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The Guinea Pig,
Cavia porcellus

Rovy ROBINSON

_ Introduction

‘The genetics of the domestic guinea pig. Cavia poreeflus, is not heing
pursued 0 ardently {at this time) as that of uther Iahoratory rodents but,
notwithsianding, an impressive amount of materil has aecumulated. The
majority of mutant genes which have been invesigated are rhose for voat
volor or iype. However, 2 number of imeresting pathological conditions
have been described. several of which have been carefully examioed. Re-
viewes of special aspects af guinca-pig genetics are those of Wright {1927,
‘960, 1903} who has, himsell, heen responsible for much of the rescarch.
(Inly key references to the extensive literature cn be given. T particalar,
many Teports which have merely postulated o genclic companent of the
shserved vaniation or have described  polveeni eariation {without at-
templing an analysis) have heen regarcded as hoyond the scope ol this
review.

There is no ohvious wild form of the domesic guinen pig. The spreies
was buing kept by the Tncas at the time of the Spanish conquests of Seuth
America in the 1ob ceniury and most probably Jad heen demestivated Jong
Lefore that, Which af the wild species gave i i the domestic lm s
contentious, bt autheritive opinion tends towanls Gt afiered { Hucking-
haus, 19618; Rood and Weir, 1970).
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Color Mutants

In general, the known color genes are comparable to those of orhe,
laboratory rodents; merely one or two are unique to the species (see Tably
1.

'The agouti locus has three alleles: A, which is primarily responsible
for wild-tvpe porcelfus agouti (agouti gray dorsum and yellowish venter;,
A7 which produces Capia rufescens agouti (darker, narrew band, agoun
dorsuin, and grayish venter) and &, which produces non-agouti (self-blac};
in the absence of other mutants).

‘The albine locus contains four alleles, and their relationships for the
production of pigment are shown in Figure 1. The wild-type gene is fully
dominant to all mutant alleles, but heternzvgous combinations of the laer
show intermediate grades of expression. Both temperature and age alfe
the level of pigmentation. Low temperature increases the amount of pig-
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Figure 1. Average expeesimn of enmelanic pipment for genstypes b p, and b pthinien
percentage of wild tvpe, +) and of phacemelanic pigrment jor gencivped ¢ and e fishuen a,
percentape of maximurn expressiong for combaions of el aflles. Based on caleulatin,
nf Wraght £ 1955,

ment, the lower alleles (¢ and ¢7) tending o respond more than the others
iWalit. 19333 Increasing age tends 1o darken the phenotvpes for oon-
pounds of €, ¢, and ¢% but to decrease plumentation lor ~ and o
iWright, 1960ck The ¢ allele is often referred to as albino. Tut the
mutant is actually an instanee of acromelanic albinism (Rebinson. 1973}
in that pigment forms regularely in the extremitics (onfess blocked By the
artion of another gene).

Gene & produces brown or chocolate pigmentation. The iris colur
assummes a slightly lighter shade ol brown, while the pupil oty have o
ruby tint in certain lehts, Bath hair and skin cotor are changed.
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Twa alleles are known for the extension locus, namely, &®, where the
coat is a mixture of wild-type and yellow hairs, usually closely intermin.
gled {brindled) or segregated into black or yellow patches {tortoiseshell),
and e, where all of the hairs are yellow. Gene €, in faci, combines the
actien of wild-type and e, as may be seen explicitly in combinations with
genes with differential effects on black and yellow pigmentation. The p»
allele is incompletely dominant to e in the sense that & ¢ usually has more
yellow, on the average, than & ¢ (Chase, 19398). The transformation ol
brindle to tortoiseshell is strikingly facilitated by the presence of picbald
spotting (s}, and this effect has been extensively studied (Chase, 19394,
Wright, 19606). The e ¢ animal is self-red or -yellow, the iniensity of
color varying widely due to the existence of modifying polygenes.

The locus f dilutes yellow to about the same degree as ¢® ¢*; the di-
lution is not stable, the color paling still further with age; hence, the
designation of “fading yellow.™ The gene is not lully recessive. There is
no, or very trivial, effect on black or brown pigmentation,

Gene p produces a pink eye and a marked reduction of intensity of
black and bhrown, but it has no (or very minor) eiffect on yellow pig-
mentation. lbsen (1932} briefly notes that p may dilute slightly the color
of reds (¢ €) which have been selectively bred for richness of color.

Saimon eye (sm) is a recessive gene restricting pigmentation of the
eve 1o a variable ring at the pupillary margin of the iris (Gregory, 19235,
Unlike p, the hair pigmentation is not strongly affected, although Ihsen
{1932} has remarked thac the gene can slightly dilute the color of red (¢ ¢)
and cream {¢” ¢® ¢ ¢). Genes b and sm interact to produce a pscudo-pink
eye in & b sm sm animals. A histological examination of the distribution of
pigment in the various forms of salmon eye has been contributed by Gre-
gory (1929),

There are several known forms of silvering {mixture of white and
cofored hairs). The more well known is stationary silver, described by
Wright (1947, 19592), The white hairs are present at birth and do not
increase in number with age. The expression is highly variable and ar-
companied by local concentrarions to engender all-white patches. The
eolored hairs often display a small dilution of colar. The degree of
expression is strongly influenced by madilying polygenes. Although the
gene fsr) is formally regarded as recessive, the modifiers can shift the
expression toward incomplete dominance. Wright is of the opinion that
the dominant gene roan {(Re) depicted by Ibsen and Goertzen {14518 is
the same as s, the dominant expression of silvering in this case being a
consequence of the polygenic background.

The 5t gene interacts phenotypically with other color genes, particu-
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larly with the albino alleles, details of which are given by Wright
(19594,6). Wright's analysis revealed the presence of an incompletely
dominant modilying gene, diminished {(dm). The dm dm 551 animal is
mainly white except for a few small spots of colar on the checks, These
silver-whites show greater mortality than normal, 23 percent deficiency of
hemaglobin concentration, and impaired fertility in both sexes. The dm
ene interacts with the albino alleles to lighten the coai color.

The extreme variability of silvering impelled Pictet and Ferrero
[1940) to postulate the involvement of two genes. One, a dominant (1),
for ventral silvering and another, recessive (4}, for dorsal expression.
However, as Wright (1947} has argued, there are grounds for doubting
this interpretarion.

A progressive silvering has been termed grizeling (Lumbert. 1935;
Wright, 1947). This form is not present at birth, but first appears at
about 2-3 months of age in the form of seattered white hairs. While the
number of these hairs increases steadily throughout Iife, the majority of
the white hairs are produced in the second coat. The degree of grizzling is
most variable and is conflined largely to the dorsum. panicolarly pos-
teriotly. A single recessive genc {gr} appears largely responsible although
other minor genes may be concerned.

It may be remarked that a synthetic silvered phenmype can he
produced by the joint action of ¢" and ¢ in ¢ a " " e £ due to the re-
moval of yellow rom the hair by ¢ and the brindling induced by . The
eflect is striking.

The gene lor whitish {7, described by Ibhsen and Goertzen (1931a),
causes a reduction of hair pigmemation in the shaft of the hair of hrown
(b ) individuals. The character is variable, ranging from hairs with
merely pale brown banding to othiers in which most of the hair is white
except [or a pigmented tip. Whitish is manifest at birth. In blacks, the
trait is expressed merely as a lew whitish hairs on the farchead in
hotmozygous { W W) animals, and these hairs disuppear with age. No in-
dividuals homozygous for &% ¢, % or ¢ were observed 1o show the
whitish character.

It is of interest that whitnsh is remarkabiy simalae wodhe “silver™ of
Eaton (1943} and 1o the dinginess of browns reported by Wright (1947) in
regard 1o expression and their interaction wirh other geones. However,
Wright found hat dinginess was inhericed polvgenivally in his breedinge
material. Thsen and Croertzen noted that dinginess was present in their
stack, but they were unable 1o relare it 1o whitish, However, while being
prima facte independent, it is possible Tor the two characteristies to he
spects of the same basic Latlure of normal pigment phivsiology. Yither W
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is a majur gene of the dinginess polygenic complex {which happened to by
absent from Wright's material), or the polygenic background of Ibsen any
Goertzen’s stock enhanced the expression of dinginess so that one of the
genes involved could assume monogenic expression.

Rs is a recent mutant, and it has manifold effects in the heterozvegte
{Whiteway, 1973}, The head and feet are usually solidly colored excep
for white blazes on the head and distal white on the feet. The body is
heavily and irregularly silvered (to the point of rean) with white hairs.
The pupil of the eye is distinctly ruby in color. Whiteway (private com.
munication, £973) has preliminary evidence that Rs Bs is microphthalmi
and has white fur.

White Spotting

A feature of white spotting in guinea pigs is its extreme variability,
ranging all the way from a self animal with white spots on the head or
feet to all whie (Wright, 1920, 19206, Wright and Chase, 1936; Chase
193%9g}. Despite this, the spotting appears due in the main to a single gene
{s} which is formally regarded as recessive, The heterozygote + 5 may
show some white spotting, but it is irregular and normally only against 2
polygenic background which induces very white homozygotes s 5. Wright
has given considerable auention to the factors {genetic and environmental}
which contribute to the variabiluy of expression in homozygotes. [n two
stocks, one random bred and the other highly inbred, the variability was
apportioned as indicied in Table 2. The sex difference is manifested as
the males showing slightly less white than the (emales, the magnitude of
the difference varying with the stock. Increasing the age of the mother
tended to increase the amount of white in the young but, in general, the
effece of factors common to siblings was smail. Even in the random-bred
stock, at least half of the environmental variability was specific to the indi-
vidual. Chase’s study of the peesence or absence of white for definite
points of the bady showed that, while moderate correlations were realized
for adjacent points, the corretation coefficients fell quickly to virtually zern
tor more distamt points. The quantity of exvgenetic variation has also
frustrated attempis to select for definite areas of pigmentation, in spite of
the fact that inbred strains can be characteristically spotted {MacCurdy
and Castle, 1907; Eatan, 1928}

[n addition to the main gene, theee is evidence for modifyiﬁg genes,

most presumably only capable of expression in conjunction with s, al-.

though some may be able to produce minor white spotting in their own
righr (Pictet, 1931: Ihsen, 1932; Baker and Ibsen, 1942}, Some have heen
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TABLE 2. Vuriabtlity of Fxpression in Humlozygotes

Random bred,

Source percent Trdvedd, percent
Heredity 4(; 2
Sex E
Environment .
Age of mother ) )
Other factors common o litier & .
mates .
Factors not cotnmaon e liter
males 52 a9

designated gene symbols, but whether itlen_tiiti(‘atinm is cmnsigtcnl enough
from generation £ generation to warrant th1s is open Lo question. o

Thsen (1932} has given brief defails of numercus mnfhlmlrs, 01.
expression of mutant characters. Most are dignified by the nonunation {)ir
symbols. Several of these have been confirmed ‘I)y ihe later puhlu-;nmn .u.
e.xperimenmi data; whereas many ohers remain unsubstantiated, Tt m.\}.
be wondered if many of the modifications deseribed are due to pnll_\-'.qen?_-:g
rather than 1o genes with elfeers stable enough lor these to be Ltle.nuf.m:i in
CTOSSCH. Genes controlling intensity of pigmentation of reds e e) and
creams {¢7 c% e ¢}, the formation al ewmelanic tippi.ng i the heurfa of reds
fe e} and whites {7 ¢ € e}, and the dcvrlnpmcnlr of fu]]:?uss of Ihaur !lf[lglb
in long-haired t/ ) animals would aimost ccrt:unlly flall into this category.
Wright {19396} has commented that one of Ih.scn's lightening genes {I:). t-]f
creams could be rhe same as dom. A gene (di} has been described _whu h
causes biack and hrown hairs to be dilute at the base, while red hairs are
not affected: brown is more affected than black. Henee, the gene coudd be

part of the dinginess polygene complex.
Gene Interaction

The comt-color genes display o variety of imeractions, some of whi h
may be regariled as curicus and unexperted, IL is unknn_wn if thl- gume-;t
pig is unique in this respeat. Brodwably not, since rh(?.‘itl‘ Fm_:-r:n-tmns [SHIL:
Yeen brought out by the painstaking libeors of Sewall Wright, sher has ot
been content o simply describe the many phenoty pes }thldl:ft.'['fl '|s.\_r'
avsteratic recombination of the genes bur has endeavored to quantify their
relationships (Wrighy, 1916, 1927, 19416, 19404, 1439¢.d. I.‘J(ﬂ]..f),(').

The interrelations of the atbine alleles have been the facus of much as-
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tention, because while these behave in general as expected for chinchillateq
matants (greater effect on yellow pigment than on biack, so thar yeliow js
diminished or eliminated hefore black is severely modified) in order af
descending dominance, there is a aotabie exception (Figure ). The & ailele
normally fails to show any yellow but produces more black Pigment than 7
an allele which shows a2 moderate amount of yellow. It is as if a physin.
logical substrate, normally involved in the production of yellow, had been
diverted o supplement the production of black pigment; or, that the
processes involved in the production of yellow and black pigment have been
competing for a common substrate and one {the yeliow) had been inter.
rupted or rendered less efficient, so thas more black is produced,

The albine alleles present one of the more remarkable interactions,
but others exist, and the papers of Wright (193%.¢) should be consuited
for details of these, The intensity of both black and vellow are strongly in.
fluenced by modifying polygenes, especially the latter, which may vary
from bright orange-red (o almost mahogany. In this connection, the Cuives
for ¢ and ef in Figure 1 are not based exclusively on the darkest oh.
tainable phenotypes, hence the levels shown are slightly underestimated,
Wright (19394} has shown, however, that the relative expression of pig-
mentation by the different albino alleles is not changed by considering the
effects of one ar more of the “diluting”? enes, dm and s,

The eoat of the guinea Pig is well develaped at birth, and this stage is
the abvious chaice for quantitative analysis since the pigment has been
laid down in the almost constan environment of the mather’s uierus
Changes occur after birth, and the magnitude of these have been studied
by Wright (1960¢). The changes are many and sufficiently complicated o
defy summary. An important influence is the temperature level, particu-
larty for phenetypes produced by the lower members of the albino alleles.
Other phenotypes react differentially 1o advancing age.

This is not the place for a detailed discussion of the micrascopic and
chemical studies of color pPhenatypes, although this work should be noted.
The distribution of pigment in the eye tissues has been described by Gre-
gory (1929} and Harman and Case (19421, and in the hair by Schilling
{1939} and Harman and Case (1941}, Most of the genes induce highly
correlated changes in the two structures, The first appearance of pigrnent
16 the skin and hair is in the 43-day-old Fetus, and ng clear distinetion can
be made between black, brown, or yellow pigment granules at this age.
Brown granules are of the same siee, shape and distribution as biack, bu
they are of a lighter sepia brown color. Diffuse vellowish pigment js
present in the cartex of both black and brown hairs but it is richer in color
and more conspicuous in the larer,
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Yellow granules are larger than black or brcrwn and are mor:.i— |Ir—
cegular in shape, while the diffuse pigment is bngh? orange-red. d‘\m
of yellow granules have been observed, dark and light, correspon ing
o and b ¢ genotypes. A few pale red granules have also been seen in
m;l— ehair, In ¢ ¢” animals, black or brown granules cecur in the eu-
i;:-!;a;ic areas of the coat, but only colorless granules_ occur in the :f‘h.lt]e
;lrcas {potentially phaeomelanic, but white due .10 action of cd). Mouc h;r
hinos (¢ ) have only colorless granul.cs, The a_(:m?n of f, p, and sm on
igment granules has not been ascertained al this time. . .
P The many chemical analyses have been largely concerned with the
quantitative determination of amounts of pigment, particulariy fo;* t.he
various albino alleles, since this locus is a fundarr_lemal mUdU!aEm- ? 1;:;:?-
ment production. Some attention has also bccr{ given to the Cth.m.d. I'I
ferences between eumelanin and phaeomelanin, as re\-‘e_a]t’.d iy 's(.'\cm
siandard treatments. This work has involved (‘Ul.OI‘III:IL‘lrI(f.(.‘OITlde:‘]S(;n?i
observations of the dopa reaction with frozen sections of skin ur colorless
extracts, permanganate tilr:nion, l"L'ﬂL’(.'T.OmE{PJ" l"C&!dll’lgS, OXYZEN l'f{nSU].TIP—
sion curves, and amount of darkening in a Warhurg apparatus (l\rnnm@);_.
1930a,86; E. S. Russell, 1939, W. L. Russell, 1939; Heulvnthn%, 1940
Baker and Andrews, 1944, Ginsburg, 1944; ‘Nri.ghh 19494, erght ;m_d
Braddock, 1949; Foster, 1936). Concise summaries of some of this work
are given by Wright (19415, 1963). o o o
Table 3 gives the genotypes of the principal varicties of guinca pigs

TABLE 3. Genotypes of Faney Varietes of Giuinea FPagst

Fariety Canatype Variety Genatype
Abyssinian Rm Lilac ) ¥
Albing eTee Crange agouti 13
Beige abp Peruvian LR
Black '3 Red e .
Black-eyed white et Resan . 5 oor fy
Rrindle ae Salmun agouli purhp
Chocolate ah Self golden o
Cinramon agouti berem Shele . !r .
Lreatn eTite Sitver agouti e
uich R as Torwiseshelt . ar®
Golden agouti + Yurtoiseshel| and whie aets
Himalayan aeted
Lemon agouri e or

b ',.rfrlf

'.Tht Bames of the majoriey are surprisingly dew Hplive Where thiae i epistass, it iy pussible for the
vifety to have several genypes.
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bred by fanciers. These varieties serve as a useful reservoir for mutan;
color genes.

Coat Mutants

One of the oldest known mutants is the tong hair which is due t
recessive gene L Indeed, the mutant was among the first to be udilized 1,
confirm that Mendelian assortment applied to mammals {Casile, 1903,
En the hands of fanciers, the long hair of the Peruvian variety has beep
greatly extended in length and is of extreme softness of texture. The dif-.
ferences appear due to polygenes. They have also combined long hair witk:
£ and m, the effect of which is to cause the hair to grow outward in 4t
directions {which they desire} instead of tending to Fall from head to tail iy
conformity with normal hair direction.

“Abyssinian,” rosetie, or rough coat is characterized by marked
changes of hair slope, so that partings, ridges, and hatr whorls are
produccd. There is considerable variation of degree of change of slope.
formation of ridecs and whorls, and presence and sites of whorls. The
genetic basis for the variation has been the subject of considerable dis-
cussion {Wright, 1916, 19334, 19494 Pictetr, 1934; Pictet and Ferrero,
1934). An embryological srudy of hair-follicle initiation and development
it rough animals has been contributed by Colin (1943).

Wright has postulated the interaction of two major genes, one
dominant {reugh, &) and one recessive {rough modilier, m), as the prime
mover of the variation. The expression of m is dependent upon the
presence of A, so that normal-coated cavies lack R, although they may
carry m. ‘The highest grade of expression is given R - m m, with well-
formed primary and secondary whorls on all regions of the animal. The & -
+ m animal oftetr has whorls, but they are fewer in number and less well
formed; they may cven be devoid of whorls, possessing merely a mid-dorsal
crest and roughness of hair on the fegs. The R - + + animal usually Jacks
whotls. and the mid-dorsal crest may be present, but this is not invariahly
the case. The least expression of rough are irregularities of hair slope on the
hind legs. Other modilying genes, less well definable as m, are responsille
for part of the residual variability.

Pictet and Fervero postulated the presence of » dominant gene for
rough and also two dominant modifiers (D and G): D producing weli-

developed head whorls, as opposed to poorly developed, and & producing
whorls over mast of the body, as opposed (o more restricted formacion o
the trunk or midrifl. Wright has eriticized this interpretation and has
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argued that Pictet and Ferrers's uwn data can be demonstrated not to be
in full agreement with it, _ _

The S& gene induces a flat whorl or hair on the for.ehead, w.“h
pewably little variation (Wright, 1959¢), There is often a parting, anterior
;0 the center of the whorl, extending for a short distance aln_ng the mid-
ine of the nose. St is genetically independent of R and m but interaces an-
1agonistically with R. Whercas, both St - and _R -m m would be expgrtcd
1 have wharls on the forehead. the combination & - m m 8¢ - may either
lack a whorl or may have it imperfectly formed. In B- 4+ + S{ -or R-
+ m 8t -, the inhibitory effect of & is evident as a distertion of the noe-
m.nilv formed St whorl. Conversely, 51 appears to interfere with the usual
crest and whorl formations of R on the body. The original paper should
be consulted for full details of this rather surprising interaction.

A “fuzzy”-haired mutant has heen reported by Garber (195330, The
vibrissa i said 1o be curly, and the fuzziness of the coat is apparent within
wo or three days ol birth, becoming more pronaunced with age. The
hreeding data are meager but cumpatible with the assartment of a
dominant gene (Fz).

A rex coat appeared spontancously in i closed colony some vears ago
i Robinson, unpuhlish(‘d). The vibrissae were hent and the coat wis un-
kempt. Backeross matings inferred that the trait was inherited mono-
genically, but the stock was annihilated by disease before i could be es-
tablished whether the gene was dominant or recessive. It is possible that
the mutant may have been o repeat mutation of Fz.

The sLick‘;' coat described by Herhertson ¢f al. (19393 owes its pe-
culiar appearance to excessive secretion of the sebaceous  glands.
Preliminary analysis mdicates that the secrction differs from normal,
containing about four times as much lipid material, with the fatry acid
fraction béing more fully satwrated. The coar appears ruflled and sticky 10
the touch. The effect is most obvious at birth, when the coat 15 also wavy,
Subsequently, the wave disappears, but the stickiness persists. Laase ma-
terial and food tnds to adhere to the stomach fur and about the muzzle.
The condition is due o a monogenic recessive (s,

Immunclogical and Electrophoretic Variation

Much of the euly wark in this teld would ome be regarded as
merely exploratory from a genetic viewpoint. Nutwithstanding. variation
of responsiveness was reported in several caperiments. Chase 119810 ob-
served variation berween individuals to seasitization o diniosachloreben-
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zene, and Scheibel (1943) observed variation in ability to produce apy;.
toxin to diphtheria. The interesting aspect is that in these experiments i
was possible to breed strains which diverged in their responsiveness, thys
demonstrating a genetic component in the variation.

The inbred strains, Wright 2 and 13, have been featured in severyl
studies of histocompatibility. The earliest work is that of Loeb and
Wright (1927}, whose report on these two strains {among others) shower
that they had become sufficiently homozygous for pieces of OfgAns, trans-
planted subcutaneously between members of the same strain, to be ac.
cepted. Strain 2 appeared to have the better acceptability because strain
13 gave the more variable results.

Subsequently, Bauer (1958, 1960) presented results of skin grafting
both within and between the two strains. The intrastrain transplants were
fully successful, with no indication of ¥-chromosome incompatibility, as
shown by acceprance of male skin by females. All of the interstrain grafts
were rejected, with a mean survival time of 8 days. An estimate of the
number of histocompatible gene differences was derived by challenging 27
F, individuals by graits frum each paremt strain. Of these, 14 survived.
giving a survival rate of 26 percent. This level of survival would cor
respond to five independent genes {with 95 percent fiducial limits of abaut
three and seven genes). The distribution of survival dates ranged from 8 1o
32 days, with a suggestion of two modes at 8 and 14 days. Thus, it is
possible that differences at twa major (rapidly reacting) histocompatibility
loci could separate (he two strains. Recently, in this connection, Eltman ef
al. {19706} and Bluestein et ¢f. {197 1¢) have demonstrated that differences
do exist between the strains for one major locus (provisional symbol /).

A locus directly concerned with immune respousiveness to various
haptens (both synthetic and natural) has been discovered {Green ¢t af.,
1969, 1970; Green and Benacerraf, 1971). One of the lirst demonstrations
ol the existence of the locus was the discovery of a discrete difference in the
respanse to the synthetic polypeptide poly-i-lysine, It was found that the
response was controlled by the presence of an autosomal dominant gene
Fil (Benacervaf e af., 1967; Ellman et af., 19708). Furthermore, strain 2
possesses the gene while strain 13 does not. Studies with these strains
revealed that the PH gene is closely linked 1o a histocompatability antigen
carried by strain 2. Continuation of the studics showed that the linkage is
tnanifested in two stacks of random-bred guinea pigs (Ma;tin el al., 1970,
Ellman et al, 1971a).

Strains 2 and 13 were featured in a search to assess immune respon-
stveness to synthetic copolymers of L-gliamic acid and r-alaninine (GA}
and of L-glutamic acid and L-tyrosine (GT); the evoked response to these
substances was found to be governed by the two dominant genes Ga and

13. The Guinea Pig, Cavia porcellus 287

G, respectively. Strain 2 was homozygous for Ga but not G, while stra i_n
13 was homozygous for (¢ but not Ga (Bluestein et af,, 1971a). Experi-
mentg with random-bred animals revealed that Ga and Gy, and Gt arlld
Pt are totally disassociated, as if they are allelic or pseud(%a!llehc.
However, whereas Ga and Pif tend to be inherited together, a few animals
had Ga but not P, and wice versa. The implication is that crossing over
had oceurred in the ancestry of these exceptional individuals (Bluestein et
af., 19716). As may be anticipated, Ga and Gt displayed linkage, W‘ili“l the
respective histocompatibility alleles differing sirains 2 and 13 (Bluestein et
al., 1971c,d)

Immune responsiveness to low doses of bovine serum albumin and
human serum albumin appearcd to be inherited as a simple dominan
iLbsa) linked to PU in strain 2 and 13 crosses (Green ef al,, 1970; Green
and Benacerraf, 1971). Conversely, the response to low doses ol hapten-
guinea-pig albumin conjugates {GPA} was governed by » dominant gene
{(Gpa) tinked ro the strain 13 histocompatiblity allele {Green ef al., 1972,
Davie ¢ al., 1972},

The above results suggest that the P locus is complex, governing
specific immune responsiveness to a variety of antigens. The fact of
linkage to a histocompatible locus has prompeed the above authers 1o
stress the transpecies homology of close linkage of H-2 histocomparibility
and the fr-7 immune response in the house mouse. Both of these loei of
the mouse are known to be complex; remarkably so at this tme (alhough
it may be that most gene loel are complex when subjected 1o prolonged
analysis}. Wotauonally, it may prove to be advisable to indicate the im-
mune responsiveness complex by a generalized symbaol (say /) insiead of
doing so for its components, which are better regarded as specificities.

Preliminary evidence points to the monogenic autosomal dominant
inheritance ol response to immunization with hydralazine (Ellman et af.,
19718). The number of animals examined are few, but the daa imply
that the response gene is inherited independernddy of the strain 13 histo-
rompatibility allele.

Battisto (1963} has described a naturally oceurring  differentiad
reaction Lo a “'serum factor’ present in some stocks of cavies, but oot in
others. The ability to elicit a respunse is aseribed to 4 dominant gene $°.
It is of interest that both the inbred Wrighe 2 and 13 strains lack the
[actor.

Primg facre evidence Tor allotypes of y-globulin has been reported
iBenacerraf and Gell, 1961, Kelus, 19093 No heeeding results are
presented, but the implication is that genetic varines coexist as polynior-
phisms in random-bred colonics.

Guinea pigs are a useful source of romplemend. and the system has
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been well studied. The first reports to disclose genetic variation were those
of Moore (1929), Rich (1923}, and Hyde (1923, 1927}, The inability o
produce the so-called 3 component was inherited as an autosomy)
recessive {provisional symbol co-3). These complement-deficient anim;ly
Rourished under ideal husbandry, but were Jess resistant to discase angd
environmental stress, and the stock eventually died out. Fllman ef
(1970a) have queried which complement was deficient in these anitnals,
sinee the C3 component is now knawn 1o he complex.

Ellman ef /. {19702} have founded a colony which is deficient in the
C4 component and have determined that the deficiency is due to an incor.
pletely recessive gene. No symboi s assigned to the gene, hut co- is e
ploved here provisionally. .

The experiments of Colten of al. (1970 have revealed variants of the
€2 component. These showed that the isnelectric paint of C2 activity from
pooled sera was bimodal, with one peak at about 5.2 and another ar 5.5
Serums from individual animals were subsequently found 1o be of 1w
soris: thase which had one peak of 5.5 and those which had twa peaks.
The results are interpreted as indicative of polymorphism for twe e
trophoretic varians. No formal genetic data are presented. and it is clear
that & genetic analysis could be rewarding.

Radev (19613 isnlated a stock in which the {evel of erythrocyte
catalase activity was unusually low, The lower level was also feund in
hamogenates of kidneys, liver, and spleen from which the blaod had been
remaved. “The lower activity was demonstrated to be inherited as u simple
recessive wrait. However, Lush {1966) makes the point that the EETAIS
fethod eriploved was inefficient and any diflerences between homagygous
and hetcrazygous normals could have heen easily overlooked. The gene
has not been symbolized, but for the purposes of this review wifl b
represented provisionally as ca.

An examination of 20 domestic quinea pigs for electrophoreti
variants of phosphoglucose isomerase (PG Failed 1o detect variation:
likewise for three Caeia afierea animals {sve seetion on hybridization, p.
297, althoush the electrophoretic patterns of the two groups were dis-
fnctive (Carter et of, 1972). Each group gave single bands, sited dil-
ferently in rhe electrophoretic spectrum, However, F, hyhrid offspring of
the two speeies showed & tripte-banded pattern corvesponding (o the
parental bands and an intermediate hybrid hand. Segregation fomthe threr
patterns aceurred in the Fy offspring. Although the numiber of animals in-
valved way meager, different gileles. Far® anil Pgi®, were assumed to b
possessed hy the porcellus and aperea animals, respectively, for a posiu-
Yated Fyi locus.
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Abnormalities

Wright (1960a) has discussed rthe necurrence f:F a wvariety of
anomalies in guinea pigs, particularly those with which hf’. hé_tS been
directly concerned. The frequency of many of lhese_ wirs too lr;w. for i{.k’i‘ls 10
be drawn on the modes of inheritance. The only m.rlicatlflm ol a4 pu?mhl_c\
albeit tenuous, genetic basis was the recurrence of ('&rt:nr? anomalies in
one family or strain. Those with more or less well-defined mndus. ol
inheritance have been the subjeet of separate reports and are detiiled
helm;\ form of dwarlism was ohserved by Sollas (1909, 1914} to he
inherited as a monogenic recessive (dad. At birth, the animal Appears
more thickset than normal, with shore limbs and a curigusly shaped hl'.’](l..
With increasing age, the small size becomes increasingly apparent. .\.Il of
the leg bones were found to be short and thickened. The Er‘nle,th ::!. tl_]:-
skull was shortened. Mortality of the dwarfs was high, muost dving within
4 lew days or weeks of birth. o

The cye defect reported by Lumbert ane Shrigley (1933) prinnanly
affected the cornea. The defect is present at birth and persists thraushom
tife. The more obvious sympioms are a dulling or dryness of the cornea,
photophiobia, and unusual sensitivity and thickening .u.t' the v_\'uhdf.;
however. there is considerable variability of expression. The anemaly is
atributable fo a recessive gene (o) with varinble expression. A hix-
tological study of the defect has heen made by Whidledk (19345). .

An instance of waltzing was that reparted by Thsen and Risty (1927
and Thsen {1932) and was due to a recessive gene wa, The puinei pig as
newborn tends to throw Hs head about, and it tends 10 tun i vireles as i
becomes older. The pathelogy of the anomaly has been nvestigated hy
Cogan (1940) aud Lurie (1934, 19413, Alflicted animals are totudly :h:;:.i
About ten davs prior 1o birth degenerative changes aceur in the vn:sru]:s.r':s
vochleae and in the organs of Cortd; later degenersion of the gizlion
spirale is apparent. Lurie conjectured that the circling movement i ('élllﬁl:d
by a fundamental disturbance of the conteal nervaus system, wnd Lurie
and Dempsey (1939) were able 1o produce waltze phenocopies by sur-
gieat destruction of the ganglia of the bradn stem. _ _

A sevond waltzing guinea pig is that of Ernstson i 19701 T s 1y [ i
produced by the heteroeveote of o doninanr cene Hr (new syalhol, Ty
agreement of e 5. Eenstson). which is Terhal when honezvzaus, Fleml
o urs around the time of parturition, the few individuals whicl did s
vive birth soon surcumbed. e + animals show whirling al slioking bea
havier which does nou diminish with ame. Investicatiens of the hebavior of
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the waltzer, together with detailed anatomical and histological investiga.
tions of the inner ear, have been completed {Ernstson, 1971a,b, 1972,
Ernstson et af., 1969). Hearing is initially near normal, but deafnes
ensues by approximately 42 days of age. The defect appears to arise from
fundamental changes of the organs of Corti. There is a progressive
degeneration of the vestibular neuroepithelium. A peculiar rod-shaped in-
ciusion was observed in type [ hair cells; it is speculated that it may be an
anoimalous metaholite concerned in the defect.

A hypoplasia of the sex apparatus {sexual hypogenesis} described by
Lone (1932) has been shown to be due to a recessive gene sA. tndividuals
of both sexes may be affected. In males, the penis is infantile, while the
testis are small, flaccid, and undescended {although the inguinal ring is
open). The seminal vesicles, prostate. and Cowper's glands are
diminutive. Spermiogenesis is arvested. There is no external evidence of
abnormality in the female except that they tend to display perpetuni
oestrus. The ovarics are of normal size, but there are few primary follickes
and ne corpora futea. Transplants of anterior pituitaries have indicated
(hat the disorder could be due to a deficiency of gonad-stimulating hor-
mones.

A congenital palsy was described by Cole and Thsen (1920). The con-
dition was obyvious from birth despite some variation of symptoms. Many
individuals were unable to rise or ta stand on their [eet, while others could
stand but were incapable of walking; still others could walk but were
unable o rise unaided while some could both rise and walk. A sharp
sound would cause the less severely affected animal to start nervously,
while the others would collapse as a result of stiffening of rhe legs, espe-
cially the rear ones. The tauer animals would lie on their sides, their
whole bodies shaking and their legs showing pronounced clonic spasms
The most severely affected animal would cxhibit the same symptoms upon
atiempting to walk. As the palsy becomes more severc, the animal lose
weight and death occurs within a week of vwo. A hypoplasia of rthe
parathyroid glands was determined. The condition is due to a recessive
gene {n).

Thsen (1932} reported an inherited trembling condition due te 2
recessive gene fr. Affected individuals were stated 1o display a continuous
wemor from birth, although rhere was some abatement upon attaining
adulthoed. No genetic datr were given. -

Guinen pigs normally have four digits on the front feet {no thumb!
and three digits on the hack feet {no big or litle toes). It is not UncomTnn
for an cxtra toe to recur and to be remarkably well formed in somv
instances. The classic case is that of Castle (1906, who selectively bred it
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po]ydacl}rluus strain in which an extra little toe was regularly manifested
and was a perfect or near-perfect duplication of a normal digit. Stockard
{1930}, Pictet (1932}, Kroning and Engelman {1934}, Wright {19345,¢),
and Koboziefl and Salomon (1943 observed the condition in various
colonies.

Wright's meticulous study has shown that the development of the
extra toe displays typical behavier of a threshold character, controlled ba-
sically by polygenes. The percentage {requency tolten stable} will vary
between strains, and tolerable Mendelian ratios may even be obtained in
some cases. The incidence of the polydaciylism will depend upon the dis-
tribution of the polygenes relative 10 the developmental thyeshold and on
the proportion of polygenes which falls across a threshold, leading to
partial or complete genesis of the 1oe.

Wright's analysis of an array of tamilies of an inbred stock Ted 1o the
conclusion that the prenatal environment was of significant impuoriance.
The linal analysis was as shown in Table 4. No abvious factor could
explain the variation hetween sibships. hut the major factor fur the in-
ter-litter variation was age of female. Tmmature methers produeed moree
polydactylous young than did mature mothers. Litter patity had littde in-
fluence, while weight of mother had a slight effect. Again, no obuious
factor emerged for differences between individuals. There was a slightiy
greater propensity for the left Toot o be polydactylous than the right. A
seagon infiuence was recorded in that the incidence increased for autum,
winter, and early spring months of the year far ane particular line, but
not for ancther. 1t follows, of course, that the above partition of the varia-
bility may not hold in its entirety for ather stocks.

In contrast to the above is the polvdaciyly reported by Wright
(19344, 1933q), which is engendered by a dominant gene Px. The
heterozygyote Px + 1s polvdactvlous, while the homezyrote Px Pxois
monstrous. The expression in Px 4+ is variable. 1n the main polydactylous

TARLE 4. Anabyis of Familics of an Fabred
Stork jor Polydactyly Threshold

Kinerer Yartation, percat
Heredity ) 14
Environment
Sihships 24
Litters g
Tocivichingls 11
Foou allecied @32
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stock, about 18 percent were normal-teed, 2 percent had one or two big
toes. 62 percent had one or both little toes, and 74 percent possessed one
or both thumbs. On crossing with a stock with a high manifestation of the
polvgenic form of polydactyly, the degree of expression of Px way
increased (e.g.. the incidence of big toes increased to 16 and 50 percent in
the initial eross and a backeross, respectively). On the other hand, in
crosses with & nonpelydactylous stock, the penctrance of Px fet] sharply.
These results imply that the manifesiation of the Px polydactyly is con-
trolled by a definite polygenic complex, part of which, at least, is the same
as that responsible for the threshold form. Only some 8 pereent ol Px P
howmozyantes survive to term, the majority die as fetuses about the 26th
day of gestation (Scott, 1937, 1938}, T'hese show an extraordinary variety
ol gross defects stemming from a profeund developmental disorganization
which is first apparceat about the 18th or 19th day.

Various abnormalities of the forefeet have been described by Kroning
{1938, e.g.. hent, fused, or splic phalanges and syndactylia. There is
much variation of expression and manifestation, according o the natuce of
the strain and trosshreeding between strains. Kroning hypothesized rhe
segregation of a single gene. but this conclusion is debatable,

Otocephaly is the term used to denote a series af teras in which the
beatd 15 progressively  mallormed. The abnormalities range from a
shortness of the tower jaw, followed by lass of vacious organs {eyes. ears)
and formation of a nasal proboscis. w a condition where the body is
rounded off in front of the shoulders, with no sign of o head exeept for a
small ear (Wright and Eaton, 1923; Wright and Wagner, 1934, Wright,
1934a). Wright's very careful study showed that the oceurrence of these
wonsters displavs threshoid heredity. This incidence in most stocks iy
extremely low, bur can attain frequencies of up 1o 7 pereent in some, as
consequence of chance fixation of polygenes. In a branch of a sirain noc-
mally producing about 3 percent awocephalies, the incidence suddenly rose
to 28 percent. This increase was accredited to the accurendce of a dominam
mutation. raising the genetic propensity to near the threshald {or abnor-
mality. The present case is
factors could be adduced [oe the appearance of otocephalies, aad this is in

interesting in that no obvious environmental

contradiction 1o threshold polydactyly, wheee a pumber of enviconmental
factors could be isolated. However, twice as many atocephalies were fe-
miale than male.

The occureence of anophthabmia has been reported ongeveral ocen-
sions (Faton, 1937 Wright. 1960a; Kamich, 1971). In ao case has i been
possible 0 pinpaint the mode of inheritanee. The influence of heredity 1
shawn by the variable incidence in different stocks. A polygenic-threshotd
concept is probabdy the best explanation at this time.
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The inheritance of supernumerary mammae (the female normally
has two) is discussed by Goertzen and Ibsen (19513 Up to five exira
mammae (all rudimentary to various degrees and nonfunctional) was ob-
served in both sexes. Their recurrence in sucressive generations indicates a
definite genetic influence, bui it is doubtful il the condition could be ar-
tribured 10 an antosomal dominant gene as these authors seem to imply.
The observations are drawn from a closed colony, and no assortment data
from systematic crosses are reported. Pulygenic heredity, possibly
interacting with one or more thresholds, s likely. Table | presents a list of
mutant genes and their syrabols.

Growth and Weight

Except for mutants producing severe metaholic changes, which lead
to dwarlism ar excessive fatness, the heredity of cate of growth and weight
at various age levels is typically quantitative. However, growih is so al-
fected by cnvironmental factors. such as ouritional level of the diet,
quantity fed, and the like, that It is difficult (o estimate the proportion of
the variation which is senetic.

Hawever, Dillard ef af (19723 has ohrained estimaes of heritability
(A% lor several growth parameters. drawn from two distinet stocks of
guinea pigs. Average estimates of A" far twa stocks are: bicth weigh, (125,
weaning weight, 0.49; 91-day weight, (0L32; weight gain binth “weaning,
3.46; gain weanings 9 days, 0.25 and gain birth /91 davs, 048, Certain
differences are apparent between the two lines for the components of
growth., These may represent differences of growth rate between the
siorks, although the authors believe them 1o he merely sampling errors. A
correlation of 0.8 was [ooned between weaning weight and #1-day weisht,

fromy which it is concluded that selection lor size could be based on the
former with only a small loss of eflicieney.

- Inbreeding

The guinea pig is renowned for the lone-ierm program of inhreeding
arranged by G M. Rominiel and condued by Wright (1922000 Wrizht
and Faton (1929, and Eaon {19322, 1941 Inidally, the projec com-
menced with 23 lines, but many beenme extinet as a conseguence ol the
inbreeding (poor viability of feeundity) or were otherwise jertisaned. In
the larer stages. only five lines ifamilies 2013320 35 and 3% were main-
tained. The lines have been studicd for changes in various componenis ol
fertikity, rovwth, and martality. They differed amonyg themselves for many
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of the components, but in general there was a slow bur steady decline. [t ig
a oot point if ail of the decline coutd be attributed to the inbreeding, for
an almost similar decline was observed in a control stock in which in.
breeding was excluded. Crosses between the inbred lines revealed the
existence of heterosis, but not usually to the extent that the F, was supe-
rior to both parents. The performance of the F, could not be predicted
from that of the inbred parental lire.

The establishment of these inbred lines has meant that interstrain
comparisens can be made which would give some ides of the genetic varia-
bility latent in random-bred stocks. Comparisons have been made for a
wide range of characters; body weight, growth, vigor, and morality
(Wright. 19224; Wright and Eaton, 1929; McPhes and Eaton, ]93]‘;
Eawon. 1932a,b, 1941; Strandskav, 1939, 1942 Jakway, 19593, organs
fweight and size of adrenals, heart, liver, lungs, spleen, testes, thyroids,
ete.. Eaton, 1938; Strandskov, 1939; Jakway, 1959), skeletan (dimensions
of skull and leg bones: Eaton, 1939; Strandskov, 19423, reproduction
{Wright, 19224; Wright and Eaton, 1929; Eaton, 1932a,5), tuberculosis
resistance (Wright and Lewis, 1921), anaphylactic reactions {Lewis and
Loomis. 1923; 1928), tissue gralting {Loch and Wright, 1927; Baur,
1958, 1960; Brent et af, 1958: Bluestein e al, 1971¢.d}, otocephaly
{Wright, 1934a}, threshold polyductvly (Wright 19345), OX¥Zen consump-
tion (Riss, 1933, Riss and Goy, 1957, Jakway 1959), sexual behavior
{Riss. 1933; Valentine et af., 1954, 1935; Riss and Goy, 1937; Goy and
Young. 1937; Jakway, 1939, Gov and Jakway, 19539), immunoegenetics
{Bautistn, 1963; Elman et al., 1970%; Blucstein ef af., 197ta,b,c,¢), and
allergic thyroiditis {McMaswer et af., 19653).

Studies on these strains are of interest hecause rwo of them (families
2 and 13, or Wright 2 and 13} have survived 1o the present day. Most of
the more-recent studics have been on these strains (say, from 1939 on-
ward). This work in toto cnables a profile to be assembled on the charac-
teristics of the two steains. However, the strains are faiely widely dis-
tributed and substrain divergence miy be appearing. Apart from certain
manegenic characteristics (discussed in other sections) the interstrain dif-
ferences are typically quantitative.

A second experiment in lung-term inbrecding with multiple lines has
been described by Carstens and Mehner (1938} and Mehner (1930,
1936). This project was launched in 1926 with 14 lines: of these, five
were in extstence in 1948, and only three in 1953, Poor fertility aftd low
viability were the main Factors in the decision to terminate lines. [)if-
ferences were apparent between the lines but, in general, litter size and
birth weight of young decreased, while litter mortality increased as the in-
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breeding continued. The more vigorous lines survived 20 or more genera-
tions of inbrecding. Crosses between the lines produced F, individuals
which often surpassed the parents in the above leatures.

Linkage

Almost all of the long-established mutants have been systematically
tested for linkage, and with mainly negative results (Wright, 1941q,
1949¢, 1959, Robinson, 1970, 1972). The absence of linkage for so may
genes is probably a consequence of the large number of chromasomes
possessed by the guinea pig, compared with the number in uther labora-
tery rodents. The extent of the linkage testing is summarized by Figure 2,
Most of the tested combinations are undoubtedly inherited independently,
although loose linkage cannat always be excluded.

There is a smalt probability of finkage between genes e and /. The
combined segregation data for the pair indicates a linkage of 439 £ 2.9
percent. However, those crosses yielding the best evidence for linkage are
thase in which f manifests problems of accurate classification (Wright
1941a). In the cross where misclassification is nor a problen, the amaunt
of recombination is 47.4 + 3.7 percent, an insignificant value.

Herbertson et al. (1939) have siated that sk is inberited inde-
pendently of several color genes and of B, However, the color ONes #re
net specified, nor are any assortment data given.

Two cases of linkage have been established. The firse is between Py
and R {group I}. Unfortunarely, Px has variable penetrance, and this fact
inflluences the estimated crossover value. Combining all the data, the
amount of crossing over is 45.7 4+ 1.6, while an cstimate hased on the
most consislent data produces an cstimate of 3.7 & 1.7, T'he second case
of linkage is between m and st (group 11}, with a crossover value of 21.7
+ 4.3 pereent.

Ellman ez af. (19705) and Martin ez ol (1970} have demonstrated
that the histocompatibility locus A is closely tinked 0 the immune-
response gene P Concurrently, Bluestein e af. (197 1¢) Found that he
similar genes Ga, and Gt are linked to P Evidence was obained for
crossing over between Ga and FII but not between G oand P Linkage
was also lound between both Ga and Gt and F (Bluestein of b, 19710).
A later paper in the series {Bluestein et al, 19714} showed by the aid of
Gteresponder animals that the H locus is composed of a1 least two major
specificities. The Tact that some G animals responded to one of the speci-
ficities but not the others could be attribied o crossing over hetween
specificities, although mutation is an abternative explunation, TThas far, in
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phology are: Awa et af. {1959), Watson ef of, (1966}, Dobrijanev apg
Golidman (19673, Schmid (1967}, Fernandez and Spotorno (1968}, Ja-
giello (1969), and George et al. (19723, A fuller listing is provided by
Robinson (1970, 1972).

It is particularly difficult 1o characterize morphologically the ny.
Merous elements comprising the karyatype. Published illustrations show
the presence of a large subtelocentric chromasome, easily identifiable, angd
a similar, but slightly smaller, subtetocentric X ehromesome. The second
and third fargest autosomes are distinguished by many sbservers but, he.
¥ond this, recognition of individual chromosomes becomes increasingly
difficult. Even categorizing the chromesnmes presents problems hecause of
the almost smooth graduation of relative size. The latest descriptions
speak of about 18-22 submeracentric and subtelocentric chromosomes, the
remainder being telocentric. The Y is almast certainly a small telocentric.

The large number and uniform size of so many chromosomes, comn-
pared with the karyotypes of other rodents, is suggestive of either fission
or lack of fusion. However, characterization of individual elements should
be possible with the recently perfected techniques of Giemsa treatment
and flusrechrome handing.

There is evidence that pelymorphism for one or more chromosomes
may exist. Ohno ef af. (1961) described a curions condition lor the largest
subtelocentric autosome I in mitotic material, The smaller arm of one
chromosome appeared to be more condensed, or shorter, than the cor.
responding arm of the ather. The arn stained differentially to give the im-
pression that the chromosome was satellited. The differcnce could also be
seen at meiosis. The eondensed portion is represcated as a nucleoius orga-
nizer,

Cohen and Pinsky {1966) depicied the large chromosome T ag being
unsually variabie. In some individuals, the small second arm appeared 1o
be exceptionally long, while in others the arm was lacking. It is propased
that the former could be the result of a dupiicated region, while the latter
is 2 result of a deficiency. Six pussible combinations of the two chro-
masomes {in eonfunction with normal) could theoretically exist, and three
have been identified. The variation could arise if a small translocation od-
curs between the two arms.

Dobrijansy and Goljdman {1967} have also found heteromorphism
for the lurge subtelacentric. These authars favor a4 structural difference in
the size of the second arm rather than differential condensadon. Their
material revealed cells with pairs of chromosomes either of vne form or
the other, in contrast to cells in which only one arm of the chromosome
pair was shorter or mare condensed than the homologue.
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Fernandez and Spotarno (1968) also describe variations of form of
chremosome 1. These authors arc not happy with the hypothesis of a
translocation, however plausible the concept may be. They caution th_at
the difference may arise from a differential elfect of colchicine treatment in
the heterochromatic areas adjacent to the centromere. Ar present, the
number of animals examined is few, but the indications are that the con-
dition may aot be uncommon. [f so, it wiil be interesting to ascertain the
precise nature of the observed difference and why it should be so
widespread.

Manna and Talukdar {1964) described a difference af size Tor one of
the larger submetacentric chromosomes (not the large subtelocentric, bgt
probably chromosome 1), in some individuals the chromosome was said
to be smaller than usual. The differcnce was most apparent for possessors
of both chromosemes {i.e., for the “heterozygowe™). The authars briefly
commented that sporadic occurrences of heteromorphism of other chro-
MOSOMES WEre noted.

Apparent polymorphism for chromosome 21 was featured by Bianchi
and Ayres (1971). One or both chromssomes in different individuals
showed excessive pericentric heterochromatinization.

The chromasomes of C. aperea have been cxamined hy George ef af.
(1972} A count of 32 was lound: | large subacrocentric. 29 smaller ele
ments which graded into one anather, and 3 microchromosomes. The X is
one of the targer medium-sized chromosomes, while the Y is minute, A
comparison of the individual chromosemes with those of purcellus
revealed an almost perfect match. Only the third autosome {thromosome
I} gave less than perfect agreement; both are submetacentric, but the
relative position of the centromere is different. Close agreement is (o he
expected, of course, il gperea is indeed the wild ancestor of poreellus, It iy
not withour interest that one animal possessed 2 subacrocentric chro-
masome I11 while, in the athers, the chromosome Was NOre melacenric,
This observation implies variability for the element and may explain in
part the slight discrepancy noted between the aperea and fporcellus karyo-
types.

Studies on chiasma frequency have been merely eursory at this tnwe.
Sharma et al” {1963) have commented that each of the autosomal hivilenrs
in spermatogenetic material hail one or two chiasmata. Later. Jagiello
{1969} reported a mean frequency of 104 chigsma per bivalent in 30
metaphase cells which were chosen for their clarity. The autesomes ol
apereg are stawed by George ef wf (19721 10 have one or two chismat,
with a mean of 1.3 per bvalent. The X and ¥ chromosnomes gIve a o
figuratinn consistent with end-to-end puiring.
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panble with the publiched dala on juind gssorteent of the geae on the loft with that at the
bottom of the columny, The last vou presenids values for possible partiaf sex-finkage.

their experiments, the number of backeross animals in which a crossover
could have oceurted is smalbl, so there is no question of computing the fre-
guency of crossing over. Nevertheless, a case has been made for a linkage
group 111

The authers compare the H locus of the guines pig with the H-2
locus of the house mouse. In the latter, H-2 is known (o he complex.
comprising both an immune-response-controlling gene(s) and a number of
histocompatibility  specificities; two groups, D and K components
{Robinsen, 1972) of which, at least, could ronk as separate Inciﬂjy virtue
of a very linw but recurrent rare of crossing over.,

One of the polygenes involved in the threshold form of polydactyly
has given indication of being linked to a (Wright, 1941a). Itis diffiealt w
be precise, but Wright has commented (hat if the pelydactyly ts assumed
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to he due to a recessive gene, a crossover value of 443 + 2.9 would be
consistent with the data.

Hybridization

The domestic guinea pig differs so much from extant wild species
that either its domestication has been profonged enough to produce
notable changes of form {witness the damesiic cat and dog) or the wild
anvestor has become extinet, The guinca pig was being kept for food by
the Inca indians when the Spaniards under Pizarro invaded their country.
Therefore, guinea pigs must have been domesticated prior to 1532, The
total period of domestication is unknown, but there is some evidence that
selection had been practiced for large size. tameness, and unusual colors
{Castle, 1916).

It may be wondered if the outcome of erossing domestic guinea pits
with wild species may give an indieation of the wild ancestor. Nehring
(1893, 1894) undertaok crosses with O aperen and fonnd tha the hylorids
were fully fertile These results have been conficmed by Pictet and Fercern
{1931} and Rood and Weir (1970} Castle (1916) deseribed at lenuth sue-
cessful crosses with . cutlert. €. aperea and C. cutleri may be foems of
the same species {Fluckinghaus, 190ie,6). C. aperea certainly has many
reproductive characleristics in common with porcelius: lack of & well-de-
lined breeding season. similar tength of oesirous evele, and identical rhiro-
mosame number {Rood and Weir, 19700, although these features conld he
equally shared by other species, Huckinghaus (1964a,b] is of the apinion
that porcefius is a lorm ol aperen.

Crosses of domestic guinea pigs with €0 rufescens (probably .
Julgida)y gave fertile female hybrids but sierile male hybrids {1etiefsen,
1914). Backerosses of the hybrids to domestics gave the same result, while
hackerosses o rufesceus gave olfspring which were sterile in twab sexes
Second backerosses of byhrids with domestics gave o small proportion of
fertile wules, and the parportion increascd with sweeeding ke rosses.
Detlefsen concluded that rufeseens is an improbable wilid ancestor to fror
ceffus. Ubisch and Mello (19401, in o repeition of this experiment, oli-
tained similar results.

Karyology

The haploid number of 32 chromaosomes for the guinea pig was cor-
rectly determined by Makino (1947) anud has been confirmed by the and of
madern technigques. The more recent papers on the chromosemal o
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