FURTHER EXPERIMENTS ON THE INHERITANCE
OF COAT COLOUR IN MICE.

By FLORENCE M. DURHAM.

15 Report IV of the Evolution Committee of the Royal Society, 1
published a preliminary account of the rvesults of my breeding experi-
ments %o determine the inheritance of coat colour in mice. I now
propose to complete that account by giving the results of my investiga-
tions into the genetic behaviour of pink-eved mice with coloured coals
and also of yellow mice.

I propose to begin with an account of the pink-eyed mice with
coloured coats, but at the same time to leave the question of the
behaviour of pink-eyed mice with yellow coats until T deal with dark-
eyed yellow mice, and $o confine myself ab first to pink-eyed mice of
any coat colour except yellow,

The albinos have been dealt with in Report IV. The pink-eyed
mice with coloured coats as stated in Report IV have only apparensly
unpigmented eyes. Examination of sections of the eyes microscopically
reveals the presence of pigment both in the retina and iris. The
amount of pigment present is however so little, that it is extremely
difficult to say of what colour it is.

There is a correlated absence of pigment in the hairs of these mice,
so that they are much paler in colour than any of the corresponding
varieties of dark-eyed mice. Bub this absence of pigment in the eyes
and hair of the pink-eyed mice has a genetic significance different
from that of the dilution of coat colour in the dark-eyed mice. For
in the case of the dark-eyed mice, the absence of a factor which effects
the dense deposition of pigment in the hairs gives rise to what are
kenown. as the dilute forms, and for each coloured type there is a dilute
variety. The pale colours of the pink-eyed mice are not due to the
same cause, and canmot be explained in the same way. For pink-
eyed mice behave genetically like the concentrated and diluted varieties
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of dark-eyed mice and carry the conditions of concentration and dilu-
tion just as they do, and 1n their colourings the effects of these
are shown. The paleness of colour therefore which accompanies the
pink eye must be due to some other cause. This statement however
applies only to those mice in which yellow pigment is absent. For
it 1s possible to produce pink-eyed yellow mice with hair as deeply pig-
mented as that of dark-eyed yellow mice. These will be dealt with later
on. Also in the case of the pink-eyed agouti mice, while the black and
chocolate pigments are there in very much diminished quantities the
yellow banding may be as deeply coloured as in the hair of the crdinary
agoutl, It is possible to arrange the pink-eyed mice in classes cor-
responding to those which have been distinguished among the dark-
eyed mice.

Pink-eyed mice which behave genetically like black mice are of a
pale greyish colour and were named lilacs by Mr Darbishire(6) who
was the first to breed them and kindly gave me two living specimens.

In order to distinguish them from other lilac mice, on account of
their colour, I have called them “blue lilacs” They breed perfectly
true mated inter se. Mated with chocolate mice, they never throw any
other colour but black in .

In the F, generation from this mating two new varietles appear
which I have named “chocolate-lilac” and “champagne” (“café au lust”
of Cuénot) respectively.

The chocolate-lilacs vary very mueh in appearance in depth of
goleuring, but the colour is always browner than that of the blue lilac
more resembling that of the silver fawn. For this reason I called them
chocolate-lilacs, and I thought at first they were a chocolate variety of
the pink-eyed mouse. But when mated with chocolate mice they throw
a mixture of blacks and chocolates.

Chocolate-lilacs mated together throw blue lilacs, chocolate-lilacs
and champagnes.

The champagne mice, mated with chocolates, throw only chocolates
and are I believe the pink-eyed variety of chocolate, Mated inter se,
they breed perfectly true, I therefore regard the blue lilacs as the
homozygous pink-eyed variety of the dark-eyed black mouse, the
chocolate-lilac mouse as the heterozygous variety of dark-eyed black
(throwing chocolate) and the champagne as the homozygous chocolate
pink-eyed form,

When the various forms arve mated with the dilute forms of dark-
eyed mice, blues or silver fawns, then in the 7, generation pink-eyed
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mice without the factor for concentration are preduced. These when
mated with blues or silver fawns throw only the dilute varieties, whereas
pink-eyed mice descended from naions between pink-eyed wmice and
dark-eyed mice of the concentrated form only throw concentrated forms
when mated with the dilute varieties. There iz a great deal of varia-
tion in the depth of colour of the pink-eyed mice and I think that the
presence or absence of the factor for concentration accounts for this.
Unfortunately I did not recognize this fact early enough in my experi-
ments 6o be able to give numbers in support of this view. In the case
of the champagne mice, however, a different variety which I called
“silver champagne,” arose and always appeared in the F, generation
from a mating between champagne and silver fawn. These silver
champagnes mated with dilute forms always gave dilute forms.

When the chocolate lilac mouse is mated with the ordinary wild
colour or golden agouti mouse, the Ky is always golden agouti. Al
possible forms should appear in F,. Black, chocolate, golden agouti,
cinnamon agonti, blue lilac, chocolate lilac, champagne, pink-eyed golden
agouti, pink-eyed cinnamon agouti.

The pink-oyed agoutis, golden and cinnamon, are very much alike in
appearance, In fact at first and for some time I took the pink-eyed
cinnamon agouti to be a pale or dilute form of the pink-eyed golden
agoutl, and owing to the small amount of pigment present, I thought
that the pink-eyed golden agouti must be the cinnamon variety.
However, the genetic behaviour of the two forms when mated with
chocolate showed their differences,

The pink-eyed golden agouti gives only golden agouti when mated
with chocolate and the pink-eyed cinnamon agouti gives only cinnamon
agoutis as a result of mating with chocolate.

The small amount of pigment present wakes the microscopical
determination very difficuls.

Pink-eyed coloured mice are recessive to dark-eyed mice and when
mated tnfer se never throw the dark-eyed form,

Taking all the results irrespective of colour and classifying only
according to eye-colour, then as a result of mating pink-eyed mice with
dark-eyed mice in F, I obtained

875 dark eye, DE, 808 pink eye, PE, observed
8835 » 29475 » calculated.
From matings between heterozygous D& with PE
105 DE, 113 PE, ohserved
109 109 caleulated.
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In the case of the first mating I made between blue mice and blue
lilac the nnmbers yielded in the F, generation are peculiar.

Instead of a ratio of 9 : 8 : 4 as I expected, I got 27 blacks, 17 blues
and 18 blue lilacs.

The #, mice were black and sherefore the blue lilacs were carrying
the determiner for concentration.

The formula for the blue lilacs may be represented as DB, where
e is the absence of dark eye, I the factor for concentration, B the factor
for blackness.

The blue mouse can be vepresented as £dB, wheve & is the presence
of dark eye, d is the absence of concentration.

The figures given above may possibly be an indicabion of spurious
allelomorphism between the factor for dark eye and the concentraticn
factor.

The ¥, mating would then be EBdeD x EdeD. The results would
then be a ratio of 2 black to 1 blue to 1 blue lilac, giving calculated
results of 31 black to 155 blue to 155 blue lilae.

I was unable to repeat the combination owing to either the blues
used being heterozygous in chocolate or the blue lilacs heterozygous in
concentration.

1f this interpretation be correct, then all the blacks should be hetero-
zygous and all the biues homozygous. Unfortunately I only mated a
few of the offspring. 6 blues only were mated and 3 of these died
without young, the remaining 8 were homozygous; 5 blacks were mated,
3 died without young, one had only 4 young and these were all black,
and the fifth was heterozygous.

The results of mating chocolate-lilac mice with dark-eyed varieties
may give rise te varicus heterozygous forms.

Thus the F, generation of & mating between chocolate-lilac and

blue (giving black F) was
19 black, 2 biue, 5 biue lilac, 6 chocolate-lilac.

If the mating was HeldBb x EeDdBB, the caleulated numbers
would be 18 black, 6 blue, 4 blue lilac and 4 chocolate-lilac.

From a mating of chocolate-lilac and black heterozygous in blue
giving black £, I got

10 black, 4 blue, 6 blue lilac and 2 chocolaie-lilac.

If the mating were as above hetween FeDdBD x EeDd BB, there
shotld be 12-3 black, 43 blue, 27 blue lilac and 27 chocolate-lilac.



F. M. Durmgam 163

Blue lilac x chocolate, ee DDBB x EEDDbb gives black F.

Blue Chocolate-

Black Chocolnte lilag lilac Champagne
Fy. Observed e 21 6 ¢ ¢ 6
Caleuiated 207 69 23 4G 23

Here no blue lilacs were obtained but an excess of champagnes.

Blue lilac x chocolate, ee DABE % EXDdbb gives blues and blacks.
Silver Blue  Chocolate-
Black  Blune  Chocolate  fawn lilae lilac Champagne
F,. Observed 4 3 a 0 1 1 0

Chocolate-lilac x chosolute, eBeb x EbED gives blacks and chocolates

7,
"1y Bl Chocolate-

Fp from blacks Black  Chocolate li}gg 1%1?:3 ¢ Chempagne
Observed ... 16 7 0 3 0
Caleulated ... 144 48 16 32 16

From black and chocolate
Observad .., 8 16 0 0 5
Calenlated .., 168 10-8 8] 35 3-8

From chocolate x choeolate
Observed ... — 38 - — i5
Calewlated ., — 40-5 — — 13-5

Blue lilac x silver fawn, eedd BB x BEddbb giving blue F,.

Rilver Blua Chocolate-

Blue Fawn llag lilue Champagne
Fy. Observed . 43 13 3 10 3
Caleulated ... 439 146 49 97 49

Chocolate-lilac x silver fawn, eedd Bb x EEdAEb giving blue F,.

Silver  Blue Checolate-

Blue fawn lilag lilac Champagne
By, Obgerved ... 16 13 G 0 2
Caleulated ... 207 6-9 23 46 23

The champagaes in these last two cases were silver champagnes.

Selver foum x champagne giving chocolate #,

EeDdbb x EeDdbb.
Silver
Chocolate fawn Champeagne
Fy, Observed .., 5 2 5
Caleulated ... 675 235 3

These champagnes should have been of two sorts, champagne and
silver champagne.
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Selver fuwn % champogne giving silver fawn F,

Eoddbb x Heddbb.
Silver Silver
fawn champapgne
Iy, Observed ... i1 2
Caleulated ... 75 325

Chocolute heterozygous in pink-eye x chocolate-lilae,

Hebb % eaBb.

Chocolate-
Black Chocolate lilae Champagne
Observed .., 2 3 2 3
Calenlnted ... 25 25 2-5 25

Blue x chompagne giving black Fy,
EeDdBb x EeDdBb.

Silyer  Blue  Chocolate-

Black  Blue  Choeolate fawn lilne lilac Champagnpe
. Observed 4 0 2 1 0 1 1
Calculaded 35 17 119 4 5 3 5

Blue x champagne giving blue and black F,,
FBedd Bb % FeDdBb,

Silver Blue Chocolate-
ilag lilae

Black  Blue  Chocolate fawn Champagne
Fo. Observed 8 10 3 4 4 2 2
Calenlated 9 9 3. 3 2 4 2

Blue carrying chocolate » champagne giving blue and chocolate,

HeddBb x HeDdbb.
Silver  Chogelate-
Black Blue  Chocolate fawn lilnc Champagne
Ohbserved s 2 3 4 1 1 0
Calenlated ... 21 21 21 21 13 13

Blue heterozygous in pink-eye and chocolate x champagne,

Eedd Bb x ee Ddbb.
Silver  Chocolate-
Black  Blue  Chocolate fawn Jilac Champagne
Observed 3 0 5 3 1 1
Calcalated ... 16 1-G 16 16 32 32

Blues carrying pink-eye mated together,
Fedd BB x EeddBB.

Blue Blue llac

Observed 19 6
Caleulated ... 18°75 §+25
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Golden agouti x chocolate-lilac gives golden agoutl F;,
GgBbEe x (tgBbEe.

Pink-eyed
Grolden Cinnamon Pink-gyed cinna.uim Blue Chocolate-
agouti agoutl Black Chocolate agouti agouti  llac lilac Champagne
Fp Observed 83 8 31 2 26 ¥ 0 11 4
Calenlated 72°8  24-3  24-8 81 243 81 27 a4 27

Golden agouti x pink-eyed agoutt gives golden agouti .

Golden agouti  Pink-eyed agouti
By, Qbserved ., 32 17
Caleulated ... 3675 12-25

Cinnamon agoutt mated with chocolate-lilac giving cinnamon agout
.

Cinnamon Pink-eyed
agouti Chocolate  Cizmamoen sgouti  Champagne
¥y, Observed ... 14 4 3 1
Calewated ... 12-3 41 41 14

Agouty heterozygous in pink-eyed agoutt x pink-eyed agouti.
Agouti  Pink-eyed agwpbuti
Observed ... 11 8
Caleulated ... 5 95
Agouti heterozygous tn pink-eye ond chocolate X pink-eyed agouts
heterozygous . chocolate.

Pink-eyed
Cinnamon Pink-eyed cilx?na.?ggx(l Blue Chogolate-
Agouti  agouti Black Chocolate agouti agouti  lilac lilac  Champagne
Observed T 1] 2 1 14 0 0 31 1]
Caleulated 585 1-95 195 68 535 1-95 65 13 65
Agoutr heterosygous in pink-eye and chocolate x black ditto.
Pink-eyed
Cinnamon Pink-eyed cinmamon Blue Chooelabe-
Agouti  apouti Black Chocolate agoufi agouti idac lilac  Champagne
Observed 6 1 10 3 0 8 0 2 4
Caleulated 9 3 9 3 3 1 I 2 1

Pink-eyed agouti x pink-eyed agoutr. From this mating T obtained

Pink-eyed Piak-eyed Chaeolate-
agousi cinnamon agoutl Hlae
37 4 8

There were no blue lilacs and no charmpagnes. The explanation of
this may be that the pink-eyed agoutis were not all carrying the same
characters.

Another case I cannot explain is the following :

An albino heferozygous in £ was mated with a yellow carrying
agoutl. I'rom the agoutis F, of this union I obtained

17 agouti, 5 black, 1 chocolate-lilac, I champagne and 8 albinos.
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There were no chocolates, no cinnamon agoutis, no pink-eyed agoutis
of either sort, and no blue Iilacs.

I have tried other matings of various sorts but the numbers yielded
are too small to be worth quoting.

Yellow Mice.

The genetic behaviour of yellow mice differs in various particulars
from that of other mice; and there is at present no very satisfactory
explanation possible to acecount for this.

" Hagedloorn(1) ig the only one among many breeders of yellow mice
whose experiences are not in accordance with my own. Bub from his
account of his experiments, it is clear that he was using a different
type of yellow mouse from that employed by the rest of us.

The type, which I and other breeders have used, must be regarded
as a& heterozygous dominant. For it never breeds true, no homao-
zygous form has yet been obtained; and when mated with mice of
other colours than yellow, some of the offspring are always yellow.
Hagedoorn’s mouse was a recessive and did breed true. His experi-
mients are of inbterest as showing that another type of yellow mouse
exists, bub his results need not be considered further here.

I made 185 matings in all between yellows bred in every kind of
way, but every one of these yellows proved to be heterozygous.

As a result of 127 matings between yellows I obtained 448 yellows
and 232 other colours. I purpesely excluded from the list all matings
from which sables and albinos were ohtained, so as to count only the
pure yellow forms, Albinos can carry the yellow determiner, and the
sable mouss, which is perhaps only a variant of the: yellow, presents so
many peculiarities as I shall show later on that for the present purpose
I preferred to exclude it.

As a result of 104 matings between yellows and other colours I
have obtained 297 yellows and 336 other colours.

The problem created by the absence of pure yellows has been dis-
cussed by Cuénot(2), Castle(5), Wilson, Morgan and others.” There are
$wo possibilities: (1) that in fertilization the zygotes, yellow x yellow, are
never formed; (2) that these zygotes are formed but perish. If they
are nob formed we should expect the ratio of yellow to non-yellow to
approximate in F, to 3 :1, because the number of spermatozoa is
indefinitely large; if on the other hand such zygotes are formed and
perish,' the #, ratio should be 2 2 1.
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The F, numbers obtained are as follows :

Yelow Non-yellow
Cuénot (2)... 263 100
Capile(5) ... 800 435
My own ... 448 252
1511 767
Expectation af 2:1 15186 759-3
Bxpectation ab3:1 12085 5695

From these figures there can I think be no longer any serious doubt
that the pure yellow zygotes ave actually formed in fertilization, but that
for some unknown cause they are unable to develop. The case becomes
therefore exactly comparable with that observed by Baur{7) for the
varielates wureae, which form albino embryos incapable of existence.

It has been argned that if this representation is correct the average
numbers per litter shonld be less for the mating yellow x yellow than
for yellow mated with some other colour, and Cuénot and Castle record
a difference of this kind, giving the following averages:

Yellow x Yellow Yellow x Non-yallow
Cuénot ... §-38 374
Castle ... 471 557

From my experience I incline to doubt whether much importance
can be attached to differences of this order,

The following averages have been compiled from an ample series,
75 litters being the lowest included.

yellow x yellow 390 young
vellow x other colour 397,
black x black 60
black x other colour (not yellow) 399,
chocolate x chocolate 396
chocolate x other colour (nob yellow) 893
agouti x agoutl 347,
agouti x other colour (not yellow) 332
albinos x other colour (not yeliow) 427,

I have not mated albinos together often enough to make it worth
while to compare the results of mating albine x albino with the other’
figures.

Only mice which lived long enough to have their colours determined
are included in these averages, but Castle’s figures evidently are based
on the numbers actually born. It is clear nevertheless thab large
differences exist where no special disturbance, analogous to that we are
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considering, is to be suspected, and I doubt whether the observations
can be used either for or against the conclusion that the ratio of yellow
to non-yellow in #, 18 2: 1.

The non-viability of pure yellows taises an important physiological
guestion, but we have vo indication as Lo what may be its canse. It
should be remembered that the mortality may, for anght we yet know,
oceur as any age bebween fertilization and maturity.

In the report to the Evolution Commitbtee(8), I have already stated,
that the pigments of the eye of the yeliow mouse may be black or
chocolate but never yellow. If the yellow mouse throws chocolate
young but never black the eye will be found to be pigmented with
chocolate, often chocolate pigment will also be found in the hairs of this
animal.

A yellow mouse which throws black young will have black pigment
in the eyes and some black pigment will always be found in the hair. I
have never found black pigment in the hair of a mouse with chocolate
only in the eyes.

I have examined several hundred yellow mice and never found an
exception to this statement.

The hair and the eyes are a key to the genetic behaviour, or one
may equally well say the genetic behaviour is the key to the pigments
of the hair and eyes of the yellow mouse. Both black and chocolate
pigments will be found in the eyes of the yellow mouse with agouti
determiner,

Yellow mice are subject to an abnormal development of fat in their
tissues, Al the fat depbis become loaded to an extraordinary degres.
This development of fat renders them unable to breed. It is a well-
known fact to the breeders of Fancy mice.

The question of dilution is alse a difficulty in yellow mice. Yellow
mice vary very much in their colouring, Seme are very deep yellow,
some much paler, some are deeply coloured dorsally and very light
underneath, pale almost to whiteness. I do not mean piebald, but the
colour fades off gradually to a very pale cream.  The result is that it is
very difficult and often impossible to decide whether a mouse belongs
to the dilute variety or not. Of course many mice are so pale all
over, one would not hesitate to class them as dilute yellows, that is
creams. But there is a very large section whose classification can only
be determined by their genctic behaviour. To illustrate the diffienlty
I will mention the case of two mice which I bred together and classed
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as creams and they threw chocolates. If they had been real creams
they should have thrown silver fawns, Another cream mouse which I
had grew a.chocolate streak, late in life, down its hack, a reversal of the
ordinary procedure.

When yellows are bred with pink-eyed mice, pink-eyed yellows will
appear in F, as deeply coloured ag the original yellow mouse which was
grand-parent. As stated before the yellow bar of the pink-oyed agouti
mouse is so deeply coloured and so bright that the inexperienced observer
would put them in the yellow class. I believe that the so-called pink-
eyed yellow mice of Plate’s (4) classification must be really pink-eyed
agoutis, either golden or cinnamon.

The pink-eyed yellow mice when produced behave exactly like the
dark-eyed yellows. I have never suceeeded in obtaining a homozygous
pink-eyed yellow and when mated together they do not throw 3 yellows
to I other colour; mated with any other colour they always throw some
yellows. The dark eye is dominant to the pink eye, but the yellow
colour behaves independently of the eye colour when pink-eyed yellow
is mated with dark-eved any other colour.

Pink-eyed yellows mated together throw pink-eyed yellows, blue
Iiiacs, chocolate-lilacs and champagnes according to their genetic con-
stibubion.

From the matings of pink-eyed yellows I have obtained the follow-
ing results,

17 matings PEY x PEY gave 57 PEY, 45 PE other colour.

19 matings PEY x PE other colour gave 32 PEY, 33 P other

colour.

Before proceeding to give the tables of the results of the various
matings I have carried out, I must now refer to two cases in which
I obtained yellow mice by breeding together other varieties than yeliow.
In each case the mice had pink-eyed ancestry.

Uase 1. This mouse was not strictly speaking a yellow mouse. 1
could not class it as an agouti simply or as a sable. It was very yellow
in coleur, with the agouti barring on the dorsal surface and a yellow
belly. It vesembled a very yellow agouti with a yellow belly.

Its ancestry is shown by the following scheme:

Pink-eyed chotolate-lilas Yellow throwing agoutis
1188 b 1450
T - i
1867 & X 1555 ¢
-0 T J*i H i
3 black 3 agoutis 1 blue 1 pink-syed i yellow
champagne agouti
1825

Journ, of (len. x 12
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Both 1687 & and 1555 § were agoutis and not o be disbinguished
in any way exbernally from any ordinary agoutbi.

I mated the yellow agouti mouse (1825 ') with 6 does, but anfor-
tunately she matings were not all successful. With a chocolate §
there were 20 young (not one of which was agouti), I yellow, 4 blagks,
7 sables, 1 chocolate yellow belly, 3 chocolates, 8 albinos, 1 chocolate-
lilac.

Mated with a yellow mouse carrying chocolate he gave 2 yellows,
2 sables, 3 blacks and 1 chocolate.

I tried him four times with agouti mice but in each case there was
wo result, I had hoped by such matings to obfain agoutis which would
throw yellows or sables.

Nove of the offspring mated together produced any agoutbis.

Case 11, A champagne § was mated with an agouti . In the
first generation there were
1 agonti, 4 cinnamon agouti, 1 chocolate.

The agouti which was a & was mabed with the only 2 a cinnamon
agoutl, and there resulted

1 sooty yeliow, 2 silver cinnamon agouti and 1 black.

Unfortunately death carried off the yellow before she could be
mated.  Subsequent litters of the parents did not contain any yellows,
in the subjoined tables the calculations are made on a 2 to 1 basis
instead of the ordinary 3 o 1, adopting the conclusion indicated above.

TABLE OF RESULTS.
Dark-eyed Yellows.

Yellows carrying chocolate mated fogether :

Yellow Choeolate
136 68 observed
136 68 calenlafed

Yellows carrying choeolate x choeolate :
Fellow Chocolate
66 48 ohserved
b6 56 caloulated

Yellows carrying black and chocolate mated together :

Yellow Black Jhocolate
65 35 9 chsarved
T3 27 9 caleulated
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Yellows carrying black and chocolate » chocolate :

Yeliow Blaei Checolate
23 11 9 observed
214 1047 167 calanlated

Vellows carrying black x chocolate :
Yellow Black
6 18 obsarved
12 12 caleulated

Yellows carrying black and chocolate x black heterozygous in chocolate :

Yellow Black {hoeolate
25 17 18 abserved
30 15 15 caleulafed

Yellows carrying blaek x blagk :

Yeallow Black
29 24 observed
265 265 caleuladed

Yellows hetevozygous in black, chocolate and albino mated together :

Yellow Black Chocolate Albino
58 27 5 50 chserved
453 34 113 504 _ealculated
Albinos heterozygous in yellow and chocolate x choeolate heterozygous in albino :
Yellow Chacolate Albing
12 5 7 observed
8 4 12 caleulated

In the following tables the yellows are not separated into yeilows
and creains on acconut of the difficulty stated above of distinguishing
betwean them.

Yellows heberozygous in chocolate and silver fawn mated together :
Yellow and Cream  Chocolate  Silver fawn
5 q 5 ahservad
112 42 14 caleulated

Yellows heterozygous in chocolate and silver fawn x gilver fawn :
Yellow and Cream  Chocolate  Silver fawn
33 11 13 observed
250 145 14-5 calenlated

Yellows heterozygous in ehocolate and silver fawn x ehocolate heterozygous in silver

fawn;:
Yellow Choeolate  Silver fawn

13 10 9 observed
16 12 4 calculated

Yellow heterozygons in black and albino x albino heterozygous in yellow and black :

Yellow Black Albino
5 2 7 obgerved
46 23 69 saleulated
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Feliow x dgoutr gives Fellow and Agouts,

By yellow x Iy yellow :

Yeliow Agouti
60 32 observed
612 306 calculated
Fy yellow x Fy agonti:
Yellow Agoubi
38 32 observed
35 35 calenladed
Yeliow heferorygons in agonfi x choeolate :
Yellow Agouti
19 19 observed
19 19 calevlated
Yeollow heterozygons in agouti x black :
Yellow Agousi
11 18 observed
14-5 145 caleunlated

Yellow % Chocolate-Lilac gives Yellow and Black.

Fy yellow x Iy yellow:
Dark-eyed Pink-eyad Blue Chgaeolate-

yellow Black Chocolate yellow lilag Hlac Champagne
46 iz 3 24 0 1 9 cbserved
48 i8 6 16 2 4 2 caleulated

Here there was an excess of champagnes, no blue lilacs and only one
chocolate-lilac.
By yellow x Fy black :
Dark-eyed Pink-eyed EBlue Chogolate-

yellow Black Chocolate  yelow lilac lag Chanmpagne
26 20 2 11 0 15 3 cbeerved
288 216 78 96 24 4-8 2d caleulated

Here thare was an excess of chocolate-lilacs, no blne lilacs.

Dark-eyed yellow heterozygous in pink-eye x pink-eyed yellow :

Dark-eyed Pink-eyad Blue Chocolate-
yellow Blaek Chocolate  yellow lilac Lilac Champagne
34 5 5 27 0 2 7 ohserved
254 &9 33 264 33 56 33 calculated

Yellow x Pink-eyed Agousi gives Fellows.

F 1A R 1t
Dark-eyed Pink-gyed - Pink-gyed
yelow Agouti yellow agousi
25 17 11 5 observed

288 144 96 48 calouinted
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Dexk-eyed yellow heterosygous in chocolate and pink-eye :

Lark-eyed Pink-eyed
yellow Chacolate yellow Champague
11 9 1 1 observed
96 48 +8 ad calenlated

Dark-eyed yellow heterozyzous in chocolate and pink-sye x chocolate heterozygons in
pink-eye

Dark-eyed Pink-syed

yellow Chocolate yellow Champagne
8 7 1 6 observed
84 g4 2-8 2-8 calculated

Yellow heterozygous in pink-eye x blue llac:

Dark-eyed . Pink-eyed Blue Chocolate-

yellow Black Chocolate yeilow lilae Hlae Champagne
2 0 2 2 1 9 9 obeerved

Yellow heterozygous in pink-eye x choeolate-lilac:

Dark-eyed ) Pink-eyed Biue Chaeolate-
yellow - Black Chacolate yellow Hilac lilze Champagne
4 2 4 3 0 0 g cbserved
Yellow heferczypous in pink-eye and chocolafe » champagne ;
Dark-eved Pinlk-eyed
yellow Choeolate yellow Champagne
1 4 a 9 abserved

Hers there is an excess of pink-eye.

Pink-eyed yellow x pink-eyed yellow heterozygous in black and chosolate :

Pink-eyed Bluie Chocolate-
yellow Hlac lilac Champagne
25 3 15 1 cbgerved
238 36 72 36 caleulated

Here there is an excess of chocolate-lilac possibly due to the fact
that some of the yellows were heterozygous in blue lilac only and
others in chocolate only, and those mated together would give checolate
lilacs only, no blues and no champagnes.

Pink-eyed yellow x pink-ayed yellow heterozygous in choeelate only:

Pink-eyed yellow Champagne
18 12 observed
20 10 caleulated

Pink-eyed yollow x pink-eyed agouti:
Pink-eyed yellow  Pink-eyed agouti
i5 7 observed
11 11 calculated
Pink-eyed yellow heterozygous in pink-eyed agouti:
Pink-gyed yellow Pink-eyed agouti
12 8 observed
13-2 66 calenlated

12— 3
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Pink-eyed yellow x chocolate-lilac:

Pink-gved Blue Chocolate~
sellow Hlae lilac Champagne
8 2 8 3 ohserved
104 2+ 52 246 caleulated

Pink-eyed yeliow x ehampagne -
Pink-eyed Chocolase-

yellow ac Champagne
7 4 7 observed
90 4-5 4-5 caloulated

Sable Mice.

Amoag the yellow wmice I used for my experiments were some
individuals, which produced sables when mated with blacks or choco-
lates. As these appeared very early in my experiments, I at first
concluded that sables would always result from such matings. Subse-
quent Investigation however showed that the power to produce sables
was limited only to certain mice and that it was a hereditary quality.
At present I am unable to offer a scheme which correctly represents the
relation of sables %o the other colours.

Sable mice are well known to the Fancy. They differ from yellow
mice in having a dark black or brown streak down the middle dorsal
region while the rest of the mouse is yellow. The streak may be very
narrow, when the mouse is said to be a light sable, or very broad when
the mouse is a dark sable. As a general rule, the hairs in this dark
streak show an agouti pattern, being black or chocolate barred with
yellow. But this does not mean that the mouse is carrying agouti
determiner. But it is possible to produce sables in which the barring
of the dorsal hairs is absent, and at various times I have had black,
blue, chocolate and silver fawn mice which differ only from the ordinary
forms by havieg yellow bellies, and which from their genetic behaviour
must be classed with the sables. They always moulted subsequently
into ordinary sables.

The appearance of the sablé mouse varies very much according to
age. During the first few months the marking is very definite, but as
age comes on the sable appearance is lost, so that a mouse, which was
a very good specimen ab three mounths may be hardly distinguishable
from an ordinary yellow mouse at 18 months old. The amount of
yellow in its colouring increases with the successive moults.

Sables are not to be confused with soofy yellow mice, which result
from mating ordinary yellows with blacks or chocolates. The socoty
yellow is a dirty colour all over and never shows a definite pattern.
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I have never bred a homozygous sable mouse. Bred together,
sables may throw sables, yellows, blacks, chocelates, and also agouti, if
they are carrying the agouti determiner,

Veliows carrying the sable determiner mated together will throw
sables, and sables mated together may throw yellows. By mating
together yellows carrying sable I have obtained

111 yellows, 38 sables, and 6% other coloured mice.
By mating yellows carrying ssble with other coloured rice, not
yellows, I have obtained
78 yellows, 55 sables, and 80 other coloured mice.
Mating together sables, I have obtained
161 sables, 43 yellows, and 142 other coloursd mice.
Mating sables with other colours, not yellow, I have obtained
93 sables, 90 yellows, and 174 other coloured mics.

Examination of the records suggests, that there is more than one
sort of sable mouse, and that it is possible o produce sables which
never throw yellows at all,

Thus I had as a result of 5 matings between blue sibles, 29 blue
sables, and 23 blue mice, and no yellows af all.

4 matings between blue sables and dark sables gave

16 sables and 8 other colours (no yellows).

7 matings between blue sables and blue gave
20 blue sables and 19 blues.

On examination of the results produced by mating sables togethber,
I find that the matings in which yellows were produced, the offspring
consist of 62 sables, 43 yellows and 64 other colours, while the offspring
of the matings in which no yellows were produced, consist of 99 sables
and 78 other colours, suggesting a 9 to 7 ratio.

The matings of sable x other colour show that the families in
which yellow appeared consisted of

48 sables, 90 yellows, and 107 other colours,

in the remaining families there were 45 sables and 67 other colours,

Matings between sables and yellows without the sable determiner

give
23 yellows and 18 other coloured mice, no sables.

Matings between yellows carrying sables with sables give
14 yellows, 28 sables and 17 other coloured mice.
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These results suggest that sable is recessive to yellow. But at the
same time it seems extraordinary that some of the sables should be
able in their turn to throw yellows, and at present no adequate
expianation is forthcoming., The fact that there is probably more than
one kind of sable may supply the basis for explanation, but the question
ought to be more fully worked out,

Sables, like yellow mice, show a tendency to become abnormally fat.

Besides obtaining ordinary sable mice, another form appeared un-
expectedly in my experiments. These I called reversed sables, because
in them the agouti pattern was reversed. The base of the hairs was
yellow and the barring was black or chocolate,

This marking was only apparent in the young mouse; after about
6 months these mice moulted completely yellow, but it was a very con-
spicuous feature in early life.

1 twice obtained mice which were agouti all over with the pattern
reversed.  They behaved exactly like sables and never threw any
agouti young,

Matings between sables in which the reversed sables appeared gave

49 sables, 21 reversed sables, 19 yellows, 41 other colours,

Matings bebween sables and other colours, not yellow, in which
reversed sables appeared,

12 sables, 12 reversed sables, 9 yellows, and 29 other colours.

The reversed sables are recessive to the other sable, mated together
they produced reversed sables and other cclours but never ordinary
sables, and mated with ord mary sables did not produce reversed sables.

Sables which could throw reversed sables when mated with reversed
sahles, gave

10 sables, 8 reversed sables, 5 yellows, and 18 other coloured mice.

Owing to the great variation which obtains amongst sables, it has
not been possible to classify them very satisfactorily,

Matings between dark sables (broad dorsal streak) x light sables
(narrow dorsal streak) gave

8 dark sables, 3 light sables, 10 osher colour.
Dark sable by yellow gave
10 dark sable, 5 light sable, 8 yellow, 8 other colour.
Sable x agouti gave

7 sable, 7 yellow, 17 agouti.
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Sable x heterozygous agouti gave
29 sable, 26 yellow, 15 agouti, 23 black, 4 chocolate.
. sables from sable x agouti gave
17 sable, 8 yellow, 5 agouti, 4 black, 2 chocolate.
Yellow carrying sable x yellow carrying agouti

6 sable, 14 yellow, 7 agouti.

Agoute Micea

I have made some further matings between agoutis on account of
the snggestion made by Cuénot(2) that a chocolate mouse was to be
regarded as the dilute form of black. He made this suggestion in order
to account for the results of breeding agoubi by chocolate.

1 therefore mated agouti with blue (dilute black).

F, was all agouti
F; gave 80 ag,, 13 dil. ag,, 10 black, 4 blue,
32 107 107 36 caleulated.

These dilute agoutis are well known to the Fancy as Silver Brown,
though a better name would be silver agouti, According to Cuénot
the cinnamon agouti would be the dilute form, and not the silver
browns.

If cinnameon agoufi is mated with silver fawn (dilute chocolate) the
F; is clpnamon agouti.

F, 39 ¢ ag, 10 dil c. ag., 9 choco., 4 silver fawn,
3408, 116, 116, 39 calculated,
so that in both cases of golden agouti and einnamon agouti it is possible
to produce a diluted form.

Other matings are : agouti x silver brown gives agouti F,:

Agonti Silver brown
s 45 16 observed
45-75 15:25 - caleulated

Silver clnnamon X siiver fawn gives silver cinnamon:

Silver cinpamon agouti  Silver fawn

Fy 25 10 observed
2625 875 caloulated
Agouti x cinnamon agouti gives agouti ¥ :
Agoubi Cinnamon agonfi
Iy 9 4 obyerved

375 325 caleulated
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This evidence is perfectly consistent with the scheme which I
previously published(3) expressing the relations of black, chocolate,
blne, silver fawn, to each other, and shows conclusively that Cuénot’s
representation of chacolate as a dilution form of black is incorrect.

Finally T wish to record the result of mating agoufis together
heterozygous in black. The results should yield a ratio of 3 to 1, but
my numbers are net in accordance with this ratio.

I obtaived 76 agouti, 37 biacks.

The agoutis which result from mating agouti with black are much
darker than the ordinary agoudi and very often there is a markedly
dark streak down the middle of the back.

The expenses of these experiments were partially defrayed by a
grant from the Royal Seciety.
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