseshell
cats which unexpectedly appear, may perhaps be explained in the same
way as the freemartins amongst cattle.

Female tortoiseshell cats are common: they are apparently the
heterozygous female progeny of parents carrying the factors for black
and yellow respectively. The corresponding male progeny of such parents
are yellow, but that they are heterozygous is beyond doubt as shewn by
their behaviour in'breeding : very rarely, however, they are tortoiseshell.

The tortoiseshell colouration is not a sex-linked character in the
usual meaning of the term. The factor for yellow is apparently sex-
linked in the male but not in the female. The eross yellow male x black
female gives tortoiseshell females and black males ; whereas the reciproeal
eross, yellow female x black male gives yellow males and tortoiseshell
females: also a tortoiseshell female crossed with a black male gives
tortoiseshell females, yellow males, and black males and females. From
this it appears that the yellow males and tortoiseshell females are both
heterozygous, but in the male yellow is dominant to black whereas in
the female it is incompletely dominant.

Nevertheless, occasionally a tortoiseshell male appears, and, to account
for these exceptions, several suggestions have been put forward along
the lines of failure of sex-linkage, non-disjunction, ete.(2).

Last year Professor Doneaster suggested an explanation along entirely
different lines. He had previously(3) recorded the fact that male tortoise-
shell cats are usually sterile, and he conceived the idea that these males
are possibly females which have been turned during development to the
male condiiion, in the same way as the freemartin,

In cattle, when a male and a female are born as twins, the female,
called a freemartin, is often imperfect sexually, shewing varying degrees
of maleness and femnaleness in different cases, F. R. Lillie(4) has shewn,
beyond question, that the freemartin is a female which during develop-
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ment has been intimately associated with a developing male due to con-
Huence of blood vessels in their fused chorions. He suggested that this
fusion of blood vessels allows hormones from the male embryo to pass
mnto the female embryo, and so to inhibit the development of femaleness,

Professor Doneaster suggested that a similar confluence of blood
vessels may ocenr in cats and may account for the tortoiseshell males,
these having been turned even further towards the male condition than
is the case in the most male freemartins, but usually not far enough to
be fertile males.

Simultancously with the publication of this suggestion he began an
examination of all pregnant female cats available. He had examined
fourteen when he died, and 1 have continued his observations up to the
present time. Altogether, seventy cats have been examined, giving a
total of two hundred and fifty-three kittens, and so far no case of con-
Auence of blood vessels has been found, There have been two cases which
could not be reported on with certainty. In one there was a slight
attachment of the chorions of two adjacent embryos, but unfortunately
it was impossible to settle definitely by injection whether or not the
bload vessels were confluent, for by an accident the kittens were moved
in my absence and the two had separated. The area of attachment was
carefully examined under the microscope and shewed no break anywhere.
It 1s almnost certain that this was a ease of simple adhesion and not of
fusion. In the second case two nearly full time embryos were so tightly
packed in the uterus that one was pushed under the placenta of the other,
carrying the two chorions before it. The chorions were here so closely
adherent that, as the specimens were not fresh, but had been preserved
in formalin, it was impossible to say with certainty that there was no
fusion. However, several similar cases have been found in fresh speci-
mens where there was certainly no fusion, so that it is probable that in
the formalin specimens it was again a case of simple adhesion.

There seems to be no reason however why this adhesion should not
occasionally be carried a stage further, giving fusion and thus confluence
of blood vessels. Tt can only be said that at present we have no record
of such confluence.  Lillie, discussing the probability of eonfluence oceur-
ring in other groups than cattle, remarks that * the highly localized ™
type of placenta found in carnivores makes it unlikely that confluence
oceurs in that group. But the chorion is very vascular quite outside the
placental region, and fusion of the chorions apart from the actual pla-
centas could conceivably give a large degree of confluence of the two
embryonic blood streams. There seems no reason however why the
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placentas themselves should not sometimes fuse, for they are by no
means always in the typical central position on the chorions, being very
often nearer to one end than the other. Sometimes the placenta oven
forms a cap over one end of the chorion, particularly where it is pressed
against the distal end of the uterus. If pressure induces this condition
fusion of the placentas of adjacent embryos is not at all unlikely. How-
ever it has certainly not been found, and at present the parallel between
the torteiseshell tom eat and the freemartin remains an open question
until further observations throw more light on the subject.

Tt seems possible however that the tortoiseshell male may still be a
case of sex reversal quite apart from confluence of embryonic blood
streams. Recentwork by Riddle on pigeons(5), and by Goldschmidt(6) and
Harrison(7) on moths has bronght to light the fact that, apart from any
possible conneetion between male and female embryos through fusion
of foetal membranes, certain fertilized eggs, apparently predestined by
their chromosome content to develop into one sex, ean be made to develop
more or less completely into the opposite sex. It has also been shewn
that animals are not quite so sharply separated into males and females
as has been commonly believed, but that there are degrees of maleness
and femaleness.

Riddle has shewn that in pigeons “ generie crosses produce from their
‘stronger’ germs—those of spring and early suinmer—nearly all males,
If howevér the birds of such a generie cross be made to “overwork ab
epg production '—i.e. if their eggs are taken from them as soon as laid,
and given to other birds for incubation—then the same parents which in
spring threw all or nearly all male offspring may be made to produce all
or nearly all female offspring in late summer and autumn.” Riddle’s
evidence against selective maturation seems sound, and one 18 almost
forced to the conclusion that some eggs, which normally would have de-
veloped into one sex, have been induced by special circumstances to
develop into the opposite sex.

Moreover amongst the females Riddle finds a series ranging from
those which, though females mmtumicﬂ]l}r, are distinetly male in instincts
and relative weights, to those which are excessively female, even to the
extent of retaining both ovaries in the adult, whereas only one is nor-
mally present. When judged by weight the males gave a similar series,
but apparently were too pugilistic to give evidenee in regard to instinet.

It seems clear that not only may a “ predestined " male become a
female, or vice versu, but also that there are varying degrees of maleness

and femaleness.
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Now in the light of these facts it seems possible to aceount theoreti-
cally for the tortoiseshell male eat, even apart from confluence of em-
bryonie blood streams. There is no evidenee, so far as I know, to suggest
that the eause—whatever it may be—which is able to reverse the sex
of the embryo completely or partially in birds and in moths eannot also
work in mammals, If by this ageney a fertilized cgg which would nor-
mally develop into a tortoiseshell female, be turned from its original
“intention ” and transformed into a male, then the unexpected tortoise-
shell male eat would be produeed, just as he might be by hormones due
to confluence of blood vessels during development. Also it is equally
coneeivable, on either hypothesis, that he might be sterile—aus is known
to be often the case—due to the interference not having been quite
strong enough to overcome entirely the original female tendeney.

If the tortoiseshell males be comparable to some of the animals in
Riddle’s series, whose sex has been reversed (or less closely to Gold-
schmidt’s intersexes), one would expect to find a tendency to produce
unisexual families in those strains in which they oceur. I have not been
able to obtain very full information on this point, but the following facts
seem significant. Of the four or five tortoiseshell males whose records
are available, one was produced by the eross black female % yellow male,
and this black female had previously, by different sires, produced only male
kittens. By this sire she produced one tortoiseshell male, one tortoise-
shell female, and a black kitten of unknown sex. Two other tortoiseshell
males are recorded! from the mating tortoiseshell female x yellow male
and in each ease every kitten in the litter was tortoiseshell : it follows
therefore that in each case every kitten except the recorded tortoiseshell
male was a female. If the records of these last two males are to be
trusted, they could not, of course, possibly have arisen due to confluence
of blood vessels, as in neither case was there a male in the family with
which they could have been united during development. The three
records given above provide dangerously scantly evidence, but so far as
it goes that evidence supports the hypothesis here suggested that the
tortoiseshell males are due to some eause within the fertilized ege,
tending to reverse the sex of certain individuals, and so to produee, in ex-
treme cases, unisexual families, as in Riddle’s pigeons and Goldschmidt's
and Harrison's moths?,

There are however two separate possibilities to be kept in view. Is
! Fur and Feather, May 10, 1912,

* Lfind that Professor Dakin, thinking along scparate lines, bas concluded thal possibly
the tortoiseshell male may be comparable to Goldsehmidt's intersexes.
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the tortoiseshell male necessarily always a female turned more or less
completely towards the male condition, or may he be sometimes a male
which has been turned slightly towards the female condition—enough
in most cases to make him sterile, but never enongh to mask his essential
maleness ?

The answer to these questions seems to depend on the exaet Men-
delian constitution of a yellow male, a tortoiseshell male and a tortoise-
shell female,

There is no evidence that a tortoiseshell male 1s different from a
vellow male in his Mendelian factors. There is, however, very little evi-
dence to shew how a tortoiseshell male transmits factors to his offspring.
Fertile tortoiseshell males arve very rave, and when they do oceur they are
nearly always mated with tortoiseshell females in the hope of obtaining
other tortoiseshell males. This mating does not test the constitution of
the male. There is only one doubtful record of the mating of a tortoise-
shell male with a black female, whieh is of course the one required, and
this gave the same result as the eross yellow male x black female. If
ever I am fortunate enough to find a fertile tortoiseshell male I hope to
test the matter more thoroughly, At present the very slender evidence
from breeding suggests that the yellow male and the tortoiseshell male
behave alike in the transmission of factors to their progeny. In origin
they are also the same, with onc exception. Tortoiseshell males are
recorded from the cross black male x tortoiseshell female and from
yellow male x tortoiseshell female: yellow males are also produced from
these matings. There is however one record of a tortoiseshell male from
the eross yellow male x black female. A yellow male could not have
been produced fram this mating apart from a breaking down of sex-linked
inheritance, and it has been suggested(8) that this breaking down
is the cause of the tortoiseshell male. In regard to the tortoiseshell
female it seems almost certain that she has the same constitution as the
yellow male as far as the factor for yellow is coneerned (both arise from
the eross, yellow female % black male), but whether the complete domin-
ance of yellow over black in the male, and its incomplete dominance in
the female is due to some other sex-linked enlour factor, or whether it is
due to the different physiological conditions of the two sexes seems un-
certain. If the female possesses some colour factor not present in the
male, then one 15 forced to conelude that if the tortoiseshell male is the
result of sex reversal at all he can only be a female turned to the male
condition and never the reverse. But may it not be possible that the
tortoiseshell colour of the female and the yellow colour of the male are
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simply the result of different reactions of the same Mendelian factors to
the different physiology of the two sexes? The male physiology may
be favourable to the dominance of yellow over black, and the fomale
physiology not so favourable. If this be possible, then a tortoiseshell
male may equally well be a male with a very slight female tendency, or
a female turned almost entirely to the male condition. In either case he
would be a “not very male male,” and this may account both for his
characteristically female colouration and for his usnal sterility®.

In other eases where a character usnally found in one sex appears in
the opposite sex the animals shewing this abnormality have also been
shewn to be sterile®, e.g. birds and moths; and it is tempting to suggest
that these more normal cases of the apparent breaking down of sex-
linkage are also in reality examples of sex reversal. The unexpected
black female cats which oceasionally appear from the cross yellow
male x black female may also be accounted for in the same way.

The cause underlying this reversal of sex has deliberately not been
discussed here; but quite apart from any theory, the fact itself has been
unmistakeably demonstrated by Riddle in pigeons and by Goldschmidt
and Harrison in moths, and it is here suggested that the tortoiseshell
male cat is another example of the same phenomenon. Whether the
reversal in this case must always be from female to male, or whether it
can be in either direction, is not clear until further evidence throws
more light on the subject.
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POSTAXIAL POLYDACTYLISM IN SIX GENERATIONS
OF A NORWEGIAN FAMILY.

By ASLAUG SYERDRUP.
Universitetets Institut for Arvelighetsforskning, Christiania,

{With one Text-figure and Plates XV to XX.)
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Introduction,

THE material forming the basis for this investigation was kindly
given to me by Professor K. Bonnevie, Christiania, to whom I am also
greatly indebted for the valuable help rendered me during the work.
I wish also to give my thanks to Dr Thue and Dr Heyerdahl of “ Rigs-
hospitalets Réntgenavdeling,” Christiania, for providing me with the
radiographs necessary.

At the time the work was started the material consisted of radio-
graphs of the hands of a polydactylous young man (11321, P1. X VI, fig. 6)
and the information obtained from him concerning the distribution of
the abnormality in his family. The case seemed interesting because of
the peculiar and high development of the polydactylism in this boy and
also because of the great number of polydactylous individuals present
in the family. Later it was found that an account of the case had been
published by W. Magnus (1909) containing short descriptions of some of
the members of what is below described as line 1 of the family.

During the investigation great stress has been laid upon a personal
examination of as many members of the family as possible in order io
get an indieation of the variability of the character in question; second-
hand information is in this respect very unsatisfactory, the descriptions
always being vague and uncertain. T have succeeded in getting radio-
graphs and in part photographs of hands as well as of feet from no less
than 23 members of the family now living, 15 of whom were polydacty-
lous; further, two polydactylous individuals, who would not allow them-
Selves to be radiographed, have been examined and photographed. It
was found that the ]IJI'I.-‘d:lLt}’HSII'I in question is subject to much variation
and also that in certain cases it is associated with brachydactylism caused
by the shortening of the metacarpal and metatarsal bones,
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The distribution of the abnormality within the funily studied is
shown in the pedigree (PL XV) which has been constructed from infor-
mation supplied by members of the family, the relationship itself being
corrected and confirmed through the chureh registers. The polydactylism
has been traced back through six generations, the radiographs obtained
covering four gn_-]'ll_'-r.'ltiull.s. The twa branches of the family which in the
pedigree are marked as line 1 and line 3 contain the individuals wh:[ch
have been most thoroughly studied, most of the living members having
been personally examined and radiographed.

The members of the family are numbered in the pedigree after
the method used at “Universitetets Institut for Arvelighetsforskning,”
Christiania. The ancestress of the family is given the number 1; each
of her children is numbered according to his order of birth in his fraternity,
getting the numbers 1.1, 1.2, 1.3, ete. to 1.10; the offspring of 1.1 is
111, 1.12, ete. of 1.3, 131, 1.32, ete. The advantage of this method is
that new members of the family can always be entered without re-
numbering those alrendy present; it also at once shows the relationship
between different members.

Description of the abnormality studied.

The abnormality met with in this family is no elpareut case of multiple
fingers and toes, As mentioned above the palydactylism in question 15
in severul caszes combined with a shortening of the metacarpal and
metatarsal bones, this brachvdactylism also in o few cases ap];}cnring mn
hands and feet with 5 fingers and toes. The variation in the develop-
ment of the polydactylism itself is considerable and two different types
seem to be present; it has also been found that a certain relation exists
between the type of }m]}‘daci}“[isru and the appearance of the brachy-
r]aul}fﬁsju.

As a matter of convenience I shall deseribe the polydactylism and
the brachydactylism separately, although very little can be said with
certainty as to their genetical or anatomieal connection.

The Pulydactylism.

At first the most prominent feature of this material seemed to be
the uniformity in the development of the polydactylism, the affected
individuals originally met with all belonging to what is below deseribed
as type A. Later on, however, this appearance of uniformity proved to
be misleading, the polydactylism in reality exhibiting a great deal of
variation.
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Commeon to all eases examined is the postaxial development of the
supernumerary digits, which were always found at the ulnar and the
fibular side of hands and feet. Mostly both hands and both feet carry
six fingers and toes, in other cases the polydactylism is restricted to one
hand and both feet, or one hand and one foot, or only the hands and so
on. If the affection is unilateral it may occur on either side with equal
frequency.

The development of the extra digits, however, varies to a high decree
from a small wart-like appendage to a fully developed finger or toe
provided with a metacarpal, phalanges, and nail. A closer examination
ol this variation suggested that one is probably dealing with two different
types of polydactylism, although there is some intergradation between
them,

The two types, deseribed below as type 4 and type B, differ in several
respects but the main thing is that in one case, type 4, we find what is
probably a duplication of one finger, most frequently the fifth one, with
an equally strong development of both parts, whereas in the other case.
type B, the sixth finger is represented by a small appendage loosely
attached to the ulnar border of the hand. Examples of the two types
are shown in text-fig. 1, exhibiting hands from different members of the

L1322+ 1.131 %

LIS 7 LM 2
Text-fig. 1. Hands from different mewbers of the family stadisd,

142
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family. This classification has been used by different authors, for instance
by Bateson (1804), Lewis (1912) and Plate (1913) as a convenient method
of description. The following investigation scems to indicate that a
genctie difference between the two types really exists.

- Type A covers the most highly developed cases of polydactylism in
the family. The hands of the woman 1.13 (PL X VI, fig. 1) whose progeny
is represented by line 1, give a typical example of this kind of poly-
dactylism. The radiographs give the impression that an extra finger
has been inserted between the fourth and fifth fingers on both hands. It
i5, however, in cases like this dificult or impossible to tell which of the
fingers is to be regarded as the extra one; to my mind we are most
probiably dealing with a bifurcation of the fifth finger, in which case both
parts must be regarded as co-ordinate organs. What I think must be
rerarded as clear evidence of a bifureation of the fifth finger is found in
the right hand of 1.1321 (PL XV, fig. 6) where a dichotomously branched
first phalanx earries two fingers, each of which consists of two terminal
phalanges; the left hand of the small child 1.13251, shown in PL XX,
also points to the possibility that a bifurcation has taken place, only
in this case the fourth finger is the affected one; in all other cases of
this type the bones of the two most ulnar fingers are separate but the
hypothesis of bifurcation is strongly supported by the development of the
abnormality in the feet; a glance at the radiographs PL XVIII shows the
frequent occurrence of a dichotomously branched fifth metatarsal. This
apparent branching of the fifth finger or toe may be interpreted as in
reality due to a fusion of two originally separate bones, but I can see no
reason why this fusion should always happen between the fingers and
toes at the ulnar and fibular border of the hand and foot.

Plate XVI, figs. 1 to 9, show the range of variation within this type.
One is at once struek with the eompleteness and equality of the two
external digits whenever a left hand is affected. The appearance is as if
the fifth finger were represented by two equally developed straight
fingers, the inner of the two having only a short metacarpal. The length
of this incomplete metacarpal varies slightly, but otherwise all the
affected left hands are extraordinarily alike, with the exception of the
left hand of 1.135 where the bifurcation is limited to the third phalanx
of the fifth digit; but even here the equality is maintained; unfor-
tunately the man would not allow the photographs of his hands to be
published. The affected right hands, on the contrary, show a great deal
of variation. The incomplete metacarpal of this hand is liable to much
more variation; sometimes only a small head is present as in 1.134,
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fig. 5, whereas in other cases tne development of this metacarpal is more
like that found in the left hand. In one ease, 11321 [ PI. XV fig 6] the
radiograph shows a right hand carrying seven fingers, the seventh one
being very small but provided with three phalanges, A conspicnons
feature also in most of the right hands of this type is the erovkedness of
the finger at the ulnar border of the hand compared with that of the
left hand, This crookedness is plainly shown in the right hands of 1.134
and LIS21; it seems to be connected with the degree of bifurcation as
it is always most pronounced in hands showing a low development of the
incomplete metacarpal. In this connexion I may recall the ohservation
of Bond (1920) that in fowls heterozygons for extra toe the development
of these toes is commonly more complete on the left side.

As pointed out before in spite of this variability the hands of this
type show a great deal of uniformity. In all eases the two ulnar fingers
are strongly and equally developed; further a more or less defective
additional metacarpal bone is always present ; later on it will be shown
that the postaxially situated metacarpal in hands of this type is always
shorter than a normal fifth metacarpal—The fifth and sixth fingers arve
more or less united and cannot be moved separately.—Some of the feet of
the individuals belonging to this type are seen in PL XVITI, figs. 17-24.
The same bifurcation of the fifth digit as met with in the hands is
present here. The doubling may be more complete, giving six fully
developed metatarsals as in 1.131 and 1.134. More often the fifth meta-
tarsal is forked and each branch earries three phalanges; these two
-ariations may be met with in the same individual (see 1.134, fig. 20),
In a few cases the reduplication is limited to the phalanges only, the fifth
metatarsal not being affected at all.

Type B. During the further investigation of the distribution of the
abnormality within this family a different anatomieal type was discovered,
The hands of individuals belonging to this type are supplied with small
postaxially attached appendages having no bony connection with the hand.
In cases like this it is very easy to remove the superfluous limb and
I regret to say that only one case still exists in which an amputation of
the extra finger has not taken place. The hands of this individual
(1.1344) are represented in Pl XVII, fig. 18 and can also be seen in
text-fig. 1.

The supernumerary fingers are in this boy very small but are equally
developed and have the appearance of normal fingers; in the radiographs
these appendages are shown to contain several small bones, from their
shape probably representing a small metacarpal with its epiphysis and
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three phalanges; it scems that even in this ease a bifureation of the
fitth digit has taken place but one part of the bifurcated limb has been
left behind in the further development of the hand. In another euse,
that of 1.312, the left hand earried an extra finger like that just described,
whereas the extra finger of the right hand of the same man was
represented by a small warty knob without nail. The danghter of this
man had on both hands warty appendages without nails or bones. In
both cases the extra fingers have been removed and the radiographs
(PL XVII, figs. 14 and 16) show no sign of the abnormality. The cases of
1.3111 and 1.3114 (Pl XVIIL, fig. 15, and PL XVIIL, fig. 17) are perhaps
to be regarded as the extreme of this type, the polydactylism being re-
stricted to the feet only (Pl XIX, figs. 26 and 27).  As will be shown later,
in hands of this type a shortening of the metacarpals like that met with
in hands of type 4 is never found,

The muscular equipment scems in B-type hands always badly de-
veloped ; the extra fingers of 1.1344 (see text-fig. 1 and PL XVII, fig. 13)
are for instance seen to hang limply from the side of the hand and ean-
not be moved at all, either separately or in connection with the fifth
finger.

Strangely enough polydactylous feet of individuals having B-type
hands showno sign of a diminution in the development of the abnormality;
these feet are like those found in A-type individuals. This is illustrated
in PL XIX, figs. 30-32, the feet of 1.3123 even exhibiting the highest
degree of bifurcation met with in the family. But as found in A-type
individuals the development of the abnormality varies; thus in 1.1344
(PL XIX, fig. 29) the right foot is polydactylous owing to the bifurcation
of the fourth toe instead of the usual fifth one—Highly developed poly-
dactylisin in feet combined with a slightly proncunced polydactylism in
hands is however a feature not seldom met with in individuals of the
B-type.

A case illustrating this was sent to “ Universitetets Institut for
Arvelighetsforskning " from “ Rigshospitalet,” Christiana, and is shown
i Plate XIX, figs. 31 and 32. The radiographs here exhibited represent
hands and feet of a six year-old girl having no connection with the
family here described. As will be seen cach foot carries six toes all
supplied with metatarsals and phalanges whereas the hands show a
pronounced B-type, the superfluous limb being represented by a small
knob containing no skeleton. Another case showing the same difference
between hands and feet is that of Fackenheim (1888). He figures hands
carrying small postaxially developed appendages, whereas the feet of the
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same individuals are seen to be supplied with six completely developed
Loos,

There is one case in the family here deseribed which is so complex
and exceptional that it is not possible to decide whether the hands
should be classed as of the A- or B-type. The wmdiographs appear in
PLXVIL fig. 12. At birth the boy had six fingers on his hands, but an
external digit was at once amputated from each. The hospital journal
states that both the fingers removed had “nails and two phalanges”
That of the lefv side is said to have articulated with the metacarpal ;
whereas that of the right had no bony connexion with the hand, as
would be the ease in the B-type. The radiographs show the present
condition at the age of 14. Of the five metacarpals represented, the
central two of the palm have a common base, and digit IV is displaced
centralwards so that it appears to be too short. Digit V however is
somewhat longer than the normal. The boy's feet show no abnormality
except for a shortening of V in the left foot. Without more evidence as
to how much was removed it is impossible to say to what type the left
hand belonged, though the right was almost certainly of the B-type. It
may be worth mentioning in this connection that two of his brothers
have B-type polydactylous hands, and his mother, though decidedly
belonging to the A-type, shows some deviation towards the B-type.

The hands of this woman (1.134) are shown in PL XVI, fig. 5; her
right hand is polydactylous of the A-type but the radiograph shows that
the extra metacarpal is only represented by a small roundish bone
between the metacarpal IV and V; the ulnar branch of the doubled
fifth finger has been pushed more towards the border of the hand, giving
the impression that if this pushing outwards had been carried further a
type like the B-type would have resulted. A development in the same
direction is shown in the right hand of 1.1425 (P1. XV, fig. 8) ; this hand
has, like that just described, a small extra bone between the metacarpals
IV and V; the sixth finger of this hand had been represented by a small
postaxially attached warty appendage removed just after birth; a similar
appendage is characteristic of B-type hands, but a bone between the
metacarpals 1s never present.

The Brach ydaciyﬁa'm.

In A-type individuals of this family the shortness of the fifth and
sixth fingers is conspicuous, as can be seen in the radiographs of PL XV,
This brachydactylism seems to be due to a shortening of the ulnar meta-
earpal, but in some cases also some of the phalanges look shortened. To
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settle the question whether a special shortening of the ulnar finger is
really present or if we ave only dealing with normal fluctuating variation
it was necessary to undertake a comparison with sufficient material of
normal hands. Such material was obtained from Phitzner's measure-
ments of the hand bones of 301 normal-handed skeletons (1892, 1893).
Based on this material the coefficient of correlation has been worked
out for the fourth and fifth metacarpals and for each of the phalanges
of the fourth and fifth digits respectively.

The values obtained are seen in Table I. As can be seen evidently
a strong correlation exists for the different parts of the fourth and filth
fingers, the correlation-coefficient being particularly high for the meta-
carpals IV and V and for the phalanges IV and V; a somewhat weaker
correlation exists for the two distal phalanges.

TABLE I.

Coeflicient af corvelation for length of different finger bowes
based on Pfitzner's material,

Coefficient of correlation

Tor length of " r pec.
Metacmrpal IV and V... 294 007 £ 0-003
Phalanx IV1and V1 ... 802 0-92 = 0-009

gy IVZ2sndVE . 801 0-83 + (-018
g I¥V3end Y3 . 268 71 £ 0023

Table II gives the length of the first phalanges and the metacarpals
of the fourth and the fifth fingers of the right and left hands measured
from the radiographs representing the polydactylous as well as the
normal hands of the members of the family studied. In polydactylous
hands of the A-type the measurements of the phalanges and metacarpals
are taken from the more ulnar of the doubled finger; it has however
been found that, as far as the phalanges go, it makes no difference if
one chooses the inner finger to measure from. In B-type hands the
bones of the well-developed fifth finger are measured. The measuring
has been made in the way given by Braune and Fischer (1887), also
used by Pfitzner, the metacarpals being measured from the centre of
their basal plane to the top of their heads and the phalanges along their
chief axis.

When Pfitzner's measurements of the metacarpals IV and V from
293 normal-handed individuals are arranged in a correlation table we
get the result seen in Table III. The numbers of each class represent
Pfitzner's measurements; they all fall along a main axis. Into the table
made up in this way are then plotted the values obtained by measuring
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the radiographs of the family concerned; the measures from A-type
hands are represented by black spots, those from B-type hands by
semi-black circles and those from five-fingered hands by open rings.

TABLE IL

Length in mm. .:?,r'.f.ﬁ.e :-n-a‘rgcr:rl.uraff IV and V and the phalanges TV I and
V1 of members of the family, measured from radiographs.

Line 1.
Lemgih of melncarpal Lengtls of phalanx
IV in mom. Y oin mm, IV 1 in wmm, Y1 in mm,
—t— p—, P =
Individual Age Right Left Right Lt Right Left Right Left
1.18 % TG i) G 48 44 34 4 28 20
1,181 % 53 653 62 it al B 4 tiH i1
L1322 a0 G LY i 56 4% 41 31 82
1,133 9 47 a6 45 61 ol a8 38 &0 20
1,134 2 45 73 T4 ali G5 42 12 81 86
1.1321 3 24 70 71 a8 b 42 42 52 B2
L1324 20 58 a0 alk 46 i 43 3 a6
1,1385¢2 18 63 L] 47 &0 37 37 30 30
L1326 8 17 63 70 fil:] ol 43 kR 31 31
11337 2 15 a8 58 Ik aid 37 o8 30 30
1.1328 ¢ 11 49 47 45 44 34 32 26 26
1.1881 2 17 53 a4 50 ol 40 30 30 S0
1.1344 35 10 48 48 42 43 a1 31 26 26
Line 3.
1.312 3 45 - = = — 10 11 34 35
13111 3 18 67 67 G0 Bt 43 44 87 87
LBI13 2 12 il ol o2 4l 34 a8 32 51
1.5114 2 10 ol 52 a7 48 33 a3 a7 28
1.3123 2 15 63 = il == Al 40 dl 34
131255 15 oz 53 = 19 39 39 30 30
1.3128 2 13 — il — 44 a7 37 30 29

From this table a few striking facts are revealed. First, it shows
that all A-type hands fall outside the limits of extreme variation in
normal hands forming a group of their own, parallel to the “swarm”
of normal measures; the conspicuous shortness of the fifth and sixth
fingers in these hands therefore has at least one of its causes in a
shortening of the metacarpals. Secondly, one sees that the semi-black
cireles fall within the classes represented in Pfitzner's material, showing
that in the cases of B-type hands measured no shortening of the fifth
metacarpal is present; unfortunately I have not been able to get measures
from more than three hands of this type owing to the indistinctness of
some of the radiographs, Finally, with one exception, the five-fingered
hands represented by open rings also fall along the same main axis as
the hands from Pfitzner’s material. This last eategory includes the
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normal hands of three individuals belonging to the dA-type, those
individuals having one normal and one polydactylons hand ; further two
individuals having normal hands but polydactylous feet; and finally eight
individuals showing no sign of polydactylism in either hands or feet. In
all these cases the. result is the same: A five-fingered hand from the
family studied is normal both in regard to polydactylism and brachy-
dactylism. As mentioned, one exeeption from this rule exists; this case
is found in the left hand of a woman (1.134) belonging to line 1 of the
family ; it is of importance because it is the only case observed where
the brachydactylism found in the hands of this family is not assoeiated
with polydactylism; it must, however, be remembered that the right
hand of the same woman is polydactylous of the A-type.

Table IV in the same way shows the correlation existing for the first
phalanges of the fifth and fourth fingers from Pfitzner’s material. The
distribution within this table of the measures from the first phalanges
of the family concerned clearly shows that no shortening whatever is
present in this bone

Correlation tables based upon Pfitzner’s material have also been
constructed for the second and the third phalanges of the fourth and
the fifth digits. These tables have not been reproduced as they give the
same result as shown in Table IV; on plotting the values obtained from
the digits of the family studied into these tables it became apparent
that neither of the two terminal phalanges of the fifth digit are shortened ;
it is true that in a few cases the second phalanx of the fifth digit shows
small deviations from the extreme limits of variation; but eonsidering
the smaller correlation here present these deviations are probably of no
significance,

The examination of the relation between the different bones of the
finger at the ulnar border of the hand to those of the fourth finger
therefore lead to the conclusion that the brachydactylism found in
several individuals of this family is due to a shortening of the meta-
carpals, the phalanges being found to be normal.- It was further shown
that the brachydactylism, with one exception, is restricted to hands
which are also polydactylous of the A-type.

A similar examination of the metatarsals of the feet was undertaken,
Using Pfitzner’s measurements from the bones of 293 normal feet a
correlation table was constructed for the metatarsals IV and V, and the
working out of the correlation coefficient gave the value r= 003 £ 0:008.
Unfortunately the radiographs were not fit for measuring and only from
17 feet approximate measures were obtained. Among those there were
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5 feet having a bifurcated fifth metatarsal developed in a way corre-
sponding to the polydactylous hands of the A-type: their metatarsals,
like the corresponding metacarpals, all proved to be shortened, their
measures falling outside the “swarm” of normal feet in the table.
Measures were also obtained from the metatarsals of 8 feet showing no
sign of polydactylism and the length of these metatarsals was found
to be normal. Finally one ease exists (11343 PL X VI, fig. 24) in which a
five-toed foot shows a conspicuous shortening of the fitth toe and here
i shortening of the fifth metatarsal was found to be present ; as men-
tioned above, the hands of this boy are of a peculiar type, and it is also
of interest to find that his mother has the one exceptional five-fingered
hand with a shortened fifth metacarpal,

Discussion of the type of heredity followed.

Hereditary polydactylism in man has been said to behave as a domi-
nant character and the present case forms no exception from this rule.
In the family pedigree (PL. XV) the abnormality ean be traced through six
successive generations. As can be seen the character is, without any
exception, transmitted from one of the parents to their children, without
ever passing through a normal. As previously mentioned, two branches
of the family, in the pedigree represented by lines 1 and 3, have been
most thoroughly examined and the following diseussion is chiefly based
npon the material given in these lines.

Intermarriage within the family has never, to my knowledge, oceurred
and there exists no ease of marriage between two polydactylous indi-
viduals all affected members of the family, therefore, must be regarded
as heterozygotes for the character in question, this being supported by
the fact that in no case are all the children of a marriage abnormal. On
this basis and provided that the polydactylism in question is due to one
Mendelian factor one would expeet half of the children of a polydactylous
mdividual to show the character.

TABLE V.

KNumbers of affected and normal individuals from the
Sawily studied,

Nuormals Folydnctylons

From generation, 11 one family ... 1 ]
From line 1, ineluding four generations aml BIX fam|1|ei B 17
From line 3 including three penerations and five fumilies 14 &
s - ' Totals ... ?m . M

The actual ratio between affected and normal individuals is shown
in Table V and is found to differ greatly from this expectation, The
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table gives the vesult that among 57 children from 12 marriages in
which one of the parents has supernumerary fingers there are 34 poly-
dactylous and 23 normal individuals. This ratio, 34:23, already is out
of aceordance with the 1:1 expectation ; considering, however, the small
numbers we are here dealing with this aberration might be without
signifieance, if the different ocenrrence in numbers and types of the ab-
normality within the two lines of the family did not indieate that another
interpretation is possible. A glanee at the table shows that line 1 gives
a conspicuous excess of polydactylous individuals, the ratio being 17
polydactylous to 8 normal ones, and if each family of the line is con-
sidered separately it is seen that an excess of abnormal individuals is
always present. In line 3, on the contrary, an excess of normal indi-
viduals is found, there being among 22 individuals 8 polydactylous and
14 normal ones.

Even if we bear in mind that these numbers {rom a genetical point of
view are too small for any definite conelusions I think the difference is
too large to be considered as quite accidental. Moreover, the distribu-
tion of the types of the abnormality, previously deseribed as types 4 and B,
points to the same conclusion that a real genetical difference exists
between the two lines. The A-type polydactylism which covers all the
most pronounced cases of the abnormality, has only been met in line 1;
within this line with its great excess of polydactylous individuals most
of the eases are of the 4-type, only occasionally B-type individuals being
found; thus in one case a woman (1-134) having herself an A-type hand
has children showing the B-type of the abnormality; the ancestress of the
family (1) is also reported to have A-type as well as B-type polydactylous
children. The polydactylous individuals of line 3, however, all exhibit
the B-type of the abnormality. A consideration of the distribution of
these two types within the family therefore leads to the conclusion that
an A-type individual gives an excess of polydactylous children over the
normal ones, whereas a B-type individual never has been found to give
more than a 1:1 ratio of polydactylous to normal individuals among his
children. Further it is found that A-type individuals can have children
showing A-type as well as B-type polydactylism, whereas a B-type
individual never was found to have A-type individuals in his offspring.

There are a few cases met with in literature in which the polydactyles
are in excess of the normal individuals : these cases are of great interest
also because in them the abnormality is of a high-grade type.

The first of these cases is that of Carlisle (1814). The polydactylism
there described secms to resemble the A-type polydactylism met with
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in line 1 of our family. The abnormality is said to be confined to the fifth
digit and the extra fingers and toes are all completely formed and pro-
vided with nails and three perfect phalanges, One must remember that
in those pre-radiographic times a small metacarpal like those very often
found ameng the A-type individuals of our family would probably eseape
detection. The great excess of abnormal individuals is very striking,
there being from 8 marriages with 23 children 19 polydactylous and 4
normal ones. There is a possibility that one woman is a homozygote for
the abnormality as she is reported to have had 11 polydactylous children
and no normal ones; but even if this family is omitted we get from
2 marriages 12 children whereof 8 were polydactylous ones.

Smith and Norwell (1894) describe a case of polydactylism, where
among 27 individuals from 5 warriages there are 20 polydactylous and
7 normal ones. The description of the polydactylism, which is here
combined with syndactylism, is rather incomplete; but it seems to
have been a strong malformation also affecting the metacarpals of
the hand.

A third case showing a great excess of polydactylous individuals
compared with the normal ones is that of Nylander (1904), the ratio
heing 23 polydactylous to 14 normal ones. The type of polydactylism,
it must be admitted, is very different from the one here desecribed, as in
it the pollex is the digit affected; all the same I have brought it in
here because of the ratio mentioned, and also because the polydactylism
is of a high grade, the splitting always affecting the metacarpal as well
as the phalanges of the thumb.

Such great excess of polydactylous individuals compared to the
number of normal ones seems to indicate that in cases of strongly
pronounced polydactylism in man probably cumulative factors are at
work. This assumption is supported by the experimental work of Castle
(1906) on polydactylism in guinea-pigs. Castle started his work with a
polydactylous race of guinea-pigs showing the abnormality to a varying
degree; the extra toe character was greatly developed by selection,
wherewith a strongly polydactylous race was established. The result
was, at that time, regarded by Castle as a proof of the inconstancy of
Mendelian unit characters and an imperfect segregation of gametes but
later (1911) he himself says of it: “ An alternative is possible, viz, that
the development of the fourth toe depends upon the inheritance of
several independent factors, and that the more of these there are present,
the better will the structure be developed.”

Cases of more incomplete polydactylism, like the one here deseribed
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as B-type polydactylism, are often met with in literature and in these
eases an exeess of abnormal individuals never seems to be present; on
the contrary very often the normal individuals are in the majority.
Bonnevie (1919) deseribes a family showing a postaxial asymmetrical ly
developed polydactylism ; the extra finger is fixed at the base of the fifth
finger and the metacarpals in the cases investigated show no abnormali-
ties. One branch of this family approximately shows the expected 1:1
ratio of a one-factor Mendelian character, the offspring of 6 hetero-
zygotes being 16 normal to 11 polydactylons individuals. Another
branch of the same family, however, exhibits a very small amount of
polydactylous individuals, 17 ont of 53 children ; within this branch we
also meet with two cases of polydactylism being transmitted through five-
fingered conductors; those deviations from the expectation are explained
as being due to the imperfection of dominance of the polydactylism in
question. A similar shortness in the amount of abnormal individuals is
found in line 3 of the fam ily here studied, but whether this is due to
an incompleteness of the dominance of the character is not settled ; as
yet no case of a transmission of the character through apparently un-
affected parents has been found. As in all other such cases in which
imperfection of dominance has been appealed to, the cause of this
imperfeetion remains to be explained.

These reflections, then, lead to the conclusion that in the case under
consideration the A-type polydactylism, most probably is due to the
operation of eumulative factors, whereas the B-type is produced by one
Mendelian factor possibly sometimes in connection with factors sup-
pressing its development.

A further point of interest in this family is the appearance of a form
for brachydactylism being eaused by the shortening of the metacarpal
and metatarsal bones at the external border of the hands and feet, The
brachydactylism in question has only been found within the members of
line 1 of the family studicd, and only in individuals having at the same
time A-type polydactylons hands or feet; possibly therefore it may be
regarded as a concomitant of the strongly pronounced bifureation of the
tifth finger.

Aganst this interpretation, however, we have the fact that one
woman (1.134, PL XV, fig. 5) husa five-fingered left hand in which the
fitth metacarpal is slightly but decidedly shortened. Further, in her son
(1.1343) a very remarkable and conspicuous shortness of the fifth toe of
his left foot can be seen (PL XVIIT, fig. 24), the toe in question showing
no sign of bifurcation.

>
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The possibility therefore exists that this brachydactylism, oceurring
among A-type individuals of the family, is due to a hereditary factor
different from that causing the polyductylismi; this factor wmust here be
supposed to be linked to one of the factors for polydactylism as the ab-
normality is always connected with the A-type polydactylism and has
never been found in individuals having normal numbers of lngers and
toes. More data, however, are required to settle these questions,

A case of combined brachydactylism and polydactylism has recently
been reported from “ Universitetets Institut for Arvelighetsforskning,”
Christiania. To the institute was forwarded a foetus, born three weeks
before term, having six fingers on each hand and six toes on each foot, both
hands and feet at the same time ﬁhuw;ng a conspicuous shortness. The
case was anatomically examined by W. Bjerknes (1922). The brachy-
dactylism afiects all fingers and is, as shown by the radiographs (PL. XX,
fig. 37) due to a deficiency in the development of the terminal phalanges;
a small rudiment of a second phalanx is present in some digits but there
is no sign of a third phalanx in any finger, whereas at this stage of
normal development second as well as third phalanges ought to be
present. The radiographs from the hands of 1.13251 (Pl XX, figs. 33 and
34) show the difference existing. Further, from the musculature the
conclusion is drawn that the fifth as well as the sixth fnger has a
certain power of independent movement, a condition not met with in the
family here deseribed.

Cases of brachydactylism caused by the shortening of the meta-
carpals and metatarsals have been reported, for instance by Joachimsthal
(1900), Wagner (1903—4) and Hochhelmer (1903-4), but as far as I know
only one case has been described, that of Mathew (1908), showing this
kind of brachydactylism combined with polydactylism. Mathew describes
a family in which some of the members have shortened metacarpals, 3,
4 and 5 exhibiting at the same time a bifurcation there exclusively con-
fined to the ring finger. From the deseription of the affected individuals
it is not elear whether all the polydactylous individuals were also brachy-
dactylous, The bifureation is restricted to the two terminal phalanges.
The case therefore does not really agree with the malformation here

deseribed.

The case of Morand (1770) may be mentioned in this connection ;
from the pictures the polydactylism seems to be very strong and in
several points similar fo the A-type polydactylism here described ; the
left hand shows 6 completely developed metacarpals articulating to
the carpal; but in this case no sign of shortening is present; on the



232 Postaxial Polydactylism in a Norwegian Family

contrary it is pointed out that the fifth digit is rather longer than it
would have been in the normal hand. A shortening of the affected bones,
therefore, does not follow as a necessity of the strongly developed
polydactylism.

Descriptions of Members of Pedigree.

As mentioned above the polydactylism in this family has been traced
backwards through six generations. The knowledge of the two first
generations, living about 1800, is derived from mémbers of the family
now living and very little can be said as to the degree and development
of the malformation in these long-dead individuals.

First Generation,

1. ¥, E. P. (living about 1800) is the first polydactylous individual
known in the family. The information concerning her is very seanty,
One of the members of the family (1.134) tells me that her great-grand-
mother’s hands were said to be like her own; even if little importance
can be paid to this it does indicate that the hands of this woman were
of the A-type, this being confirmed by her having children whose hands
are partly of the A-type, partly of the B-type. It is said that she had 10
children, all but one polydactylous. From the church register it was,
however, found that she had 11 children; she married twice and had
by her first marriage 7 children, 8 sons and 4 daughters, and by her
second marriage 4 children, all sons. If some of the children from both
marriages were polydactylous as indicated by the 9 polydactylous
children, this would confirm the story that she was the polydactylous
one of the parents, as otherwise one has to suppose both husbands poly-
dactylous. It has, however, been impossible to obtain any information
concerning the children of the second marriage and their progeny.

Second Generation,

The descriptions of the second generation contain all the information
I have been able to get concerning the children of the woman just de-
scribed. As mentioned she was said to have had 9 polydactylous children
but only concerning a few of these do closer details exist.

L1 4, P. E.F. (b. 1805) is the ancestor of line 1 of the family.
According to his daughter (1.13) his right hand earried six fingers; con-
cerning his left hand or his feet nothing is remembered. He married a
woman from another parish: she had normal hands and feet. They had
4 children, 3 polydactylous and 1 normal one. His wife married a second
time and had by her second marriage a normal son,
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1.2 §, G. £ F (b. 1807) has been put down in the pedigree as being
pulydactylous in spite of the et that no particulars exist concerning
her hands or feet. The fact that she has a polydactylons son makes if,
however, very probable that she herself is one of the nine polydactylous
brothers and sisters, as there is no ease known in this family in which
normal parents have polydactylous children. She had by her marriage
11 children, one of whom is known to have had six fingers, whereas
nothing 1s known about the others,

1.3 2, 4. E F (L. 1809) had according to her grandson (1.312) six
fingers but whether both or only one hand was affected he does not
remember. Concerning her feet nothing is known. She had by her
mm'rialg:} G children, 3 polydactylous and 3 normal ones.

L54, 0. E F. (b 1812) was a well-known person in this parish.
Information from different sources all agree that he had six fingers on
his right hand. The extra finger was according to the deseriptions
loosely attached to the outside of the hand ; it was said that he generally
carried it inside his clenched fist; from the deseription there can be no
donbt of the type of the malformation; he must have had a B-type hand.
He had 5 children, one of whom is known as being polydactylous of the
B-type.

Third Generation,

With this generation my own observations begin. One polydactylous
woman belonging to this generation is still alive and her hands and feet
have been radiographed; from her also most of the information mncmnmg
the preceding generations was obtained.

1.11 4, H. P. F. (1840) had according to his sister six fingers on his
right hand and six toes'on each foot. Hissister is confident that his right
hand was like her own, having two equally developed shortened fingers in
the place of the minimus. If this is to be relied upon he must belong to
the A-type individuals. He went to America and died, having no children.

1.12 7 (b, 1841) had normal hands and feet. She was married but
had no children.

1.13 § H. V. (b. 1844) is the first person in the family from whom
radiographs are obtained. Her hands (PL X VI, fig. 1) are previously men-
tioned as a typical example of the A-type polydactylism. The radiographs
show all the features characteristic of this type. There are two nearly
equally developed digits present at the ulnar side of the hand, the inner
one of the twohaving anincomplete metacarpal between those of the fourth
and fifth digits, the shortness of the two fingers is siriking. As mentioned,

Journ. of Gen. x11 15
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A-type individuals generally have the outer of the two fngers on their
right hand crooked ; this is not very conspicnous in this ease, but,
eompared to the left hand a greater angle between the first and sccond
phalanges can be seen. The symmetry in the development of the anomaly
is in this case beautifully demonstrated ; both fect (PL XVIII, fig. 17)
carry six toes, the two fibular ones being earried by the dichotomously
branched fifth metatarsals. In her marriage with a normal man this
woman had 5 children, 4 of whom exhibit the same type of polydacty-
lism as their mother.

114 4, P. P. F. (b. 1847) had like his sister (according to her) six
fingers on each hand and six toes on each foot. He went to America
where he died 25 years old.

1.21 4, C. M. H. (b. 1847) is remembered by different individuals
living in the same parish as having six fingers; but more particulars
could not be given and nothing therefore can be said as to the type of
the malformation.

The information concerning the family 1.31—1.36 1s all obtained
from the son of 1.31; I have not been able to examine any of these
individuals, some of them are dead and some of them gone to America,

131 4, H. H. (b. 1547) had, according to his son, normal hands, but
six toes on each foot. He had by his marriage with a normal woman
2 sons, both polydaciylous.

1.32 ¢, T H. had normal hands and feet. She maried a normal
man. They had no children.

1.33 ¢, M. H. had six fingers on each hand. Her nephew eannot
remember the type of the pelydactylism and nothing is known about
her feet. She went to America and married there. She has 3 children,
all normal, and their offspring is normal too.

1.34 ', E. H. went to America when young and nothing is known
about him.

135 &', C. H. had six fingers on each hand, according to his nephew
developed in the same way as his own (1.312); normal feet. He died
quite young as a medical student.

1.36 §, M. H. normal hands and feet. Went to America. Unmarried.

1.54 &', J. L. (b. 1885) had, according to people in his neighbourhood,
six fingers on each hand, the extra fingers were amputated when he
was about 30 years old. The descriptions make it very probable that
he belonged to the B-type. He had by his marriage 2 normal sons
and all his brothers and his one sister were normal,
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Fourth Generation.

The individuals 1.131-1.185 arc the children of the d-type poly-
dactylons woman deseribed as 1.13. Every one of them has been
radiographed and photographed.

1.131 g, B. 0. (b. 1867) has a normal right hand whereas the left
hand shows a polydactylism like that of her mother (Pl X VI, fig. 2). Her
right foot (Pl XVIIIL, fig. 22) is enormously broad owing to the complete
development of the abnormality, the splitting of the fifth metatarsal
nearly reaches the tarsus so as to form a bone with a broad basis and
two branches each carrying its toe. Her left foot (PL X VIIT, fig. 18) is like
that of her mother, having a dichotomously branched metatarsal, each
branch carrying a toe. The abnormality revealed is a decided A-type
polydactylism. She had by her marriage to a normal man one child, a
ci.-u:ghtm—, hu"-'in_',_.',' six fingers on each hand and six toes on each foot.

1132 &, A. V. (b. 1870) is like his sister and mother an A-type
individual. Both hands (PL. XVI, fig. 3) carry six fingers developed in a
way strikingly like that of his mother, the only difference being the
stronger development of the left hand’s fifth metacarpal. His right foot
(PL XVIIT, fig. 19) is like that of his mother, having the characteristic
dichotomously split fifth metatarsal bone. The left foot is normal. He
has by his marriage 9 children, 5 of whom are polydactylous.

1.133 ¢, J. B. (b. 1873) has hands and feet with five fingers and toes
(Pl X VI, fig. 4). The fifth finger, especially that of her left hand, looks
shortened, and it was at first believed that this was a case of brachy-
dactylism in an individual not showing polydactylism. This apparent
shortness however proved to be due to a slight shortening of the second
phalanx: this shortening is not so considerable that any significance can
be aseribed to it. She has by her marriage two normal children.

1.134 2, 4. 8. N. (b. 1876) shows in her right hand a polydactylism
somewhat different from the preceding ones, even if its general appearance
is that of an A-type hand. The extreme ulnar finger of this hand
(PL X VI, fig. 5) is crooked to a much higher degree than that of her
mother: further the fifth metacarpal is only represented by a small
roundish bone of epiphysial character at the base of the finger. The
shortening of the outer metacarpal in this hand also 1s more pronounced
than usual, as seen in the correlation table, where the measures from this
hand fall far to the right of the normal swarm. The left hand of this
woman is apparently normal but measurement of the bones revealed a
shortening of the fifth metacarpal. This is the only case found where o
five-fingered hand shows the brachydactylism characteristic of this family.

15—2
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Her feet (Pl XVIII, fig. 20) arve exactly like those of her sister (1.131).
By her marriage to s normal man she has 5 children, 3 polydactylous and
2 normal ones,

1.185 d’", H. V. (b, 1882) is like his brother and two sisters 1|{:]}.'-
dactylous, showing the A-type of the abnormality in a somewhat maodified
condition. He was not to be persuaded to be radiographed; a photograph
of his hands was taken under the condition that it was not to be published.
His right hand is strikingly like that of his sister just deseribed (1.134),
the outer finger being perhaps even more erooked than hers. His left
hand has a doubled fifth finger but from its outer appearance it looks as
if only the thind phalanx is affected; this part of the digit is very broad
and is provided with two nails His feet are according to himself
normal.

The last two cases of this generation represent two brothers belonging
to line 3 of the pedigree. They are both polydactylous of the B-type.

1.511 &, C. H. (1869-1917) had six fingers on each hand ; the extra
fingers were removed at an adult age. Among his 4 children there are 2
polvdactylous ones.

1.312 &, €. M. (b. 1875) had according to his own information six
fingers on each hand. His left hand possessed a small extra finger
loosely attached to the hand like that of 1.1344 (Pl. XVII, fig. 13); this
finger had a nail and he thinks two phalanges. The extra finger of the
right hand was represented by a small warky appendage without nail or
phalanges. The radiographs from his hands (PL. XVII, fig. 14) show that
there is no sign left of this polydactylism and no shortening of the
fingers is present. His feet are normal.

Fifth Generation.

The polydactylous individuals from the first family of this generation
(1.1321-1.528) are all A-type individuals.

1.1321 4', R. V. (b. 1896) exhibits the strongest polydactylism yet
found during this investigation. His right hand carries seven fingers
(Pl. XVI, fig. 6); the type is somewhat modified, the first phalanx being
very broad and dichotomously branched, each branch earrying twoterminal
phalanges; in addition to these two fingers a swmall dorsally situated
finger is seen consisting of three slender phalanges; the extra metacarpal
is represented by a roundish bone articulating to the inner side of the
broadened first phalanx of the fifth digit. The left hand is typically like
that of his father and grandmother. No radiographs from his feet have
been obtained but according to his mother each foot has six toes.

<
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1.1322 &, E. V. (b. 1897) died i.ll.ll'lil‘t!iiﬂ-l.'l}" after birth. J"nr:mrding
to his mother he had six fingers on each hand. Concerning his feet
nothing is known.

1.1323 £'-4" (b. 1808). Twin boys who died immediately after birth,
According to their mother they had normal hands and feet.

1.1324 ¢, H. V. (b. 1900) has six Angers on her left hand and six
toes on each foot. Her right hand from the outer appearance 1s quite
normal; the radiograph (Pl. XVT, fig. 7) however indieates a shortening of
the second phalanx of the fifth digit; this shortening proved to be very
slight compared with the second phalanx of the fourth finger and is
perhaps of little significance; the radiograph also shows a small pisiform
bone at the head of the fifth metacarpal not met with in normal hands.
Her left hand is A-type polydactylous like that of her father and brother.
In her feet (Pl XVIII, fig. 21) the bifurcation is restricted to the
phalanges, the first phalanx of the fifth toe on each foot being dichoto-
mously branched,

1.1325 ¢, 4. V. (b. 1902) is an 4-type individual of especial interest
as her right hand (Pl. XVI, fig. 8) shows a variation of the abnormality
which points in the direction of the B-type; this hand had according to
the description of her mother a sixth finger which was removed just
after birth; this finger was situated not between the fourth and fifth
finger but at the ulnar border of the hand as an easily removable append-
age. The great space between the fourth and the fifth finger therefore
must be due to the extra metacarpal head between the metacarpals IV
and V; this feature as well as the shortening of the ulnar metacarpal
marks the hand as belonging to the A-type whereas the loosely attached
appendage indicates the B-type. Her lefi hand is of the A-type, as in
all the other polydactylous members of her family. Her right foot
(PL X VIII, fig."22) has a bifurcated fifth toe like that of her sister, the
bifurcation being restricted to the phalanges, whereas her left foot
possesses six well developed toes supplied with metatarsals and phalanges.
Her son, born 1922, is a pronounced A-type individual.

1.1326 &, S. V. (b. 1903) is a typical A-type individual with hands
and feet strikingly like those of his father (sce Pl XVIII, fig. 9 and
Pl. XVIII, fig. 23) only in this case the right foot shows the stronger
development of the abnormality whereas in the case of his father the left
fout is the more polydactylous.

1.1327 4, G. V. (b.1905) has, as seen from the radiographs, normal hands
(PL XVII, fig. 10). His fect are, according to his mother and sister,
normal.
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1.1328 ¢, L V. (b 1909) also has normal hands and feet (PL XVII,
fig. 11).

The individuals of the next family covering the numbers 1.1341-
1.1844 are cousins of the ones just described; the anomaly here met
with is as will be seen more irregular.

1.1341 &, E. N (b. 1900) was born at the Hospital for Women in
Christiania and the medical journal states that the boy had six fingers
on each hand and six toes on each foot, giving no further description of
the structures. The extra fingers were removed a few years ago. No
radiographs have been taken but from external appearance 1t 15 evident
that no shortening of the metacarpal had taken place. Both feet have
according to himself six toes,

1.1342 2-%, (b. 1902). Twin girls Like their brother they were
born at the Hospital for Women. The medieal journal says that two
placentas were present, showing the twins were from two ova; it also
states that both girls had normal hands and feet.

11343 &, H. N. (b. 1907) was born with six fingers on each hand
the extra ones being amputated just after birth. The details are discussed
in the text, p. 227. The 5-toed feet are shown Pl XVIII, fig. 24.

1.1344 &', H. N.(b. 1909) gives a beautiful demonstration of a B-type
individoal. Both hands are exaetly alike (Pl XVII, fig. 13), the extra
finger on both having the appearance of a small appendage at the ulnar
border of the hand; the little extra finger is supplied with nail and the

" mdiograph shows several small bones probably consisting of a small

metacarpal with its epiphysis and three phalanges. His right foot
(PL V, fig. 25) carries six toes owing to the reduplication of the fourth
boe.

The following family (1.3121-1.3127) consists of 7 brothers and
sisters and among them all but one are normal individuals.

13121 ¥, M. H.(b. 1900) according to her father with normal hands
and feet, ]

1.5122 2, K. H. (b. 1901) with normal hands and feet.

1.3123 2, H. H. (b. 1902) belongs to the B-type individuals. When
born she had, according to her father, a sixth finger on each hand de-
veloped as a warty appendage attached to the ulnar border of the hand,
this appendage having neither nail nor skeleton; they were removed at
once. Otherwise her hands as seen from the radiograph (PL XVIL fig. 16)
are quite normal and the measurements show no shortenings whatever.
Her feet (Pl XIX, fig. 28) on the contrary have the most pronounced
bifurcation of the fifth toes among all individuoals in this family; there
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are six fully developed toes present in each foot, all of them furnished
with six complete metatarsal bones.

1.3124 to 1.3127 ave all normal. Two of them arve seen in the radio-
graphs.

The following individuals 1.3111-1.3114 are cousins of the preceding
ones and the abnormality when present is of the B-fype.

1.3111 4, H. H. (b. 1904) with normnl hands (Pl. X V1L fig. 15) but
six toes on each foot (Pl XIX, fig. 26). The right foot has six fully deve-
loped metatarsal bones each carrying a toe. The left foot carries an
extra toe interpolated between the fourth and fifth ones—the extra toe
being provided with a short metatarsal bone.

1.3112 4, N. H. (1908) died as a child. No information has been
obtained.

1.3113 §, 4. H. with normal hands and feet.

1.3114 ¢, W. H. has normal hands, her left foot (Pl XIX, fig. 27) has
six toes developed in the same way as in that of her brother.

Sirth Feneralion.

1.13251 (b. 1922) is a typical A-type individual. The radiographs
(PL XX, fig. 38) were taken when the child was only seven days old and
are becanse of this of peculiar interest. The left hand carries six fingers
and here the dichotomously branched fourth metacarpal seems to justify
the hypothesis that the polydactylism in question is due to a duplication
of one of the fingers, the bifurcated finger this time being the fourth
one; anyhow, if this branched metacarpal has been produced by a fusing
of separate bones, this process must have taken place early in foetal life.
Coneerning the length of the fingers nothing ean be said at this stage;
a shortening seems as yet not to be present, but it will be of great
interest to follow the further development of this hand. The right hand
exhibits a doubled fifth finger and an additional roundish bone between
the metacarpals IV and V like that found in the right hand of the mother
(Pl. X VI, fig. 8). Both feet have six toes, in the right foot six completely
developed metatarsals being present, whereas the left has five meta-
tarsals, the fifth being dichotomously branched. The total absence of
the second phalanges in these feet may be mentioned, this probably
being due to a belated development of these hones, since a brachy-
phalangy of this kind has never been found in any other members of

the family.
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The figures are all described in the text. Observe that in each case
the rights and lefts are as shown by the letters R and L at foot, the
right being on the reader’s left.

Full-sized prints of all the photographs will be dep: sited for reference
at the Royal College of Surgeons, London,
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DIALLEL CROSSINGS WITH THE DOMESTIC FOWL.

By JOHS. SCHMIDT, D.Se.,
Director of the Carlsberg Fhysiological Laboratory,
Copenhagen, Denmark,

Ix three previous papers (1919, 1; 1919, 2; 1921) I have deseribed
the results of diallel crossings with the common trout (Sulmo trutte L)
The task being to classify or to value a certain number of individuals in
regard to some gquantitative character, i.e. a character which may be
analysed by counting, measuring or weighing—the manner of proceeding
in diallel crossing is as follows. Each female is paired with each male,
care being taken that the offspring is raised under external conditions
as uniform as possible. If there are a females and b males a x b different
combinations will oceur among the offspring of the diallel erossings.
Within each offspring-combination the character in question is analysed
—by counting, measuring, or weighing each individual—and then the
average value of all individuals is determined. [t is with such average
values—determined by analysing a number of individuals, as great as
possible ; and developed under external conditions as uniform as possible
—that the method of diallel crossings operates.

Already the first experiments showed the necessity of distinguishing
clearly between the purely personal value of an individual—in the case
under consideration the number of vertebrae that may be counted in the
individual at hand—and the generative value, ie. the value it imparts
to its offspring. The generative value of an individual may differ widely
from its personal value, so that from the latter few or no conclusions can
be drawn with regard to the former. This particular fact is largely
responsible for the difficulties which the work with quantitative charae-
ters entails, not only upon the student of genetics, but also upon the
practical breeder. It is the generative value which both of them need to
know, the geneticist when he has to classify the offspring-individuals
from a crossing experiment, and the breeder when he has to solect—

1 it Lg valenr de liedivido & titve de géndratenr, appréciée suivant la méthode du

Croisément dialléle " (€. K. Laborateire Carlsberg, Copenhagen, 181%); ¢ Diallel crossings
with trout (Salmo trutta L.) (Journal of Genetics, 1x. 1919); “The numerical significance *

of fused vertebeac” (O, K. Laboratoire Carlsberg, Copenhagen, 1921},
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perhaps among a number of individuals personally very similar—those
best fit to breed from,

A frequently occurring special ease of diallel erossings is when b=1,
i.e. when a single male—let us eall it a—is paired with o females,
1 % a=a different offspring-combinations will then arise. Each of these
will, provided a sufficiently large number of individuals be present, exhibit
a full representation of all the different gametes possessed by the father
x, which is common to all of them. The a offspring-combinations, there-
fore, differ only in those gametes coming from each of the o mothers.
From this it follows that we arve able to compare directly the average
values of the o offspring-combinations, and to get thereby an expression
of the differences between the generative values of the females, the
common male & L'zn]i:l:lling. so to speak, in such a t'm'npm'lsnn. These
differences are thus independent of the father commaon to all offspring-
combinations. After pairing a number of females with the same male
we can therefore determine the differences between their generative
values irrespective of the male, and similarly, we may, of course, deter-
mine the differences between a number of males, after having paired them
with the same female. This s the leading principle in the method of
diallel crossings.

When this method was deseribed, in 1919, we did not konow the way
in which such quantitative characters are inherited, and the manner of
proceeding had therefore necessarily to be entirely empirical’. In con-
sequence of its principle the method, however, is self-checking. When
pairing the same @ females, which were paired with @, with other males
(y, =, v), and calculating the differences between the values of the females
in the same way as after the first pairing with male «, the same differ-
ences were found in all cases. In this way the automatic checking of the
method yielded experimental evidence of the rightness of the principle of
diallel crossings.

In our trout experiments we were dealing with heterozygous indi-
viduals the genetic structure of which was entirely unknown. Never-
theless it proved possible to determine the differences between the
carious individuals—in other words to classify them—uwith no less cer-
tainty than when classifying a number of Pure Lines. On that subject
I refer to my previous papers (1919, 1 and 1919, 2).

With a character like “number of vertebrae” we have to do with
so-called integrated variates, which are generally realised only as integral

1 Bince then 1 have been able to elear up the genetie behaviour of the number of
vertebrae, A detailed report is expected to appesr shortly.
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numbers. The diallel crossings showed that not only the generative
values, or the differences between them, may be any fraction, but further,
that the personal values may be fractions. Certain “fusions” of two ver-
tebrae in the tront thus had to be interpreted as * attempts ™ at realising
fractional parts of a vertebra (1921). This would seem to mean that no
fundamental differcnee exists between “ integrated variates ” and “ elass-
varintes,"

When 1t was established that the method of diallel erossings could
be applied to characters as different as the number of vertebroe in fishes
and the length of petals in a species of Nicotiuna (1919, 1) there was
reason to believe that the method might be generally employed in the
study of tlLlllli[-i[.'lF-I"-’r{.‘ characters. It appeared to me, however, of import-
ance to have the method tested for as many species as possible. After
having tried various vertebrates 1 selected the domestie fowl which
proved to be a useful subject. The experiments were made in 1919 and
1920 in the Carlsberg Laboratory, Copenhagen, and the character ex-
amined was again the number of vertebrae. This number proved to vary
more than was expected. As a matter of fact, in our small stock we
found a range of 6, the number of vertebrae varying from 39 to 44.

The countings were made by Mr Vilh. Ege, M.Se,, who has worked
out a very reliable technique.

Two cocks (x and y) and five hens (g, b, d, ¢, /) were nsed in the
experiment. Most of them were mongrels; y was a Faverolles cock and
e a Plymouth Rock hen.

Table I shows the result of the diallel crossings. For each of the ten
(2 % 5) offspring-samples the number of vertebrae in each individual
chicken is shown graphically. The average numbers of vertebrae of the
various offspring-combinations are given in Table II, the figures in each
case being denoted by the symbols of the parents, thus:

CE 3053 ete.

-

By means of the ten equations

(55 =053, L%~ 4191 ete.)
we are, in the manner deseribed in my previous papers, able to caleulate
the generative values of the 7 parents and to eompare them with their
personal values. Several of the animals being, however, still alive, we
do not know all the personal values as yet and we may therefore better
postpone such a comparison until all the fignres in question are available
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(for the hens e and f the personal values are given in the foot-note on
page 245).
TABLE L.
Diallel erossings of two cocks (x and y) with five hens (a, b, d, ¢, £} The
grapla show the nwmber of vertsbrae in each tndividual of the offspring.

Females AMade 2 Male i
EH 4
42 U] 44 OOO00000
a 141 QO00000DD0O0G0000000 41 Q000000000000
140 OO000000R000000000 40 00
39 o 59
43 43 L]
42 42 Q0000000000
b {41 (OO0000000000000000O0000 OO0 41 QO000000000
40 0000 40
39 39
43 44 0
42 00000 +2 OO0000D0000
d 441 Q0000000000000 000000000000000000 41 OOO00000D
40 GODOMD0 4l
39 39
43 43
42 42 000
£ : 4l OO00000R00000000 000000000 41 QRO000000000
40 QOQCOCR0000C000000000000 40
39 39
43 43 111
J-I.? OO0 42 000000000000000000000000
J a4l QOOO00OC0D00 0000000000000 41 00000000
40 L] 40 L]
39 4

TABLE II
Average numbers of vertebras in the ten offspring-combinations ( first

and second coluwmns) and difference between the generative values of
cocks y and ® (third colwmn),

¥
=40 o ¥ta i %
—— =40:53 5= 41-21 -G8
b ¥+ .
=088 =47 060
T+d_ 1096 VA _ 4159 0-63
2 z
*.'Ei'._' = 4058 YT 4190 067
f_;i' 4111 L T Y 0-67

For the time being we shall therefore content ourselves with an
examination of the applicability of the method to the present subject—
number of vertebrae in the domestic fowl—in other words to examine
whether the method already tested for other species also holds good in
the present case.
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As the two cocks & and y both enter into all 5 erossings, the differ-
ences between their generative values have been determined 5 times,
ench determination being made independently of the other.

[n Table I the offspring-combinations of a vertical row have the
same father (# and y) and those of o horizontal row have the same
mother (a, b, d, e, ). Already an inspection of the graphs shows that
cock » must have a greater generative value than cock 2 Suppose the
property of imparting o great number of vertebrae to its offspring is a
valuable character, we are enabled by our experiment to classify cock y
as being superior to cock .

In Table II we find numerical expressions for the five determinations
of ¥ ;:u » that 15 to say of the differences between the generative values

of y and & It must be remembered that the determinations were made
independently of each other, by means of five different hens.

We see that the five values for 4 a—m vary between 0063 and 0-GH. In

spil-E' of the number of offspring-individuals in some cases being buf,
small, these values wgree su well that no remsonable doubt con exist that
the principle of diallel crossings holds good herve as in the previously ex-
amined coses,

Provided that the character in question had been of practical import-
ance itself, or if another character of practical importance, e.g. a great
egg-laying capacity were associated with a high number of vertebrae, our
valuation of the two cocks would have been of practical {mpm't.:mce.
Thmugh a direct examination of the personal values of the two animals
little or nothing could have been concluded in regard to their generative
values!,

Note added during printing. Cock y died on 14/3/1922, and on
examination proved to possess 42 vertebrae, ie. the same number as
cock & which died in 1920. This yields a fresh instance of the fact that
two personally identical individuals may differ widely in regard to the
generative values. The difference between the generative values of cocks

y—a

3 and «. or rather, the half difference (“"r 3 ), appears from Table II.

! ] may mention here that bens ¢ and f both proved to possess 0 vertebrae (personal
values). From Table II it appears that they are far from being identical in regard to

generative values. The difference between the latter nmonnts to no lees than

-
1-16 (T_ﬂﬁﬂ).
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THE COLORATION OF THE TESTA OF THE POPPY
SEED (PAPAVER SOMNIFERUM L.)

By H. MARTIN LEAKE, Scl), ixp B. RAM PERSHAD,

(From the Agricullural Research Station, Department of Agriculture,
United Provinces, Indi.)

Ix Vol. x, part 1 of this Journal appeared an aceount of the inherit-
ance of certain characters of the Opium poppy. Among the observations
there recorded are included a few notes on the colour of the seed coat.
Subsequent experiment has thrown further light on the inheritance of
these characters and the results are here summarised. There appear to
be three factors involved,

Staw Colour (8), Pink (£), Blue (B).

In the absence of P and B, the form S§ is distinguishable from the
form Ss h}‘ the darker colour. The difference, however, is not very
marked and, as the result of the variation in the intensity displayed, the
two form practically a complete series. Light straw coloured seed from
three parents have given the following figures:

White Light straw Hiraw
£ .1 o 54 anal S5
20 526 22 T48
Expectation 244 J5H 24 7432

In the absence of § and B, the two forms PP and Pp are indis-
tinguishable and, as has been noted in the paper referred to above, the
Pp parent gives 3 pink (dominant) to 1 white (recessive) plants. We
may note here that the pink colour is a bulk phenomenon not shown by
the single seed which, on magnification, appears slate grey.

The association of the two factors, § and P, produces a brown colour
with difficulty distinguishable from the pure SSpp form. Since, how-
ever, as has been noted, the assoeiation between the two factors P and
M, the latter of which develops the eye colour of the petal, is complete,
the observation of the petal colour affords an infallible method of deter-
mining whether the seéed should be classified as straw or brown. In the
present case this record was, unfortunately, not made, and a full analysis
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of the seed colours is, consequently, not possible. The figures, however,
are sufliciently indicative,

OF eleven families raised from brown seed

5 have given brown seeded plants only, indicating o constitution
represented either by SSPP or by 85Pp;

5 have given the following figures, indieating the constitution of the
parent to be SsPP:

Fink Erown

PP SEFP and Sl

468 1332
Expeotation ! : & 450 1330

while one family enly has given results which indicate the constitu-
tion SsPp:

White Pink  Straw and Brown
11 4] 187
Expectation f : §: 12 15 435 17

As has been noted, the blue colour only develops in the presence of
the P factor, and, consequently, all blue seeded plants possess a coloured
eye in the petal. The form PPBb gives blue and pink seeded plants in
the proportion of 3:1; while the form PpBb gives 4 white seeded
plants, having the petal white cyed, 9 blue seeded plants, and 3 pink
seeded plants, both having the petal eye coloured. Evidence confirming
the above was obtained by crossing the 358 single plant, and apparently
pure, cultures of white seeded poppies with the pure PPbb form. Of
these 358 cultures 344 have given an F, of only pink seeded plants,
indicating for the white seeded parent a constitution ppbb, 13 have given
an F, of only blue seeded plants, indieating for the white seeded parent
a constitution ppBB, while 1 has given an #, of both blue and pink
seeded plants, indicating for the white seeded parent a constitution
P‘_I.IBb‘.

In the presence of the factor S, giving straw colour, the factor B
develops a series of colours, varying from grey to a deep purple, so com-
pletely graded that it is only possible to isolate the extremes of colour.

The relation between the S and B factors is determinable, in the
simplest case, in material homozygous for the P factor.

The form SSBB has a deep purple seed and has been obtained in
the pure condition; 5 families have given the following figures :

Elug firey Purph: {Grey-Parplo
£ H:BE SEhn Sal0 and 55BE)
368 1008 205 (1299)

Expeclation 417 B34 17 (1257)
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indicating a probable constitution of SsBB; 1 family has given the

following fi; g
ollowing figures s e
A&t S55hand S3RE

85 270
Expectation & £
indieating a probable constitution of S8Bb; while 12 families have given
a range of colours summarised in the following figures:
Pick  Blue lrown  Grey  Purple (Grey-Purple)
88 13 1T 418 A7)
Expectation  §:1:1:8 463 198 123 171 468 (1634)
Felsdi? 448 187 137 iyt 48 (1419)
indicating a probable constitution of SsBb. Linkage, however, occurs
between the two factors S and B, It is the only such case that has been
identified among the characters that have been studied in the opium

Yl B AL




INHERITANCE IN RICINUS COMMUNIS L.
PART IL
By S. C. HARLAND, D.Sc. (Lond.).

Ix the first part of this paper! the writer demonstrated the exist-
ence of four Mendelian factors in the castor-vil plant. These factors are
B (bloom), S (spines), M (mahogany),and G (green). Experiments on the
interrelations of these four factors shewed that the following pairs of
factors are independently inherited: S and M, 8 and B, M and &, and
perhaps (7 and B, Factors M and B are repelled in the eross MbxmB.

A further series of crosses was made with the object of clearing up
certain outstanding points, and the results of these crosses will now be
given.

Relution between the fuctors M (mahogany) and B (bloom).
The back-cross F, (MbmB) by double recessive (mbmb).

Family ME Afh wm B ale
BX2— < GL1D 3 30 28 b
RX2—4xGH1B (1] 38 a3 0
RX2—-2=Gb 3 11 98 B3 ]
RX3—4=Gh14 1 a7 a2 1
RX2—4xTbL18 2 24 26 1
RX2—4xTh10 10 77 69 +

Totals a3 294 266 18

By Morgan's method of caleulation the percentage of eross-overs is
83, and on the chromosome hypothesis the factors B and M are located

on the same chromosome 83 units apart.

Relation between the factors B (bloom) and G (green).
The results of a previous series of back-crosses BGbg x bgbg indicated
that B and ¢ were either independently inherited or very loosely

! Journal of Genetics, Vol x. No. 3.
16—2
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linked. The resulis from a ﬁ[nhvl' gortes of 'II.'!L‘k-L"l‘{'IS:-'L‘H ara  now

available.

Family L it b als
BRX2ix RG 3—1 il K1 2 4
RG3—7x RX23—3 T ] H] 3
ARG i—dx RX2—3 18 13 0 o
B 8—3x BX 2 10 14 9 10
RGB—_bxRX2 14 1 1) G
RGi—8x RX - L} 4 1
G 3-—8x RX 2] 1] 15 12
RG3—jx RX 23 10 4 i i
RGA—=k» RBX 23 17 20 a7 13

Taotals ... o2 ';_'.'_“ 101 76
Expeeted T B 863 G 865

In this series of crosses the number of cross-overs 1s 178, and the
number of non-cross-overs 168, an excess of the former, It may be con-
cluded that G and B are independently inherited.

Relation between the factors S and G.

The relation between S and G was mvestigated in the baek-cross

Sgs@ xsgsg. The following were the results:

Family B e o a7

1 5 i 1 G

. ' 43 15 4 10
3 18 17 14 14

1 17 9 bt 14

Totals 76 15 3l 43

The factors S and 7 entered the cross from different sides, the cross
being SgxsG. The results from the above back-erosses are such as
would be expected if § and & entered the cross from the same side and
were linked. The small number of plants grown does not enable us to
decide whether the excess of 86 and sg is due to some accidental cause,
or whether we are dealing with a new phenomenon. It would be diffi-
cult to imagine any mechanism which could give rise to more than
50 per cent. crossing over.

In the original F, results the two types Rose and Tinged were not
separated, so that it is not possible to trace the ratio of the four
phenotypes SG, Sg, sG, and sg in this generation. In the two colour
classes green and mahogany, however, the proportions of spiny and
spineless were distinguished thus

Green Spiny Green Spineless
S LT
Gl a7
Mahogany Splny  Mahogany Spineless
Mz Mey
a3 a7
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In both the above ratios there is an excess of the spineless form,
and it would be justifiable to conclude that there is no repulsion
between factors 8 and ¢ It is intended to study the linkage relation
of 8 and @ in a much larger series of back-crosses,

Relation between the factors M (mahogany) and & (green).

The F. results led to the conclusion that M and & were inherited
independently, and this view is confirmed by the results of back-crosses
of F, by double recessive, placed below.

Family M@ arg e it

1 7 12 10 5

2 & & 8 T

] 1a 11 15 12

4 o 6 39 a4

5 26 by 14 a8

Totals 113 81 86 Bh
Ratio 13 09 00 0-9

The only point arising out of these results is the excess of MG,
which should form the subject of further experiment.

SUMMARY. .

1. Factors M and B are linked, there being 83 per cent. cross-overs
“in the back-cross of F} by double recessive.
2 Fuctors G and B are independently inherited,
*3. Factors M and G are independently inherited.
4. The relation between Sand G is somewhat obscure, the percentage
-qf Cross-overs m t-ha back-cross of F, by double recessive bamg con-
ard;mlilx greater than the percentage of non-cross-overs.



INHERITANCE OF CERTAIN CHARACTERS
IN THE COWPEA (VIGNA SINENSIS).
PART III. THE VERY SMALL-EYE PATTERN OF
THE SEED-COAT.
By 5. C. HARLAND, D.Se. (Lond.).
THE genetic constitution of certain types of seed-cont pattern in the
cowpea has already been discussed in the first part! of this paper.
Briefly the factorial composition of these is as follows:

Solid ... .. DH . H, DH &, or D, H,,
Watson ... o e M
Holstein... oo dHLH,, dHha, or dhy Hy,
Small-eye S

A cowpea with another type of seed-coat pattern was obtained from
Vilmorin of Paris. The eye, or pigmented area was very limited in
extent, being confined to a narrow belt of eolour about 0°5mm. broad
round the hilum. This type was called Very Small-eye.

A cross of Small-eye by Very Small-eye gave the following results :

Fy. Watson
3. Watson Small-eye  Very Small-eye
324 117 145
Expectation on 9 : 8 : 4 basis a0 110 T47

Obviously the expectation on a 9:3: 4 basis is practically realised.
We may regard the cross as:
Small-gye = Very Small eye
e . P d¥ Iy
e
S 9Dy 3dY 8Dy ldy
Watson Emall-eye YVery Small-eye

The Small-eye pattern may be regarded as being due to a factor Y,
dominant to its absence. The factor D has no effect on seed-coat
pattern except in presence of Y, but as it is also the factor for Dark
flower, the Very Siall-eye forms carrying I} may be distinguished from
forms without D by the flower colour, which is typically Dark.

It would be interesting to work out the relation of the Solid and
Holstein patterns to Very Small-eye, but unfortunately the present
writer will have no opportunity of carrving out further experiments on
Vigna for several years. For this reason the above admittedly incom-
plete series of experiments have been recorded in this short note.

! Journal of Geneties, Vol. vur. No. 2,



ON A CASE OF PATCHING IN THE FLOWER
COLOUR OF THE SWEET PEA (LATHYRUS
ODORATUS).

By R. C. PUNNETT, F.R.S.

(With three Text-figures and Plate XXI1.)
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THE publication of Baur's striking researches on variegated Pelar-
ganiums and other plants, and his enuneiation of the chimaera hypothesis,
have led to a growing interest in the genetics of variegated plants in
general, Not only do the anomalies in their hereditary behaviour offer
a standing challenge to the geneticist, but it is difficult for those who
work with them to resist the conviction that they hold the clue to
much that is puzzling in connection with the process of segregation.
No excuse therefore is offered for adding to the literature an account
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of i fresh case, even though it cannot at present be satisfactorily related
to the existing corpus of genctical knowledge, Since it is one of some
complexity, a description of the material will be followed by o brief
outline of what appear to be the main genetical features before passing
on o consider it in detail.

Material.

The wild purple type of flower, once met with among cultivated
forms as “ Purple Invincible," is closely related to the deep purplet,
and to the hooded forms of purple known as “ Duke of Westminster” and
“Duke of Sutherland.” Earlier experiments on the genetics of these
four forms shewed that their interrelations conld be expressed in terms
of two factors, viz, a factor for hight wing (L) in the absence of which
the wing is dark (1), and a factor for the notched erect standard (E)
in the absence of which the standard is hooded (e). The experiments
further shewed that, where the standard is ercct, its colour is I.!L‘El!lL‘l‘
and brighter than in the corresponding hooded form, Flowers with the
erect standard are more markedly bicolor than the eorresponding hooded
forms. The four forms will be found illustrated on PL V, figs. 4, 5, 7 and
8 of Bateson's Mendel's Principles of Heredity®.

Corresponding to each of these four normal purple forms is a recessive
“red-purple” form. The difference between the normal and the red-
purple is perhaps best appreciated in the case of the light-winged
varieties, where there is a stri[-:{ug contrast between the blue wing of
the normal, and the pink wings, slightly tinged with purple, of the
corresponding red-purple. This is well shewn on Figs. 4 and 6 of
the plate accompanying this paper, from which a good idea may be
obtained of the difference in colour between a normal Duoke of West-
minster flower and its eorresponding red-purple form. The red-purple
forms of the deep purple (Ppw.) and Duke of Sutherland have the
characteristie eoppery appearance shewn on Pl XXI, fig. 1. We may
attribute the appearance of the red-purple colour to the lack of a
factor J which is present in the normal purple. And here it should
be stated that this factor brings about a change in the general ap-
pearance of the plant as well as in the colour of the flower, Red-purples
are always smaller plants than normals, reaching on the average to

! Known as Ppw. ( =purple with purple wings) in our eatlier experiments. See Rep,
to Evol. Comm, Roy. Soc. 1. 1906, p. 31,
* Though this plate brings out the relative difference in the four forms, the aetual

colours are not well rendered. A better representation of **Duke of Westminster” is that
shewn on Fig. 4 of the Plate at the end of this paper.
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about two-thirds of the height of the latter. This diminution in height
is accompanied by a corresponding diminution in the parts of the plant :
the stems are thinner, the leaves are smaller, and flower stems shorter.
The vegetative parts of the red-purple also present a different ap-
pearance to the eye, for the foliage is of a deeper green, and there is
a greater development of anthocyan pigment, especially in the flower
stems and pedicels, which give to the plant a characteristie “ dusky ™
appearanee,

Corresponding to the series of normal purples there is also a recessive
“blue” series in the sweet pea.  Lord Nelson, for example (PL XXT, fig. 3),
is the blue form of Ppw., and there arc blue forms corresponding to the
other three members of the normal purple series. We may suppose that
these blue forms each lack a factor D which is found in the normal
purple. Corresponding to each of these “blue " forms there is a “red-
blue " which bears the same relation to the blue that the red-purple
bears to its equivalent normal purple form. In the blue series the
colour assnmed by the “red " form is a peeuliar dusky violet, such as
is shewn on PL XXI, fig. 22 We have therefore the following 16 eolour
varieties which, at one time or another, have figured in the present
series of experiments.

Normal Serles e Beries
Purple Invinaihle (. L) ... ELDJ Red P, 1. i ik ELD]
Deéep Purpla [l’pw § ElCu Hed Ppw. - EIDj
Duke of Westminster (D, W.) eLDJ Hed D. W2 .., elDj
Duke of bul‘.htrlnml {D 5. i elDdJ Red D, 8. elDj
Bl bicolor .. o ELdJ Violet bicolor ... ELdj
Deep blue ... EldJ Deep Violet bigolor ... Eldj
Blue hood .. e alddy Violet Duk feldj
Lord Nelson (1. ¥} . eldd | Gl LERAIE e R SR AT

It should at onee be stated that the “ Red " series has nothing to do
with red sweet peas in the accepted sense. They are all true purples in
that they contain the factor B, upon the presence or absence of which
depends the difference between a purple sweet pea and its corresponding
true red, e.g. between Purple Invineible and Painted Lady,.or between
Picotee and Tinged White. Thus a cross between Red Duke and
Painted Lady gives Purple Invineible. Where the colour is deep, a

- visible difference may be exhibited among true reds between those
containing and those lacking J. There is a “red” series also among
true reds, but ordinarily it is not possible to differentiate the true

! The term * Red Doke ™ includes Bed D. W, and Red D, 8.
= Reports to the Evolution Committee of the Royal Society, ni. 1906, p. 4; el also
Bateson's Mendels Principles of Heredity, 1909, P, IIL
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reds (J) from the red reds (j) by the colour of the Howers. The point,
however, is not of importance in the present series of experiments sinee,
with the exception of a couple of erosses, the material nsed was homo-
zygous in B throughout.

Though, as will appear later, there is ample evidence for regarding
the relation between the normal purple or blue, and its homologue
i the red-purple series, as a simple Mendelian one, yet in certain
families this relation does not obtain, but is complieated by the ap-
pearance of another form. These are plants in which the flowers are
charaeterised by shewing a mosaic of the normal and the corresponding
“red” shade of colour. A typieal flower from one of these “ patched” plants
1s shewn on PL XXI, fig. 5. In this instance the general colour of the
flower is that of a normal D. W, but on one of the wings is a patch
of the purplish pink characteristic of the Red D. W. The extent of the
patching on a plant exhibits great variability among the individual
Howers borne on a given plant. Usually most of the flowers shew but
small patches of normal eolour, such as the one figured on P1. XXI, fig. 6.
But there are nearly always flowers, more on some plants, fewer on
others, which shew a greater amount of normal colour. One may be
predominantly normal, as that figured on Pl XXI, fig. 5, another may
be red except for a blue wing, while another again may be patched all
over, but with much more normal eolour than the Aower figured on
PL XXT fig. 6. Or the normal colour miy be reduced to a minute speck
which is only evident when looked for. Besides these various grades of
patched flowers, a patched plant may bear normal and full v red Howers,
Sometimes these are isolated, so that a Howering stem may bear two
patched Howers and one normal one; at other times the plant may put
up a shoot which bears only normal flowers, or again, one that has only
red flowers. After examining hundreds of these patched plants, one
gets the impression that in some the nature of the mosaic is finer than
in others, In the former the great majority of the flowers are pre-
dominantly red, and the normal eolour is present as small fecks, often
very numerous, scattered about over the surface. In the latter the
normal colour is present as blotches, fewer in number but of larger size,
and it is in these that completely normal flowers are perhaps more
common. No sharp line, however, can be drawn between the finer and
the cowrser mosaics. Moreover either can put up a shoot which is
wholly normal, or wholly red, as the case inay be. I have the impression
however that the normal shoot is more often to be found in plants of
the coarser mosaic type.
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In general habit of growth the patched plant 15 intermediate between
the red and the normal, tending however more towards the red, a point
easily noted in families where all three kinds appear. When, however,
a shoot bearing only normal flowers arises on a patched plang, the habit
of that shoot, is the habit of the normal Howered plant. With its normal
purple Howers, more Iuxuriant habit, and brighter green eolour, such a
shoot offers a striking contrast to the rest of the plant.

Brief outline of the cose.
In its main features the genetic behaviour of the normals, reds, and
patehed arising from patched plants may be summarized as follows:
(1) Normals give either
{a) Normals only.
(b) Normals and reds in the ratio 3: 1.
(e) Normals, veds, and patched. In such families the proportions
are irregular, but there is almost always a considerable excess of normals
over the other two classes taken together,

(2) Puiched give all three kinds in irregular proportions!, but the
reds and patehed together are almost always considerably in excess of
the normals,

(3) Reds give cither

(a) Reds only®

{b) All three kinds. When this is the case the proportions are
similar to those arising from patched plants, and I regard such reds as,
in all probability, patched plants in which the patching is so reduced
as to have escaped notice.

Such, in its barest outline, is the nature of the case. It will be
found substantiated by the data given below, and is introduced here
to enable the reader to grasp more clearly the fuller account that
follows, Sinee the mode of origin of the red and of the patched forms
has a bearing upon their interpretation, we may commence our analysis
with what is known of it.

Earlier History. #
In 1903 a cross was made between the two whites Emily Henderson
(round pollen) and Blanche Burpee (long pollen). The F, plants, grown
in 1904, were normal P. L in appearance. In one of the F, families raised

! With one exception in which only reds ocourred (of. p. 272).
¥ Oecasional normals or patched may appear in families which are almost entirely com-
posed of reds. 1 am inelined to regard these as rogues due to insect ageney,
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in 18905 it was recorded that several of the purples had a reddish tinge,
but beyond noting the fact no further attention was paid to it at the
time. From a normal P, 1. sister plant, 309°/05, was raised the family
305/06 (see Pedigree, p. 2G1). It consisted of purples, reds and whites,
Of the 59 purples, 54 were normal, while the remaining 5 were patched.
From one of the latter came Fam. 66/07 which consisted of 7 plants
only. One of these is recorded as a red purple with a normal branch,
and another as a Red Duke, No note was made of the rest. The Red
Duke may have been a patched plant with a small amount of patching,
for at that time so few red plants had been seen that we were not
conversant with the material. The Red Duke, 66'/17, was used as
pollen parent in a cross with 93407, a plant belonging to a pure Ppw.
strain, and the three F, plants raised in the following year (40'-2/08)
were recorded as being “ reddish P. 1™

Here the matter rested for three years. At that period Mr Bateson
and I were busy working at the problem of vepulsion and coupling, and
had neither time nor space to spare for other material. It was for this
reason that nothing had been done with the Red P. L. story beyond the
few observations recorded above. When, in 1911, it fell to my lot to
continue the sweet pea work alone, I decided, among other things,
to leok into the case more fully, The only material existing consisted
of the seeds of the 2 F, plants from the eross with Ppw. above mentioned.
From these were reared the 2 F, families, 63/11 and 64/11, forming the
starting point of the series of experiments tabulated in Tables I—1V
and the accompanying pedigree.

ACCOUNT OF THE EXPERIMENTS.

A, The main series.

The two F, families proved to be not dissimilar. In each there was
an excess of normals accompanied by a small proportion of plants
recorded as “ patched ” and “red.” The numbers for 63 were 76 normal,
3 patched and 4 red: for 64, 40 normal, 4 patched and 8 red. In 1912
an F, generation was raised from 20 of these F, plants (cf. Table I}
Of the 9 normals tested 7 bred true, while 2 gave only normals and reds
in the ratio 3:1. This clearly pointed to the existence of a pure red

! My recollection of the menning sttached to this term is that it denoted a purple in
which the wings were not so blue s in the normal, They were far removed however from
the “ red P. 1" itself.

# These families will be found set ont in tabular form on p. 273,
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behaving as a simple recessive to the normal. OF the five putehed plants
tested all gave normals, patehed, and reds. In 4 families the patched
and reds, taken together, were in excess of the normals, o relation which
later experiments shewed to be generally true. In one family (124/12)
the normals were considerably in excess, an aberrant vesult which is
referred to later on p. 271. Of the six plants classed as reds, five be-
haved similarly to patched plants, giving all three classes with the reds
and patched in excess. Genetically these reds were evidently of the
same nature as the patched. One of them, viz. G411, was a red bearing
a normal branch, and for this reason should perhaps have been more
appropriately classed as a patched. The seeds of the normal branch
were harvested separately from those of the rest of the plant, and in
1912 were sown as No, 127, the remainder as No. 128. Fach sowing
gave a similar result. This point will however be gone into in more
detail later on. One red plant (63*/11) gave a family consisting only
of reds viz. 118/12. Of these one plant, 118412, was used for Crossing
with Lord Nelson and provided the basis of a set of experiments which
will be dealt with below {(p- 263). From individuals of the F, famil ¥;
G4/11, the main series of experiments was carried on until the F,
generation was reached in 1917, when it was brought to an end with
families 126-143. The details can be readily gathered from a study of
Table I in conjunction with the pedigree. The data so obtained serve
to demonstrate the existence of the six different kinds of plants alveady
set out on p. 250,

B. Data from crosses inside the “ ved” families.

In 1916 the seeds of a patched plant, 10#/15, were sown and raised
in pots under glass. They gave a small family 26/16 consisting of
2 normals, 8 patched, and one red. During their flowering period in
the greenhouse various erosses were made between these different plants.
Of the successful fertilisations the nature and results are set ont on
Table II. Where patched plants were coneerned note was made as to
whether the particular flower used in each instance was normal, patched
or red. The results.will be discussed below (p- 2686) in considering the
question whether the different kinds of fower on a patched plant differ
in their genetie behaviour.

In 1917 the seeds of 10 of the 11 planis of Family 26 were sown in
the open. Neither of the two normals proved to breed true. There was
however a marked difference in the proportion of normals that they
produced. This proportion was very much higher in the case of 26¢
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(cf 129/17) than of 26! (cf. 126/17). To this point we shall return later,
The patched plants behaved as expeeted, while the red (26%416), though
giving but six plants, bred true (127/17). That 26* was a true-breeding
red is confirmed by the results of the F, generation raised from 1t when
crossed by its two normal sister plants. Ten families of this breeding
were grown in 1918, and, as Table I shews, nine of them exhibited x
clean segregation between normal and red. The appearance of patched
plants in the remaining family, 47/18, is doubtless to be traced to
the normal parent, 26'/16, which had been shewn to throw all three
classes.

In 1918 and 1919, the seeds of a number of the F, plants were sown,
and the results are recorded in Table ITT. We need only say here that
they are consistent with the data obtained in the main series of experi-
ments,

C. Data from crosses with wirelated normals.

The Red Duke, devoid of patches, made an undoubted appearance
in 1911. One such plant in the F. family, 63/11, was grown on in the
following year to produce a small family consisting only of reds (118/2).
A cross was made between one of these rveds (a ved D, S) and Lord
Nelson. From the F, D. S. plants was raised an F. generation shewing
clean segregation of the red from the normal purples. Corresponding
to D. 8. were deep red Dukes such as that figured on Pl XXI, fig. 1,
while among the blues the red class was represented by the Violet Duke
(Pl XXI1, fig. 2), a distinet colour hitherto unrecorded in the sweet pea.
The elose approximation to a 3:1 ratio indicated a case of simple segre-
gation, red behaving as recessive to normal (ef. Table IT1, p. 281). No
patching was seen on any plant belonging to the red class. A Red Duke
(128%/14) saved from one of these F. families (cf. Pedigree) subsequently
gave rise to the stock used in further crossing experiments. The details
of these may be readily gathered from Table III in conjunetion with
the pedigree. The results in most cases indicate simple segregation as
in the Nelson cross, but in three cases there is a record of a single
patched plant, while in another eross (Red D. x E. H. round) no less
than 12 patched plants appeared among 104 purples.  This last case is
certainly aberrant, but it 1s doubtful whether much stress can be laid
on it. For the white parent (43'/16) was a lineal descendant of the
Emily Henderson strain used in the original cross of 1903, and it is
not impossible that the patched character may have been introduced
similarly in the two instances. Certainly we are not entitled to make
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use of it as evidenece of the failure of the purity of the Red Duke parent.
And this is also the case for the 1918 eross, R, White x Helen Pierce?,
where a single patehed plant oceurred in a small family, There remain
the two other exceptions. Ought we to regard them as real exceptions
involving some process of segregation ditferent from what we are
accustomed to regard as normal, or should we look upon them as due
to an accidental eross-fertilisation due to insect agency ? For patched
pln.nts were growing in the g;lr!.h:.n alongside of these F, plants, and
Megachile is always with us. It is not impossible that the single patched
plant arising in F, from the eross Red Duke x M. H. hood may owe its
origin o this cause, Fortunately, however, the cireumstances are such
as to allow of onr arriving at a definite decision in the ease of the last
remaining exception, yiz. that from the eross Red Duke x Helen Pierce.
The F, plants were 1. S, and in F, appeared the four colour varieties
. 5., Nelson, Red Duke, and Violet Duke, together with their respective
marbled forms. Now the single patched plant that made its appearance
was marbled. The only marbled plants growing in the garden where
these F, plants were setting seed were Helen Pierce: the only plants
carrying marbling were certain F, plants derived from crosses with
Helen Pierce. Helen Pierce has never produced a patched or a red
plant; nor has such a thing occurred in the F, of any of the crosses
with Helen Pierce. Hence the single patehed plant in F. cannot be
attributed to what we may term a red patched marbled gamete brought
by Megachile from some other plant. We are forced to regard it as
having arisen through some process of imperfect segregation in the
parent plant. Moreover the strong evidence that exists for this parti-
cular plant must render us willing to admit that something of the
nature of imperfect segregation may also underlie the other exception
dealt with above.

Apart from these exceptional patched plants the result of the out-
crosses with Red Duke clearly suggests a single factor difference between
the red-purple and the normal purple classes. In a total of over 2000
F, plants a 3:1 ratio is closely approximated to.

D. The Red Duke line.

The Red strain isolated in family 118/12 was accidentally allowed
to die out. Another sirain was however established from an F, plant,

! A blue hooded marbled form. Marbling is recessive to self colour, nnd Helen Picrce
behaves as & recessive to Lord Nelson,
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1258%/14, which arose from the 1912 eross between Lord Nelson and
118% The subsequent history of this strain, which is shewn in the
pedigree, presents a point of interest, in spite of the fact that all of the
plants in it proved to be shy seeders. In 1916 the line was duplicated.
Of the one branch (Ex. 213/15) five generations have been grown to date.
The total number of individuals only amounts te 35, but all have been
clear reds with no indication of any patching. In the other branch
however (Ex. 214/15), which has been grown on for six generations,
patched plants have cecurred. Family 124 of 1917 consisted of 9 plants,
On a single flower of one of these plants oceurred a pateh of purple
which covered about one third of one of the wings, Unfortunately it
was not found possible to save seed from any member of this family.
No further indieation of patching occurred in the line until 1920 when
two patched plants made their appearance in a small family of seven
(No. 20). Here the parent (62/19) was a Violet Duke, a fact of import-
ance in helping us to decide upon the origin of these two patched plants.
In 1919 there were numbers of patched plants growing in the garden.
But all of these belonged to what we have termed the main series of
experiments, all of the plants of which were homozygous in D. Had the
two patched plants from 62/19 been due to insect agency they must
have been red-purples—not violet. The evidence clearly points to their
spontancous origin from G2/19. It may be added that the patching in
these two plants was pronounced and of a coarse type. One of them
bore a full blue branch of which further mention will be made below.

SPECIAL POINTS.

A. The genetical behaviour of the different kinds of
Howers on patched plants.

In any attempt to formulate views as to the nature of the patched
plant, one is at once met with the question whether the mosaic arrange-
ment of the colours indicates an irregular distribution of the corre-
sponding genetic factors in the germinal tissue. Do normal flowers on
patehed plants tend to produce a higher proportion of normals than do
patched flowers ? The facts that may contribute to a decision fall into
two groups, and are as follows :—

(1) In four cases where a patehed plant has put up a normal branch,
the seeds of that branch have been harvested separately from those of
the rest of the plant. These plants are:

Journ, of Gen, x11 17
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Le. normal branches give e 17°6%), normals

red and patched branches give 16467,

The data afford no ground for supposing that normal branches of
4 patched plant exhibits any constant genetical difference from the rest
of the plant.

(2) Crosses were made in 1916 between normal and patched mem-
bers of the same family (26}, in which the nature of the Hower used
from the patched plant was recorded. The two sister normal plants
used, viz. 26'/16 and 26¢/16, were subsequently shewn to give a markedly
different result on selfing, and must therefore be considered separately.
The data, which are given in full in Table II, may, for our present pur-
pose, be summarized as follows :

(a) Crosses between 26' (a normal which gave 10 N.: 6 K. + P.)and
different sorts of flowers from various sister patched plants.

N. T
Normal flowers gave 10 7
Patched ., 5 25 14
Red... I - b G

(8) Crosses between 26 (a normal which gave 17 N.:1P.)) and
different sorts of flowers from various sister patched plants.

N, P4+ R
Normel flowers gave 2 1
Patched |, He 13 &
Hed 3 o 7 0

These figures shew that the three sorts of flowers tend to behave in
the same way. In spite of irregularities there is no indication of any
excess of normals when normal flowers were used as compared with
patched ; nor again when patched flowers were used as compared with
red. In other words, there are no grounds for supposing that the normal,
patched, and red flowers on a patched plant differ genetically from one
another,
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B. The genetical behaviour of earlier and later ripened seed.

It is conceivable that in the cell divisions of a mosaic plant a process
may occur whereby the more distal parts of the germinal layer may
come to differ genetically from the more proximal. The possibility was
tested in the case of one plant, 297/20, by saving separately the seed of
each flowering stem on the normal branch (ef p. 265). The pods set
well, but the final resalt is meagre owing to the numerous casualties
from the drought of 1921. Such as it is, it is set out in Fig. 1, and
offers no suggestion of any regular genetical differentiation with the
age of the stem.

Some further observations bearing on the point are given in Table I.
From three large normals in Fam. 40/20 the ripe seeds were taken at
intervals, the first gathering being made some three weeks earlier than
the second. In the case of one plant (40°) five gatherings were made, the
last being in October. Only fully ripe seeds were taken, some of those
ripening between the successive gatherings being naturally shed and

Fig. 1. Diasgram of 207/20. On the left & patched branch: on the right &
normal-fowered branch. Seeds giving rise to normal flowered plants
shewn black; seeds giving risc to paiched planis shewn as @ ; seeds
giving rize to red plants shewn . The order in which the seeds are
ghewn on the Qowering stem is imaginary. ;

17--2
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lost. The data may be regarded as rough samples indieating the nature
of the germ plasm at different stages in the history of the plant. It
cannot however be said that they reveal any indication of definite
change in the nature of the germ plasm in the later, as compared with
the earlier stages of its growth.

C. On the proportions of ved, putched, and normal plants
produced by individuals of the three kinds.

Although the data are too scanty for adequate statistical treatment
they offer nevertheless some interesting points for discussion. The first
question which it is natural to ask is whether there is any evidence of
regularity in the proportions of the three kinds of plants, reds, patched,
and normals, when they oceur together in mixed families. This may be
attempted on the data given in Table I Not all of these data are
suitable for treatment in this connection, for many of the families are
unfortunately too small to allow of our attaching much meaning to the
proportions in which the three sorts oceur. For this reason we shall
consider only families containing 20 or more plants. Again, the records
refer in large measure to plants which were small and imperfectly
developed owing to adverse conditions. In extreme cases the individual
had to be classified on a single flower, and often on but a few. Though
there is no, mistaking a normal, it is, under these circumstances not
possible to be certain that a plant classified as a red should not more
properly have been placed in the patched class. For the history of some
plants that were kept under critical observation shewed that an indi-
vidual may sometimes start as a red, and later on come to have a fair
Pmpnrtiun of patched flowers, or even a normal branch. Moreover, as is
evident from Table I, a plant classified as a red may, in its breeding
behaviour, be indistinguishable from a patched. Doubtless many plants
classified as reds ought really to be regarded as patched plants in which
the flecks of normal colour are very much reduced. No parallel difficulty
arises in the case of the normals, for T have never seen a normal with
flecks of red. While red and patched grade insensibly into one another,
the distinction between patched and normal is always unmistakeable.
In the following paragraphs therefore I have taken account only of two
groups of plants, viz. reds and pntched taken together, and normals,

For the construction of Fig. 2 there were available 56 parents
which arose in mixed families and gave all three kinds among their
progeny’. Of these 20 were normals (Fig. 2, A), 20 were patched

T These families are all marked by an asterisk in Table I,
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(Fig. 2, B), and the remaining 16 were reds (Fig. 2, C). In each of
these 56 families the percentage of reds and patched taken together
was calculated, and these percentages arve plotted in Fig, 2, Here the
percentage in each family is shewn separately, and grouped according
as the parent was (A) normal, (B) patched, or (C) red. With the excep-
tion of one aberrant family (No. 111/19), all the families produced by
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Fig. 2. Skewing percentage of reds and red-patched, as opposed to normals, in familics
from (A) normals, (B) red-patched, and (C) red parents. D i8 combined from
A, B, and C, pnd shews families in which the three kinds of planta appeared,
irreapective of their parentage. E shews percentage of reds where only normals and
reds pecurred. The data are derived from Table I. Only families containing 20
or more plants have been made nse of.
normals agree in having a low percentage of reds and patched, varying
from 10-33 °/_. The total number of reds and patched in the 20 families
was 199, and of normals 876 ; so that the average percentage of normals
is 18:5°/,. This is distinctly below the 25°/, characteristic of a simple
recessive relation, such as oceurs in families where normals and reds
alone are found. Sixteen such families are shewn in Table 1V, and the
percentage of reds in those with 20 or more individuals is also plotted
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in Fig. 2, E. Though the proportion of reds and patehed in A is lower
than that of reds in E, the range of variation is not widely dissuuilar in
the two cases,

When however we turn to families derived from patehed we find a
very much wider range of variation (Fig. 2, B). But except for one
aberrant family (124/12) the proportion of reds and patched hardly
drops below 50°/, while it may rise to almost 90°/,. Out of a total of
855 plants in these 20 families 574 are red or patched, i.e. 67°/,. The
range of variation is here very considerable.

There remain the 16 families from red parents. Some of these may
be closely matched by families derived from patched plants. In others
however the proportion of patched and normals is very low, and it is
not impossible that in such cases we may be dealing with rogues, due
to Megachile, in families of pure reds. Taken as they stand however
the families from reds (Fig. 2, C) resemble those from patched in their
wide range of variation, though, on the whole, the proportion of reds
and patched is higher. The 16 families comprised 708 plants, among
which were 109 normals, giving an average of 77 °/, of reds and patched.

A point which seems to emerge from this necessarily inadequate
analysis is that the patched plants can hardly be regarded as all con-
stituted alike genetically. The proportion of normals produced even by
sister plants (cf. 57 and 58 of 1913) differs too widely, and to these
differences attach even greater weight when it is remembered that
there is no evidence of a genetical difference being associated with o
preponderance of normal coloration in the mosaie (ef. p. 266). On the
other hand we must not lose sight of the possibility that the germinal
layer may also be constituted as & mosaie, and that the germinal mosaie
may be independent of the epidermal mosaic which is rendered visible
through colour difference. An unusually high proportion of normals
from a patched might conceivably be due to the higher prolificness of
a branch in the germinal mosaic in which the factors making for normal
were preponderant. A difference in the proportion of normals produced
by two plants might depend upon the manner in which this mosaic
happened to develope. In some plants a “normal” germinal covering

of the lowering shoots might, through accidents of growth, preponderate
more than in others. Such patched plants would throw a higher, and
even a considerably higher proportion of normal offspring, than other
patched plants in which, through accidents of growth, the greater part
of the germinal layer consisted of the portion lacking in the factors for
normal. Yet all may have started as similar zygotes. The point might
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be tested by harvesting separately the separate branches of a number
of patched plants. The data on p. 266 ave obviously too few for testing
the point.

The great range of variation for the patched and red plants, as
bmu_glu out in Fig. 2, B and C, obviously points to a g.'lumi-]'u output
which differs qu.unit.u.iwl‘. in different plants. For the normals the
range of variation (Fig. 2, A) is much smaller, and not very markedly
different from that shewn l‘.nj. plants where the relation between normal
and red is that of ordinary dominant and recessive (Fig. 2, E). Never-
theless there is other evidence to shew that the normals which give
rise to normals, patched, and reds, must often differ quantitatively in
their gametic ontput.

In the series of erosses made between the various members of
Fam. 26/16 (see Table II, p. 280) two different normals were made use
of, viz. 26! and 26*. The selfing of these two plants (see Table 1) resulted
in a very much higher proportion of normals from the latter. The
inference that the normal output of gametes was higher in 26 is borne
out by the behaviour of these two normals on crossing. Crossed with
26% a pure red, 26' gave 16 normals, 2 patched, and 6 reds, while 26
gave 9 normals and 2 reds. Crossed with various patched plants in the
same f.-nnity a5 P:'D{lucu{! 43 normals, 24 patched, and 3 reds, while 2
gave 22 normals, 4 patched and 2 reds. Whether selfed, crossed with
red, or crossed with patched, 26' consistently gave a much higher
propurtion of normals than did 26

There remains, in connection with the data IE[JFEEEILLLd on l:'lg =
the question of the three aberrant plants, one of which occurred in each
of the three groups A, B, and C. The exception in A is a family with
an unusually high proportion of reds and patched (111/19) from a normal
parent. A conceivable explanation is that the parent was genetically a
patched. Patched plants often throw up one, or even more, normal
branches. It is not impossible that a small plant, such as the parent of
this family was, may shew only normal flowers. Such a plant would be
genetically a patched, putting up one or more normal branches, as any
patched may do, but failing to develope flowering stems from the non-
normal part of the mosaic. On the other hand the exception in B, where

a patehed plant (64°/11) produced a family (124/12) with a great excess

of mormals, is harder to account for. I can only suggest that it may be
an extreme instance of preponderance on the part of the normal portion
of the germinal mosaic in the region of the Howering stems. Of the
authenticity of the last exception (189/17) in which a red gave a high
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proportion of normals 1 am doubtful. For in 1916 the sceds of some
plants were eollected by my gardener, and among them was 39, the
parent of the family in question. [ detected one certain ervor of labelling
among the seed so taken, and for this reason 1 have never been satisfied
that the present aberrant result may not also be due to some mistake.

D. The formation of * pure” gumetes by plants giving mized families.

That the patched plant must be regarded as produeing some * pure ”
normal, and some “pure” red gametes is evident from a study of Table [.
For example 39/16 contained 7 normals out of a total of 32 plants. Of
these 7 normals 5 were grown on in the following year, Two of them,
viz. 39" and 39", gave families consisting respectively of 29 (137/17) and
61 (135/17) normals. The numbers are in each case sufficiently large
to make it fairly certain that we are dealing with true-breeding normals
in each ease. Other examples of the origin of such normals are to be
found among the crosses undertaken in 1916 among the members of
Fam. 26. Thus Fam. 90/12 arose from a normal (63%) that was produced
by fertilising a patched plant with a normal (cf Table II). Sinee it
produced only normals to the number of 84 we are justified in regarding
it as a true-breeding normal, and in supposing that the gamete from
the patched parent (26°) was a normal one. So also a patched plant
gives rise to “ pure” red gametes, for from such plants may be derived
true breeding recessive reds such as 26%16. From patched plants too
may gome normals which give normals and recessive reds only. 60/13
and 65/13 are examples of this. Moreover there is the peculiar case of
41+42/18. The parent of this family was a patched plant (96¢17)
derived from the fertilisation of a purple flower on a patched plant
(26"/16) by the pollen of a pure red (26%16). It was a patched plant
with a pure red branch. The seed from the red branch was sown sepa-
rately and gave 25 reds; that from the patched portion gave 5 reds.
All of the plants were unfortunately small and failed to set seed satis-
factorily, so that the matter could not be followed up. Nevertheless we
have here an undoubted case of a patched plant from which only reds
were recorded. It is conceivable that some of these reds, under more
favourable conditions of growth, would have developed into patched
plants to give a family similar to 34/13. Still we can hardly help
" inferning that 96%17 was producing a high proportion of “ pure” red
gametes,

In connection with the proportion of normal gametes produced by
normals occurring in families with a large excess of normals, the F,



-
r-"'
~
'h.i-'—-..‘- =

k. C. PuxxyETT 273
families from the 1908 cross between Ppw. and Red Duke arve of interest.
The details are set oub 5{-1}:11'.-1.t-u[_1,' i tabular form below :

Fam. 63/11, Ex. 40¢/08, a normal which on selfing gave
N.78:P.3:R 4.

11 F, plants tested by growing on to F,, viz.:

Normnals Matched Hels
U —— e N S T R R—
1911 nos. 637 @3* (81 g§8° (3 GaM  GaM L LR 1% L 1 L
1912 mos. 110 111 112 118 114 118 120 115 117 116 118
Reanlt X, 15 25 10 50 23 40 32 T 4 3 —
E. —_ - = - — — - a 2 2 -
I et LT R R T 12 6 19 12

In this family out of 7 F. normals tested, 5 bred true, while 2 gave
only normals and reds. None of the normals tested produced a patched
plant. This may have been an aceident, but in any case i is evident
that we must suppose such plants to have been producing a high
proportion of normal gametes.

Fam. 64/11 Ex. 407/08, a normal which on selfing gave

N.,40:P,3:R., 4
9 F. plants tested by growing on to F., viz.:

Normala Patched Reds
—_— - - e e — - P —
1911 nos, G4* G4* G4% 647 G4 [ 045  G4% G40
Lr]
1912 nos, 121 128 124 195 ]l .5? 130 128 126 129
Resalt K. 30 39 B2 G 15 ] B k] B
P. — — 4 11 28 13 18 G 13
R. _— - i} B 46 8 13 12 1

The interesting point is that of the 9 F, normals tested in these
2 F, families where patched cccurred, T bred true, while 2 gave only
normals and reds. None of these normals produced a patched plant
This may have been an accident, but in any case it is evident that °
we must suppose. such plants to have been producing a high pro-
portion of normal “gametes.” As shewn in Table V some of the
normals arising in mixed families breed true, but the proportion here
indicated—viz. 4 out of 20—is very much smaller than in the case of
the 2 K, families referred to above. The facts suggest that true breeding
normals are much more likely to occur in mixed families where the

proportion of normals is unusually high, than in families where it

is markedly lower.
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Inscussion.

The ease of the patched sweet pea naturally challenges eomparison
with the other eases in which the genetics of mosaic flower colour
have been investigated, notably in Antirrhinum, Primula, and Mirabilis.
In mnize, too, a case of somewhat similar nature was deseribed some
years ago by Emerson, where the patch-work affected the colour of the
pericarp.  As these various cases all present peculiar features it will be
convenient to consider them separately.

Gregory's' work suggests that the flaked Primula breeds true, but
this is based more upon the behaviour of the flaked forms on crossing,
than upon the offspring of flaked plants themselves. He does not,
however, give any records of self-coloured flowers arising from Haked
plants. Certainly a elose parallel eannot be instituted between the
Primula and the sweet pea, and Gregory was able to symbolise his
results on a simple factorial scheme,

Emerson® shewed that in maize the variegated throws some reds,
but no non-reds, while the proportion of reds thrown by the variegated
depends upon the amount of red in the variegated grains. The reds so
formed behaved as heterozygotes between self-red (dominant) and
variegated (recessive), and in later generations homozygous self-reds
were established. Though the amount of colour in some of the varie-
gateds was much less than in others, no eompletely uncoloured head
was produced.

The much discussed case of de Vries' striped Antirrhinums® presents
many features in common with Emerson’s maize. Here again the
striped throw a variable, though relatively small proportion of self-red,
while the self-reds so produced behave as heterozygotes between self
and striped. It is true that de Vries did not obtain a homozygous red,
but this was evidently due to his not having tested the offspring of
the self-reds which sprang from the striped®. As with the maize, no

U Journal of Gengtics, Vol. 1, 1011, p. 121.

2 Amer. Nat. Vol, xpvnn p. 191,

# Die Mutationstheorie, Vol. 1. 1801, p. 494; Vol 1. 1908, p. 351. Species and
Varieties, 1905, p. 315

§ In some experiments with o striped strain of dntirrkimon [ have recently prodoced
homozygous reds in o manner snalogons to that in which Emerson produced his homao-
zygous red meize. Some reds arising from a sell-fertilised red branch on o striped plant
proved to be heterozygous, striped being recessive to self-colour. On self-fertilisation such
reds produced striped, heterozygous reds, and homozypgons reds in the expeeted proportions,
I hope later to publish a faller account of these and other experiments with the striped
Antirrhinom.
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completely uneoloured individual appeared during the course of the
experiments. A further point of resemblance between these two cases
is that the variegated maize appears to behave as a simple dominant
to white, and, except for the production of a few reds, the striped
Antirrhinnm appears to behave similarly towards the colourless form?,
The schemes of inheritance for Antirrhinum and for maize appear to be
similar, though presenting points of difference from that for Lathyrus.

There remains the ease of Mivabilis. Miss Marryat came to the
conclusion that ©though flaked forms oceasionally throw self-coloured
individuals, this phenomenon is so irregular that its significance is
guite uncertain®” In the following year Correns® published his inte-
resting account of the behaviour of the striped forms in this species.
He found that striata plants did not, as a rule, breed true, but gave a
small percentage (0 bis 10 und mehr") of rosea plants with self-
coloured flowers. When, as at times happened, rosea branches appeared
on striata plants, such branches, on self-fertilisation, behaved as striata
branches, though the proportion of roses plants produced tended to be
rather higher'. The rosea plants, which sprang from seed, turned out
on testing, to be of 3 kinds, viz

() those which bred true,
(b) those giving striata as recessive,
(¢) those giving gilva® as recessive.

L Cf. [he Mutationstheorie, Vol 1r, p. 352,

2 Reports to the Evolution Committes of the loyal Society, v. 1809, p. 40.

: Ber. d. Deut. Bot. Gesell, Vol. xxvur, 1910

+ There appears to be some mizconcepiion of this case in the accounts given by
Bateson and by Baor, for both of these anthors state that the majority of the plants
raised by selfing the red bronches are reds.

“ When o plant bears both striped brenches and unstriped branches, each type produces
offspring which in the great majority resemble itself.” Mendel's Principles of Heredity,
8rd Imp. 1915, p. 812. 3

s Alle gestreiften Pllanzen bLilden einzelne rotblihende Aste, die weiterhin bei Selbst.
befruchtung aufmendeln in 304 rot : 1/4 gestreift.,..., " Einfithrung in die Experimentelle
Vererbungslelre, 5 U, 4 Aufl. 1919, p, 302,

Correns bowever is explicit in his statement as to the genetical similarity between
striped and red branches on the same plant.

¢ Die rosea-Aste geben (ala £y} eine Nachkommenschaft, die ebenfalls ans striata- und
rosea-Planzen besteht, Auch des Zahlenverbilinis ist oft annihernd das gleiche wie bei
den strigta-Asten, Zuweilen kommen aber doch relativ mebir rosea-Pilanzen vor, gelegent-
lich entsehieden mehir als bei der Nachkommenschaft der strinfua-Aste desselben Indivi.
doums.” (Lec. eit. p. 426.)

Moareaver the scheme he gives on p. 427 is in accordance with his statement.

* L. the pale yellow form without any red faking,
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Acvcording to Correns class (¢) was very rarc. Further, Correns
states that occasional gilea plants were produeed from self-fertilised
streate (loe. cif. p. 426), and that these bred troe to gilva (loc. eif,
p- 429). Owing probably to their rarity, Correns lays no stress upon
these gifva plants, and omits them in the scheme of inheritance that
he has drawn up on p. 427, Nevertheless the recognition of their
existence allows us to institute a close parallel between the Mirabilis
and the Lathyrus cases. In cither case the general scheme of inherit-
anee is the same. In either ecase we must suppose the variegated
plants to be giving off three kinds of gamete, viz. roseu, striata, and
gilva in Mirabilis; purple, patched, and red in Lathyrus. In Lathyrus
the patched gametes are more numerous than the purple, and much
more numerous than the red gametes: in Mirabilis the striata gametes
are much more numerous than the rosea gametes, and very much more
numercus than the gilva gametes. The most noticeable difference
between the two cases would appear to be the higher proportion of
“flaked ” gametes, as opposed to the * pure” ones, that is produced by
the flaked Mirabilis'. But in either case the flaked plant produces also
two kinds of “pure” gametes, and the relation between these two is
the simple Mendelian relation with which we are so familiar,

Although some stress has been laid upon the points of difference
between the Primula, Antirrhinum and maize eases on the one hand,
and those of Mirabilis and Lathyrus on the other, it is yet possible that
they may be all fundamentally of the same nature. For as we pass
through the series Lathyrus, Mivabilis, Antirrlinum, maize, Primula,
translating it, so far as we can, into terms of “ pure” and “mosaic”
gametes, we cannot but notice the gradunal increase in the proportion of
“mosaic” gametes, with its accompanying diminution in that of the
“pure” ones. Further, those of the “pure” gametes corresponding to
the recessive form are not only fewer to begin with, but decrease more
rapidly than those corresponding to the dominant form. In a erude way
the idea of such a conjectural series is illustrated in Fig. 3. Whether
Frimula properly belongs here must depend upon future work with flaked

! Tho statement that in Mirabiliz one of the classes of rosea throws siriata as o
recessive would at first sight appear to constitute a difference from the Lathyrus case,
For the purple sweet pea that throws patehied, throws algo & small proportion of reds. T
am inclined to regard the difference as more apparent than real, and to suppose that, if a
congidersble number of offspring were bred from such rosea plants, a very small propor-
tion of gilva would appear, At present we have no means of testing the probebility of
this conjecture sinee Correns dees not give the actunl numbers of plants bred in hia
experiments,
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forms. If it is rightly placed in the series we should look for occasional
self-coloured forms from self-fertilisation of the “flakes”; also, very rarely,
for a white.

But whether Primule, dnttrvhogwm, and maize fall mto such a
series or nof, it is clear that in Lathyrus and Mirabilis we have two
cases where, in a given strain, a pair of colour characters may either
shew a simple Mendelian relation, or else form a mosaic. The most
interesting thing about such a mosaic is the nature of its germ cells.
Must we suppose that “ mosaic” germ cells are formed besides “ pure "
omes that give ordinary Mendehan phenomena? Or 1s 1t possible that
only “ pure” gumetes are formed, and that the “mosaic” is a special
manifestation of the heterozyvgous condition. On this latter view it is

"dominant” "“vecessive”
qnmetzs gamelies

La.tlr]-ms ___________________________

w .»
Mosaic gameles
T T e [ S0 P it TR - o o

Anliy rh]num}

Maize

SR ey e S

Fip. 3.

clear that the case 1s one of great complexity. Forif we are to interpret it
in terms of factors which are located in chromosomes, and segregate at
the reduction division, we must explain, not only the difference between
the normal and the mosaic heterozygotes, and the fact that either can
throw all three kinds, but also the widely variable proportions in which
the three kinds appear in different families, Though an interpretation
must probably be sought along some such lines if this ease is to be
reconciled with the widely accepted chromosome theory of heredity, it
seems unlikely that this reconciliation will prove to be a simple task.
On the other hand one cannot help being struck by a general
similarity between these cases of flaking in flower colour, and certain
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cases where the leaf is variegated. Here, as has been pointed out by
Baur and others, we must suppose that the hereditary factors, whether
in the form of plastids, or of some other eytoplasmic enclosure, are
extra-nuclear, and distributed in segregation independently of the re-
duction division. Indeed, while considering these cases of variegation,
Bateson has suggested that even in normal Mendelian hervedity, sepre-
gation may possibly be regarded as bLrought about on similar lines,
Le. as “a phenomenon capable of ocenrring at any cell-division, and
not merely in gilmu:tﬂ—j__:u_-:lmt'-is"'." The nature of the resultant mosaic,
whether coarse or fine, regular or irregular, would depend upon the
number of eytoplasmic enclosures which go to make up the *factor,”
upon the way in which the surrounding protoplasmic medium affected
their separation during cell-division, and upon various other eircum-
stances. Ordinary Mendelian heredity would on this view be but a
special case, due to the regularity and fineness of the heterozygous
mosaic. Whether such a view will prove to be more than a suggestion,
and whether it could be extended from plants to animals, further work
alone ean decide.

EXPLANATION OF PLATE XXI.

Fig. 1. Red D, 8.

Fig. 2. Violet D. 8.

Fig. 3. Bloe (Lord Nelson).

Fig, 4. Normal D, W,

Fig. 5. Patched D, W,

Fig. 6. Bed D. W., with a few small flecks of purple on wing (Le. lightly patched).

For the coloured drawings of the flowers from which the Plate was made T am grently
indebted to the skill and kindness of the Hon. Mrs H. Onslow.

! For a recent discussion of such cases, see Winge, 0., * On the Non-Mendelinn
Inberitance in Veriegated Plants.” Comptes Rendus des Travais dw Laborataire Carlsbery,
Yol x1v, 1919,

* Mendel's Principles of Heredity, 3rd Imp, 1013, p. 313,

-
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Matare of Cross
Lord Nelgon x Red Doke ..
Hed Duke s D, W, Cupid ...
Red Duke = M. H. hood i
Hed Doke = Ppw, ol ... i

Hed Doke s B, H. rd. 543
Red Duke = Bobart Sydenham
Red Duke = Helen Pierce ..,

Helen Pierce « Red Duke
{Cupid) y

R. White » Helen Pierce |
b

{ex Red Duke)

1189/15" -+ 5 offspring ...

R. C. Pusser”
TABLE ITI.
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Castration Expeviments in Poultry by,
X1 40

Martes, variation in, X1 107

- _.I'1i.'|‘-".lI I]_}']rl'ilgh of, with Meatela Iu-'r-.-.-'.-'.lr.x'_
X199

Masenling inheritance, in Lebiztes, xt1 145

Maso sundecalfsr, pynandvromorphous, vin 172

Maternal hybrids, vin 41

—— inheritance in Preimula, v 160

——— inheritance, in silkworms, 11 351

Matthiolo, branched and unbeanched habit in,
I 368

—— ovolution of donblo, x1 GO
— explanation of high records of doubles
in, v 137

—— half-huoariness in, v 145

— inheritance of doubleness in, 1304

- inheritance of hairineas in, x 149

—— multiple allelomorphs in, x 149

—— plastid colour in, 1 323

—— sap-colonrs in, 1 369

shape of seeds in connection with doubles

and singles, 1 366 i

sulphur-white, 1 308

—— viahility of seeds givine vise to doubles
and singles, 1 361

Maturity, time of in hybrid pheasants; 11 278

Mealies, in pigeons, vir 120

Mealworm, s Temelirin

Meconopris, double fowers in, vi 168

Melanargio galathes, heterochroic gynandro-
morph, v 55

Melfanelmimm, varicmtion in, vi 22

Melanizm, in Hoarnia abeifaria, x 135

— in Hodarmia consortaria, 1% 330

— it Hemerophtla albiruptarie, x1 203

~—— in Lepidoptera, tr 200, 1x 195, 220

————— in Oporabia, 1x 249

——— in males of Poceilapsin {sabolle, v1 157

— in Teplrosie, x 61

in Fepliresio consonaria, 1% 63

Mendicea, see Diophora niendion

MrerxsissieR, A., “Observations faites & Ver-
ritves par Philippe de Vilmorin, sur le
Caractire *Hile noir” chez les Pois,” x 53

Mice, agouti, 1 177

- inheritance of coat-colour in, 1 150

—— inheritance of coat-pattern in, 13 319

—— reduplication in gametic series of, v 1332

Tndlea

Mice, sable, 1 174, v1 231

— virllow, 1 166

Mildew, immunity toin Prefiein, 1v 53

resistanes (o in Memadus, v 83

snseeptibility to in Huielus, x1 257

Miues, F. C, on * A Genetic sud Cytologieal
Study of Certain Types of Alhinisin in
Maize,” 1v 193

Milking properties, inheritance of in cattle,
X1 7h

Millat, loaf twist in, 11 59

see Ponicim

Mimicry, x1m 84

Mirabilis, striped flowers in, x11 275

—— variegation in, vi 221

Mivazawa, B, *Studies of Inheritance in the
Japancse Convelvalus” viir 59

“atudies of Inheritance in the Japanese
Conrolvulnva, Part 112 x1 1

— ¥ Dwnrt Formas in Barley,” xr 205

Mt hornwm, sox in, vz 140, 144

“ Mozaie™ flowers, x1r 274
— in fower colour of Lothyris, X110 258

M IRREE, A0 f_.'rl.llrf_l_l,l,n_.':-ll_.'._‘nr

Moths, sex ratio in hybeid, x10 102

Moult habit, in hybeid pheasants, 1z 251

Monlts, number of in Fenebrio, X 235

Multiple allelomorphs, in Léewme, X110 42

— in Lepus, v 40

— in MNatthiola, x 149

— i Poatettin, VIE 2

—— —— i Tettipiclec, vi0 53

-— fuetors, for ler-feathering in fowls, vir 210

Musical aldility, inheritance of in man, v 233

Mateler, variation in, x1 105

_— I.l.l:.l.!'r:-.-'.":h'.ﬁ‘1 ||.}'1I'|_"i\th' of, with Wirrles J:If_l‘fa.
XT 00 i

Mutant, in a pure line of Pleseolis, x1 184

Mutation, in micro-organisms 1w 201

—— in sweet pea, viur 27

—— in trypanosomes, 11201

Mirrosaanrs, 11 340

Namovns, R K., “Studies of Inheritance
andd Evolution in Orthoptern, I,7 111 141 -
—— “Studies of Inheritance and Evolation
in Orthoptera, T1” vir 1

—— “Btudies of Toheritance and Evolution
in Crthoptera, ITT” vir 47

Nanism, in plants, X1 78

Newsaxw, H. H,, “Five Generations of Con-
genital Stationary Night-Blindness in an
American me'];.'." 111 26

Nicotiana, sell-sterility in, 1% 91, 100

Night-blindness, associated with other optic
defects, 11 36

—— heredity of, 11 256

Nodal distribution, in groundsel, v 22
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Nodez, mummber and ]ln;-wdir},' of i Sewecio,
¥I 1

Non-disjunction, possible instanes of in the
ok, X 301

Norrave, J. 8 W, %A Note on the Inheri-
tance of Colowr in One Breed of Pigeons—
An Attempt to Demonstrate a Mendelian
Type of Transmission,” vir 119

Nyssia, sex ratio in hybeid, xn 102

see arlao Jthysia

—— oo, oogencsis in, N1 230

—— — spormatogencsis in, 117 238

— grarcearia P o Lycte Mirtavine &, v 135,
X 6

—— sonaeie § % Lycla birtaria §,v1134,1x 8

— 2 x Poecilopsis dsaliellae 4,15 G

2 x Poecilopsis lapponarip 41X G

—_— '? £ Pr.lt'r.'!'ff.l_lu.'!i'ﬁ _Im.l.i.'rf.'.lrri."r'rf d o i}

—— —— ¢ % Poecilopeis rachelee 4, 1X G

Oats, colonr in, V11 244

—— A, nuda, characters of, vir 230

—— early ripening in, vir 247

— in relation to rusts, 1v 57

— leaf twist in, 11 58

—— Ligowo, characters of, vir 230

—— Mesdagx Hope town, vir 247

Nubischer Schwarser, characters of, vir

230

species of a5 judged by reactions to
fung, 1v 61

—— Thousand Dollar, characters of, vir 229

Odantoptera bidenteta, melanism in, 111 303

Cheelothorar fuscws, gynandromorphous, vir 172

Oenathera, Bud and stemn colour in, 1v 83

—- inheritance of fower siza in, vi 240

—— inheritance of pigment in, Iv 83

— - swomatic segregation in, v 237

e CrHOCEOlE, TV 24

—— richricalyr, 1v 84, 353

rubrinerviz, 1V 84, 304

eelulineg, viIn 202

Bignnizyx O, rubricalyr, v1 238

FLamarvckiana x O, vulricalyz, 1v 53

ritlrionlya x 0. biennis, V1 338

— wf), granpdiflora, 1v 355

— % € Lamarcliana, 1v 91

w O rabrineeels, 1V 50

rithrinereiz x O, rubricelye, 1v 90

Oil-gland, in pigeons, 1 40

Uxsrow, H., *A Note on certain names re-
vently applied to Sable Mice,” vi 231

i '{‘hu Inheritance of Wing Colour in

Lepidoptern. L. Abraves grossularviate var,
futtua (Cockerell),” vion 200

— “Inheritance of Wing Colour in Le-
pidoptera. 11. Melanism in Tepheosin con-
sonaria (var. nigra Bankes)," 1x 53

Oxarow, H., *The Inheritance of Wing Colour
in Lepidopters. 111, Melanism in Soaenie
comanrtierie (var, eopgobiinern Bkh))M 1x
334

“ Tuheritance of Wing Colour in Le-
pidoptern, IV, JMelanisin  in Hoariia
ebictaria,” x 135

— “The Inheritence of Wing Colonr in
Lepidoptera, V. Melanism in Addeoaroas gros-
sulnerieta (vor. earfeyata Poreitt),” X1 123

“The Inheritanee of Wing Colour in

Lepidoptern, VI INephore wewdiog Ol

andl var, eastica Hb," x1 277

“The Inheritance of Wing Colour in
Lepidoptera. VIL Melanism in  flenidvo-
pleilet achraptories (var, fuscota Tatt),"” x1 208

— “A Note on the Inheritance of the
CEtec] T Coat-Colour in Rabbits" xir 91

Oogencsis, in Jdbroacas, 11 194, 1v 6

e AT L_ifr'rllr Kirtarice, 111 235

— it Nyaaie soviceeio, 1T 238

—- in Pieris lroasiome, 10 190

Clporalia, characters of species of,) 1x 196G

—— chromosomes in hybrids of, 1x 261

—— evolution of loeal races of,) 1X 214

—— menetics of, 1X 195

—— inheritance of characters in, 1X 246

—— inheritance of melanism in, 1% 24%

sex-linked inheritance in, 1x 250

—— sex ratin in hybrid, xm 102

— filigremirea, avolution of, 1x 200

— artefaimmat % O difufote, 1X 266

% 0. filigrosmiorio, 1x 254

Siligrawmaiecia « O, dilutato, 1x 2706

Chporinin, see Oporabic

Orchectomy, in birds, 11r 131

Orthoptera, Inhevitance and evolution in, 1
141

Oryza, Segregation in pollen of, xr 209 |

OsrexreLD, U H., % Sone Experinents on the
Origin of new forms in the genns Mierectm
anb-genus Arckifiioacinm,” x1 117

Ostrich, adaption and degeneration in, 1x 177

adaptive value of changes in, virr 190

— 1udf.]i head pateh in, v 168, 15 1563

canse of degeneration in, 1x 184

— elaw on fourth too in, vir 186

— eondition of fourth toe in, 1x 162

—— erossing varicties of, vim 155

= . dcg_cnemtian in, 1x 131

digits in wing of, 1x 157

—— down feathers of, 1x 153

m— pgrpr of, VI 170

—— seutellation of middle toe in, viin 181

—— —— of toes in, 1x 169

—— secondary sexnal characters in, vir 164

—— gize in, VI 162

— gkin eolour in, Y1 163
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Ostrich, specific distinetion in Novthern ad
Southern, vimn B

—— wing quills of, vur 174

— get g0 Steuthio

Ovariotomy, one-sided in vats, 1 70

Oeis aries x Capira hirews, X11 103

thealie valdiviena, 111 55

O, infloence of on Try panosomes, 10 205

Oxydases, distribution of in plant tissnes, 1
283

inflnence of light on, 11 306

—— in flower of Primala sinense, 11 289

— in Sweot William, 11 293

—— Joealisation in tissues of Primela Aowoer,
1 296

— nature of in fowers, 11 304

—— of Glevanivm sanguinei, 10295

— relation of to anthooyan pigments, 11 277

Paleae, forms of in Jdeene, vin 232

Pronicunm, relation to one another of species of,
X1 |

Papaver, correlation between vegetative period
and flower ecolour in, X 18

— flower colour in, x 4

— laeinintion in, x 16

—— linkage in, x11 249

—— spad colonr in, X 17, X117 247

shape of petal ing x 15

size of petal in, X 16

Papaveracens, parallel varieties in, xmm 70

Ypilionaceas, paralle]l varicties in, x11 69

Parallel varieties, in seeds of Viede saftre nnd
Ervwm lewa, x11 61

—— —— in A gropyru, %11 66

in Arene, X110 55

in frassion, X18 57

in Cucwrbite, X118 67

in (Fossypiti, X1 56

in Horelewin, X11 55

—— in Pawteim, X11 45

in Triteeiom, X101 53

in Compositae, X 71

in Crueiforas, x11 64, T0

in Cucirbitacews, X171 G2

in Giraminene, K11 65

in Paguresraceae, X110 70

in Papilionaesae, X11 G)

in Secals and Triticun, x11 58

in Vieiooe, X1 G1

Poratettie, heredity of characters in, vir 2

inheritance of colour in, 111 144

—— inheritance of wing form in, 1z 160

—— linkage in, Vi1 47, x 47

—— multiple allelomeorphs in, vir 2

PagxieLn, F. R, “Note on the Detection of
Scﬁegntim] by the examination of the
Pollen of Rice," x1 208
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Parthenogenesis, in lealoffrips, v1 206

in Afewrodes, vi 250

—— in frponic, v 320

—— in Cladoeere, 111 179

in liybeid Daphoias, x 303

—— ity a Phasenid, 111 103

—— in Primula Kewensts and its allies, v 165

i T ...'r'--."."u‘:'l.-:l.-|-1 vl 2065

in Teichogrommnie, VI 267
Patclhed Hu'u‘.'l'll':-lr in f.lr!.'l;-_'nj.l'n'ﬂ"-f, X1 255
Pattern, of seod cont in g, vio 104
Pen, * Acacia™ form of, 1 105
“ Duke of Albany,” v 14
—— “Early Giant,” v 14
—— gametic reduplication in, 1z 105
— “ Ng Plus Ulkra,™ v 14

— ave olgo s
Pearl eye, in binds, 1% 71
Peas, rogues in, v 9
Pease, M, 8, see Poxxerr, R O,
Pediculue, =ex iu, vIIL 267
—— sex ratio in hybeid, xi1 105
storility in, v 274
Pelargondum, variegation in, v, 282
Pelargoninms, reversal in chimamas of, vin
o7

roof cuttings in, v1 76, x1 91

—— wariegation in, xu 16

Prruew, L, “ Note on Gametic Reduplication
in Pistean,” 111 1056

—— *“Pypes of Segregation,” v 317

and Durgam, F. M., on “ The Genetic
Eohavionr of the Hyboeid Pedida Newensiz,
and 1t Allies,” v 158

— gt afen DaTesox, W.

—— g ctlgn JUEEDLE, F.

Pelalates, Hermapheodite, xt 160

Pelt, characters of rabbit's, x11 180 .

Peroxydases, in plants, 11 2758

PensHap, B. Bas, see LEaks, 1, Manmix

Petal, Incininted in Papoeer, X 16

shape of in Papever, X 15

- size of in Papaver, X 16

Potunia, Doubleness in, 1 57

Petunda hybrida grandiflora, 1 58

sgetaginifora, 1 55

— wiofiicea, I 58

Phalanges, hereditary abisenee of in man, v 81

Phoseolus, mutant in a pure line of, x1 184

Phasianns, sex ratio in hybrid, xm 103

-—— formosanis, chareters of, v 248

—— werstcofor, charactors of, v 240

Jormosanis P x £ versicolor 4 101 275,
v 218

Phasmid, experiments with polymorphie,
107

parthenogenesis in a, 117 108

Phensant, abnormal, 111 205
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Pheaszant, Formosan, cliracters of, v 246

—— hiybrids of with Campine fowl, vir 155

—— Japanese, charactors of, v 246

—— Reeve's, charmeters of, v 246

—— —— sew Symaticis

—— Silver, charcters of, v 245

x Swinhoe, 11 275

spermatogenasis of, vir 157

Swinhoe's, characters of, v 245

—— with abnormal sex characters, vi 163

Pheasants, asaumption of male characters by

. fernale, 1 43 z

—— call in hylwid, v 265

—— habits in hybrid, v 262

= inheritance of colour and pattern i, ¥

213

leg characters in hybrid, v 266

—— monlting in hybrid, 11 281

—— stocondary sexual charvacters in, 111 275

sex-ratio in hybrid, 111 49

—— storility in, v 247

— sterility in hybrid, 11 30

—— wattles in, v 256

Phifosamie, cocoon colonr in, x1t 111

—— inheritance in, vir 135

—— inheritance in hybedd, xm 111

—— larval characters of, vi1 135

Phragmatobic sordide, heterochroic gvnan-
dromorph, v 84

Phylogeny, of Bistoninee, vimr 260, ix 2

Lhytophthora  infestans, immunity to in
potato, 1 38

Piebald miee, heredity of, 1x 319

Pied pigeons, vir 124

LPieris brassicas, heterochroie, v 00

—— oogenesis in, 1 190

spermatogenesis in, 11 193

&— nupi, beterochroic gynandromorph, v 94

T rapae, heterochroie gynandromorph, v

3

Pig, genital organs of hermaphrodite, v 68

Figeons, asymmetric tail feather pattern in,
X 89

—— Black Fantails, 11 155

—— Blue Dragoons, 11 155

—— Chequered blues, 11 143

—— Chequered silvers, 1 144

—— polour inheritance in, 11 114, 131

—— Dun Carriers, 11 155

—— Dun Carrier x Blue Dragoon, 11 157

— experiments with € Hes, 11 136

—— Harlequin pattern in, 1r 115

— heterochromia irvidis in, 11 112

— inheritance of black in, 11 24

—— inheritance of blue in, 11 94

—— inheritanee of colour in, 11 90, vir 119

— inheritance of white in, 11 9

—— iris colour in, 11 113

Journ, of Gen. zur

Pigeons, log-fenthoring in, 1 89

—— Non-chequered Blues, 11 142

—— oil-gland in, 11 950

—— Pl typesin, v 124

vegeneration of testes in, 101 135

—— Ruock x Fantail, 1r 141

— Silver, 11 143

Silver Dragoons, 11 156

—— Bilver Owls, 11 156

Silver Owl x Black Fantail, 11 157

——— tail foathera in, 1 90

— whites, 11 145

—— White Fantail x Black Fantail, 1o 04

White Fantail x Red Tumbler, 11 91

Pigments, yellow in Antierhinum, 1v 111

Pinus syleestriz, plastids in male colls of, vi 227

Piswm, colour of hilum in, x 53

—— inheritance of stature in, 1 47

—— inheritance of time of flowering in, 1 52

— go¢ atlso Pea

Prrr, F., “Notes on the Inheritance of Colonr
and Markings in Pedigree Hereford Cattle,”
1x 281

—— “Notes on the Genetic Behaviour of
certain characters in the Polecat, Ferret,
and in Polecat-Fervet Hybrids,"” x1 99

Plastid colour, in Metthiola, 1 323

Plastids, carried by male colls, vi 227

—— in Clapedcum, VI 315

—— in maize, Iv 207

— in Primula Sinensis, 1v 307

in variegated plants, vi 223

Plumage, in hybrid pheasants, 11 278

Plums, Self-sterility in, vir 281

Pod eolour, in Figna, x 200

Povedlopsis, Sex ratio in I];,'brid, xm 102

—— dsabellae, melanism in males of, vi 157

—— —— 9 % Lycie hirtarin &, v 115, 1% 5

$ ® P pomonarie &, vi 270, 1% 5

—— lapponaric ¥ x fthysia sonaria & 100230

@ Lyeia hirtwdie 2, vi 100, 1x 6

2 % P, ponionaria &, vi 291, 1x 6

—— poamoiarin 9 x fthysic conerin d | 100 230

Q% Lyeia Mreavie &, 11T 230, vi

130, 1Ix O
—— —— @ x P dswbellae &, v1 287, 1x 5
rackelae Q@ % Lycie hirtoric &, vi 132,

X G
Polecat, soe Wustela
Pollen, dimorphisin of, in feyee, x1 210
— in Fuchsio, x1 217
—— of Geranivm ibericum, X1 219
—— in Primla Kewensiz and its allies, v 163
—— in Tragopogon pratensis, x1 219
Polydactylisin, mymﬁ:triuﬂ development of,

XIT' 220
in man, v 51, xi1 217
Polymorphisin, in Phasmid, i 107

19
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Prolyoniitas fooid, hoterochvoie, v D0

Poppy, ses Paparer

Porehomue pellidum, gyvandromorphous, v
1749

Patato, abnormal haulm type in, X 21

—— colour of Tubers in, 1 29

contabescones in, 1 10

—— depth of eye in, £ 27

haulm charcters in, 112

—— immunity to disesse in, 1 3%

—— inheritanece of colour in, 17

— Lindsay's efaberosim, 137

— procumbent variety of, X 3

shape of tubers in, 1 15

Poultry, sz Fowls

Primula, demonstration of oxydase in petal
of, 71 281

Crim=on King, 1 2

—— dominant white in, 11 295

—— Haked varieties, 11 201

—— ginnts arising from o cross, 10 170

— Giant White Queen Star, 11 165

localisation of oxydases in fHower tissues

of, 11 206

oxydases in flowers of, 11 259

—— Readinge Pinlk, 12

_— SIJII“'-{.ﬁ'i.rL 14

— —— % 8now King, 11 179

— Bnow King, 12

striped Howers in, X11274

aeaulis, I.I.ﬁt.ﬂil‘l.:'-'-té-'li‘.-li'l in, 1V 305

—— forilienda, description of, v 163

Kowensis, description of, v 164

reneties of, v 158

—— history of, v 160

—— parthenogenesis in, v 1G5

—— segregation in, v 167

—— variation in, v 169

setlacoides, history of, vir 193

obeonica, doubleness in, 119

fimbriation in, 11 8

—— history of, 11 1

—— hybridisation in, 1 12

—— rose variety of, 11 4

— size of Aowers in, 1 7

— varation in, 11 11

— violet-blne varicties of, 11 6

— - — white variety of, 1 3

—— Pink Stellata, 12

—— #inensis, colonr in, L 75

— —— duuble flowers in, 1 B9

— —— doubleness in, 1 10

— —— experiments with, 173

ra charagters 1o, 1 01

flowers in, 1 121

— — flower-colour in, I 101

gametic coupling and repulsion in,

157,124
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Primnle sinensis gigantism in, 11 163

habit in, 1 85

—— heterostylism in, 1 74, 78

—— history of, 11 1
— leaf shape in, 1 86

—— plastids in, 1v 307

—— reduplication in, 11 314, vi 101

—— stem-colour in, 1 95

— variegation in, 1v 305, v1 221

~—— white Howered varieties in, 11

verticillate, description of, v 164

— parthenogenesis in, v 165

Procumbent potato, X 34

Protozos, geneties of Ciliate, 1v 131

Psilura  monache, heterochroic  gynandro-
morph, v 83

— heterochroic, v 89

Puccinie corenifera, in relation to oats, Iv 57

glumaruin, in relation to various wheats,
v 0

—— graaniinig, on oats, 1V 58

— tiitictne, in relation to varieus wheats,
v a6

Poxserr, R. O, “ Inheritance of Coal-colour
in Rabbite" 11 221

—— “Reduplication Series in Sweet Peas,”
1 57

— “ Further Experiments ou the Inherit-
ance of Coat-colonr in Habbits? v 37

— “Reduplication Series in Sweet Peas
IL," v1 155

—— “Note on the Ovigin of a Mutation in
the Sweet Pea,” viir 27

—— “The Genetics of the Dutch Rabbit—A
Criticism,” 1x 303

—— “On a Case of Patching in Lhe Flower
Colourofthe Sweet Pea ( Lathyrusodoratis),”
X1 255 .

—— and Barney, P. G, “On Inheritance of
Weight in Poultry,” 1v 23

— —— “"Genetie Studies in Poultry. L.
Inheritance of Leg-feathering,” vit 203

— “Genetic Studies in Rabbits. I. On
the Inheritance of Weight,” v 1

— —— "Genetic Studies in Poultry. 1L
Inheritance of Ege-Colour and Broodiness"

X 257

¥ Genetie Studies in Poultry. 111
Hen-feathered Cocks,” x1 37

— and Pease, M. 5., “ Genetic Studies in
Poultry. IV. On the barred plumage of
cortain breeds,” x1 235

—— see also Baresox, W,

Pygaera, fertility in hybrids of, vir 162

Rabhits, agouti-black, m 225, v 38
—u I 235, v 42
—— Dutch »x Himalayan, 11 222
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Rabbits, Flemish x Polish, vimn s

—— fur types in, xu 179

——— heredity of “‘{":il.'ht in, v 1

— heterochromia iridis in, 1 111, 1x 310

—— Himalayan, 11 236, v 45

—— inbrecding in, vl

—— inheritunce of coat-colonr in, 11221, v 37

—— inheritance of Dutch markings in, 1x 303,
X 283

—— multiple allelomorphs in, v 45

—— rate of growth in, vir 17

—— sex difference in, Vi1 15

“ateel ™ coat-colour in, X181 91

Linces, logal of Oporabin species, 1x 214

Iachille, forms of in Merdewin, X 94

Racinl chameters in Fishes, 1% 61

fegea, hermaphrodite, x1 141

Raplanus, self-sterilivy in, 1x 104

Rat louse, transmitting trypanosomes, 11 214

Rate of growth, in rabbits, vz 157

Rats, one-sided ovariotomy in, 1 70

Baxxer, M. (., “Notes on the Geneties of
Teirerrum Seorodonia erispum (Stansfield),”
VII 183

— e ofso Jowes, W, NEinsox

Red, in pigeons, vio 120

Reduplication, vin 200

forms of, 11 313

—— hypothesis of, 1 299

in gametic zeries, 1 203

—— serieg, 111 22

i Camproile, v1 319

in Lathyrus, 11 318, 111 77, v1 185

in Primula, 11 314, vI 191

Reeve's pheasant, see Symaticis

fletweckio, variegation in, X1t 7

Repulsion, gametie, in Lathyris, 1 2032, 111 78,
VI 185

—_— ——— i miee, v 133

in. Privgela, 177, 125

Rice, early ripening in, vir 257

—— se¢ dalan Urysn

Rronarpsox, C. W, %A Preliminary Note on
the Genetics of Feogarie,” 1r 171

—— " A Further Note on the Genetics of
Fragarin,” vi1 167

“8ome Notes on Fragaria,” x 30

fticinus, bloom in, x 207, X1 25]

colour of foliage in, X 211, x11 231

— linkage in, xm1 251

spines on eapsule of, X 210, X1 232

Ropurxg, R. B., “Partial Self-Fertilization
contrasted with Brother and Sister Mating,”
vir 199 g
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