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Chromosomes of Elaphe subocularis (Reptilia: Serpentes), with the Description of an in vivo

Technique for Preparation of Snake Chromosomes

Thirty-four of the thirty-five species of snakes examined
by us have a diploid number of 36 with the karyotypes of
most species divisible into 16 macrochromosomes and 20
microchromosomes. One specics, Elaphe subocularis, has
a diploid number of 40 with 18 macro-sized and 22 micro-
sized chromosomes. Described below is the karvotype of
E. subocularis, with suggested changes involved in its evo-
lution.

Methods and materials. The specifics of our technique
are as follows: 1. Inject the live snake 1.p. with a solution of
phytohemagglutinin-P at the following rate: 0.02 ml/g of
body weight for the first 35 g and 0.01 ml per each addi-
tional gram. The phytchemagglutinin-P solution is pre-
pared by diluting a 5 ml ampule {of Difco) to a velume of
75 ml Z. 24 h later repeat step 1. 3. At 42 h after the first
injection, the snake is injected i.p, with a 0.023%; solution
of Velban at a rate of 0.005 ml/g of body weight (I cm?
maximumy}. 4. 6 h atter the Velban injection the animal is
sacrificed and bloed is removed with a heparinized syringe.
A quantity of at least 1 cm?is desirable. After allowing the
blood to set for 15 min, it is centrifuged for 3 min at 500 g.
5. The supernatant and the top laver of cells are pipetted
and centrifuged for 3 min at 1,500 2. 6. The supernatant
is discarded and two cm?® of a 1,09 sodium citrate solution
are added, and the cell button is resuspended and allowed
to set for 10 min. 7. Recentrifuge at 1,500 g for 3 min and
discard the supernatant. Add 2ml of freshly prepared
fixative (1 parl acetic acid: 3 parts methanol), resuspend
cells and allow to set for 10 min .8. Centrifuge at 1,500 ¢
for 3 min and discard supernatant. .\dd 2 ml of fixative
and resuspend cells. Repeat this step 4 times. 9. Dilute
cell button with 1-2 cm? of fixative and resuspend cells.
Add 3-4 drops of suspension to a microscope slide. Ignite
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and allow the fire to extinguish itself. Sling residuc from
slides. 10. After slides dry, stain with an appropriate stain.

Results. The chromosomes of Elaphe subocularis, E. gut-
tata, E. obsoleta, and Crotalus molossus are described below.
E. subocularisis the only species that has the unique ZN =
40 karyotype. Elaphe guttata and I, vbsoleta are the closest
relatives of E. subocularis that we have karyotyped,

The karyotype of Crotalus molossus is presented because
it is representative of the most common Crotaiid karyo-
type which is essentially like that of E. guttata and . ob-
soleta as well as several other Colubrids!. A brief des-
cription of the 4 species follows.

Elaphe subocularis. 2N = 40. {13; 1%) Figure 1. The
largest pair of chromosomes are submetacentric, with the
only other distinctly biarmed elements being the Z and
W, which are the third largest pair in size. Although both
the Z and W are subtelocentric in nature, the 7 is distin-
guished by its larger size. The remainder of the chromo-
somes are acrocentric or near acrocentric. There are 11
pairs in the micro-size range.

Liaphe guttata. 2N = 36, (333, 299) Figure 2. The 5
largest pairs of chromosomes are submetacentric, The 6th
largest pair is acrocentric, and the remaining 2 pairs of
macros are submetacentric and subtelocentric, respecti-
vely. There are 10 pairs of micro elements. The submeta-
centric Z is smaller than the 3 largest pairs of antosomes,
The W is smaller than the Z and nearly metacentric. The
autosomes and Z chromosome of E. obsoleta (355; 399) are

1 W, Break and AL 1., Brcak, Cytogenetics 8, 247 (1969},
2 W. Becax, M. L. Brcak, H. R, §, Nazaretd and S. Quxo,
Chromosoma 75, 606 (1964).
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Karyotypes of 1. Elaphe subocularis, 2. Elaphe guitala, and 3. Crotalus molossus, Arrows indicate changes from the central karvotype. Pi =

Pericentric Inversion; CFL = Centric Lission,
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indistinguishable from thosc of E. guttaia. The W equals
the Z in size but is subtelocentric.

Crotalus molossus. 2N = 36. {13; 19). Figure 3. The 8
pairs of macrochromosomes are biarmed with pair 6 ap-
proaching a subtelocentric centremere placement. The
submetacentric Z is smaller than the 3rd largest pair of
autosomes, and the W is smaller than the Z and subte-
locentric. 10 pairs are in the microchromosome size
range.

Discussion. The available data on snake chromosomes
were reviewed by Brcax and Becax!, and they found a
karvoiype with a 2N = 36 (with 8 pairs macro and 10
pairs of micro elements) in the families Boidae, Colubridae,
and Crotalidae. Such a karyotype was probably charac-
teristic of the primitive line of snakes that gave rise to the
3 families.

Although most Colubrids have a diploid number of 361,
variation within the family in diploid number ranges from
30in Clelia? to 24 in Hydrodynastes®. Most ol this variation
is acecunted {or by reduction of the number of microchro-
mosomes L,

In Figures 1-3 the karyvotvpes of Elaphe subocularis, L.
guitata, and Crofalus molossus are shown. Arrows indi-
cate changes necessary to derive one karyvotype from an-
other. Although the direction of the change between the
karyotypes of . guttata and Crotalus molossus is open to
question, it is probable that the 2N = 36 karyotvpe is
primitive and the increase in diploid number to 40 was due
to Zcentric fissions in macrochromosomes. Further changes
between the two Elaphe karyotvpes can be explained by 3
pericentric inversions. Irom a gross morphological basis
only 1 pericentric inversion is required to explain the dif-
ferences between the autosomes of E. guttaia, E. obsoleta,
and Crofalusmolossus. A similar karyotype is characteristic
of many other Colubrids and Crotalids®-4.

Although centric fissions are not frequently reported as
a mechanism of chromoesomal evolution in vertebrates,
such seems to be the most plausible mechanism in this
case. In most species of snakes studied by BEcak et al.1-3
and by us, the 4th largest pair is the sex chromosomes. In
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E. subosularis the ZW pair is the 3rd largest in size. A cen-
tric fission in the 3rd largest pair of aulosomes resuiting
in 2 smaller acrocentric pairs would cxplain this change in
relative size. In view of the generally conservative nature
of chromosomal variation in snakes, the degree of chromo-
somal divergence between Ilaphe subocularis and the other
two species of IKlapke is extraordinary.

The genus Elaphe is complex, and il is possible that
chromosome morphology may be a uscful phylogenetic
indicator within the genus. However, of the olher species
of the genus that have been studied by other workers (E.
carinala?, E. cltmacophova®, E. longissima®, . obsoleta?,
E. guadrivivgaia®), ali have had dipleid numbers of 36.

All voucher specimens are deposited in the Collection of
Amphibians and Reptiles, Department of Biology, Texas
Tech University.

Zusammenfassung. 34 von 35 Schlangenarten, die bei uns
gepriift wurden, haben eine doppelte Nummer 36, Nur
eine Art, Elaphe subocularis, hat eine doppelte Nummer
40. Die Chromosomen von E. suboculavis, E. obsoieia, E.
guttata, und Crotalus molossus sind beschricben, und még-
liche Evolutionsverdnderungen sind angenommen. Alle
vier Arten haben ein ZZ/ZW-Geschlechtschromosomen-
svstem. Karvotypische Glasplitichen wurden durch cine
in vivo Technik hergestellt, die in allen Einzelheiten be-
schrieben ist.
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