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INTRODUCTION

In anurans, many genes controlling the body color and pattern have been
reported by many investigators. Genes for burnsi (B) and kandiyohi (K) in Rana
pipiens (Mooreg, 1942; Vorpg, 1955, 1960, 1961) and for expanding the three
kinds of dermal chromatophores (E) in Rana nigromaculata (NisHioKA and UEDA,
1977a) are dominant, but the other color mutations are usually due to single
recessive genes. Most of the color mutants were accidentally discovered in the
field, while the others were induced by irradiation of gametes (NisHIioKA, 1977).

The mapping of the genes for color and pattern was first attempted by VoLpE
(1970) using diploid gynogenetic offspring of heterozygous mothers in Rana
pipiens. He has confirmed that the gene for kandiyohi (K) is located closely
adjacent to the centromere, while the gene for burnsi (B) is located toward the
end of the chromosome arm. NAcg, RicHarDs and AsHER (1970) also mapped
the three genes for kandiyohi, burnsi and melanoid (m) by using the method
of gynogenesis.

On the other hand, NisHioka, OHTANI and Sumipa (1980) have elucidated six
chromosomes on which the loci for four enzymes and three blood proteins are
situated by comparing the genotypes of these proteins with the constitution of
lampbrush chromosomes in oocytes in mature female offspring of female reciprocal
hybrids between Rana nigromaculata and Rana brevipoda backcrossed with males of
these parental species.

The purpose of the present study is to determine the chromosomes which bear
the loci for olive and blue mutations by comparing the genotypes at the loci for
these mutations with the constitutions of lampbrush chromosomes in female
backcross offspring of reciprocal hybrids between Rana nigromaculata and Rana
brevipoda. An additional purpose is to presume the position of the locus for olive
mutation on the chromosome by using a female backcross hybrid with a trans-
location on chromosome No. 3.



2 M. NISHIOKA and H. OHTANI

MATERIALS AND METHODS

Rana migromaculata HALLOwWELL and Rana brevipoda ITo were used as materials.
In 1967, three pairs of Rana nigromaculata were collected from Hiro near Hiroshima.
Two males and two females were brown and the others were green all over the
dorsal surface at the immature frog stage. A male and a female Rana brevipoda
were collected from Konko near Okayama in 1970. They were green all over the
dorsal surface at both the immature and mature stages.

Blue and olive mutations were induced by neutron-irradiation of spermatozoa,
as described by Nismioka (1977). The neutron generator was of Toshiba
(d, n) He Reaction Type, producing fast neutrons of 14.1 MeV. The conversion
coeflicient was 6.7 X 10~° rads/n/sec/47 and the exposure dose rate was about
10 rads/min. The testes of the three male Rana nigromaculata were mashed in
distilled water to make sperm suspension. Spermatozoa were exposed to 130
rads of neutrons. Eggs of Rana nigromaculata were obtained from the three females
after accelerating ovulation by pituitary injection. Artificial insemination was
made between these eggs and neutron-irradiated spermatozoa. Embryos raised
from fertilized eggs were continuously reared until they became sexually mature
frogs. From females of these frogs, offspring were produced by diploid gynogenesis
in order to disclose recessive mutations induced by neutron-irradiation.

Tadpoles were fed on boiled spinach or chard. While frogs were fed on
mosquitos at the young stage and on flies and bag-worms until 1975, thereafter,
they were exclusively fed on crickets.

Lampbrush chromosomes were observed on the preparations which were
principally made according to GALL’s method (1966). A mixture of 5 parts
of 0.075M KCl solution and 1 part of 0.075M NaCl solution was used after 109,
formalin had been added to the mixture in concentration of 0.089%, formaldehyde
to disperse the lampbrush chromosomes more easily (Nisuioka, OHTANI and
SuMipa, 1980).

Serum proteins, hemoglobin and enzymes extracted from the skeletal muscles
and liver were analyzed by the method of starch-gel electrophoresis, as utilized
by BREWER (1970) and NisHioka, Ontant and Sumipa (1980).

The detection of chromosomes bearing the loci for blue and olive dorsal colors
was made as follows. A male Rana nigromaculata homozygous for blue and olive
genes was crossed with a female green Rana brevipoda to produce hybrids, (B)BN.
Two mature females of these hybrids were backcrossed with the above male Rana
nigromaculata homozygous for blue and olive genes. On the other hand, gyno-
genetic diploids were produced from four other mature hybrids. Lampbrush
chromosomes were observed in the oocytes of female backcrosses and gynogenetic
diploids. By comparing the combination of the alleles at the locus for the dorsal
color with the constitution of each of the 13 pairs of lampbrush chromosomes in
each of these females, the chromosome bearing the locus was detected.

The following abbreviations are used in the present paper.
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N ———— A Rana mgromaculata chromosome
B ————— A Rana brevipoda chromosome
NN Rana nigromaculata or a pair of Rana nigromaculata chromosomes

BB
BN

Rana brevipoda or a pair of Rana brevipoda chromosomes

A hybrid between a female Rana brevipoda and a male Rana nigro-
maculata or a combination of a Rana brevipoda chromosome and a
Rana nigromaculata chromosome

OBSERVATION

1. The origin of a male Rana nigromaculata used in crossing with
a female Rana brevipoda

Although the blue and olive mutations in dorsal color were induced in sperma-
tozoa of Rana nigromaculata by irradiation with 130 rads of neutrons in 1967, the
male frog used in mating with a female Rana brevipoda for the purpose of detecting
the chromosomes bearing the loci for these mutations was an offspring obtained
from a female ancestor, N - SN-130, No. 8 (XxIiEe), by passing through several
generations. Of these generations, the first, second and third generations pro-
duced in 1967, 1970 and 1972, respectively, have been reported by NisHiOKA
(1977). As described previously, two bluish-olive mutants (xxitEe) were produced
from mating between a bluish-olive female (xxizEE) and a brownish-olive male
(xxitee), 24 green frogs (XxliEe) were produced from mating between a bluish-
olive female (xxizEE) and a brown male (XXIlee), and 16 bluish-olive mutants
(xx11EE) were produced from a bluish-olive female (xx2EE) by diploid gynogenesis
(cf. NisH10KA, 1977: Table 25, experiments in 1972).

In 1975, a male of the 24 green frogs was mated with one of the 16 bluish-olive
mutants which were produced by diploid gynogenesis and were all females. From
this mating, 17 bluish-olive mutants (xxiiEE or xxitEe) and 24 greenish-olive mu-
tants (XxitEE or XxiiEe) were produced together with 17 blue (xxIt EE or xxIiEe) and
26 green frogs (Xx[iEE or XxIiEe). In 1976, a male of the bluish-olive mutants
produced in 1975 was mated with a female of the bluish-olive mutants produced by
diploid gynogenesis in 1972. From this mating, 43 bluish-olive mutants (xxiZEE
or xxitEe) were obtained. A male (xxiiEE) of these bluish-olive mutants was
used in crossing with a female Rana brevipoda.

II.  Color and lampbrush chromosomes of the female
offspring from female hybrids

In 1978, hybrids were produced from crossing between a male bluish-olive
(xxtiEE) Rana nigromaculata, 76 NN&, No. 1, and a female green (XXIIEE)
Rana brevipoda, 75 BB2, No. 1 (Fig. 1). The hybrids were all wild-type green
(XxiEE). As female hybrids almost attained sexual maturity in November of
this year, lampbrush chromosomes were observed in oocytes of six females, 78
BN<2, Nos. 1~6. The results indicated that the oocytes always contained
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1978 1979
Green ( XxIIEE)
76 NN 2 No.1 Greenish-olive {( XxIiEE)
Bluish-olive( xx/IEE) Blue ( xxIliEE)
78 BN% Nos.1& 2} Bluish-olive ( xx/IEE)

Green( XxIliEE)

Green ( XXIIEE)
78 BN ¥ Nos.3-6) GD Greenish-olive { XXIIEE)
75 BBS No.1l— Green( XxIliEE) Blue ( XxIIEE)

Fig. 1. Coloration of the offspring obtained from hybrids between a bluish-olive
female Rana nigromaculata and a green male Rana brevipoda by backcrossing or diploid
gynogenesis.

Rana brevipoda Rana nigromaculata

>
1 2 3 4 6 6 7 8 9 10 11 12 13 1 2 3 4 5 6 7 8 9 10 11 12 138

Fig. 2. Diagrams of the thirteen lampbrush chromosomes of Rana brevipoda and Rana
nigromaculata.

Marks drawn with a solid and a dotted line represent a simple and a compound type of giant

loops, respectively. A black spot indicates a sphere. A pair of short horizontal bars on each chromo-
some indicates the segment including the centromere.

13 bivalents, each of which consisted of a Rana nigromaculata chromosome and a
Rana brevipoda chromosome (Figs. 2 and 3). However, a deficiency or an inversion
was found in the chromosomes derived from Rana nigromaculata in five of the six
hybrids. More specifically, a deficiency and an inversion in chromosome No. 9
were found in female hybrids Nos. 1 and 5, a deficiency in chromosome No. 6
was found in female hybrid No. 2, and a deficiency in chromosome No.6 and a
deficiency and an inversion in chromosome No. 9 were found in female hybrids

Nos. 3 and 4. Neither deficiency nor inversion was found in the chromosomes of
female hybrid No. 6.

1. Dorsal color of female backcrosses and gynogenetic diploids
In the breeding season of 1979, two (Nos. 1 and 2) of the six female hybrids
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Fig. 3. Microphotographs of the thirteen bivalent (lampbrush) chromosomes in an oocyte of

a female hybrid between Rana brevipoda and Rana nigromaculata, BN, No. 6, % 300
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were backcrossed with a male Rana nigromaculata, 76 NN &, No. 1, which was a
bluish-olive mutant (xx:EE) and was used in crossing with a female green Rana
It was found that all the tadpoles completed meta-
morphosis during the period from 55 to 72 days after insemination.

brevipoda in 1978 (Fig. 1).

TABLE 1
Dorsal colors of female frogs whose lampbrush chromosomes were analyzed

The dorsal

Parents ] Number of mature females
Female Male ] Total Green Greenish-olive Blue Bluish-olive
BN, No. 1 NN, No. 1 21 23 18 19
BN, No. 2 NN, No 1 5 7 3 4
BN, Nos. 3~6 \ 10 8 9 7
Total | 134 | 36 38 30 30
TABLE 2

The constitution of each of the 13 bivalent chromosomes in each of 36 green (wild-type)

frogs of 134 mature female offspring produced from six female hybrids by
backcrossing or diploid gynogenesis

Parents

Indi-

Bivalent chromosome number

vidual
Female | Male no. 1 2 3 4 5 6 7 8 9 10 11 12 13
BN, No. 1 NN, No. 1 1 NN BN BN BN NN BN NN BN NSN® NN NN NN NN
2 NN BN BN BN BN NN¢ NN BN NN NN BN BN NN
3 BN NN %N BN BN BN BN BN NSN® NN NN NN BN
4 BN BN BN BN BN NN¢ NN BN BN® BN NN NN NN
5 NN BN BN NN BN BN¢ NN BN BN® NN NN NN BN
6 BN NN BN BN BN NN BN BN NN BN BN NN NN
7 NN NN BN NN BN BN BN BN N:N® BN NN BN BN
8 NN NN BN BN NN NN NN BN BN BN NN NN BN
9 NN BN BN BN BN BN NN NN BN® NN NN BN BN
10 NN BN BN NN BN BNY BN BN NN NN NN NN NN
11 BN NN BN BN BN BN BN NN BN® BN NN BN NN
12 NN BN BN BN NN BN NN BN N&:N® NN BN BN NN
13 BN BN BN BN BN BNY9 BN BN N’N® NN NN NN NN
14 BN BN BN NN BN BNY NN BN BN BN BN BN NN
15 NN BN BN BN BN NN¢ NN BN BNs BN NN BN BN
16 BN BN BN BN BN BN NN BN BN* BN NN BN NN
17 NN NN BN BN BN NN NN BN NSN NN BN NN NN
18 BN BN BN NN BN BN BN BN N&SN BN NN BN NN
19 BN NN BN BN BN BN BN BN BN NN BN NN BN
20 BN NN BN BN BN BN NN BN NSN® BN NN BN BN
21 NN NN BN NN NN BNY¢ NN BN BN NN NN BN NN
BN, No. 2 NN, No. 1 1 NN BN BN BN BN BN NN NN NN BN NN NN NN
2 NN BN BN BN BN BN NN BN BN BN NN NN NN
3 NN NN BN BN BN NINYNN BN NN NN NN NN NN
4 BN NN BN BN BN NINIBN BN BN BN BN BN NN
5 BN BN BN BN BN NIN9NN BN NN BN BN —%N NN
BN, Nos. 3~6 GD 1 NN NN BB NN BB NN NN BN NtNs NN NN NN BB
. 2 NN NN BB BB BN NN NN BB N:N® BN BN NN BB
3 BB BB BB BB NN BB BB BB BB BB BB BB NN
4 BB NN BB BB BB NINYBB BB BB BB BB BB BB
5 NN BB BB BB BB NINYBB BB BN BB BB NN BB
6 BB BB BB BB BB NN BB BB BB BB NN BB BN
7 NN BB —%B BB BB BB NN NN BB BB NN NN BB
8 BB NN BB NN BB BB BB BB BB BB NN NN NN
9 %—B NN BB BB BB NN BB BN BB BB NN NN BB
10 NN BB BB NN BB BB NN BB BB BB BB NN NN
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TABLE 3
The constitution of each of the 13 bivalent chromosomes in each of 38 greenish-olive
mutants of 134 mature offspring produced from six female hybrids by
backcrossing or diploid gynogenesis

Indi-

Parents . Bivalent chromosome number
vidwal

Female | Male no. | 1 2 3 4 5 6 7 8 9 10 11 12 13
BN, No. 1 NN, No. 1 1 BN BN NN BN NN BN NN BN NSN NN NN NN BN
2 (NN NN NN NN BN NN BN BN NSN NN NN BN BN

3 |BN BN NN BN BN NN BN BN NN NN NN NN NN

4 |BN NN NN BN BN NN¢ BN NN NSN NN NN BN NN

5 |BN BN NN BN BN NN NN BN NN NN NN NN BN

6 |[NN BN NN NN BN NN BN NN NSN BN NN 11: N NN

7 |INN NN NN NN BN NN BN BN NSNS NN BN NN BN

8 |[NN BN NN NN BN BN BN BN BNs BN BN BN NN

9 |[BN BN NN NN BN NN NN BN BNs® NN NN BN BN

BN, No. 2 NN, No. 1

1

2

3

4

5

6

7 |[BN BN NN BN BN NIN¢ BN BN BN® NN NN BN NN
I [NN NN NN NN BB NN BN BB BB BB BN NN NN
2 |BB NN NN NN NN NIN¢ BN BN BB BB NN NN BB
3
4
5
6
7
8

"BN, Nos. 3~€|  GD
BB NN NN BB BB BB NN NN NN BB BB BN BB
NN BB NN BB BB NN NN BB BB BB BB BB BB
NN NN NN BB BB BB NN BB N°N® BB BB NN NN

BB NN NN BB BB BB BB BB BB BB NN NN BB
BB BB NN BB BB BN NN NN BN BB BB BB NN

color of the backcrosses was examined one month after metamorphosis. Of
292 young frogs produced from a female hybrid, BN¢, No. 1, by backcrossing
with the male Rana nigromaculata, 76 NN&, No. 1, 71 were green (wild-type),
91 were greenish-olive, 64 were blue and the remaining 66 were bluish-olive.
Of 225 young frogs produced from the other female hybrid, BN2, No. 2, by
backcrossing with the same male, 64 were green (wild-type), 59 were greenish-
olive, 49 were blue and the remaining 53 were bluish-olive. In total, 135 (26.1%,),
150 (29.0%,), 113 (21.99,) and 119 (23.09,) were green (Xx[iEE), greenish-olive
(XxuiEE), blue (xx[iEE) and bluish-olive (xxi2EE), respectively. These numbers
seemed to show that the four kinds of frogs appeared in nearly the same frequency.

From the remaining four female hybrids, 78 BN2, Nos. 3~6, offspring were
produced by diploid gynogenesis. When examined one month after meta-
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TABLE 4
The constitution of each of the 13 bivalent chromosomes in each of 30 blue mutants of
134 mature female offspring produced from six female hybrids by
backcrossing or diploid gynogenesis

I.ndl' Bivalent chromosome number
vidual

5 6 7 8 9 10 11 12 13

BN BN BN BN NN NN NN NN NN NN NN NN BN
NN BN BN BN BN NN¢ NN NN NN NN NN NN NN
NN BN BN NN NN BN?¢ NN NN BN BN NN NN BN
NN NN BN BN NN NN NN NN BN®* NN NN BN BN
NN NN BN NN NN BN NN NN N*N BN BN BN NN
BN NN BN BN BN NN¢ NN NN BN®* BN NN NN NN
NN BN BN NN NN BN BN BN BN BN NN NN BN
NN BN BN BN NN NN BN NN BN®* NN NN NN BN
BN NN BN NN BN BN¢ BN NN N®N NN BN NN BN
BN BN BN BN BN BNY NN NN NsN® BN BN BN NN

Parents

8
—_
N
(&)
NS

Female Male
BN, No. 1 NN, No. 1

BN¢ NN NN BN NN BN BN BN
BN NN BN BN BN NN¢ BN BN N:N NN BN NN NN

RSl TR Tl SO TR T CR K.
Z,
Z
[ev]
Z
joc]
Z,
ec]
Z
=
Z

BN, No. 2 NN, No. 1

BN, Nos. 3~6 GD

ORI AN=N N
<]
&
2,
Z
=
&
=]
&=
)
@
4
=]
z
A
Z
2
Z
z
Z
Z
&
=
&=
=
]
2z
]
&

morphosis, it was found that 50 (32.19%,) of 156 young frogs were green (XX/IEE),
47 (30.1%,) were greenish-olive (XXuEE), 29 (18.69,) were blue (xxIIEE) and
the remaining 30 (19.29,) were bluish-olive (xxi2EE).

All the young frogs produced from backcrossing of female hybrid BN ¢, No. 1
with male Rana nigromaculata NN &, No. 1 and from female hybrids BN, Nos. 3~
6 by diploid gynogenesis as well as 100 young frogs, including 25 green, 25
greenish-olive, 25 blue and 25 bluish-olive, produced from backcrossing of female
hybrid BN 2, No. 2 with male Rana nigromaculata NN &, No. 1 were continuously
reared until attaining sexual maturity. From November 2, 1979 to June 19,
1980, lampbrush chromosomes were examined in 81 of 92 females produced from
backcrossing, BN2, No. 1 x NN&, No. 1, 19 of 21 females produced from BN,
No. 2x NN &, No. 1 and 34 of 156 females produced from female hybrids BN ¢,
Nos. 3~6 by diploid gynogenesis, 134 females in total. The dorsal colors of
these 134 female frogs whose lampbrush chromosomes were observed are presented
in Table 1. The results of examining the constitutions of lampbrush chromo-
somes in four kinds of female frogs which were green (wild-type), greenish-olive,
blue and bluish-olive in dorsal color are presented in Tables 2~ 5.
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TABLE 5
The constitution of each of the 13 bivalent chromosomes in each of 30 bluish-olive mutants
of 134 mature offspring produced from six female hybrids by
backcrossing or diploid gynogenesis

Indi-

Parents .
vidual

Female |  Male
BN, No. 1 NN, No. 1

Bivalent chromosome number

5 6 7 8 9 10 11 12 13
BN BN NN NN NN NN BN BN N°N BN NN NN NN

=]
[*]
N
w
o

1
2 |[BN NN NN BN BN NN NN NN NN BN NN BN NN
3 |[BN BN NN BN BN NN NN NN BN NN NN BN NN
4 |[BN NN NN BN NN BN BN NN BN BN BN NN BN
5 |[BN BN NN BN BN NN BN NN BN NN NN BN NN
6 |[BN BN NN NN BN NN¢ BN NN NN BN NN NN NN
7 |BN BN NN BN NN BN BN BN BN BN NN BN BN
8 |[NN BN NN BN BN NN¢ BN NN BN NN BN BN NN
9 |INN NN NN BN BN BN BN NN BN® NN BN BN BN
10 |[NN BN NN BN NN NN¢ NN NN NN BN BN BN BN
I1 {NN BN NN BN BN BN BN NN BN BN BN BN NN
12 |{NN BN NN BN BN T]EI—N BN NN NN NN NN BN BN

BN, No. 2 NN, No. 1

BN, Nos. 3~6] GD

OOV ON = BN -
o]
&
2,
Z
Z,
Z
=]
e
o)
=
Z,
z
2,
Z
Z
Z
o]
=
es}
lo-]
=
o=}
ez}
o~}
Z
Z

2. Deficiency in Rana nigromaculata chromosome No. 6
of female backcrosses

Female hybrid BN2, No. 1 had no deficiency in chromosome No. 6 derived
from Rana migromaculata, while there was a deficiency in one of the homologous
chromosomes of bivalent No. 6 in the paternal Rana nigromaculata, NN&, No. 1,
which was a bluish-olive mutant. Of 81 female backcrosses produced from mating
of female hybrid BN @, No. 1 with male Rana nigromaculata NN &, No. 1, 39
had bivalent chromosome No. 6 constituted of B and N, that is a Rana brevipoda
chromosome and a Rana nigromaculata chromosome. If a Rana nigromaculata
chromosome having a deficiency is called N4, bivalent chromosome No. 6 in
12 females was BN4, while it was BN in the other 27. Of the female backcrosses,
the other 42 had bivalent chromosome No. 6 constituted of a pair of Rana nigro-
maculata chromosomes. In 18 of them, bivalent chromosome No. 6 was NNd,
while it was NN in the other 24 (Tables 2~5; Figs. 4 and 5).

Female hybrid BN2, No. 2 had a deficiency in chromosome No. 6 derived
from male Rana nigromaculata NN &, No. 1. Of 19 female backcrosses produced
from mating of female hybrid BN, No. 2 with male Rana nigromaculata NN &,
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Fig. 4. Microphotographs of bivalent (lampbrush) chromosome No. 6 in ococytes of female

offspring produced from female hybrids by backcrossing or diploid gynogenesis. x 500

a.

b.

A pair of Rana brevipoda chromosomes in bluish-olive mutant female No. 1 produced from BN g,
Nos. 3~6, by diploid gynogenesis.

A pair of Rana brevipoda and Rana nigromaculata chromosomes in greenish-olive mutant female
No. 12 produced from BN 2, No. 1 x NN &, No. 1.

A pair of Rana nigromaculata chromosomes in greenish-olive mutant female No. 6 produced
from BN 2, No. | x NN 8, No. 1.

A pair of a Rana brevipoda chromosome and a Rana nigromaculata chromosome with a deficiency
in wild-type female No. 5 produced from BN 2, No. 1 XxNN g, No. 1.

A pair of Rana nigromaculata chromosomes in greenish-olive mutant female No. 14 produced
from BN 2, No. ]| XNN &, No. 1. One of the two chromosomes has a deficiency.

A pair of Rana nigromaculata chromosomes in greenish-olive mutant female No. 1 produced from
BN, No. 2XxNN &, No. I. Each of the two chromosomes has a deficiency.

An arrow indicates deficiency of a simple giant loop.
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Fig. 5. Diagrams showing the constitution of bivalent chromosome No. 6 in

oocytes of female offspring produced from female hybrids by backcrossing or diploid

gynogenesis.

a.

b.

A pair of Rana brevipoda chromosomes in bluish-olive mutant female No. 1 pro-
duced from BN 2, Nos. 3~6, by diploid gynogenesis.

A pair of Rana brevipoda and Rana nigromaculata chromosomes in greenish-olive
mutant female No. 12 produced from BN 2, No. 1 x NN &, No. 1.

A pair of Rana nigromaculata chromosomes in greenish-olive mutant female No. 6
produced from BN ¢, No. 1 XNN &, No. 1.

A pair of a Rana brevipoda chromosome and a Rana nigromaculata chromosome with
a deficiency in wild-type female No. 5 produced from BN ¢, No. IxNNg,
No. 1.

A pair of Rana nigromaculata chromosomes in greenish-olive mutant female No. 14
produced from BN 2, No. 1 X NN g, No. 1. One of the two chromosomes has
a deficiency.

A pair of Rana nigromaculata chromosomes in greenish-olive mutant female No. 1
produced from BN 2, No. 2x NN &, No. 1. Each of the two chromosomes has
a deficiency.

A pair of short horizontal bars on each chromosome indicates the segment including
the centromere.

11
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No. 1, four had bivalent chromosome No. 6 constituted of B and N. Wahile
bivalent chromosome No. 6 in one of them was BN4Y in constitution, it was BN
in the other three. In nine of the other 15 female backcrosses, bivalent chromo-
some No. 6 was NIN9d in constitution, while it was NIN in the other six
(Tables 2~5).

Two (Nos. 3 and 4) of female hybrids BN2, Nos. 3~6 had a deficiency in
chromosome No. 6 derived from Rana nigromaculata. Bivalent chromosome No. 6
was examined in 34 mature females produced from the four female hybrids
(BN, Nos. 3~6) by diploid gynogenesis. The results showed that no deficiency
was found in 12 of 20 females which were NN in constitution of bivalent chromo-
some No. 6, while bivalent chromosome No. 6 in the other eight females was N4Nd,
that is, each homologous chromosome had a deficiency. Bivalent chromosome
No. 6 of two other females was BN, in which no deficiency was found. In the
remaining 12 females, bivalent chromosome No. 6 was BB in constitution (Tables 2

~5).

3. Inversion and deficiency in Rana nigromaculata chromosome
No. 9 of female backcrosses

Female hybrid BN, No. 1 had an inversion and a deficiency in chromosome
No. 9 derived from Rana nigromaculata. The constitution of bivalent chromosome
No. 9 was examined in 81 female backcrosses produced from mating of female
hybrid BN2, No. 1 with the paternal Rana nigromaculata which had an inversion
and a deficiency in chromosome No.9. It was found that bivalent chromosome
No. 9 was constituted of a pair of Rana brevipoda and Rana nigromaculata chromo-
somes in 46 of them. If a Rana nigromaculata chromosome having an inversion
and a deficiency is called N3, bivalent chromosome No. 9 was BNs in 26 females,
while it was BN in the other 20. Bivalent chromosome No. 9 was constituted of
a pair of Rana nigromaculata chromosomes in 35 other female backcrosses. In 13
of them, bivalent chromosome No. 9 was NsNs, while it was NsN in the other 22
(Tables 2~5; Figs. 6 and 7).

Female hybrid BN9, No. 2 had chromosome No. 9 which had neither inversion
nor deficiency. The constitution of bivalent chromosome No. 9 was examined in
19 female backcrosses produced from female hybrid BN 2, No. 2 mated with the
male Rana nigromaculata (76 NN &, No. 1) having an inversion and a deficiency
in chromosome No. 9. The results showed that bivalent chromosome No. 9 was
BNs in two of nine female backcrosses whose bivalent chromosome No. 9 was con-
stituted of a pair of Rana brevipoda and Rana nigromaculata chromosomes, while it
was BN in the other seven. Of 10 female backcrosses whose bivalent chromosome
No. 9 was constituted of a pair of Rana nigromaculata chromosomes, four was NN,
while the other six was NN in constitution (Tables. 2~35).

Of female hybrids BN, Nos. 3~6, three (Nos. 3~5) had an inversion and a
deficiency in chromosome No. 9 derived from Rana nigromaculata. The other
female hybrid (No. 6) had neither inversion nor deficiency in Rana nigromaculata
chromosome No. 9. Lampbrush chromosomes were observed in 34 mature
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females produced from the four hybrids (Nos. 3~6) by diploid gynogenesis.
The results showed that bivalent chromosome No. 9 was constituted of a pair of
Rana nigromaculata chromosomes in 12 females. In 11 of the latter, it was NsNs
in constitution, while it was NN in the remainder. Bivalent chromosome No. 9
was constituted of a pair of Rana brevipoda and Rana nigromaculata chromosomes in

Fig. 6. Microphotographs of bivalent (lampbrush) chromosome No. 9 in oocytes of female
offspring produced from female hybrids by backcrossing or diploid gynogenesis. % 500

a. A pair of Rana brevipoda chromosomes in blue mutant female No. 6 produced from BN,
Nos. 3~6, by diploid gynogenesis.

b. A pair of Rana brevipoda and Rana nigromaculata chromosomes in wild-type female No. 2 produced
from BN 2, No. 2x NN g, No. 1.

¢. A pair of Rana nigromaculata chromosomes in bluish-olive mutant female No. 2 produced from
BN <2, No. 2xXxNN 3, No. I.

d. A pair of a Rana brevipoda chromosome and a Rana nigromaculata chromosome with an inversion
and a deficiency in greenish-olive mutant female No. 19 produced from BN 2, No. 1 x NN &,
No. 1.

e. A pair of Rana nigromaculata chromosomes in wild-type female No. 6 produced from BN 2,
No. I xNN &, No. 1. One of the two chromosomes has an inversion and a deficiency.

f. A pair of Rana nigromaculata chromosomes in greenish-olive mutant female No. 7 produced from
BN 2, No. I xNN g, No. 1. Each of the two chromosomes has an inversion and a deficiency.
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Fig. 7. Diagrams showing the constitution of bivalent chromosome No. 9 in oocytes

of female offspring produced from female hybrids by backcrossing or diploid gynogenesis.

a. A pair of Rana brevipoda chromosomes in blue mutant female No. 6 produced
from BN 2, Nos. 3~6, by diploid gynogenesis.

b. A pair of Rana brevipoda and Rana nigromaculata chromosomes in wild-type female
No. 2 produced from BN ¢, No. 2X NN &, No. 1.

c. A pair of Rana nigromaculata chromosomes in bluish-olive mutant female No. 2
produced from BN 2, No. 2x NN &, No. 1.

d. A pair of a Rana brevipoda chromosome and a Rana nigromaculata chromosome with
an inversion and a deficiency in greenish-olive mutant female No. 19 pro-
duced from BN 2, No. 1 x NN g, No. 1.

e. A pair of Rana nigromaculata chromosomes in wild-type female No. 6 produced
from BN2, No. | X NN &, No. 1. One of the two chromosomes has an inver-
sion and a deficiency.

f. A pair of Rana nigromaculata chromosomes in greenish-olive mutant female No. 7
produced from BN 2, No. | XNN &, No. 1. [Each of the two chromosomes has
an inversion and a deficiency.

A pair of short horizontal bars on each chromosome indicates the segment
including the centromere.

three females. Neither inversion nor deficiency was found in chromosome No. 9
derived from Rana nigromaculata. Bivalent chromosome No. 9 was constituted of
a pair of Rana brevipoda chromosomes in the remaining 19 females (Tables 2~5).
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III.  Chromosome bearing the locus for an olive or
a blue mutant gene

The recessive olive mutant gene (i) of greenish- and bluish-olive frogs as well
as the recessive blue mutant gene (x) was situated on a Rana nigromaculata chromo-
some (N), while the dominant gene (I or X) was situated on a Rana brevipoda
chromosome (B). Thus, in the backcrosses produced from female hybrids (Xx/Iz
in genotype) by mating with the paternal Rana nigromaculata (xxii in genotype)
as well as in the offspring produced from female hybrids (Xx/i in genotype) by
diploid gynogenesis, the bivalent chromosomes bearing the recessive genes in
phenotypically olive or blue frogs should be a pair of Rana nigromaculata chromo-
somes. In contrast, the bivalent chromosomes in phenotypically green (wild-type)
frogs should be a pair of Rana brevipoda and Rana nigromaculata chromosomes or a
pair of Rana brevipoda chromosomes.

A total of 134 offspring produced from the six female hybrids (BN ¢, Nos. 1 ~6)
by backcrossing with the paternal Rana nigromaculata or by diploid gynogenesis
were divided in phenotypic color into four groups, green (wild-type), greenish-
olive, blue and bluish-olive. The constitution of each of the 13 bivalent chromo-
somes in each of the females belonging to each group is presented in Tables 2~5.
In each of the four groups, the number of females which had a pair of Rana
nigromaculata chromosomes (NN), a pair of Rana brevipoda chromosomes (BB) or
a pair of Rana brevipoda and Rana nigromaculata chromosomes (BN) in constitution
of each of the 13 bivalent chromosomes is presented in Table 6.

TABLE 6
Number of females which were NN, BN or BB in constitution of each of the 13 bivalent
chromosomes in their oocytes in four kinds of mature female offspring produced from
six female hybrids by backcrossing or diploid gynogenesis

Phenotype | No. | Constitution | Bivalent chromosome number

and of | of bivalent | — —— - - - -

Genotype frogs |chromosomes 12 3 4 5 6 7 8 9 10 11 12 13
Green (wild-type) | | NN |19 16 0 9 5 15 21 4 16 13 23 21 21
XXIIEE 36 BN 12 15 26 20 23 17 9 25 13 15 9 12 9

BB 5 510 7 8 4 6 7 7 8 4 3 6

"~ Greenisholive | | NN 119 17 38 15 12 27 21 6 16 16 23 24 23
XXiiEE 38 BN 14 18 0 17 20 8 15 28 18 15 10 11 10
BB 5 3 0 6 6 3 2 4 4 7 5 3 5

Bue ! | NN 15 13 0 10 16 15 17 26 15 11 17 16 11
xxIIEE 30 BN 13 14 21 13 11 13 8 3 12 11 9 12 12
BB 2 3 9 7 3 2 5 1 3 8 4 2 7

~ Bluisholive @ | | NN il‘}v 17 30 9 9 20 16 24 10 12 16 12 16
xxiiEE 30 . BN 14 11 0 16 16 7 12 4 15 11 10 15 10
BB 2 2 0 5 5 3 2 2 5 7 4 3 4

1. Olive mutant gene
Of the 134 female offspring of female hybrids BN 2, Nos. 1~6, 68 olive mutants
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including 38 greenish-olive and 30 bluish-olive were all NN in constitution of
bivalent chromosome No. 3. In each of the other 12 bivalent chromosomes,
21~47 of the 68 olive mutants were NN in constitution. None of 66 female
offspring including 36 green (wild-type) and 30 blue was NN in constitution of
bivalent chromosome No. 3, while all of them were BN or BB. In each of the
other 12 bivalent chromosomes, 19~40 of the 66 green or blue females were NN
in constitution. Thus, the olive mutant gene is assumed to be located in chromo-
some No. 3 (Table 6; Figs. 8 and 9).

On the other hand, the number of frogs whose alleles at the locus for the olive
mutant gene agreed in constitution with each of the 13 bivalent chromosomes in

Fig. 8. Microphotographs of bivalent (lampbrush) chromosome No. 3 in oocytes of female
offspring produced from female hybrids by backcrossing or diploid gynogenesis. x 350
a. A pair of Rana brevipoda chromosomes in blue mutant female No. 6 produced from BN ¢, Nos. 3
~6, by diploid gynogenesis.
b. A pair of Rana brevipoda and Rana nigromaculata chromosomes in wild-type female No. 2 pro-
duced from BN 2, No. 1 x NN &, No. 1.
c. A pair of Rana nigromaculata chromosomes in greenish-olive mutant female No. 1 produced from
BN <2, No. 2xNN g, No. 1.
d. A pair of Rana nigromaculata chromosomes in wild-type female No. 3 produced from BN g,
No. IXNN &, No. 1. One of the two chromosomes has a translocation from a Rana brevipoda
chromosome.
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9. Diagrams showing the constitution of bivalent chromosome No. 3 in oocytes of female

offspring produced from female hybrids by backcrossing or diploid gynogenesis.

a.

b.

A pair of Rana brevipoda chromosomes in blue mutant female No. 6 produced from BN g,
Nos. 3~6, by diploid gynogenesis.

A pair of Rana brevipoda and Rana nigromaculata chromosomes in wild-type female No. 2 produced
from BN ¢, No. IXNN 3, No. 1.

A pair of Rana nigromaculata chromosomes in greenish-olive mutant female No. 1 produced
from BN, No. 2xNN g, No. 1.

A pair of Rana nigromaculata chromosomes in wild-type female No. 3 produced from BN g,
No. I X NN &, No. 1. One of the two chromosomes has a translocation from a Rana brevipoda
chromosome.

A pair of a Rana brevipoda chromosome and a Rana nigromaculata chromosome with a trans-
location from a Rana brevipoda chromosome in wild-type female No. 7 produced from BN 2,
Nos. 3~6, by diploid gynogenesis.

A pair of short horizontal bars on each chromosome indicates the segment including the centromere.

TABLE 7

Number of females whose constitution of alleles at the locus for the olive mutant gene

agreed with that of each of the 13 bivalent chromosomes in 134 female offspring
produced from female hybrids by backcrossing or diploid gynogenesis

Parents 1\:",‘ Bivalent chromosome number
Female | Male | frogs] 1 2 3 4 5 6 7 8 9 10 11 12 13
BN, NN, 81 40 43 81 42 39 56 35 41 36 42 40 42 43
No. 1 No. 1
BN, NN, 19 10 11 19 11 11 13 9 8 10 10 11 12 10
No. 2 No. 1
BN, GD 34 15 17 34 18 16 15 22 17 15 18 14 12 20
Nos. 3~6

Total 134 65 71 134 71 66 84 66 66 61 70 65 66 73

(%) |(48.5) (53.0) (100) (53.0) (49.3) (62.7) (49.3) (49.3) (45.5) (52.2) (48.5) (49.3) (54.5)

their oocytes was counted in the 134 female offspring of the six female hybrids.
It was found that the constitution of alleles agreed with that of bivalent chromo-
some No. 3 in all the females, while it agreed with that of each of the other 12
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bivalent chromosomes in 61 (45.59,) ~84 (62.7%,) females (Table 7).

Of the 134 female offspring, 68 were NN, 46 were BN and 18 were BB in
constitution of bivalent chromosome No. 3. One of the remaining two was NN
having a translocation from B and the other was BN having a translocation
from B (Figs. 8d, 9d and 9¢). The constitution of bivalent chromosome No. 3
in each of these female offspring completely agreed with that of the alleles at the
locus of the olive mutant gene (Table 8).

TABLE 8
Relationship between the constitution of bivalent chromosome No. 3 and that of alleles at
the locus for the olive mutant gene in 134 female offspring produced from
female hybrids by backcrossing or diploid gynogenesis

Bivalent Olive No. of frogs whose chromosomes
chromosome mutation were compared with the
Kind . No. of | Pheno- Geno- No. of genotypes
Constitution — -
frogs type type frogs Agree Disagree
BNge xNN3g NN 53 Olive i 53 53 0
BN 46 Wild I 46 46 0
N 1 | wid & 1 1 0
Total 100 100 100 0
BN GD NN 15 Olive i 15 15 0
BB 18 Wild 17 18 18 0
=B 1 | wid I 1 1 0
Total 34 34 | 34 0
NN 68 Olive i 68 68 0
BN 46 Wild I 46 46 0
BB 18 Wild 17 18 18 0
SN 1 | wid L 1 1 0
B B 1 Wild 17 1 1 0
W 1
Total 134 134 134 0
(x*=134, P<0.00001)

2. Blue mutant gene

Of the 134 female offspring of female hybrids BN, Nos. 1~6, 60 were blue
mutants. In 50 of these 60 blue mutants, bivalent chromosome No. 8 was NN
in constitution, while it was BN in seven and BB in the remaining three blue
mutants. In each of the other 12 bivalent chromosomes, 19~ 35 of the 60 blue
mutants were NN in constitution. Of 74 green (wild-type) or greenish-olive
frogs, 10 were NN in constitution of bivalent chromosome No. 8, while 64 were
BN or BB. In each of the other 12 bivalent chromosomes, 17 ~46 of the 74 frogs
were NN in constitution. Thus, it was assumed that the blue mutant gene was
located on chromosome No. 8 (Table 6; Figs. 10 and 11).

On the other hand, the number of frogs whose alleles at the locus for the blue
mutant gene agreed in constitution with each of the 13 bivalent chromosomes
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Fig. 10. Microphotographs of bivalent (lampbrush) chromosome No. 8 in oocytes of female
offspring produced from female hybrids by backcrossing or diploid gynogenesis. x 500
a. A pair of Rana brevipoda chromosomes in wild-type female No. 6 produced from BN @, Nos. 3~
6, by diploid gynogenesis.
b. A pair of Rana brevipoda and Rana nigromaculata chromosomes in greenish-olive mutant female
No. 1 produced from BN2, No. I xNN g, No. 1.

c. A pair of Rana nigromaculata chromosomes in blue mutant female No. 6 produced from BN 2,
Nos. 3~6, by diploid gynogenesis.

B B

N N
a

C

Fig. 11. Diagrams showing the constitution of bivalent chromosome No. 8 in oocytes
of female offspring produced from female hybrids by backcrossing or diploid gynogenesis.

a. A pair of Rana brevipoda chromosomes in wild-type female No. 6 produced from
BN 2, Nos. 3~6, by diploid gynogenesis.

b. A pair of Rana brevipoda and Rana nigromaculata chromosomes in greenish-olive
mutant female No. I produced from BN @, No. | xNN g, No. 1.

c. A pair of Rana nigromaculata chromosomes in blue mutant female No. 6 produced
from BN 2, Nos. 3~6, by diploid gynogenesis.
A pair of short horizontal bars on each chromosome indicates the segment

including the centromere.
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in their oocytes was counted in the 134 female offspring produced from the six
female hybrids (BN2, Nos. 1~6). As presented in Table 9, the constitution of
alleles agreed with that of bivalent chromosome No. 8 in 114 (85.19;) of them
(x2=65.9, P<<0.00001), while it agreed with that of each of the other 12 bivalent
chromosomes in 57 (42.59%,) ~82 (61.2%,).

TABLE 9
Number of females whose constitution of alleles at the locus for the blue mutant gene
agreed with that of each of the 13 bivalent chromosomes in 134 female offspring
produced from female hybrids by backcrossing or diploid gynogenesis

Parents 1::{?' Bivalent chromosome number
Female | Male |frogs] 1 2 3 4 5 6 7 8 9 10 11 12 13
BN, NN, 81| 35 42 40 39 48 43 36 68 35 39 31 38 36
No. 1 No. 1
BN, NN, 19 8 11 9 13 11 7 12 18 10 12 11 8 4
No. 2 No. 1
BN, GD 34| 22 18 17 17 23 18 17 28 22 17 19 13 17
Nos. 3~6

Total 134| 65 71 66 69 82 68 65 114 67 68 61 59 57

(%)](48.5) (53.0) (49.3) (51.5) (61.2) (50.7) (48.5) (85.1) (50.0) (50.7) (45.5) (44.0) (42.5)

Of the 134 female offspring analyzed, 60 were NN, 60 were BN and the remain-
ing 14 were BB in constitution of bivalent chromosome No. 8 (Table 10). In 50,
53 and 11, respectively, of these numbers of female offspring, the constitution of
bivalent chromosome No. 8 agreed with that of the alleles at the locus of the blue
mutant gene, while it did not agree with the latter in 10, 7 and 3 female offspring,
respectively (Table 10).

TABLE 10
Relationship between the constitution of bivalent chromosome No. 8 and that of alleles at
the locus for the blue mutant gene in 134 female offspring produced from
female hybrids by backcrossing or diploid gynogenesis

Bivalent Blue No. of frogs whose chromosomes
Kind chromosome mutation were compared with the
Consti- No. of | Pheno- Geno- No. of genotypes
tution frogs type type frogs Agree Disagree

BN2 xNN3g NN 44 Blue xx 44 37 7

BN 56 Wwild Xx 56 49 7

Total 100 100 86 14

BN GD NN 16 Blue xx 16 13 3

BN 4 wild Xx 4 4 0

BB 14 wild XX 14 11 3

Total 34 34 28 6

NN 60 Blue xx 60 50 10

BN 60 Wild Xx 60 53 7

BB 14 Wwild XX 14 11 3

Total 134 134 114 20
(x2=65.9, P<0.0001)
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IV. Linkage of the locus for the olive mutation
with those for two enzymes

The results of the above examinations showed that the olive and blue mutant
genes are located on chromosomes Nos. 3 and 8, respectively. On the other hand,
NisaHioka, OHTANI and Sumipa (1980) has reported that the locus for MDH-B
is situated on chromosome No. 3, together with the findings that the loci for Ab,
a—GDH, LDH-B, IDH-B and Hb, and protein C are located on chromosomes
Nos. 1, 2, 4, 6 and 9, respectively.

Recently, the electrophoretic patterns of Ab, protein C and Hb obtained from
blood, IDH-B, LDH-B, MDH-B and a—GDH extracted from skeletal muscles,
and six other enzymes, ME-A, ME-B, ADH-A, Pep—A, Pep—B and Pep-C, were
examined in 100 female offspring of female hybrids (BN) backcrossed with male
Rana nigromaculata (NN). The genotype of each of these proteins was compared
in constitution with each of the 13 bivalent (lampbrush) chromosomes in the
oocytes of the 100 females in order to determine the chromosome on which the
locus is situated. As shown in Table 11, the results added bivalent chromosome
No. 5 bearing the locus for Pep—A to the six stated above.

TABLE 11
Percentages of 100 female frogs (BN ¢ x NN &) whose genotypes in each locus agreed in
constitution with each of the 13 bivalent chromosomes in their oocytes

Bivalent chromosome number

Locus

1 2 3 4 5 6 7 8 9 10 11 12 13
if gene 50 54 100 53 50 69 44 59 46 52 50 54 53
xx gene 43 53 49 52 59 50 48 86 45 51 41 46 40
Ab 93 51 51 60 53 48 51 44 49 55 43 47 50
Hb 53 57 69 46 41 98 50 50 53 57 51 53 58
Prot-C 47 51 50 48 53 52 45 52 93 57 51 59 52
IDH-B 54 56 70 49 44 96 53 51 52 56 52 54 57

LDH-B 62 58 52 91 60 46 44 47 52 42 44 50 51
a—-GDH 53 79 52 60 63 49 43 56 49 53 35 52 44
MDH-B 51 49 87 58 51 64 39 54 53 47 45 47 52

ME-A 48 70 49 55 60 52 48 57 44 48 32 53 41
ME-B 51 55 88 50 45 64 43 46 45 55 49 49 48
ADH-A 90 54 50 55 56 47 52 49 50 54 46 48 47
Pep-A 58 58 58 53 70 52 62 53 52 48 44 54 43
Pep-B 57 57 57 74 47 54 42 40 47 45 51 62 50
Pep-C 50 96 55 59 56 56 46 51 52 50 44 52 49

The genotypes of Ab and ADH-A agreed in constitution with bivalent chro-
mosome No. 1 in 939, and 909, respectively, and the genotypes of a«—GDH,
ME-A and Pep-C agreed with bivalent chromosome No. 2 in 799, 70%, and
969, respectively. The genotypes of MDH-B and ME-B agreed with bivalent
chromosome No. 3 in 879, and 889, respectively, the recombination rates being
139, and 129, respectively. The two loci for these enzymes constitute a linkage
group together with the locus for the olive mutation on bivalent chromosome
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No. 3. The genotypes of LDH-B and Pep-B agreed with bivalent chromosome
No. 4 in 919, and 749%,, respectively, that of Pep—A agreed with bivalent chromo-
some No. 5in 70%,, those of Hb and IDH-B agreed with bivalent chromosome
No. 6 in 989, and 96%,, respectively, and that of protein C agreed with bivalent
chromosome No. 9 in 939%.

As the locus for the olive mutation agreed in constitution with bivalent chromo-
some No. 3 in 1009, this locus is assumed to be situated near the centromere.
In one (No. 3) of wild-type female offspring of female hybrid BN, No. 1 back-
crossed with male Rana nigromaculata NN &, No. 1, bivalent chromosome No. 3

consisted of a pair of Rana nigromaculata chromosomes, one of which had a trans-

located portion of a Rana brevipoda chromosome in the short arm ( E) (Tables 2

N
and 8; Figs. 8d and 9d). Itis assumed that the locus for the olive mutation is

situated near the centromere on the short arm of Rana nigromaculata chromosome
No. 3 (Fig. 12). The genotype (Ii) agreed in constitution with the BN portion
of the short arm where the translocation occurred. In this female, the genotype
of ME-B agreed in constitution with the NN portion of the bivalent chromosome,
while that of MDH-B agreed with the BN portion. Thus, it is assumed that the
locus for MDH-B is situated on the short arm of bivalent chromosome No. 3
at the site of 139, in recombination rate from the centromere, while the locus for
ME-B is situated on the long arm at the site of 129 in recombination rate from
the centromere.

MDH-B——
i
cen%:z\g:ﬁﬁ——x_

SO vl
ME‘B_\ Y
C Fig. 12. Diagram showing the locus for the

olive gene on the short arm of Rana nigromaculata

13>
22 —»|

chromosome No. 3.

DISCUSSION

-.1.- . Color mutations and linkage

Various. color. mutations have been reported by Moore (1942), VorLre (1955,
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1956, 1960, 1961), AnpeErsoN and Vorpre (1958), VorLpE and DascurTta (1962),
BrowbpEer (1968, 1972), RicHarDs, TARTOF and NAceE (1969) and SMmiTH-GILL,
RicrARDS and Nace (1972) in Rana pipiens, by EaLes (1933) and SMALLCOMBE
(1949) in Rana temporaria, by ToruNacAa (1949), Moriva (1952) and NisHIOKA
and Uepa (1977a, 1985a) in Rana nigromaculata, by Darro (1968) and NisHioka
and Uepa (1977b, 1985¢c) in Hpyla arborea japonica, by HopPErskavA (1975) in
Xenopus laevis, by Frost, ELLINGER and MurpHY (1982) in Bombina orientalis
and by Nisuioka and Uepa (1985b) in Rhacophorus schlegeli:.

NisHioxa (1977) has reported that nine kinds of color mutations, blue, grayish-
brown, greenish-olive, bluish-olive, yellowish-olive, brownish-olive, albino,
gray-eyed and black-eyed, were produced by irradiation of eggs or spermatozoa
of Rana nigromaculata with X-rays or neutrons. Of these color mutations, albino,
gray-eyed and black-eyed are due to single recessive genes, m, g and b, respectively.
Of the other six mutations, blue, greenish-olive and bluish-olive are controlled
by recessive genes, xx, 1 and xxiz, respectively, in addition to the presence of a
single dominant gene E, while grayish-brown, yellowish-olive and brownish-
olive are controlled by recessive genes, xx, iz and xxii, respectively, in addition to
the presence of single recessive genes ee. NisHIOKA and Uepa (1977a) have
confirmed that all the three kinds of dermal chromatophores, xanthophores,
iridophores and melanophores, are expanded by gene E, while they are contracted
by genes ee. In the presence of xx, no carotenoid vesicles are produced in each
xanthophore, while in the presence of genes i, the reflecting platelets become
remarkably fewer, smaller and thinner in each iridophore.

The fact that the albinism in amphibians at least is not so single as generally
considered has been found in Hpyla arborea japonica (NisHIOKA and UEeDaA, 1977b)
and in Rana nigromaculata (N1sHIOKA and UEebpa, 1985a). The albinos of Hyla
arborea japonica are sorted into three groups which have different loci on autosomes,
while those of Rana migromaculata are divided into five groups having different
loci on autosomes.

Linkage of two mutant genes has been first reported by HumpHREY (1959)
in Ambystoma mexicanum. According to him, the mutant genes for fluid imbalance
(f) and abnormalities of the gills (g) have loci close together on a chromosome.
Vorpe (1970) and Nack, RicHArRDs and AsHER (1970) have found that diploid
gynogenesis is useful for detecting linkage relationship. They have mapped the
loci for the two dominant mutations, kandiyohi (K) and burnsi (B), on an autosome
in Rana pipiens. WRIGHT, RicHARDS and Nace (1980), WriGHT and RiCHARDs
(1982) and WriGHT, RicHARDS, FrRosT, CAMOzZI and Kunz (1983) have established
six linkage groups from tests for linkage or independent assortment in many locus
pairs found by electrophoretic analyses of numerous enzymes and a few blood
proteins in the offspring of naturally occurring heterozygotes of Rana pipiens.
WricgHT, RicHARDs, FrosT, CaAMOzzI and Kunz (1983) have reported four new
linkage groups from tests in backcrosses of male hybrids between Rana palustris
and Rana pipiens mated with female Rana pipiens. Evrinson (1981, 1983) and
WRIGHT and RicuHarDs (1983) have found a sex-linked locus for an enzyme in
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Rana catesbeiana or Rana clamitans and two sex-linked loci for enzymes in Rana
pipiens, respectively.

2. Detection of chromosomes bearing color mutant genes

While numerous genes for color mutations have been described hitherto,
there has been no report which refers to the chromosomes on which the loci
are situated. The present study could elucidate for the first time the chromo-
somes on which the genes for color mutations are located. It was confirmed that
the two genes for olive and blue mutations are borne on chromosomes Nos. 3 and 8,
respectively.

The detection of chromosomes bearing these loci became possible by using
female offspring of female hybrids between a female Rana brevipoda and a male
Rana migromaculata homozygous for blue and olive genes. The offspring were
produced from these female hybrids by backcrossing with the above male Rana
nigromaculata or by diploid gynogenesis. The combination of the alleles at the
loci for the color mutations was compared with the constitution of each of the
13 bivalent chromosomes in each of the females to detect the chromosomes
corresponding to the alleles.

The use of the lampbrush chromosomes of backcrosses obtained from reciprocal
hybrids between Rana nigromaculata and Rana brevipoda for the purpose of detecting
the chromosomes bearing the loci for seven kinds of proteins has been reported by
Nisa10okA, OHTANI and Sumipa (1980). This kind of experiments was somewhat
extended in the present study and the position of the genes for six additional
enzymes was determined. The results of these studies showed that chromosome
No. 3 bears the gene for olive mutation together with genes for MDH-B and ME-B.
The positions of these three loci on chromosome No. 3 were estimated by agree-
ment or recombination frequencies between the constitutions of genotypes and
those of bivalent chromosomes as well as by examining a wild-type female
backcross hybrid, BN X NN &, in which bivalent chromosome No. 3 consists of
a pair of Rana nigromaculata chromosomes including a translocated portion of a
Rana brevipoda chromosome in the short arm.

Up to the present, the present authors have elucidated that one to three loci
are situated in eight of 13 chromosome pairs as follows: loci for Ab and ADH-A
on chromosome No. 1, a—~GDH, ME-A and Pep-C on No. 2, olive color, MDH-B
and ME-B on No. 3, LDH-B and Pep-B on No. 4, Pep—A on No. 5, Hb and
IDH-B on No. 6, blue color on No. 8, and Protein C on No. 9. The genes
situated on the remaining five chromosome pairs, Nos. 7, 10, 11, 12 and 13,
will be gradually elucidated hereafter by the method of comparing the constitu-
tion between the genotypes and bivalent chromosomes. It is the present authors’
desire to establish more complete chromosome maps in the Rana migromaculata
group. Such chromosome maps will be useful in considering the inheritance
and evolution of anurans.
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SUMMARY

1. The loci for the olive and blue mutations were compared in constitution
with the 13 bivalent (lampbrush) chromosomes of oocytes in mature females
produced from female hybrids between female Rana brevipoda and a male Rana
nigromaculata by backcrossing with a male Rana nigromaculata or by diploid gyno-
genesis in order to determine the chromosomes which bear these loci.

2. The olive and blue mutations were induced in Rana nigromaculata chromo-
somes by irradiation of spermatozoa with 130 rads of neutrons in 1967. The
male Rana nigromaculata used to obtain the above female hybrids was a bluish-
olive mutant (xxuzEE) produced in 1976 from a mating between a female and a
male bluish-olive mutants. The female hybrids were all green (XxIEE). A
deficiency or an inversion was found in the chromosomes derived from Rana
nigromaculata in five of six female hybrids.

3. Two of the six female hybrids (Xx[iEE) were backcrossed with the male
Rana nigromaculata (xxtiEE). Offspring were also produced from the other four
female hybrids by diploid gynogenesis. Lampbrush chromosomes were examined
in 100 of 113 mature females produced from backcrossing and in 34 of 156 mature
females produced by diploid gynogenesis.

4. Ofthe 134 female offspring in total, 68 olive mutants including 38 greenish-
olive and 30 bluish-olive were all NN in the constitution of bivalent chromosome
No. 3. On the other hand, the constitution of alleles agreed with that of bivalent
chromosome No. 3 in all the females. It is evident that the olive mutant gene is
located on Rana migromaculata chromosome No. 3.

5. Of the 134 female offspring, 60 were blue mutants. In 50 of these blue
mutants, bivalent chromosome No. 8 was NN in constitution. On the other
hand, the constitution of alleles agreed with that of bivalent chromosome No. 8
in 114 (85.19,) of them. It is very probable that the blue mutant gene is located
on Rana nigromaculata chromosome No. 8.

6. The olive mutant gene constitutes a linkage group with genes for MDH-B
and ME-B. It is assumed that the olive mutant gene is situated near the
centromere on the short arm of Rana nigromaculata chromosome No. 3, while the
latter two genes are situated on the short and long arms, respectively, at the site
of 139, and 129, in recombination rate from the centromere.

ACKNOWLEDGMENTS

The authors are especially indebted to Emeritus Professor Toshijiro KAwaMURA
for his encouragement and guidance during the course of this work and for his
critical review of the manuscript.

This work was supported by a Grant-in-Aid for Scientific Research from the
Ministry of Education, Science and Culture.



26 M. NISHIOKA and H. OHTANI

LETERATURE

ANDERsON, S. C. and E. P. VoLpe 1958. Burnsi and kandiyohi genes in leopard frog Rana pipiens.
Science, 127: 1048-1050.
BREWER, G. J. 1970. An Introduction to Isozyme Techniques. Academic Press, New York and London,

186 pp.
BrowbDER, L. W. 1968. Pigmentation in Rana pipiens. 1. Inheritance of the speckle mutation. J. Heredity,
59: 163-166.
1972. Genetic and embryological studies of albinism in Rana pipiens. J. Exp. Zool.,
180: 149-155.

Darro, Y. 1968. On albinos in the tree frog, Hyla arborea japonica GONTHER. (In Japanese) Zool. Mag.
(Tokyo), 77: 92-96.

Eargs, N. B. 1933. Albinism in the common frog. Nature, 132: 278-279.

Erinson, R. P. 1981. Genetic analysis of developmental arrest in an amphibian hybrid (Rana catesbeiana,
Rana clamitans). Develop. Biol., 81: 167-176.

1983. Inheritance and expression of sex-linked enzyme in the frog Rana clamitans. Biochem.
Genet., 21: 435-442,

Frost, S. K., M. S. ELLINGER and J. A. MurpHY 1982. The pale mutation in Bombina orientalis: Effects
on melanophores and xanthophores. J. Exp. Zool., 221: 125-129.

GALL, J. G. 1966. Techniques for the study of lampbrush chromosomes. Methods in Cell Physiology 2,
edited by D. M. PrescorT, pp. 37-60. Academic Press, New York.

Horerskava, O. A. 1975. The development of animals homozygous for a mutation causing periodic
albinism (a?) in Xenopus laevis. J. Embryol. exp. Morph., 34: 253-264.

HumrHrEY, R. R. 1959. A linked gene determining the lethality usually accompanying a hereditary fluid
imbalance in the Mexican axolotl. J. Heredity, 50: 279-286.

MOORE, J. A. 1942. An embryological and genetical study of Rana burnsi WEED. Genetics, 27: 408-416.

Morirya, K. 1952. Genetical studies of the pond frog, Rana nigromaculata. I. Two types of Rana nigro-

maculata nigromaculata found in Takata district. J. Sci. Hiroshima Univ., Ser. B., Div. 1, 13:
189-197.

Nacg, G. W., C. M. Ricuarbs and J. H. AsHEr 1970. Parthenogenesis and genetic variability. I. Linkage
and inbreeding estimations in the frog, Rana pipiens. Genetics, 66: 349-368.

Nisaroka, M. 1977. Color variants induced by radiation and their inheritance in Rana nigromaculata.
Sci. Rep. Lab. Amphibian Biol., Hiroshima Univ., 2: 25-89.

Nisaioka, M., H. OuTtant and M. Sumipa 1980. Detection of chromosomes bearing the loci for seven
kinds of proteins in Japanese pond frogs. Sci. Rep. Lab. Amphibian Biol., Hiroshima Univ., 4:
127-184.

Nisaioka, M. and H. Uepa 1977a. An electron-microscopic study on six kinds of color variants induced
by radiation in Rana nigromaculata. Sci. Rep. Lab. Amphibian Biol., Hiroshima Univ., 2: 91-102.

1977b. Genetic and morphologic studies on ten albino stocks in Hyla arborea japonica. Sci.
Rep. Lab. Amphibian Biol., Hiroshima Univ., 2: 103-163.

1985a. Genetics and morphology of 13 albino stocks in the Rana nigromaculata group. Sci.
Rep. Lab. Amphibian Biol., Hiroshima Univ., 7: 1-121.

1985b. Electron-microscopic observation on the dermal chromatophores of normal frogs and
three kinds of color variants in Rhacophorus schlegelii. Sci. Rep. Lab. Amphibian Biol., Hiroshima
Univ., 7: 123-155.

1985c. Two kinds of black-eyed variants in Hyla arborea japonica. Sci. Rep. Lab. Amphibian
Biol., Hiroshima Univ., 7: 157-179.

RicHARDs, C. M., D. T. TarToF and G. W. Nace 1969. A melanoid variant in Rana pipiens. Copeia,
1969: 850-852.

SmaLLcOMBE, W. A. 1949, Albinism in Rana temporaria. J. Genet., 49: 286-290.



Detection of Chromosomes Bearing the Loci for Blue and Olive Mutations 27

SmrrH-GiLL, S. J., C. M. Ricuarps and G. W. Nacke 1972. Genetic and metabolic bases of two “albino”
phenotypes in the leopard frog, Rana pipiens. J. Exp. Zool., 180: 157-167.

Tokunaga, C. 1949. Albino frogs produced by artificial parthenogenesis. J. Heredity, 40: 279-281.

Vourrg, E. P. 1955. A taxo-genetic analysis of the status of Rana kandiyohi WEED. Syst. Zool., 40: 75-82.

1956. Mutant color patterns in leopard frogs. J. Heredity, 47: 79-85.

1960. Interaction of mutant genes in the leopard frog. J. Heredity, 51: 150-155.

1961. Polymorphism in anuran populations. Vertebrate Speciation, edited by W. F. BLAIR,
pp- 221-234. A Univ. of Texas Symposium. Univ. of Texas Press, Austin.

—————- 1970. Chromosome mapping in the leopard frog. Genetics, 64: 11-21.

Vorrg, E. P. and S. Dascupra 1962. Gynogenetic diploids of mutant leopard frogs. J. Exp. Zool.,
151: 287-302.

WricHT, D. A. and C. M. RicHARDs 1982. Peptidase isozymes of the leopard frog Rana pipiens: Pro-
perties and genetics. J. Exp. Zool., 221: 283-293.

1983. Two sex-linked loci in the leopard frog Rana pipiens. Genetics, 103: 249-261.

WricHT, D. A,, C. M. RicHARDs, J. S. FrosT, A, M. CaMozz1 and B. J. Kunz 1983. Genetic mapping
in amphibians. Isozymes: Current Topics in Biological and Medical Research. Genetics and
Evolution, 10: 287-311.

WriGHT, D. A., C. M. RicHARDs and G. M. Nace 1980. Inheritance of enzymes and blood proteins in
the leopard frog, Rana pipiens: Three linkage groups established. Biochem. Genet., 18: 591-616.




