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Conserved regions of homologous G-banded chromosomes between
orders in mammalian evolution: Carnivores and primates

(comparative gene mapping/cytogenetics/Felidae/isozyme)

WILLIAM G. NASH* AND STEPHEN J. O'BRIENt

*Carcinogenesis Intramural Program, National Cancer Institute-Frederick Cancer Research Facility, Frederick, Maryland 21701; and tLaboratory of Viral
Carcinogenesis, National Cancer Institute, Frederick, Maryland 21701

Communicated by Edward A. Boyse, July 26, 1982

ABSTRACT The recent derivation ofa biochemical map of33
loci of the domestic cat (Felis cattu) revealed a striking conser-
vation of chromosomal linkage associations between the cat and
humans. A comparison of homologous (by linkage criteria) chro-
mosomes by using conventionally extended and high-resolution G-
banding of human and feline chromosomes is presented. Four
criteria for establishing probable cytogenetic homologies of chro-
mosomal regions were invoked: (i) map placement of homologous
genes to the same chromosomes; (ii) cytological correlation of G-
banding pattern; (iii) placement of homologous genes, by regional
gene mapping, in the region of cytological homology; and (iv) a
requirement that the putative region of homology be ancestral and
evolutionarily conserved within their respective orders. Five sub-
chromosomal regions (homologous to human chromosome ip, 2p,
2q, 12, and X) were found to be conserved and homologous by all
the stated criteria. The conserved regions constitute nearly 20%
by length of the human chromosomal genome. The implications
of conservation of chromosome homologies between mammalian
orders whose last common ancestor became extinct more than 60
million years ago is discussed.

The increasing application ofchromosome banding methods to
cytogenetic studies of mammalian chromosomes has made it
possible to monitor more accurately the divergence of chro-
mosome structure over tens of millions of years of mammalian
evolution (1-3). By using the pattern of banding as a guide,
homologous regions in the chromosomes of two species can
often be identified even when the overall morphologies of the
chromosomes are quite different. While the chromosomes of
nearly all major mammalian taxa have been investigated with
modern banding procedures, phylogenetic chromosome rela-
tionships have been extensively studied in the primates and
carnivores with particular attention to the Felidae family (1-14).
The elegant analyses of primate phylogenies presented by

Dutrillaux and co-workers have established the feasibility of
tracking the cytogenetic rearrangements that have occurred
during the development of the primate order (1, 4-10). More
recent studies using high-resolution banding techniques have
shown that extensive chromosome banding homology exists not
only between closely related primates (e.g., human, chimpan-
zee, gorilla, and orangutan) but also to a lesser extent between
distantly related primates such as man and woolly monkey or
lemur (6, 7, 9). Comparative cytological analyses of more than
70 extant primate species has permitted the reconstruction of
more than 150 chromosome rearrangements (robertsonian
translocations, paracentric and pericentric inversions, acrocen-
tric fusions, and metacentric chromosome fissions) that presum-
ably occurred during the 60-80 million years of primate evo-

lution. The chromosome homologies have been further extended
in the primates by comparative gene mapping of homologous
enzyme structural genes using somatic cell hybrids (15, 16). The
conservation of linkage relationships of homologous enzyme
loci within the Pongidae primates is striking and exactly cor-
relative with the cytological banding homologies (15-17).
Chromosome structure appears to be equally conserved in

the order Carnivora, in which species ofvarious families whose
last common ancestor existed 50-60 million years ago may have
50% or more of their chromosomes exhibiting essentially iden-
tical morphologies and G-banding (2). Wurster-Hill and co-
workers have prepared G-banded karyotypes of 30 (of 37) felid
species and found that 12 of the 19 chromosomes seen in the
domestic cat are invariant within the Felidae (2, 11, 12). Fur-
ther, identical homologues to 15 felid chromosomes are found
in the viverrid (civets, genets, and mongooses) and -the pro-
cyonid (raccoons, coatis, and pandas) families (2).
The cytological comparison of banding patterns between

mammalian orders has been sparse to date because of the dif-
ficulty in identifying subchromosomal regions of homology (4,
5). A biochemical genetic map of the domestic cat has recently
been prepared in our laboratory by using somatic cell genetic
analysis of cat-rodent somatic cell hybrids (18, 19). The deri-
vation of this map provided us with the basis for a comparative
linkage analysis of the feline and human genetic maps. Thirty-
one of the loci mapped in the cat are homologous to genes pre-
viously mapped in man, primates, and mouse (18-23). A strik-
ing observation is the conservation of human-feline linkage as-
sociations. A question raised by this result is whether the
chromosomes of the cat and man show banding homology and
if so to what extent. In this report, we compare the banding
patterns of 12 feline and 12 human chromosomes for which ho-
mologous enzyme systems have been mapped in both species.
At least five chromosomal regions of probable homology were
identified, and eight other regions were considered to be pos-
sible homologies.

MATERIALS AND METHODS

Skin fibroblast cultures were established from a domestic cat,
a male adultjaguar (Panthera onca) maintained at the Carnivore
Evolution Research Institute (Pittsboro, NC) and from a male
adult cheetah (Acinonyxiubatus) at the St. Louis Zoo (St. Louis,
MO). Human peripheral blood was cultured in chromosome
medium 1A (GIBCO) for 72 hr. Metaphase chromosomes were
banded with the use of trypsin followed by Giemsa staining as
described (2, 24, 25). The following symbols are used: FCA,
Felis catus; PTO, Panthera onca; AJU, Acinonyxjubatus; HSA,

Abbreviations: FCA, Felis catus; PTO, Panthera onca; AJU, Acinonyx
jubatus; HSA, Homo sapiens; isozyme and genetic symbols are given
in Fig. 1.
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Homo sapiens; p, short chromosome arm; q, long chromosome
arm-e.g., HSA 2p and HSA 2q.

RESULTS
Putative Cytological Homologies Predicted by Comparative

Gene Mapping. A genetic map of the, domestic cat has been
derived recently that consists of 33 loci, 31 of which are struc-
tural genes for enzymes that have also been mapped in man
(18). Comparison of the linkage arrangements of homologous
loci of the cat and man (Fig. 1) revealed a striking degree of
conservation of linkage, associations between these species de-
spite their evolutionary divergence more than 60 million years
ago. Most of the feline linkages are also seen in man, and the
few exceptions are consistent with previously derived infor-
mation on comparative gene mapping and cytogenetics in pri-
mates and other mammals. For example, in man, IDH1 is linked
to MDHJ and ACPJ (HSA 2) while, in cats, IDHi is linked to
PGM1 and PGD (FCA CQ). A discordancy ofIDH1 and MDH1-
ACP1 is also observed in genetic maps of the Pongidae (chim-
panzee, gorilla, and orangutan), which possess no metacentric
homologue to HSA 2 (3, 13, 17). In fact, the ancestral primate
presentation of this chromosome is in the form of two acrocen-
tric chromosomes that apparently became fused in recent de-
velopment of the genus Homo. Similarly, the linkage ofNP to
MPI-PKM2-HEXA in cat (FCA B3) is conserved in the pig (28)
but not in man or chimpanzee.

Human Cat
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FIG. 1. Linkage group associations comparing the cat andman (18,
26). The gene order given is that determined in man (26). Feline link-
age groups U1-5 have not yet been associated with a known cat chro-
mosome. Gene names used are those of homologous human enzyme loci
as recommended by the international system for human gene nomen-
clature (27). Names and genetic symbols of the isozyme systems are
as follows: ACP1, erythrocyte acid phosphatase; ACP2, tissue acid
phosphatase: ADA, adenosine deaminase; AK1, adenylate kinase-1;
ESD, esterase D; GAPD, glyceraldehyde-3-phosphate dehydrogenase;
GLO, glyoxylase-1; G6PD, glucose-6-phosphate dehydrogenase; GPI,
glucose phosphate isomerase; GSR, glutathione reductase; HEXA,
hexosaminidase A; HK1, hexokinase-1; HPRT, hypoxanthine phos-
phoribosyltransferase; IDH1, isocitrate dehydrogenase-1 (soluble);
LDHA, lactate dehydrogenase A; LDHB, lactate dehydrogenase B;
MDH1, malate dehydrogenase-1 (soluble); ME1, malic enzyme 1 (sol-
uble); MPI, mannose phosphate isomerase; NP, purine nucleoside phos-
phorylase; PEPA, peptidase A; PEPB, peptidase B; PEPS, peptidase
S; PGD, 6-phosphogluconate dehydrogenase; PGM1, phosphogluco-
mutase-1; PGM3, phosphoglucomutase-3; PP, pyrophosphatase (inor-
ganic); PKM2, pyruvic kinase; SOD1, superoxide dismutase-1; SOD2,
superoxide dismutase-2; TPI, triosephosphate isomerase.

In light of the similarities in linkage association observed
between the cat and man, we examined the possibility of cy-
tological homologies between the chromosomes in the two spe-
cies to which the linkage groups had been mapped. G-banded
chromosomes of each human type were compared with feline
chromosomes thought to be homologous based on the linkage
homologies shown in Fig. 1. The alignment of the "best fit"
analysis of the feline vs. human chromosome homologues is
shown in Fig. 2.

Examination of the comparisons shown in Fig. 2 revealed
multiple examples of apparent subchromosomal banding ho-
mologies. Three examples of each chromosome are shown to
indicate the variability inherent in the G-banding procedure.
Apparent homologous regions ofvarious lengths were observed
for nearly every homologous comparison. The region of iden-
tical banding pattern for each homologous pair is indicated by
a half-bracket to the left of'the pair. These regions represent a
first approximation ofputative homologous regions between the
two mammalian orders. It must be noted, however, that a large
portion of both genomes were not included in the putative ho-
mologous regions (e.g., HSA 14 and FCA B3 exhibited no ap-
parent cytological homology despite the -fact that both encode
purine nucleoside phosphorylase). Further, the rather low res-
olution of conventional G-banding might be expected to yield
occasional spurious homologies since, in some cases, only a few
bands are involved (e.g., FCA C2 and HSA 21).
An important consideration in derivation of apparent cyto-

logical homologies from linkage homologies is the relative sub-
chromosomal position of the enzyme structural genes that pre-
dicted the homologies in the first place. Thus, to support the
cytological homologies, the genes should map within the re-
gions ofcytological homology indicated in Fig. 2. Although, only
a few feline genes have been regionally located, virtually all of
the homologous human loci have been assigned to subchro-
mosomal positions (22, 26). The regional locations of the 25 hu-
man loci used in this analysis (indicated in Fig. 2), in every case,
fall within the regions of putative homology between cat and
man.
A reconstruction of a series ofchromosomal rearrangements

with one homologous pair, which is consistent with several cy-
togenetic observations, is shown in Fig. 3. Four enzyme loci,
GAPD, LDHB, TPI, and PEPB have been mapped to FCA B4
and to HSA 12 (18, 30). During an analysis ofrodent-cat somatic
cell hybrids, a discordant (for FCA B4 markers) hybrid clone
was discovered that had the feline enzyme phenotype: GAPD',
LDHB+, TPI+, PEPB-. Karyotypic analysis of this hybrid re-
vealed no intact FCA B4 but rather a B4 derivative that had lost
the terminal bands ofthe long arm (Fig. 3); this result permitted
the regional assignment of PEPB to this terminal position and
the other three markers to elsewhere on B4.
The feline B4 seen in the domestic cat differs from that seen

in the great cats (Panthera) by a small pericentric inversion (11,
12). The Panthera version of B4 is virtually identical to the hu-
man homologue (by linkage criterion) HSA 12 if a paracentric
inversion of 12q (between 12q21 and 12q13) has occurred (Fig.
3). Furthermore, the regional location of PEPB and the three
other markers in man (30) is consistent with the regional local-
ization seen in the cat. Thus, as few as two inversions of this
chromosome may have occurred during the evolutionary di-
vergence of these two mammalian orders.

Establishing Probable Cytological Homologies Using High
Resolution Banding. The cytological comparison of human and
feline putative homologous chromosomes was extended to in-
dude high-resolution banding (Fig. 4). These procedures,
which use karyotypes ofprometaphase extended chromosomes,
appreciably increase the definition of banded regions and make

6632 Genetics: Nash and O'Brien
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FIG. 2. G-banded comparison of the chromosomes of the domestic cat and human chromosomes with homologous loci. For each comparison, cat
(FCA) and human (HSA) chromosomes are shown alternating with one another. Chromosome groups are arranged according to the cat convention
(18, 29). To demonstrate banding homology, some human chromosomes are positioned upside down. Those regions of the cat chromosomes showing
apparent banding homology to their human counterparts are indicated with an open bracket to the left of the chromosome group. The regional
positions of human enzyme loci are indicated by open brackets to the right of each chromosome group (22, 26).

it possible to define more precisely chromosomal homologies
(7, 31, 32). A comparison of putative homologous human and
feline chromosomes represented by extended chromosomes
from the domestic cat and the cheetah (Acinonyx jubatus) is
shown in Fig. 4. The cheetah G-banded chromosomes were
identical to those of the domestic cat with the exception of B4
(discussed above), which is like the more ancestral Panthera
variety.
A number of putative chromosome homologies continue to

exhibit excellent banding homology in the extended chromo-
some matches: FCA A2-HSA 11, FCA A3-HSA 2p, FCA
B1-HSA 4, FCA B4-HSA 12, FCA Clq-HSA 2q, FCA
Clp-HSA ip, FCA C2-HSA 21, and FCA X-HSA X. Five of
the putative homologies detected in Fig. 3 failed to reveal con-
sistent banding homology at the higher level of banding reso-
lution (FCA Al-HSA 13, FCA B2-HSA 6, FCA B3-HSA 15,
FCA D2-HSA 10, and FCA D4-HSA 10). The failure to detect
banding homologies in these five groups, which contain ho-
mologous enzyme loci, presumably reflects a series of complex
chromosome rearrangements that tends to obscure homologous
gene segments.

Consideration of the Ancestral Presentation of Putative
Homologous Chromosomes in Primates and Carnivores in
Establishing Cytogenetic Homologies. The primitive or ances-
tral forms of nearly all human chromosomes have been postu-
lated by Dutrillaux (1, 4, 6) based on their occurrence in various
species in divergent primate families. A similar analysis by
Wurster-Hill has identified those feline chromosomes that are

thought to be ancestral in carnivores based on their appearance
in viverrids and procyonids (2, 12). The portion of each chro-
mosome (if any) involved in our analysis that is considered to
be primitive or ancestral by virtue of its appearance in related
primates or carnivores is indicated by open brackets in Fig. 4.
(For an extensive discussion of these determinations, see refs.
1 and 2.) The chromosomal regions that have been conserved
throughout radiation ofthese two mammalian orders would, we
believe, be prime candidates for establishing regions of cyto-
logical homology.

In summary, then, four basic criteria were used to establish
probable homologous chromosome regions between primates
and carnivores. These were (i) homologous genes mapping to
the same chromosome; (ii) cytological correlation of band thick-
ness spacing and intensity; (iii) where applicable, the placement
of homologous genes within the putative region; and (iv) a re-
quirement that the region implicated be ancestral and not re-
cently rearranged within the primate or carnivore order. When
studied in detail, five chromosomal regions fulfill all the stated
criteria for probable homologies (Fig. 4).
The best example ofrigorously defined cytogenetic homology

exists between HSA 2q and FCA C1q. Both are ancestral chro-
mosome regions of extensive excellent banding homology over
the entire arm, which is the position ofIDHI in man.
A second persuasive example of cytological homology is pre-

sented by HSA ip and Clp. Both chromosome arms are prim-
itive, contain two loci (PGM1 and PGD), and show a striking
cytogenetic similarity (Fig. 4).
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FIG. 3. Reconstruction of chromosome rearrangements in HSA 12
and FCA B4. PEPB has been regionally assigned to the terminus of
the long arm of feline B4 by using a B4 deficiency. GAPD, LDHB, and
TPI are located on B4 but are not included in the deficiency. Domestic
cat contains a pericentric inversion relative to the more primitive fe-
line presentation of B4 illustrated above from the karyotype ofPanth-
era onca. The human homologue of feline B4 (HSA 12) differs from
feline B4 by at least a single paracentric inversion in HSA 12q. We
illustrate the homologous banding of an artificially inverted HSA 12
and the primitive Panthera B4.

The submetacentric morphology and banding pattern of the
X chromosome in the cat and man are very similar. The two
major bands, found in the short and long arms of the X chro-
mosome, which serve to identify this chromosome, are similarly
placed in both species. The human X appears to have a small
paracentric inversion in its long arm relative to the cat.
The homologies of FCA B4 and HSA 12 (discussed above,

Fig. 3) involve an ancestral region for both species and the band-
ing pattern is indistinguishable in extended chromosomes (Fig.
4). The regional position of enzyme loci in similar positions in
both species provides persuasive support for the homology of
these chromosomal segments.
HSA 2p and FCA A3 exhibit similar banding at the four ter-

minal bands ofHSA 2p. The region is ancestral in both species
(although HSA 2 differs from the primate ancestor by a peri-
centric inversion very near this region) and the diagnostic genes
(ACP1 and MDH1) are localized in this chromosomal segment.
The remaining chromosomal comparisons failed to exhibit

one or more of the stated criteria for probable homologies. For
example, both HSA lip and FCA A2 encode LDHA and ACP2;
however, both are known to be rearranged in their respective
species during divergence. Thus, the regional position of these
genes lies outside the "apparent" region of banding homology
(Figs. 2 and 4). Other groups showed marked differences in
high-resolution karyotypes (see above), and others were simply
too small to produce confidence in assignment of cytological
homologies (HSA 21-FCA C2, HSA 10-FCA D2, and HSA
10-FCA D4). These observations do not necessarily preclude
the existence ofhomologous segments; rather, such regions fall
below the level of resolution of the cytological methods used.
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FIG. 4. High-resolution G-banded comparison of the chromosome
pairs shown in Fig. 2. Representative homologous chromosomes of the
cat (FCA) and South African cheetah (AJU, Acinonyxjubatus) are pre-
sented next to putative homologous human chromosomes. Open brack-
ets delineate the regions of human and feline chromosomes thought
to be ancestral (see text). Dotted lines parallel to the brackets indicate
regions classified as probable homologies.

DISCUSSION

Chromosome banding studies on a large number ofprimate and
carnivore species show that, in general, chromosome structure
is strictly conserved when species within these two orders are
compared (1-14). Comparative gene-mapping data show that
widespread linkage association occurs even among different
mammalian orders (15-21). It is not surprising then that certain
chromosome regions have also been preserved in extant spe-
cies, essentially intact since the radiation of the mammals some
80 million years ago (33). TheX chromosome ofmany mammals,
which shows a striking similarity between species with respect
to banding pattern and gene content, appears to be an example
ofthis (34, 35). It has been argued that conservation of X-linked
genes within mammalian orders may have resulted from the
need to keep dosage-compensated genes together (34, 35). The
data presented in this paper compare species from two different
mammalian orders and suggest that a number of autosomal re-
gions display the same degree of conservation as the X chro-
mosome.

Five distinct subchromosomal regions fulfill the criteria for
probable cytogenetic homology. These five regions include the
human chromosomes ip, 2p, 2q, 12, and X, a collection that
involves nearly 20% by length of the human genome. In ad-
dition, another group ofeight chromosomal regions may include

Proc. Natl. Acad. Sci. USA 79 (1982)
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homologous regions (as suggested by inclusion of homologous
loci) but fail to adhere to one or more of the other criteria listed
above. The simplest interpretations of these "possible homolo-
gies" is to postulate a series of chromosomal rearrangements
(interchromosomal or intrachromosomal) that tend to obscure
any homologies that may exist. Resolution of these chromo-
somes with culturing procedures that produce even higher lev-
els of extension (31, 32) will clari these regions with greater
precision.

Besides man, the mammalian species whose genetics has
been studied most extensively is the laboratory mouse (Mus
musculus, order Rodentia). More than 60 homologous genes
have been mapped in both man and mouse (15-17, 20, 21).
Although there is appreciable linkage homology (about half of
the gene linkages occur in both species), there is a considerable
reassortment of linkage groups between primates and mice
(15-21). We have listed these linkages and nonlinkages else-
where (18) and have suggested at least two explanations. First,
it is possible that the number of rearrangements evident be-
tween cat and man will increase substantially as the feline map
expands until the differences between cat and man will be as
great as those between mouse and man. A second explanation
is that certain mammalian families or orders (like Rodentia) have
lost their dependence on a conservative chromosome arrange-
ment similar to that seen in man and in cats and, therefore, have
the appearance of"shuffled" genomes in which only the tighter
of linkages (e.g., HLA-GLO, TK-GALK) are conserved. Thus,
even modern populations of Mus musculus include multiple
robertsonian translations yielding feral mice with as many as 9
metacentric chromosome pairs (most mice have 20 acrocentric
pairs) (36, 37). Such a release from selective confinements of
chromosome association might also explain the extreme chro-
mosomal variations within certain groups such as the Canidae
(order Carnivora). The species of Canidae vary continuously in
chromosome number from a minimum of 36 metacentric and
submetacentric chromosomes in the red fox (Vulpes vulpes) to
a maximum of 72 acrocentric and telocentric chromosomes in
the domestic dog (Canisfamiliaris) (12, 38, 39). A more appar-
ent example would be the well-known case of the genus Mun-
tiacus in which one species, the Chinese muntjac (M. reevesi),
has a diploid number of 46, while a second species, the Indian
munqtac (M. muntjac), has a diploid number of6 in females and
7 in males (40). Clearly, neither the canids nor the muntjacs
exhibit the degree of conservation of intact linkage groups ev-
ident between the felids and the primates.

1. Dutrillaux, B. (1979) Hum. Genet. 48, 251-314.
2. Wurster-Hill, D. H. & Gray, C. W. (1975) Cytogenet. Cell Genet.

15, 306-331.
3. Seuanez, H. N. (1979) The Phylogeny of Human Chromosomes

(Springer, Berlin).
4. Dutrillaux, B. & Couturier, J. (1981) Cytogenet. CelL Genet. 30,

232-242.

5. Dutrillaux, B., Viegas-Pequignot, E. & Couturier, J. (1980) Ann.
Genet. 23, 22-25.

6. Dutrillaux, B. (1979) Cytogenet. Cell Genet. 24, 84-94.
7. Dutrillaux, B., Couturier, J. & Fossee, A. M. (1980) Cytogenet.

Cell Genet. 27, 45-51.
8. Dutrillaux, B., Biemont, M. C., Viegas-Pequignot, E. & Lau-

rent, C. (1979) Cytogenet. Cell Genet. 23, 77-83.
9. Rumpler, Y. & Dutrillaux, B. (1978) Cytogenet. Cell Genet. 21,

201-211.
10. Couturier, J. & Dutrillaux, B. (1981) Cytogenet. Cell Genet. 29,

233-240.
11. Wurster-Hill, D. H. & Gray, C. W. (1973) Cytogenet. Cell Genet.

12, 377-392.
12. Wurster-Hill, D. H. & Centerwall, W. R. (1982) Cytogenet. Cell

Genet., in press.
13. de Grouchy, J. & Finaz, C. (1978) Annu. Rev. Genet. 12, 289-328.
14. Roubin, M., de Grouchy, J. & Klein, M. (1973) Ann. Genet. 16,

233-245.
15. Pearson, P. L., Roderick, T. H., Davisson, M. T., Garver, J. J.,

Warburton, D., Lalley, P. A. & O'Brien, S. J. (1979) Cytogenet.
Cell Genet. 25, 82-95.

16. Pearson, P. L., Roderick, T. H., Davisson, M. T., Lalley, P. A.
& O'Brien, S. J. (1982) Cytogenet. Cell GeneL, in press.

17. Pearson, P. L. & Garver, J. (1980) Genet. Maps 1, 251-254.
18. O'Brien, S. J. & Nash, W. G. (1982) Science 216, 257-265.
19. O'Brien, S. J., Nash, W. G., Simonson, J. M. & Berman, E. J.

(1980) in Feline Leukemia Virus, eds. Hardy, W. D., Essex, M.
& MacClelland, A. J. (Elsevier/North-Holland, New York), pp.
401-412.

20. Lailey, P. A., Francke, U. & Minna, J. D. (1978) Proc. Natl, Acad
Sci. USA 75, 2382-2386.

21. Lalley, P. A., Minna, J. D. & Francke, U. (1978) Nature (Lon-
don) 274, 160-163.

22. balley, P. A. (1982) Genet. Maps 2, 351-355.
23. Womack, J. E. (1982) Genet. Maps 2, 286-293.
24. Yunis, J. J. (1981) Hum. Genet. 56, 293-298.
25. Seabright, M. (1971) Lancet U", 971-972.
26. Shows, T. B. &-McAlpine, P. J. (1979) Cytogenet. Cell Genet. 25,

117-127.
27. Shows, T. (1979) Cytogenet. Cell Genet. 25, 96-116.
28. Gellin, J., Echard, G., Benne, F. & Gillois, M. (1981) Cytogenet.

Cell Genet. 30, 59-62.
29. Jones, T. C. (1965) SanJuan Conference on Karyotype ofFelidae

(Special Report, Mammal. Chrom. Newsl.), No. 15, 121-122.
30. Law, M. L. & Kao, F. T. (1979) Cytogenet. Cell Genet. 24,

102-114.
31. Yunis, J. J. (1980) Science 208, 1145-1148.
32. Francke, U. & Oliver, N. (1978) Hum. Genet. 45, 137-165.
33. Romer, A. S. (1966) Vertebrate Paleontology (Univ. of Chicago

Press, Chicago).
34. Ohno, S. (1973) Nature (London) 244, 259-262.
35. Ohno, S. (1976) Reproduction in Mammals (Cambridge Univ.

Press, Cambridge, England), Vol. 6, pp. 1-31.
36. Hengartner, H., Meo, T. & Muller, E. (1978) Proc. Natl, Acad.

Sci. USA 75, 4494-4498.
37. Capanna, E., Gropp, A., Winking, H., Noack, G. & Civitelli, M.

V. (1976) Chromosoma 58, 341-353.
38. Seldon, J. R., Moorhead, P. S., Oehlert, M. L. & Patterson, D.

F. (1975) Cytogenet. Cell Genet. 15, 380-387.
39. Echard, G., Gellin, J., Benne, F. & Gillois, M. (1981) Cytogenet.

Cell Genet. 29, 176-183.
40. Wurster, D. & Benirsche, K. (1970) Science 168, 1364-1366.

Genetics: Nash and O'Brien


	Conserved Regions of Homologous G-Banded Chromosomes Between Orders in Mammalian Evolution: Carnivores and Primates
	NSUWorks Citation

	tmp.1452104796.pdf.qAFuL

