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IN TIt O:D UCTION 

Earlier papers of this series on inbred strains of mice have been ]mainly concerned with 
Variants of the a r i d  skdeton and of the skull ( g~fmeberg, 1950 a, 1952; 8 earle, 1954 a, b ; 
Trttslove, 1952; 195~; DeoI, 1955). More recently, variations of carpus and tarsus have also 
come to Light (Griineberg, 1956; Truelove, 1956). The present paper completes the syste- 
matic survey of the skeleton (scapula, clavicnla, humerus, radius, ulna, os innominatam, 
femur and tibio-s Unlike most of the variants studied previously, which were all- 
or-none characters of the :quasi-continuous kind, %he differences described in this paper 
are mainly such that all, or nearly all, the animals of oneinbred strain (k, C 57 BL and CBA) 
differ from those of another. They are thus detectable in small samples, bat easily over- 
looked except in side-by-side comparisons. Like the facial characteristics in man, they 
are easily recognizable by ~he trained eye, bu~ they are difficult to measure, and it is 
easier to illustrate the differences by drawings than to describe them in words. 

For each of the inbred strains mentioned, flve brother-sister pairs, each from a different 
pair of parents and each between 60 and 65 days old., were examined; the females were all 
virgins. I~1 addition to these thirty papain preparations, some aLizarin clearance prepara~ 
tions of the same inbred strains were also examined. In the case of the papain prepara- 
gi0ns, groups of bones were mounted together on a plasticine-eovered plate; for instance, 
all ~he fifteen right scaptds of the males; m this way it is possible to discover features 
which are consistent within a group, but different between groups. Camera lucida 
d~'awings (original magnification about 10, reduced toa  magnJ:fmation of 3�89 for publication) 
were made of bones from the right side; only a fraction of these are reproduced in. this 
paper. The specimens cbawn show features characterbtio for the strain as well as individual 
variations. Only the strain differences wk[1 be described in the text. The anatomical 
terminology is that of Bateman (195~). 

O~SEI%VATIONS 

G~no'a~ differences between t]~e strains 
The bones of the C 5713L :mice are generally massive a:ld s~outly built; those of the A strain 
are delicate and elegant in outline; the CBA. skeleton is more or less intermediate in this 
respect. The C 57 BL skeletons are largest and the A skdetons smallest; this is noL brought 
out in most of the drawings, as ske].e~ons of nearly comparable size were selected for 
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illustration. In all three strains ~he bones of the males tend to be larger than those of the 
females, This is most marked in C57BL, perhaps because in that strain the sex difference 
in size develops particularly early (Howard & Sander, 1945). 

Scapula (figs. 14) 

The scapula of 057 BL is much thicker th,~n that of ~he other ~wo strains. This applies 
particularly to the margins and to the base of the spina scapulae with the resutt that the 
thin par~s of the fossa supraspina6a and the fessa infraspimata are much reduced in area 
(see left columll of Fig. 1). in @]~A and A the thin area of the fossa supraspinata is usually 
subdivided by a thicker spine of bone and thereby becomes more or less heart-shaped; in 
057BL ~he thicker spine is continuous with the thickened base of the spins scapulae. 

5 ram. 

Fig. 1. Pdgh% scap~ae, Left column males, others females. In the left column, 
the outlines of tliiekened and thin areas of the fossae h~ve bees indicated. 

The outline of the scapula differs in all tbxee strains, The differences are easy 6o see, bat 
dif~ott  to describe verbally. Yn C57BL the vertebral margin forms a rounded and 
continuous ettrve with the cervical, margin. ][n CBA and particularly in A, the margin is 
trtmcated at the angulus cervicalis, with the result that  the fossa supraspinata is reduced 
ie size. This is best sees in Fig. 2, where the outlines of an A and a 057BL scapula have 
been superimposed. The spins scapulae is straighter in C57BL than in the other two 
strains and meets the margo vergebralis approximately at a right angle instead of curving 
in a caudal direction as in CBA and A. 

The shape of the acromion is consistently different in the three strains; this is better 
seen in Fig. 3 than in Fig. 1 ; the latter was drawn with the fossa subscapularis flat on the 
pIasticine and thus shows the acromion slightly on asIant. The .acromion is rounded,in 
outline in A, bu~ angtdar in different ways in CBA and 057BL. In 057BL, the distance 
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from the tip of the. acromion %o the tuberosit.as spi~ae is greater than in the other two 
strains, the tuberosRas being closer to %he mat te  vertebralis scapulae in tha t  strain 
(Fig: 4). In  0 5 7 B L  the meisura splnoglenoidalis is smaller than in CBA and A and the 
height of the spins is correspondingly decreased. As a result of this reduction, the ]?or~ 
tio~ of the spine below the tuberosRas Sl~fiaae has a more gradaM slope. There are also 
subtle inter-strain differences as regards the processus coraeoideus. The scapulae of the 
three strairas thus differ from each other in many cllaracterisde and consistent ways, and it 
is perhaps no exaggeration to say that  fhey differ as much f/'om each other as three human 
Noes. What  applies to the scapula is t rue to a greater or lesser extent for all the bones 
studied in this paper. 

CBA C 5 7 B L  A 

~ g .  2 Fig. 3 

Spins scapulae 

Tuberositas spinae / Incisura ~ dalis 

CBA - "J 

C 57 B L 

A 
:Fig, 4 

Fig. 2. Scapulae of  C57BL (solid line) and A (broken line) superimposed. 

Fig. 3. Aeromia of scapulae of three mice each of ~he CBA, 057:BL and A strains, :Lateral aspect. Top row 
males, others females. 

:Pig. 4. 8cap~ae of O:BA 057 BL and A females in ventro-posterior aspect. 

CIavie~&~ (Figs. 5 and 6) 

In C 57 BL the ex~rcmRas acromialis is blun~er than ba CBA and A. In the ]at~er s~ra~n, 
the bone is more delicate and the extremitas narrower than in CBA. The shaft or corpus 
of the bone is more enlarged towards the extremitas sternalis in C57BL and A than in 
CBA. The cIaviculae of CBA are more strongly cm'ved than those of the other two strains, 
as can be seen when the extremitas acromialis and s~ernalis in Fig. 5 are connected by a 
straight line. The characteristic shapes of the fossae clavicNae in the three strains are 
shown in Fig. 6. 

• Excrem]tas 
acromialb ~terna~ls 

:Fig. 5. Ol~vioul~o of A, 057:BL and C:BA in posterbr  
aspect. ]~:[ales. 

C57BL 

CBA 
Fossa daviculae 

l~ig. 6. Olavioulae of A, 05713L ~nd 
O:BA in dorsal aspect. ~ales.  
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tI,~r~er~s (Fig. 7) 

All ten A mice examined showed a perforation of tlxe thin pargi6ion between the fossae 
oleerani and snpra~rochlearis; t;his perforation was present either on one side only or 
hiIaterally and asua[ly of considerable size. In ~he other ewe strains similar peJ::forations 
are uncommon; when present they are small. Air}sough the h.umerus of C 57BL (like other 
bones} is larger than 6ha~ of ~he other s~rMns, the trochlear articular area is smaller in its 
proximo<listM axis. When the proximal end of the hone is examined wibh ~he epiphysis 
removed, the indengadons are deeper in 057BG tha~ in OBA and A. Thongh there is some 
individual variation, the shape of the erista humeri is differene in the ~.hree s~rains. In 
C 57 BL the distal attachment of the crisis to the shafb of ~he bo~e flares more graduM].y 
~han in g]~e other two strains. Both %he anterior and the disSal margins are straighber in 
0BA than  in the other s~rains where the margins are rather more curved (Fig; 7, right). 

~ c C a  puc wi{h 
epiphysis~-'~ ~ 

CBA C57BL A CBA C57BL A 
Fig. 7. Humeri of CBA, 057BL ~nd A males. Anterior aspects om ~he lef% posterior on ~he right. 

UZ~m c~d ~'cadi~as (Figs. 8 and 9) 

As wordd be expected, to match the smMler ~roehlear area of bhe C 57 DL humerus, the 
nlna of f~hese animals has s smaller inoisttra semflunaris . .By oontras% f~he processus 
olecrani i,~ more massive and larger and shows less concavity on its deism s~face,  and 
~here are some minor differegces in the shape of the processus anconeus. The differences 
between CBA and A are slight. The same applies to the radii of the three strains. The 
di~erenoes concern mainly the modelling and position of the tnberositas radii; the latter 

Proressus 

-"~-d--- I nci su ra 
~ ) semilu~ari< 

C~pl~ulum-- 
@BA C57BL A CBA Cfi7Bk- A 

Fig. 8. ]Ulnas, IXedial s,specf, (left) told dorsM 
aspect (right) of C]SA, Ofi711L and A males. 

Cap~tulum 
r a d i i ~  

1 l!I ,ll'l // 
CBA C57BL A CBA C57BL A 
Fig, 9. ]ga~ttL J}s aspect (left) and dorsM 
aspect (righe) of CBA, C57 BT, <rand A tomes; 
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is somewha~ closer to the oa.pitu]um in 057BL, i.e. the collum is shorbr. The s~yloid end 
of C.57BL has the deepest indentations. As in general, ihe radius of C57BL is the most 
massive and that:of A ~he most slender of ~he three. 

Pelvic 9i~'dgs (Os i~znomina~zm) (Figs. 10 13) 

Two variants of the pelvis have been described previously. They are a vascular variant 
recognizable in pgpain preparations as the tbramen aee~abu/i perforans in the CBA s~rain 
(Griineberg, 1952; see also Figs. 10; t l )  and the dyssymphysis isehio-pubica of ~he C 57 BL 

_ 

ti llJ, Y/ ~\',II f,tJi r 
O'"'m t }!/I" ~}" } ~"l'} 
M~e~g- ~ ,y ,,I 'c 

poio< " I /1 "] 
of su~:ures ,, ~ /" ] / 1  

# z / ," 
/ - / : 

,, ~ //' /~~ > 

Symphysis pubis 

Fades ~ ~ / 
aU~icmaris ["!I'I/,''" W'it,k/ "' 

~ '  Spina iNaca \ ~ 7  /~dorsalis caudalb l / / I  

Foramen // [ Forarnen ~. , / 

/" 

/?) //? ;. 
CBA C57BL A 

Fig. 10. t%Ives. In~ernal snrEac~ (males ~bave, [era~,bs below) of CBA, C57 BL and A mite, In ~,hi.s ~nd ~he 
followhlg drawing, note ~he fur~men ~eet~buli ]?erforans in bo~h CBA mice ~nd '~he dysaymphysis ischio- 
pnbicg in ~,he C!57 33L s 

sbgig (Grttneberg, 1952; also s 10 and 1t, female pelvis). In addition, the~:e are 
characteristic intersgrab1 di:fferences which present considerable difll.culties of verbal 
description in view of the comp]ioated form of the pelvic girdle in three dimensions. 

In A strain mic% bhe tongitudinal axis of the os ilinm as seen in in~ernal and. external 
views of t2he os innominatum (Figs. 10, t l )  is very roughly in line wil;h the ramus ossis 
pabis ; if a straigh~ lit1~ is drawn along ~he anterior margin of the ramus as shown by the 
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broken li~.es in fig. 10, it passes ~hrongh (or very 1lear) the crista iliaca. 1~ the other two 
stz.ains, a t ine  similarly drawla cuts the ilium coasiderably more caudally. This is partly 
due to ~she t'aeg that in A mice th.ere is a greater degree of borsion of the ischio-pubis itx 
relation to the os ilium. In Fig. 12 the pelves are shown with the ventrM surface upper- 
most and with the width of the ilium in as perpeI~.dicular a position as possible ; the ~orsion 
of the ischio-puTois of the A mouse is indicated 'by the ]argm' size of the foramen obturatum 
and the fact that  more of the aoeeabular caviey is visible. 

) l  For~m~n \ 
}, \ /acetabuli ~ X x 

~ /xQxpe  fforans ( - ~  
i 

Spina . ~  
itizca I / 

dorsalis" I ] 
caudalis t [ 
Sp na I I 
�9 �9 ) I Fossa acetabu macz 3 ~ / ~  

ve ntrali~/~ ~ . j l n c i s u  ra 
caudalis ( : ~ . J ~  acetabuli 

CBA C57BL A 

Fig. 1]. Pelves. ExternM sm'f~ee (toMes ~bove, femMes below) of CBA, C~57;BL ~nd A mice. 

I t  may be mentio~ed here that  there are some interstrMn differences in the shape of the 
fossa acets,buli. I t  seems to be shMlower in A mice, a~xd there is g smaller iz~eisura aoeta- 
buli in the 057BL strain. 

The internal sl~rfaee of the ischio~pubis in C57BL is more deeply concave, especially 
near its posterior margim The pubi s and the corpus of the ischium are thicker and the 
symphysis pubis is larger in the same strain.. 

The differen~ aad characteristic shapes of the crist.ae iliaoae in the three strains are 
show~l in Figs. 12 and I3. That of C57BL is s~rongly bent an.d forms a deep trough on 
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its internal sm'faee. In A there is a prominent %ump'  in the middle of ~he external 
surface. The ala ossis ilii is ~hieker in 057BL animals and. the porosity of the articular 
sari'ace is more evident .  Ventral a=d dorsal spines are larger and heavier in this strain. 
The spina itiaca vengralis eaudatis seems smaller in ~he _4. skeletons and is generally less 
poinged at the ~i]? in CBA. 

Spina iliaca / / 
vent~alis / / / 
caudalis ( ~ 

Fossa ~ 
acetabuli ~ O s  

A T pubis 1/ 
Foramen_...~' \ \ / /  \ 

2 Os isehium- ~ 

CBA C57 BL A 
Fig. l~. PelvEs of rome CBA, C.57 BL and A mice. 

Ve~rM aspect,. 

h 

CBA CS7BL A CBA C57BL A 

~2ig. la. Oubline of the cranial views of %he 
er~tae ili~eae of fem~le m~d male pdves 
Of C]3A, 0572~L and A miee. 

Pemur (Figs. 14 and t5) 

The mushroom-shaped caput of the femur, minus its epiphysis, has a finely granular 
stzrface in all three strains. In  A strain mice, a narrow flange of the same granular 
appearance extends down the collum femoris . .No such structure is present in the two 
other strains. A similar s$ruegare was found in all twen~y-five pairs of femora of1r 1 animals 
f~om a cross between A and CBA. in  the F z generation, the majorRy of fihe animals 
showed, an extension of the granular area on. to the collum but  %tie shape was variable. 

Trochanter, 
m a j ~  

Trochanter 
minor 

Fossa 
inter--- 

condyloidea 

Crista 
intertrochanterica 

I 

Fovea capi~is 
\ 

CBA 

Flange of 
Caput granular bone 

C57BL A 

]~ig. 14. Fmnora of fen>de OI~A, male 057~L and 
female k mice. Ventz'M aspect. 

Collum Caput 

CBA 

e~ fitis Flange 

C575L A 

Fig. 15. /Pemora of' C[gA, C57BI, and 
A females. I)orsM aspect. 
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Kost tk'equently it was pointed at  ~he tip and had a wider base connecting it with the 
grantdar bone of the caput as in the purebred A mice. ~n some oases it was quite insignia- 
sang and in a few completely lacking. As there was ~lms no sharp segregation, no atte.m.pt 
has been made to go into the details of ~his situation. 

On the subepiphyseaI surface of the caput there is a small hut defmJte fores eapitis :for 
the attachment of ehe ligamengum fetes femoris in both the A and C57BL strains. I1~ 
CBA animals it is considerably less obvious. A similar depression may be seen on the 
era'face of the epiphyseal cap in all three strains, but it is shallower in CBA. This may 
reflect a reduced size of the ligamentnm teres femoris in @BA. 

Another very noticeable feature is t.he prominent erista intertrochanteriea in C 57BL 
mice which together wieh a very large trochanter m~jor and minor forms a very cleep fosse 
troehanterica in this strain. The smallest trochanters, major, minor and tertius, are found in 
the A strain. The fosse in~ercondyloidea femoris is deepest in C 57 BL and shallowest ha A 
mice. As in other long bones, the shafts of C57BL femora are most massive, ~hose 
of A femora slender. However, ~here is little Nfference in ehe size of the epiphyses. 

Oss~ cruris (Figs. 16 and[ 17) 

There is a small but oonsistelat difference in the size of the eris~a tibiae which is largest 
in 057BL and smallest in A mice. In 057BL the erista attaches to the shaf~ by a broader 
base and rises more nearly perpendicularly from i~, espeoially in its proximal part. In both 
CBA and z& mice the free margin of the crista has more of a tendency to curve laterally 
around Ohe tibia. This accounts for the difference in the shape of the tuberosi~as tibiae 
illustrated in Pigs. 16 and 17. Of all ~he three strains only C 57 BL mice have the characteri- 
stic lateral bulge or buberculum a short distance below the caput seen in ~ig. 17; it was 
very prominent in seven out of the ten skeletons examined, less noticeable in three. 

Distally, the fosse anterior is least obvious in A and most marked in C57BL mice. 
The latter also have a definite ~uberosity of bone which forms a small hillock or ridge 
proximally near the edge of the fosse; a similar tuberosity, though somewhat smaller, is 
present in' GBA while the structure is absent in A mice. 

The caput ~bulae differs considerably in size and shape in the three strains. I t  is 
largest in C57BL, surprisingly broad i~ A, bus ~hin in the antero-posterior direction in 
CBA. The eurvatua'e of the shaft  of the bone varies somewhat between the strains. In A 
mice, the fibula resembles the femur and other Iong bones in that  the shaft is very slim, 
but ~he caput is of about normal size. 

A ~izgrin p repg~'atisns 

Examination of twelve skeletons of each of the three strains (21-36 days old) gives 
support to t.he observations made on adult skeletons. Differences are mairay clue to age, 
e.g. the characteristic shape differences of the scrota[on have not yet  become obvious. 
The fusion between isohiu:m and pubis seems to occur earlier i,~. CBA than in A mice. 

The a.rticu~ation of the ilium, with the sacral vertebrae also varied somewhat in the three 

s~rains. In the twelve C 57 BL skeletons only one of the vertebrae shows contact wi~h the 

in~ernal stkrface of the ilium, in CBA one and a portion of a second, while in A there is 
variation among ~,he skeletons, alt]0_ough the majority (10 oat of 1.2) show artionl.ation 
with only o~le, as in the case of 057BL. 



i 
CBA 

4 

C57BL 

•s ! Caput fibulae- 

t[!(~ Fossa anteriar 

A CBA C57BL A 
Fig. 16. Ossa cruris. Tibiae and fibulae of CBA, C5713L and A females. 

Anterior a.spect on ~ohe left, posterior aspect on the right. 
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C~ ut tibi - ~ ' Tuberositas 
9 ae~.~ ~uberculum~ / tibiae 

\~1 ~ \~ l/Cristat// ] 
\ I V ~/ dbiae~V / 

Caput t i b i a e J ~  

CBA C57BL A 

Fig. 17. Ossa craris of CBA, C5713L and A; ~tI females e-.xcep~ bottom raw. 
Proximal anterior (top row) ~nd proximal (articular) aspects. 

DISCUSSION 

Since Orii~eberg (].950~) reported in the first paper of this series on minor varial;ions of 
the ver tebral  column between strains~ a mass of da ta  on the  subj cot of variat ions has b~en 
accumulated,  bo th  for wild mice (]Veber, 1950) and for in-bred strains including those used 
fll this s%udy. Most of these studies have been concerned with the  skull and vertebra]  
column.. This paper  contributes to the list of variations b y  a description of differences 
between three inbred strains in the  girdles and long bones. Each  of th.e bones exami~led 
�9 has been found to possess features characterist ic  for the par t icular  s train ~o which it 
belongs. These differences are sufficiently numerous  and distinct in mos t  cases to enable 
the sor t ing ottO, f rom a mixtm'e of  bones, of  those belonging to a part icular  s~rain. A 
:mixed samp].e of scapulae or of pelves, clavicles or femurs from these strains, for instance, 
could be sorted out :fairly accurately i]~%o its components and ~hough one migh:g not be 
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equally successful with all the long bones indivicluaHy, an A, C 57BL or CBA mouse eo~fld 
almost.certaiaJy be identified as such by examination of these bones as a group. ~n o~,her 
words a strain can be recognized by its skeletal characteristics as accurately as a perso~ 
:by, his or her facial features. The skeleton is not excepti.oaal in this respect; recent wo~'k 
by N. D. ~J:otld (mapablished) has shown that  the same three inbred strains differ from 
each other in numerous features of the arterial system. Presumably the same would be 
found for any aspect of alaatomy or physiology subjected go sysbematic study. 

The characteristics d.istingaishing the three strains for the girdles and long bones are of 
various types. Some are general differences which .apply to the skeletons as a whole, suetS. 
as ehe larger size of C57BL bones and ~he more elegant eongou~'s of the A strain. Others 
are appare.atty localized, includ.ing certaizl size differences, for example the smaller 
iacisura semilunaris of the tgJaa said Ge  correspondingly sm~lier size of ehe articulating 
trochlea of the humerus noted in C 57 BL mice. Here tlae localized size differences between 
gbrains are in the opposite direction to that  characterizing the skeleton as a whole. 
Differences in paO%rn are also both general and localized. ~-Iowever, it may well be tha~ 
the localization of an effect is apparent rather than real in view of our ignorance concerning 
meeh.anisms of growth. Among the latter a few may be considered to be of the p_resenoe- 
absence type, for exam.pie the flange of granular bone on the caput of the femur and the 
perforatio~ between ~he fossae of the dis}al end of the humerus. 

Tb.e chain of causation of these various characteristics can o~ly be guessed a~. Variation 
in general rate of development might explain some of ~he differences observed. It  is 
generally recognized that  CBA mice develop more rapidly Ohan those of the A strain. 
This could possibly account for the del.ayed fusion of the ischium and pubis noted in the 
latter. Some of the later effects on bone growth may be secondary to those on muscles. 
Carter (1951) attributed the lateraI deviation of the isehinm in luzate mice to changes of 
muscle action. 

Some of the differences observed have parallels in o~her inbred strains or re.stunt genes. 
The tuberoslty of bone on the tibia near the fossa anterior found i~ 057BL and CBA but 
not in A skeleOons is an example. This ridge is the point of origin of the annular ligament 
wMeh, in old animals of the i~bred strain C 3 t-I may ossify to a considerable extent 
(Griineberg, 1950b). Also in the cast of the mutant,  shaker with syndactylism (~y), 
Griineberg (I956) has reported effects on the long bones, some of which, for example the 
slender character of the shaft of the humerus and l, he outline of the me~lial border of 
the scapula, are similar to, buJ, more extreme than, interstrain dtfferendes noted in this 
sgucly. 

In view of their consistent occurrence within inbred strains, the characters sgudied 
must be considered genetically de~ermined. No detailed study has been made of the 
method of inheritance of any of the variations noted in the girdles and long bones, bu~ a 
preliminary survey of F~ and N~ skeletons from crosses of CBA males a~id 3. females indi- 
cates, for two characters of the A strain (the t~ange of granular bo_~e on the head of the 
femur a~d the perforation between 5he fossae oleeranJ and supratrocl~learis of the humerus), 
t}aat the interstrain differerme is not caused by a single pair of genes. While m~ltifaetorial 
inheritance is indicated, extensive further i~vestigaeions would be required before any 
accurate conclusions could be drawn. It  is possible that  these characters maybelong to 
the group of quasi-continuous variations, examples of which have been reported upon i_a 
earlier papers of this series. In fact most of the skeletal variations studied by previous 
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con~ributors to this series were of the alLormone type, or could at  least be t reated as such; 
as a consequence, interstrain differences for these characters were statistical and expressed 
in terms of percentage incidence of a given featm-e in the various strains. The differences 
discussed in this pape~ seem to differentiate most  mice of one strain from most mice of the 
others, with little or no overlapping between the groups. There is no doubt that  the same 
type of variat ion could be detected in those parts of the skdeton  which have hi therto 
been exami~ ed mainly  for discontinuous variants. Indeed, aS pointed out by  Grt~neberg 
on several occasions, it is to be expected that  the discontim~ous varian% are extreme 
expressions of metrical  interstrain differenees~ Now that  such differences have been 

ident~ed in the limb skeleton, it m a y  be profitable to re-examine the axial skeleton and 
the skull in the  hope of identifying some, at least, of the continuous variables nnderlying 
quasi-continuous characters. 

SUMMARY 

The girdles and tong bones of 10 individuals of each of the three s~rains A/Gr, C57BL/Gr  
(Subline VI) and CBA/@r have been examined and consistent 8Jfferences between the 
strains have been no~ed and described. Some of these are presence~absence differences, 
others are variat ions in size and/or shape of localized portions of particular bones. A 
positional difference of the ilium in relation to the ischio-pubis has been observed in the 
pelvis. Finally there are general differences m size, C57BL skeletons being on the whole 

the largest and heaviest  of the three strMms. Preliminary observations indicate t ha t  the 
presence/absence var iants  are probably not dependent on single gene differences between 
the strains. No genetic analysis of the other types of variat ion has been at tempted,  but  the 
consistency with which they occur  indicates that  they  are genetically determined. 

The author is indebted to Prof. Hans Grtineberg, F.1t.S., for suggesting this problem 
and to both  Prof. Griineberg and Dr Gillian N. Truslove for their  in~erest and help thrbugh~ 
out the investigation. 

REFEl~ENCES 

B~_T~.~-~, N. (1954). ]3one growth: a study of the Erey~letha] and microphthMmie mutani,~ of the mouse. 
J, Anat., Lo~&, 88, 212-62. 

Cm~'it, T. C. (1951). The genetics of luxa4oe mice. 7[. ~forl)hologica.t abnormMJ.t, ies of heterozygotes a,nd 
hom.ozygoies. ~J. GeneS. 50, 277-99. 

D~oL, M. S. [1955). GeneLieal studies on the skeleton ef~h~ mOUSE. 2IV. tither variations of the skML 
Jr. Gr 53, 498-514. 

~I~iJ~]~r IoI. (1950a). Gene$1eM studies on the skeleton of the mouse. I, Minor varlations of [he 
vertebral column. J. Genet. 50, i1241. 

G ~ i ~ B ~ e ,  t-I. (1950b). SketcgM polymorpbism in the mouse. Aiodsrne ~iologie (Tt>zl.s&riftfi~r f-Ia, ns 
Neohtsheim). :Berlhl: F. W. Peters. Pp. 43-5{. 

GIdd~-en~n~, iI. (1952). Gene~ieal studies on the skeleton of the ~louse. IV. Qu~si-eoutinuo~xs w~r.iagions. 
Jr. genet. 51, 95-114. 

Qrd i~ .~% tI. (1956). GenetisM studies on bhe skelebon of the mouse. XVIII. Three genes for s2a~dac~y- 
lism. Y. Get,st. 54, 11345. 

}Iow.~m), A. & S ~ D ~ ,  G. (1.945). 5fobher% milk and ~he age at which male and female mice diverge :in 
body weight, genefiss, ~0, 8 (Abstrae[). 

Si~,~g A. G. (1954 ~). Gene~ied studies on bhe skeleton of [he mouse. IX, Causes of skeIetN variation 
with5~ pure tues. J. Genet. 52, 88-10~. 
21 Geneg. 55 



32~ Genetical studies on the skdeton of the ~w~se 

SJ~A~.L~, ~.. G. (195~b). Gene~ioal stl~dies on ~he skeleton of~he mouse. X. l ~ r e r  v~riants in the A and 
C57]~I~ pl~re lines, g, tenet.  52, 103 10. 

%h~vSLOV]~, (~. M. (1952@ Genetic~l abudies on [he skele[ol~ of [he  mow~e. V. 'In[.erfron~a[' ~nd 'po, r ted 
fl:on~;Ms'. J, genet. 51, 115-22. 

Tza~rSLOV]~, (4. 1~I. (195Q. Genetics[ studies on the skeleeol~ of the mouse. XII I .  Variations in the pre- 
sphenoid. J. CJ%zet. 52, 589-602. 

TaesLov~, s 1~I. (1.956). The ana tomy and developmell5 or" the fidget mouse. J. Gerber. 54, 64~86. 
WEB-.g, W. (I950). Genetieat s~udles on the skeleton ef the mouse. I I I .  Skeletal v~u'iations in wild 

populations. J. (-4enet. 50, !7~1~8. 


