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ABSTRACT — To examine the hybrid origin hypothesis of Rana porosa porosa cytogenetically, the lampbrush chromo-
somes of triparental allotriploids comprising the genomes of R. nigromaculata, R. p. brevipoda, and R. p. porosa were
investigated together with those of their intra- and interspecific hybrids. The behavior of their homologous lampbrush
chromosomes provided little evidence that chromosomal material from R. nigromaculata is present in the genomic
chromosomes of R. p. porosa. On the contrary, it is suggested that R. p. porosa and R. nigromaculata are
phylogenetically more distant than are R. p. brevipoda and R. nigromaculata.

INTRODUCTION

With respect to the differentiation of Rana porosa porosa
Cope, Moriya [13] and Kawamura and Nishioka [4-6] prop-
osed the hypothesis of hybrid origin between R. nigromacula-
ta Hallowell and R. p. brevipoda Ito. This hypothesis was
supported by Kuramoto [7], but questioned by Matsui and
Hikida [12]. Recently, Nishioka et al. [17] offered support
for the hypothesis from electrophoretic analysis, though the
support was not without a tinge of interested consideration.
Although I was a collaborator of the latter paper, I now
question the hybrid origin hypothesis in view of the fact that
the lampbrush chromosomes of R. p. porosa closely resemble
those of R. p. brevipoda, and yet there are no landmarks
derived from R. nigromaculata throughout their axes (unpub-
lished).

The hybrid origin should be demonstrated by comparing
the behavior of lampbrush chromosomes in diploid hybrids
between the above-mentioned three taxa, because the num-
ber of chiasmata that control the behavior of lampbrush
chromosomes changes in accordance with the extent of
similarity between the homologues of parental species [9, 14,
20]. Similarly, when the genomic chromosomes of these
three taxa are placed together in an oocyte, provided that R.
p. porosa receives many dominant and recessive genes from
R. nigromaculata as suggested by Kawamura and Nishioka
[4], some of the chromosomes of R. p. porosa should join
inevitably to those of R. nigromaculata and act as a mediator
in formation of trivalents.

The lampbrush chromosomes of R. nigromaculata are
easily distinguished from those of R. p. brevipoda [16] and R.
p. porosa (unpublished) by size, type, and position of the
landmarks. Thus, the lampbrush chromosomes of tri-
parental allotriploid females were examined to cytogenetical-
ly determine the relative degree of synaptic affinity among the
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chromosomes of these taxa together with those of their intra-
and interspecific hybrid females. This paper describes these
results and a new hypothesis of the differentiation of R. p.
porosa is proposed.

MATERIALS AND METHODS

The female frogs studied are described in Table 1 . The paren-
tal frogs for crosses were from the lineages of R. p. brevipoda
collected from Konko, Okayama Prefecture, R. p. porosa from
Machida, a city of Tokyo, and R. nigromaculata from Hiroshima.
The frogs were crossed by artificial fertilization. Autotriploid frogs
were produced by cooling the fertilized eggs of R. p. brevipoda to
= 1°C for 2 hrs. Two kinds of allotriploid frogs were produced by
inseminating a few diploid ova which brevipoda ■£■ X nigromaculata $
hybrid females spawned with spermatozoa of the two subspecies.
Tadpoles were fed on boiled spinach or chard, and frogs were fed on
houseflies or tropical crickets.

Lampbrush chromosomes were removed from the ovarian eggs
of two-year-old females just prior to hibernation (November) accord-
ing to Gall's method with a slight modification [1, 20], and examined
under a phase-contrast microscope. The abbreviations B, P, and N
refer to brevipoda, porosa, and nigromaculata chromosomal sets,
respectively. The letters in parentheses indicate the sources of
cytoplasm. Chiasma frequencies per oocyte were compared using
Student's or Aspin-Welch's Mest. Chi-square test also was used for
the comparison of chiasma numbers in two kinds of allotriploids.

RESULTS

Autotriploid (B)BBB
Lampbrush chromosomes from 60 oocytes were analyzed

in detail. All the oocytes contained 39 lampbrush chromo-
somes consisting of 13 triplets of homologues that belonged to
five large chromosomes numbered 1 to 5 and eight small
chromosomes numbered 6 to 13. These lampbrush chromo-
somes formed eight or more trivalents in all the oocytes; it
was notable that those of six oocytes formed exclusively 13
trivalents (Table 2). All the chromosomes other than those
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Table 1. Kind, origin, and number of female frogs used in the present study

Kind
Parental Origin

Female Male
Number of

females
Autotriploid
(B)BBB (3n = 39)
Allotriploid
(B)BBN (3n=39)
Allotriploid
(B)BPN (3n=39)
Diploid hybrid
(P)PB (2n = 26)
Diploid hybrid
(P)PN (2n=26)
Diploid hybrid
(N)NP (2n=26)
Non-hybrid
(P)PP (2n = 26)

R. p. brevipoda

brevipoda % X nigromaculata $

brevipoda -£ X nigromaculata $

R. p. porosa

R. p. porosa

R. nigromaculata

R. p. porosa

R. p. brevipoda

R. b. brevipoda

R. b. porosa

R. p. brevipoda

R. nigromaculata

R. p. porosa

R. p. porosa

5

5

4

9

9

8

11

Table 2. Number of oocytes having tri-, bi- and univalents in
various combinations in the three kinds of triploids

No.  of  No.  of  No.  of  Kind
trivalents bivalents univalents (B)BBB (B)BBN (B)BPN

13
(39)

Total 60

Numbers in parentheses show numbers of lampbrush chromo-
somes forming tri-, bi-, or univalents.

of the trivalents formed bivalents and univalents of the same
number.

The number of trivalents in chromosome Nos. 1 to 13 is
presented in Table 3. Of the 655 trivalents, 189 joined three

homologues in juxtaposition by four to 12 chiasmata and
rarely by terminal fusions (Fig. 1A). In 359 other trivalents,
two of the three homologues were joined by two to eight
chiasmata and the rest was joined to one of them by one to
three chiasmata, a terminal fusion, or both, in addition (Fig.
IB). In the remaining 107 trivalents, the three homologues
were joined in tandem by one or two chiasmata or a terminal
fusion (Fig. 1C).

In chromosome Nos. 1, 4, 6-9 and 12, the chiasma
frequencies were about 1.5 times higher than those of diploid
R. p. brevipoda (Table 4). Those of the remainder were
slightly lower than 1.5 times. The number of chiasmata in
each oocyte was between 35 and 76 (average, 55.0) in total.

Allotriploid (B)BBN
Lampbrush chromosomes from 57 oocytes were analy-

zed. Eleven of these oocytes, an aneuploid one (3n-2)
lacking the nigromaculata chromosomes of Nos. 2 and 8, and
10 hexaploid ones, were omitted from the analysis. The
remaining 46 oocytes contained 39 lampbrush chromosomes
consisting of one nigromaculata and two brevipoda chromo-
somes in each of. the 13 homologue triplets (Fig. 2). These
chromosomes formed one to five trivalents in 33 oocytes
(Table 2). The remaining 13 oocytes had no trivalents. All
the chromosomes other than those of the trivalents formed
bivalents and univalents of the same number, or simply
univalents; two oocytes contained only 39 univalents.

In 64 of the 65 trivalents, a nigromaculata chromosome
was always joined to one of the two brevipoda chromosomes
by one or two chiasmata, a terminal fusion, or both, in
addition (Table 3). The remaining one trivalent was seen in
chromosome No. 6 and arranged three homologues of, in
order, brevipoda, nigromaculata and brevipoda, which were
each joined by one chiasma in tandem. On the other hand,
in 507 triplets of homologues forming a bivalent and a
univalent, the bivalent always consisted of two brevipoda
chromosomes, and the univalent of a nigromaculata chromo-
some. In the remaining 26 triplets of homologues, they
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Table 3. Behavior of homologous lampbrush chromosomes in each of the 13 triplets in the three kinds of triploids

Kinds

The abbreviations b, p, and n indicate brevipoda, porosa, and nigromaculata lampbrush chromosomes, respectively.
"-" indicates a connection between two homologues.
* Joining was effected between brevipoda and nigromaculata chromosomes.

Fig. 1. Microphotographs of trivalents of chromosome Nos. 3 (A)
and 10 (B and C) in an autotriploid, (B)BBB. Arrows indicate
the positions of chiasmata. c and s represent compound- and
simple-type giant loops, respectively. Bar=50/im.

remained as univalents.
In all the trivalents, nigromaculata and brevipoda

chromosomes were joined by 57 (3%) chiasmata in total

except for the terminal fusions. By contrast, joining of two
brevipoda chromosomes in the bivalents and trivalents was by
2033 (97%) chiasmata in total except for the terminal fusions.

The chiasma frequencies in chromosome Nos. 1 to 13
were about 1.2 times higher than those of diploid R. p.
brevipoda except in chromosome Nos. 11 and 13, though the
chiasmata for nigromaculata and brevipoda chromosomes
accounted for no more than 3% of the total (Table 4). The
number of chiasmata in each oocyte was between and 60
(average, 45.4) in total. This average value was different
from that of the diploid R. p. brevipoda (f=3.7, P<0.001) or
the autotriploid (B)BBB (t=4A, P<0.0001).

Allotriploid (B)BPN
Lampbrush chromosomes from 41 oocytes were analy-

zed. Sixteen of the 41 oocytes were seven aneuploid oocytes
of 3n-l (three), 3n-2 (two), and 3n-5 (two), and nine hexa-
ploid oocytes; all of which were omitted from the analysis.
In the remaining 25 normal triploid oocytes in which each
triplet of homologues consisted of one brevipoda, one porosa,
and one nigromaculata chromosomes, the lampbrush
chromosomes were somewhat similar in behavior to those of
the other allotriploid (B)BBN (Table 2). In 11 oocytes they
formed one to seven trivalents, while all the chromosomes
other than those of the trivalents formed bivalents and
univalents of the same number (Fig. 3). In six other oocytes
they formed 13 bivalents and 13 univalents. The remaining
eight oocytes had only 39 univalents.

Of the 33 trivalents, 31 joined a nigromaculata chromo-
some to either of the brevipoda and porosa chromosomes by
one or two chiasmata, a terminal fusion, or both, in addition
(Table 3). The remaining two trivalents arranged three
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* Data from [20]

mm  5

Fig. 2. Microphotographs of the lampbrush chromosomes in an oocyte of an allotriploid, (B)BBN. Number represents the chromosome
number. B and N represent brevipoda and nigromaculata chromosomes, respectively. Two brevipoda chromosomes form a bivalent and
one nigromaculata chromosome forms a univalent in chromosome Nos. 1 to 13 except for 5 and 10. The three homologues of chromosome
Nos. 5 and 10 form a trivalent which joins a nigromaculata chromosome to one of the two brevipoda chromosomes by a single chiasma.
Arrows indicate the positions of chiasmata. Bar = 50//m.

homologues of, in order, brevipoda, nigromaculata and poro-
sa; the three homologues of chromosome No. 11 were each
joined by one chiasma in tandem, and those of chromosome
No. 12 also were joined by two chiasmata and by a terminal
fusion. In 183 of the 188 triplets of homologues forming a
bivalent and a univalent, the bivalents consisted of brevipoda
and porosa chromosomes, and the univalents of nigromacula-

ta chromosomes. In the remaining five triplets of homo-
logues, bivalents included a nigromaculata chromosome.

In the bivalents and trivalents, joining of nigromaculata
and brevipoda or porosa chromosomes was effected by 35
(4%) chiasmata in total except for terminal fusions. In
contrast, brevipoda and porosa chromosomes were joined by
857 (96%) chiasmata in total except for the terminal fusions.
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Fig. 3. Microphotographs of the lampbrush chromosomes in an oocyte of a triparental allotriploid, (B)BPN. The number in each photograph
represents the chromosome number. The abbreviation N in photographs 7, 8, 9 and 12 represents a nigromaculata chromosome.
Although landmarks did not develop very much in this preparation, nigromaculata chromosomes are infallibly distinguished from those of
brevipoda and porosa . Two brevipoda and porosa chromosomes form a bivalent and one nigromaculata chromosome forms a univalent, in
chromosome Nos. 1 to 13 except 7, 8, 9, and 12. The homologues of chromosome Nos. 7, 8, 9, and 12 form a trivalent which joins a
nigromaculata chromosome by a single chiasma (arrow, in Nos. 7, 8, and 9), and by a terminal fusion (arrow head, in No. 12). Bar=50 /um.

These values were not different from those in the other
allotriploid  (B)BBN  (f=3.0,  P=0.08).

The chiasma frequencies in chromosome Nos. 1 to 13
were generally much lower than in another allotriploid
(B)BBN (Table 4), but the total number of chiasmata in each
oocyte (0-67, average =35.7) was not different from that of
(B)BBN(f=1.8,  P=0.09).

Intraspecific hybrid (P)PB
In the 30 oocytes examined, all the lampbrush chromo-

somes formed 13 bivalents like those of parental subspecies
R. p. brevipoda and R. p. porosa (Table 5). The bivalents
had one to eight chiasmata. When the chiasma frequency in
chromosome Nos. 1 to 13 was compared with those of the two
parental subspecies, those of chromosome Nos. 2, 3 and 9



470 H. Ohtani

Table 5. Number of oocytes having bi- and univalents in
various combinations

No.  of  No.  of  Kind
bivalents univalents (P)PP (B)BB* (P)PB (P)PN (N)NP

13
(26)

50 50 30

Total 50 50 30

24

Numbers in parentheses show numbers of lampbrush chromo-
somes forming bi- or univalents.
* Data from [20]

were far lower, but those of the remaining chromosomes were
similar (Table 4). The number of chiasmata in each oocyte
was between 30 and 44 (average, 35.8) in total. This average
value was different from that of R. p. brevipoda (f=3.3, P=
0.001) or R. p. porosa (f=3.4, F=0.001).

Interspecific hybrid (P)PN and (N)NP
In 24 and 27 of the respective 30 oocytes examined, all

the lampbrush chromosomes formed bivalents of which the
homologues were connected by one to six chiasmata, terminal
fusions, or both (Table 5). The remaining six and three
oocytes had two or four univalents with 12 or 11 bivalents.
The chiasma frequency in chromosome Nos. 1 to 13, except
for No. 10, was far lower than those of the two parental
species, R. p. porosa and R. nigromaculata, and the porosa %-
X brevipoda $ intraspecific hybrid (Table 4). The total
number of chiasmata in each oocyte was between 15 and 32
(average, 25.2) in the porosa^- nigromaculata § hybrid and
between 16 and 33 (average, 26.0) in the reciprocal hybrid.
Although the average values did not differ between these
reciprocal interspecific hybrids (f=0.8, P=0.45), they were
significantly lower than those of the brevipoda ■£ X
nigromaculata  §  hybrid  (f=4.8,  F<0.0001)  and  the
nigromaculata £x brevipoda £ hybrid (f=3.5, P<0.001).

DISCUSSION

Kawamura and Nishioka [4, 5] suggested that the incep-
tion of R. p. porosa was natural hybrids between R. nigroma-
culata and R. p. brevipoda. They also assumed that the
newly divided population received subspecies rank as a result
of accumulation of nigromaculata genes; such accumulation
made it impossible to distinguish R. p. porosa from inter-
specific hybrids between R. p. brevipoda and R. nigromacula-
ta by external appearance. However, as White [23] stressed,
the presence of three related species, A, B, and C, forming a
linear series with B as an intermediate form between the
other two, does not necessarily imply that B is a species of
hybrid origin.

In localized hybrid zones where two populations of
closely related species come into contact, there are cases

where many hybrid individuals and their descendants are
produced [2, 8]. Nevertheless, the fact remains that there is
often strong selection against hybrids within the hybrid zone,
without the influence of introgression beyond the zone [3,
22]. In R. p. porosa also [17], the electrophoretic patterns
caused by introgression of R. nigromaculata genes were found
in some of the R. p. porosa collected from two stations where
R. p. porosa coexists with R. nigromaculata, whereas they
were not found in any of the R. p. porosa collected from eight
other stations where R. p. porosa exists alone. Nishioka et
al. [17] did not touch upon the latter case in supporting the
hybrid origin hypothesis, though the former case was pointed-
ly emphasized.

Results of the present study offer little support for the
hypothesis of hybrid origin of R. p. porosa. While the
autotriploid (B)BBB formed trivalents in 655 (84%) of the
780 triplets, both the allotriploids (B)BBN and (B)BPN only
formed them in 65 (11%) of the 598 triplets and in 33 (10%)
of the 325 triplets, respectively. If the chromosomes of R. p.
porosa had received great numbers of dominant and recessive
genes from R. nigromaculata, the homologues of the allotri-
ploid (B)BPN should have formed far more trivalents
through the intermediation of a porosa chromosome.
However, those chiasmata for the allospecific chromosomes
represented no more than 4% of the total, which was the
same as the ratio of the other allotriploid (B)BBN.

The chiasma frequencies per oocyte of the reciprocal
interspecific hybrids between R. p. porosa and R. nigromacu-
lata were 25.2 ((P)PN) and 26.0 ((N)NP), both much lower
than those for the two parental species (39.0 and 38.6) and
the porosa $-X brevipoda $ intraspecific hybrid (35.8).
Moreover, these values were significantly lower than those of
other reciprocal interspecific hybrids between R. p. brevipoda
and R. nigromaculata (28.9 and 27.6). Therefore, R. p.
porosa and R. nigromaculata must be phylogenetically more
divergent than are R. p. brevipoda and R. nigromaculata.

I propose that the incipient population of R. p. porosa
occurred simply as a result of geographical isolation.
Populations of the pond frogs are susceptible to isolation in
the area where a range of mountains reaches down to the
coastline, since they are typical inhabitants of streams and
marshes in the coastal plains. It seems probable that an
ancestral distributional range of R. porosa which continuous-
ly existed along the Pacific coast of Honshu Island was
divided into two geographical isolates, one eventually giving
rise to R. p. porosa and the other to R. p. brevipoda, by the
disappearance of the habitats in the mountainous Izu-Hakone
areas. This isolation might be attributed to the upheaval
caused by a collision between the central Honshu region and
ancient Izu island (now a peninsula) about 0.5 million years
ago [10]. In fact, if Nei's divergence time (1D = 5 million
years) [15] is available for a small genetic distance value, the
divergence time of the two subspecies will be estimated from
their genetic distance data (0.130—0.249, average = 0.189)
[17] at 0.95 + 0.2 million years (the average was limited using
Chebyshev's theorem (k = 2)). This divergence time seems
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not to be so distant from the assumptive time of the collision.
In addition, this upheaval has defended the Kan to plain from
the invasion of R. nigromaculata [21]. Matsui [11] has
reported that Japanese common toad, Bufo japonicus
Schlegel, is divided into northeastern and southwestern types
on the basis of morphometric variation analyses by the central
Honshu region as a dividing line. Such geographic division
seems to have affected the populations of Rana japonica
Giinther and Rana rugosa Temminck & Schlegel also. Their
dendrograms based on genetic distance data [18, 19] suggest
it, and the divergence times between the Tokai and Kanto
populations are 0.50 + 0.3 million years in R. japonica and
0.60 + 0.2 million years in R. rugosa.
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