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SUMMARY PAGE*

THE PROBLEM

The present study was initiated fo characterize the somatic chromosomes of the
Mongolian gerbil (Meriones unguiculatus) prior fo conducting experiments concerned
with the effects of various environmental factors encountered in space flight on mamma-
lian chromosomes.

FINDINGS

From the study of bone marrow cells after intraperitoneal injection of colchicine
it was determined that the diploid number of chromosomes for the Mongolian gerbil is

44,

The karyotype was constructed by arranging the chromosomes into four distinct
groups and includes 32 meta- or submetaceniric and 10 acrocentric autosomal chromo-
somes. The X element was identified as a large submetacentric chromosome and the Y
element as a medium-sized submetacentric chromosome.
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INTRODUCTION

The Mongolian gerbil (Meriones unguiculatus), Milne-Edwards, 1867
is a desert rodent, native of Mongolia and northeastern China. It is classified in the
order Rodentia, family Cricetidae, and subfamily Gerbillinae, of which Meriones is one
of ten genera (11).

Many animals in the subfamily Gerbillinae are being investigated as possible
experimental models in various biological studies, but recently the Mongolian gerbil has
evolved as the most commonly utilized and extensively studied. Schwentker (10) has
enumerated the many-characteristics of the gerbil that make it potentially suitable as a
laboratory animal. Rich's review (7) of the subject points out that the Mongolian gerbil
has been used in many areas of research, including behavioral psychology, pharmacology,
neurology, endocrinology, oncology, cholesterol metabolism, parasitology, and infec-
tious disease studies. ‘

Ovur laboratory is interested in the possible application of these animals in studies
concerned with the biological effects of experimental factors experienced during pro-
longed space flight. Physiological characteristics of the gerbil which make it suitable
for such studies include a high degree of heat tolerance and of temperature regulation
(8) and a relatively high resistance to irradiation (2). In addition, it thrives on a
variety of diets, requires little or no additional water fo that in the diet, urinates only
a few drops per day, and voids practically dry feces. The gerbil also is relatively free
of naturally occurring viral, bacterial, and parasitic diseases.

The present study was initiated fo characterize the somatic chromosomes of this
laboratory animal, preliminary to studies concerned with the effects of various space
environments on mammalian chromosomes. Other descriptions of the chromosomes of this
species are contained in reports by Awa et al. (1) and by Nadler and Lay (6).

PROCEDURE
ANIMALS

Five male and five female Mongolian gerbils (as shown in the Appendix), three
months to one year old, were used in this study. They were from a closed, but not
inbred, colony derived from gerbils purchased from Tumblebrook Farm, Inc., Brant
Lake, New York, in 1960. All Mongolian gerbils in this country have probably origi-
nated from this source. The colony at our laboratory is housed on ground corncob
bedding in polypropylene cages measuring 15" x 13" x 6 3/4". The environment is
controlled at 74° . 2° F, and 50% + 5% relative humidty, with a 14-hour light period.
The gerbils are provided Purine Laboratory Chow and water ad libitum.



CHROMOSOME PREPARATIONS

Chromosome preparations were made directly from bone marrow cells using the
technique of Ford and Hamerfon (3), modified as follows:

1) Gerbils were injected intraperitoneally with 0.5 ml of 0.03% aqueous solu-
tion of colchicine. The animals were killed with chloroform two to three hours later.
Both femurs and tibias were removed and the epiphyses amputated. The marrow was
aspirated info a syringe coated with heparin (1000 units/ml) with a 22-gauge needle.

2) The bone marrow sample was flushed into a 15-ml conical centrifuge tube
containing Hanks' balanced salt solution prewarmed o 37° C, and was washed by gentle
agitation with a pipette. The sample was centrifuged for five minutes at 100 g, and the
supernatent decanted.

3) The cells were swollen by suspending them in prewarmed 0.9% sodium citrate
solution dnd by incubation at 37° C for 20 minutes. The sample was centifuged for five
minutes at 36 g and the supernatent decanted.

4) Fresh methanol and glacial acetic acid (3:1) fixative, precooled to 4° C, was
gently added to the cell button. After 30 minutes' fixation at 4° C the sample was again
centrifuged at 36 g for five minutes, the supernatent decanted, and fresh fixative added
for 15 minutes; this step was repeated twice. Finally, the cells were gently agitated in
enough fresh fixative to yield a moderately dense cell suspension.

5) One or two drops of cell suspension were placed on clean slides that had been
dipped in iced distilled water, and the mixture was ignited to hasten drying and enhance:
the spreading of chromosomes (9).

6) The chromosome preparations were stained with 2% acetic orcein for one hour,
dehydrated in increasing concentrations of ethyl alcohol, cleared in xylene, and cover-
slipped by using Permount (Fisher Scientific Company).

ANALYSIS

Slides were scanned at 100 X magnification for suitable metaphase plates.
Criteria for suitability included: 1) Metaphase plates must appear intact; 2) meta-
phase plates must be distinctly identifiable; 3) each chromosome must be identified as
a distinct morphological entity with a minimum of overlapping.

A cell selected for final counting was included in the analysis for that animal.
Counting was done efther by direct microscopy with a hand counter or from phofographs
of the metaphases. Direct counts through the microscope were made at least three times
for each cell.



Photomicrographs were taken on 35~mm Kodak high-contrast copy film and a
Wratten 58 green filter was used for increasing confrast. Selected metaphase plates
were enlarged to approximately 2750 X for study of chromosome morphylogy. Ten male
and ten female cells were studied to construct the karyotype for each sex.

RESULTS

The chromosome counts made from 743 bone marrow cells of five male and five
female Mongolian gerbils are shown in Table I. A total of 675 cells (91%) had a dip-
loid number of 44.

Table 1

Chromosome Counts of Mongolian Gerbil Bone Marrow Cells

Sex Chromosome Number ' Total Cells
<43 43 44 45 >45 Counted

M - 7 91 1 99

M - 2 111 - - 113 -
M - - 52 4 1 57

M 1 3 51 - - 55

M 1 5 63 4 1 . 74

F - 5 70 1 - 76

F - 2 66 - - 68

F - 4 57 - 1 62

F 3 5 53 2 - 63

F 2 6 61 7 - 76
Totals 7 39 675 19 3 743

Karyotypes were prepared by arranging the chromosomes into the following groups
according fo size and centromeric position.

|. Large metacentric and submetacentric chromosomes.

II. Small and medium metacentric and submetraceniric chromosomes.
1. Near subtelocentric chromosomes.

IV. Acrocentric chromosomes.

Figures | and 2 depict metaphase plates and representative karyotypes for male and
female Mongolian gerbils, respectively. Homologous chromosomes in some instances
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Figure 1

Chromosome complement of male Mongolian gerbil bone marrow cell.

a) Metaphase plate .
b) Karyotype. Acetic orcein stain, reproduced at 1250 X.
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Figure 2

Chromosome complement of female Mongolian gerbil bone marrow cell.

a) Metaphase plate
b) Karyotype. Acetic orcein stain, reproduced at 1000 X.
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could be accurately paired and identified and are numbered separately. In other in-
stances, however, such identification was impossible, and presumable chromosome pairs
were arranged in order of decreasing size within a group.

Group | - Three pairs of autosomes and the X chromosome are included in this
group and are individually identifiable. Chromosome #1 is submetacentric and is the
largest chromosome in the complement. Chromosome #2 is nearly as large as #1 in most
preparations and is clearly submetacentric. Chromosome #3 is metacentric and is the
smallest chromosome in the group. The X element is usually slightly smaller than #2 and
is a submetacentric chromosome, although the centromere is more medial than in chromo-
some #1 and #2.

Group Il - This group contains 11 pairs of meta- or submetacentric chromosomes.
Positive identification of homologous pairs was impossible for this group; therefore,
pairs were matched as closely as possible and arranged in decreasing order of size. The
chromosome remaining unpaired in male cells was consistently a medium-sized submeta-
centric and was designated the Y chromosome. It was not possible to positively identify
the Y chromosome because of the similarity of the members of this group.

Group Il - The two chromosomes in this group have centromeres located more
subtelocentric than any others, making them notably distinctive. Chromosome #15 is
easily distinguishable from #16 because of its larger size. Also, in many preparations
#15 has secondary constrictions in the long arms next to the ceniromere (Figure 3).

Group 1V - The Mongolian gerbil has five pairs of acrocentric chromosomes.
Chromosome 717 is the largest in the group and can be individually identified. Chromo-
somes 7 18 to #21 are arranged in decreasing order of size.

Figure 3

Chromosome # 15 from different preparations showing secondary
constrictions in long arms.



DISCUSSION

Previous attempts in culturing peripheral blood lymphocytes from Mongolian
gerbils for chromosome studies were unsuccessful (unpublished data); therefore, direct
examination of bone marrow cells after intraperitoneal injection of colchicine was
performed. [t is felt that the high concentration of serum lipids in the Mongolian gerbil
had interfered with the culture of lymphocytes.

The diploid number of 44 for M. unguiculatus determined in the present study is
in agreement with that observed in cultured spleen and liver cells by Awa et al. (1) and
in direct preparation of bone marrow cells by Nadler and Lay (6). The minimal devia-
tion from the mode shown in Table | of this study was primarily negatively skewed, in-
volved random chromosomes, and was, therefore, considered technique artifact.

In the report of Awa and coworkers (1) it was difficult to discern exact chromo-
some morphology from their figures, but there appear to be few differences from the
present study in the autosomal complement. They described the sex chromosomes as a
medium-sized subterminal X, and the Y element as the smallest chromosome in the
complement, having a terminally located centromere. This differs from the large sub-
metacentric X and medium-sized submetacentric Y chromosomes described in this study.
Karyotypic disparities from early cytogenetic studies are not uncommon and can usually
be attributed to differences in technique.

The karyotype proposed by Nadler and Lay (6) is in essential agreement with that
presented here. The method of grouping is different, but both studies identify 32 meta-
or submetacentric and 10 acroceniric autosomal chromosomes, and a large submetacentric
X element. The only difference exists in the designation of the Y chromosome. The Y
chromosome in their karyotype has a more submedially located centromere, is larger than
that described in this report, and appears to have secondary constrictions of the long
arms, closely resembling chromosome #15 (Figure 3) of this study. An explanation for
this discrepancy may be that intraspecific Y chromosome polymorphism exists in the
Mongolian gerbil, as has been described in Syrian hamsters (5) and in some strains of
laboratory rats (4). Chromosome studies of other Mongolian gerbil colonies may help to
elucidate this matter. Presently, the significance of intraspecific sex chromosome poly-
morphism or remodeling is not understood.
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Appendix A

Male and female Mongolian gerbils with two of their progeny.
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