
chromosome is a small acrocentric and 
the Y chromosome is a very small 
telocentric. Thus the sex is controlled 
genetically by an XY/XX mechanism. 

The results for the murine opossum 
were consistent between cells, and sug- 
gest that the diploid number is 14 
and that the karyotype is very similar 
to that of the woolly opossum. 

The metaphase spread and karyo- 
type from a male four-eyed opossum 
(Fig. 2) indicate that the diploid 
number for this species is 22. How- 
ever, the karyotype is different from 
that of the common opossum. The 
four-eyed opossum has three pairs of 
large telocentric autosomes (group A) 
and seven pairs of medium telocentric 
autosomes (group B). The X chromo- 
some is a small telocentric and the Y 
chromosome is a very small telocen- 
tric, sex being controlled by an XY/XX 
mechanism. Our observations on the 
karyotype of the common opossum, 
which confirm those of Shaver (4), 
show that there are six pairs of sub- 
telocentric autosomes, and four pairs 
of telocentric autosomes. The X chro- 
mosome is a medium sub-metacentric 
and the Y chromosome is a small telo- 
centric. 

Our observations show that the 
Didelphidae are not characterized by 
the uniform diploid number of 22 as- 
sumed by Sharman (2), and suggest 
that the variation in diploid number 
among American marsupials may be 
as great as that observed in Australa- 
sian marsupials, the numbers 14 and 22 
predominating in both groups. More- 
over, our results indicate that within 
the group of American species char- 
acterized by 22 chromosomes the kar- 
yotype may nevertheless vary. 

Among the many questions which 
remain is that of whether the Didelphi- 
dae are a closely related group. Simp- 
son (11) stated that only one sub- 
family of the Didelphidae, namely, the 
Didelphinae, is still extant. However, 
in 1955 Reig (12) presented osteologi- 
cal evidence that the living genera 
Caluromys, Dromiciops, and Glironia 
are in fact surviving members of the 
subfamily Microbiotheriinae usually re- 
garded as extinct. Other comparative 
anatomical studies have shown that the 
male and female reproductive organs 
of the genus Caluromys have features 
quite distinctive from those of Didel- 
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little evidence available at present in- 
dicates that although one genus of the 
possibly extant Microbiotheriinae has a 
diploid number of 14 chromosomes, it 
may not be unique in this aspect since 
Marmosa also has a diploid number 
of 14 chromosomes. However, the 
diploid number of chromosomes and 
the karyotypes of Dromiciops and 
Glironia must be studied before fur- 
ther comments can be made on this 
matter. In addition, detailed studies are 
required on the chromosomes of the 
genus Marmosa, a very extensive group 
of the didelphids which are taxonomi- 
cally divided into five subgeneric cate- 
gories (16). 

At present we have no information 
on the chromosomes of the family 
Caenolestidae which lives in the Andes 
Mountains of South America (17). This 
very rare family is of particular interest 
from an evolutionary point of view be- 
cause of its alleged affinities with the 
superfamily Phalangeroidea of Austra- 
lasia (18), which is characterized by a 
range of chromosome numbers (2). 

Sharman and Barber (19) suggested 
that during the evolution of marsupials 
the chromosome numbers have been 
reduced by some type of Robertsonian 
chromosomal change. Various plausi- 
ble patterns of translocation can be 
postulated whereby 22 chromosomes 
can be reduced to 14. However, the 
suggestion that a diploid number of 22 
is the primitive number of chromo- 
somes for marsupials can no longer be 
sustained by the argument that Ameri- 
can marsupials, considered evolution- 
arily primitive on other grounds, are 
characterized by a diploid number of 
22. If the Robertsonian change has oc- 
curred in marsupials, then it has prob- 
ably occurred independently in the 
American and Australasian stock. 
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tained pure donkey G-6-PD. These 
findings on the male reciprocal hy- 
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Fig. 1. Starch-gel electrophoresis patterns of red cell G-6-PD. 1, male donkey; 2, male 
horse; 3, female mule; 4, male mule; 5, male horse; 6, male hinny; 7, male horse; 
8, female hinny; 9, female mule; 10, male horse. The arrow shows the direction of 
migration. 

the G-6-PD system in the fruit fly, 
Drosophila melanogaster (3), have also 
been shown to follow an X-linked pat- 
tern. 

On the basis of the observation that 
the X chromosomes of many placental 
mammals, including man, are nearly 
identical in absolute size and comprise 
about 5 percent of the genome (4), 
Ohno et al. postulated that diverse 
species of placental mammals share 
the same kind of X-linked genes (5). 
Indeed, hemophilia A and hemophilia 
B are X-linked in the human as well 
as in the dog (6), and anhidrotic ecto- 
dermal dysplasia, X-linked in man, is 
also X-linked in cattle (7). 

As another example, if the G-6-PD 
of the horse and the donkey should 
show distinctly different electrophoretic 
mobilities, the possible X-linkage of 
the enzyme in these species could be 
tested by examining the distribution of 
this enzyme in the red cells of recipro- 
cal hybrids between the two, the mule 
and the hinny. Accordingly, we have 
undertaken the study of this particular 
mammalian system. 

Blood specimens obtained from sev- 
en horses (five males, two females), 
four donkeys (three males, one fe- 
male), eight mules (three males, five 
females), and two hinnies (one male, 
one feniale) were collected in acid- 
citrate-dextrose (ACD) or heparin; and 
stroma-free extracts of the red cells 
were prepared according to Kirkman 
(2). Portions of this crude hemolyzate 
were made 0.057 mM in nicotinamide 
adenine dinucleotide phosphate 
(NADP) and adjusted to contain 0.3 
to 0.9 g of hemoglobin per 100 milli- 
liters. The hemolyzates were used with- 
in 48 hours. 

Ascending starch-gel electrophoresis 
1604 

was carried out by the method of 
Shows et al. (8), which proved su- 
perior to those of Kirkman and Hend- 
rickson (2) and of Porter et al. (9). 
Briefly, electrophoresis was continued 
for 16 to 18 hours at 2? to 4?C, 
with a gradient of 4 to 5 volt/cm and 
a gel-buffer system (ethylenediaminete- 
traacetic acid, boric acid, and tris) at 
pH 8.0. The gels were stained with a 
solution containing glucose-6-phos- 
phate, NADP, nitro-blue tetrazolium, 
phenazine methosulfate, MgCLt, and 
tris-HCI buffer at pH 8.0, and were in- 
cubated for 3 to 5 hours. 

The starch-gel electrophoresis plates 
(Fig. 1) of preparations from donkey 
cells without exception showed three 
constant bands of enzyme activity, two 
fractions migrating faster and one 
slightly slower than the rapid com- 
ponent of the horse G-6-PD. 

The enzyme from horse cells showed 
a very wide band, the forward bound- 
ary of which moved at a rate approxi- 
mately midway between the intermedi- 
ate and slow bands of the donkey sys- 
tem. Thus, the G-6-PD dehydrogenases 
of the two parental species were dis- 
tinctly different from each other. 

The enzyme of the cells of the 
three male mules behaved in the same 
manner as that of the horse. In the 
female mules, however, the enzyme pat- 
terns were not consistent from one 
animal to another, the enzyme activity 
appearing to be a mixture in varying 
degrees of components from both pa- 
rental species, with a single exception 
which appeared similar to that of the 
horse enzyme system. 

The enzymes in the female hinny's 
cells also appeared to be a mixture, 
though the donkey component was 
rather faint. In repeated experiments, 

the enzyme pattern of the male hinny's 
red cells was always identical with that 
of the donkey. 

No sign of an intraspecies variant 
of G-6-PD has been found either 
among horses or among donkeys (10). 

The X chromosome of the male is 
invariably derived from his mother. 
Thus, males of reciprocal interspecies 
hybrids offered the critical test for the 
X-linkage of G-6-PD. The results de- 
scribed here on the male mules and 
the male hinny are entirely consistent 
with the X-linkage of this enzyme in 
both the horse and the donkey. 

Female mules as well as female hin- 
nies derive one X chromosome from 
the donkey and one from the horse. 
Thus, the coexistence of enzymes from 
both parents was expected. Only one 
female mule deviated from this expec- 
tation. The theory of random inactiva- 
tion of an individual X chromosome 
early in embryonic life (11) could ex- 
plain this deviation. By chance, in the 
donkey this chromosome may have 
been inactivated in all the erythroid 
precursor cells of this female mule. 
Hence the appearance of only the 
horse G-6-PD. 

The multiplicity of bands in the 
electrophoretic patterns of G-6-PD sug- 
gests the existence of isozymes within 
the red cell system. 
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