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ABSTRACT A female allotriploid

was produced from a female diploid hybrid,

frog

Rana brevipoda® x Rana nigromaculatay,
by mating with a male Ranra brevipoda.
The lampbrush chromosomes were examined
in order to clarify their origin and behavior
at the first meiotic division. Twenty-six
chromosomes from R. brevipoda and 13
chromosomes from R. nigromaculata were
observed. In most oocytes, only one to
five triplets of homologous chromosomes
formed trivalents, while the others formed
bivalents and univalents of the same num-
bers. These bivalent and univalent chro-
mosomes came from R. brevipoda and R.
nigromaculata, respectively. The remain-
ing oocytes contained 13 bivalents from
R. brevipoda and 13 univalents from R.
(Zool. Mag. 87: 64-68,

nigromaculata.

1978)

In a previous paper, the writer (1975) re-
ported on the lampbrush chromosomes of two
Japanese pond-frog species, Rana nigremaculata
and Rana brevipoda, and their hybrids. The
oocytes of female hybrids had always 13 biva-
lents. The writer thereafter obtained a female
allotriploid from a female diploid hybrid be.
tween these two species by backcrossing with
a male Rana brevipoda.

The behavior of allotriploid chromosomes
during meiotic divisions was observed by Becak
and Becak (1970) in male triploid hybrids be-
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tween Odontophrynus cultripes and Odonto-
phrynus americanus and by Giinther (1975) in
male triploid ,,Rana esculenta”. However, no
report has been made on lampbrush chromo-
somes of allotriploid amphibians.

In this paper, the writer will report on the
lampbrush chromosomes of the only female
allotriploid obtained by him in order to clarify
the origin and behavior of the three homologous
chromosomes belonging to each of the 13 tri-
plets.

Material and Methods

A female triploid hybrid between Rana
brevipoda Ito and Rana nigromaculata Hallow-
in this work. This

female was accidentally produced from a female

ell was used as material

diploid hybrid between a female Rana brevipoda
and a male Rana nigromaculata in 1975 by
The
female diploid hybrid laid a small number of

backcrossing with a male brevipoda.

large eggs besides numerous ordinary ones.
The only female triploid hybrid arose from one
The triploidy of this

female was noticed in the following year when

of these large eggs.

the lampbrush chromosomes of her oocytes
were observed after being preserved by Gall’s
method (1966).

The most suitable ococytes for observing
lampbrush chromosomes were 1.6 to 1.8 mm in
diameter. In order to disperse lampbrush
chromosomes, a mixture of 5 parts of 0.075M
KCl soluticn, one part of 0.075M NaCl solu-
tion and 0.12 parts of 109 Formalin was used.
Analyzable preparations were obtained from 31

oocytes.

Observation

The lampbrush chrcmosomes of this female
triploid ccnsisted of 13 triplets of homologous
On the basis of
landmarks along chromosome axes (cf. Fig. 3,
Ohtani, 1975), it was found that each of the

triplets was composed of two Rana brevipoda

chromosomes, Nos. I to XIII.

and one Rana nigromaculata chromosomes

(Fig. 1). However, the three chromosomes of
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Table 1. Numbers of uni-, bi- and trivalent chro-
mosomes in 31 oocytes of a female
allotriploid Dbetween Rana brevipoda
and Rana nigromaculata

Univalents Bivalents Trivalents ; Oocytes

13 13 0 j 8

12 12 1 | 7

11 11 2 P10

10 10 3 5
8 8 5

each triplet usually formed a trivalent in a few
cases. The frequencies of uni-, bi- and tri-
valent chromosomes in 31 oocytes are presented
in Table 1. There were one to five trivalents
in 23 oocytes, while the remaining eight oocytes
contained no trivalents. All the chromosomes
other than those of trivalents formed bivalents
and univalents of the same numbers. Each of
the bivalent consisted of two Rana brevipoda
chromosomes which joined with each other by
one to nine chiasmata and occasionally by a
telomere fusion. Each univalent came from
Rana nigromaculata.

In each trivalent, the nigromaculata chro-
mosome joined to one of the two brevipoda
chromosomes by a certain number of chiasmata
and frequently by a telomere fusion in addi-
tion. The five triplets of large-chromosomes
Nos. [~V formed 19 trivalents in the 31 cocytes
(Table 2). In eleven of these trivalents, the
nigromaculata chromosome joined to one of the
two brevipoda chromosomes by one to three
chiasmata which were situated in the subter-
minal or terminal region, while in three other
trivalents the joining occurred by one chiasma
situated in the median region. In the remain-
ing five trivalents, the nigromaculata chromo-
some joined to one of the two brevipoda chro-
mosomes by a telomere fusion alone. The
eight triplets of small-chromosomes Nos. VI~

XIII fromed 28 trivalents in the 31 oocytes

(Table 2). In 19 of them, the nigromaculata
chromosome joined to one of the brevipoda
chromosomes by one chiasma which was situated
in the terminal region, while in the other nine
trivalents the joining occurred by a telomere

fusion alone.

Table 2. Number of trivalents in 31 cocytes of
a female allotriploid between Rana
brevipoda and Rana nigromaculata

ChroIr\?g.some Trivalent %l:;f\llg?é; ~ Total
1 6 25 31
I 6 25 31
11 1 EU
v 4 278
Vv 2 29 31
Vi 11 20 31
VI 1 v 3
VI 0 31 31
IX 4 27 31
X 1 30 . 31
X1 4 7 31
XII 2 » 1 a
X111 5 6 3l

The frequency of trivalents of chromosomes
Nos. I~XIII in 31 oocytes is presented in
Table 2. The trivalents of chromosomes Nos.
I, II, VI and XIII were found in more than
five oocytes; especially, those of No. VI were
in eleven oocytes. Notrivalents of chromosome
No. VIII were found in 31 oocvtes. The re-
maining eight kinds of chromosomes formed

trivalents in less than four oocytes.

Discussion

Although triploidy is established by fer-
tilization of a diploid ovum with a haploid
spermatozoon or by fertilization of a haploid
ovum with a diploid spermatozoon, the follow-

ing three pathways are conceivable in produc-

Fig. 1. Photographs of chromosomes Nos. I~XIII in an oocyte of a female allotriploid between

Rana brevipoda and Rana nigromaculata.

% 400.
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ing diploid ova. Firstly, a diploid ovum is
produced by retention of the second polar body
immediately after insemination, secondly by
retention of the first polar body and release
of a diploid second polar body, and thirdly by
regular meiotic divisions of a tetraploid primary
oocyte produced accidentally in the ovary of
a diploid female. Triploid frogs produced
from fertilized eggs by refrigeration or a heat-
shock were presumed to arise through the first
pathway (Kawamura, 194la, b; Sato, 195Z2;
Muto, 1952).
allotriploid frogs were also produced by Ka-
wamura (1952a, b). Nishioka (1971) produced
two kinds of autotriploids and four kinds of

Through a similar pathway,

allotriploids from Rana nigromaculata and
Rana brevipoda by various methods. Female
allotriploids obtained from a female or male
tetraploid by mating with a male or female
diploid produced mature ova.

On the other hand, spontaneous occurrence
of triploid frogs has been reported by Hertwig
and Hertwig (1920) and Daleq (1930). Hertwig
and Hertwig found that all the control tadpoles
of a crossing experiment between a female
Rana esculenta and a male Bufo viridis were
triploid. These triploids surely arose from
diploid eggs by {fertilization with haploid
spermatozoa. Hertwig and Hertwig presumed
that the diploid eggs were produced by the
lack of the second maturation division or re-
tention of the second polar body, or from a
tetraploid or triploid female. Wickbom (1945)
described three adult triploid Rana esculenta.
Giinther (1970) found that seven of 24 Rana
esculenta examined by him were triploid.
Gilinther (1975) reported again that spontaneous
triploids sometimes .amounted to more than
809 of Rana esculenta distributed in a district
of the German Democratic Republic. Accord-
ing to Berger (1966, 1967, 1968, 1973), Rana
esculenta is a hybrid between Rana ridibunda
and Rana lessonae. Uzzell et al. (1975) clarified
that triploid Rana esculenta are largely pro-
duced from unreduced ova of female diploid

Rana esculenta by fertilization with sperm of

Rana ridibunda or Rana lessonae.

In the present study, it was clarified that
the female triploid produced from a large ovum
of a female diploid hybrid, Rana brevipoda$
X Rana nigromaculata &, by fertilization with
sperm of a male Rana brevipoda consisted of
two genomes from Rana brevipoda and one
genome from Rana nigromaculata. Thus, the
large ovum was surely an unreduced one con-
sisting of one genome from Rana brevipoda
and one genome from Rana nigromaculata.
Such a diploid ovum can be produced by re-
gular meiotic divisions of a tetraploid primary
cocyte which appears accidentally in the ovary
of a diploid female, as insisted by Uzzell et al.
(1975). The writer really found primary oocytes
with 26 pairs of bivalent chromosomes in the
ovary of the female hybrid which produced the
present allotriploid (unpublished).

All the mature allotriploids between Rana
japonica and Rana ornativentris obtained by
Kawamura (1952b) were sterile males; the first
reduction divisions of spermatocytes were al-
ways very abnormal. Unlike these allotriploids
of brown frogs, those obtained by Begak and
Becak (1970) from crossing between Odonto-
phrynus cultripes (20=22) and Odontophrynus
americanus (2n=44) were not sterile. In male
triploids, uni-, bi- and trivalent chromosomes
appeared in various frequencies in the first
metaphase plates of spermatogenesis. These
frequencies were very similar to those found
in the oocytes of the female allotriploid be-
tween Rana brevipoda and Rana nigromaculata.
This situation in these two kinds of allotriploids
seems to differ from that in male triploid Rana
esculenta described by Giinther (1975). In the
latter triploids, first metaphase plates with
diploid chromosomes were always found in addi-
tion to those with 13 bivalents and 13 univalents
or with various numbers of univalents, bivalents

or multivalents.
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