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Effects of Ultraviolet Rays on the Sperm of Rana japonica

II. Chromosome Aberrations Induced by UV-irradiation
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INTRODUCTION

In Part I of the present study, NisHioka, OkumoTo and Konpo (1981) reported
that in the Japanese brown frog, Rana japonica, the longer or shorter than 10
seconds the period of UV-irradiation of sperm at 24 erg/mm?/sec, the higher
was the survival rate including both normal and abnormal individuals at the hatch-
ing stage. When the period of irradiation was increased, normal diploids rapidly
decreased in number, while gynogenetic haploids gradually increased. When
eggs were inseminated with sperm irradiated for 30, 40 and 60 seconds, 91%,,
999, and 1009, of the survivals at the hatching stage were haploids, respectively.
It is very probable that a small UV dose damaged completely or incompletely
the multiplying function of a few chromosomes of some spermatozoa, while a
large dose completely destroyed the function of all the haploid chromosomes.

In contrast to such a probability, Pocany (1971) observed in Rana pipiens
that embryos exposed to a low irradiation dosage were most severely affected in
spite of their diploid constitution. Although he (1976) subsequently confirmed
that the most impaired survival was accompanied with aneuploid chromosomal
conditions, he recognized a relatively long period of time at lower doses during
which the exposure to UV was attended by highly abnormal growth without a
loss of chromosomes.

It seemed interesting to the present authors to examine the existence of UV
doses which would induce abnormal embryonic development without being ac-
companied by chromosome aberrations. In order to clarify this in the Japanese
brown frog, Rana japonica, they inseminated eggs with sperm which had been ir-
radiated with low UV doses and observed the developmental capacity and
chromosome aberrations of embryos and tadpoles raised from these eggs. The
results of these experiments will be reported here.

* Present address: Research Institute for Nuclear Medicine and Biology, Hiroshima University
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MATERIALS AND METHODS

Male and female Rana japonica GUNTHER were collected in the surburbs of
Hiroshima. Eggs were obtained from 15 females by pressing their abdomen
shortly after natural ovulation. The eggs of each female were divided into
several parts and inseminated as soon as possible with irradiated or non-irradiated
sperm. Sperm suspension was made from each male by crushing the testes in
5 ml of Cl-free tap-water. Before irradiation, 0.5 ml of sperm suspension was
poured into a vial bottle which was 2 cm in both diameter and height and had a
flat bottom. Then, the bottle was placed under an ultraviolet lamp (GUL-
5-J type, Toshiba KK) operated at 125 mA at a distance of 28.0 cm from the
lamp. The UV-ray generated from this lamp was 2537 A in main wave length
and 16 erg/mm?/sec in energy level.

While one part of the eggs of each female was inseminated with non-irradiated
sperm as the control, three other parts were inseminated with sperm irradiated
for 3, 5 and 8 seconds which had been known from a preliminary examination to
cause about 25%, 50% and "759%, lethahty at the hatching stage, respectively.
In addition to these parts, another part was inseminated with sperm irradiated
for 10 seconds and four others were inseminated with sperm irradiated for 15,
20, 40 and 60 seconds, respectively. The eggs of one female were always ex-
cluswely inseminated with sperm of a single male.

Embryos and young tadpoles were reared in PETrI dishes 18 cm in diameter
whlch contained Cl-free tap-water. Tadpoles at the age of more than 20 days
were reared in enameled iron-vessels which were 23 cmx 34 cm x5 cm in size.
Tadpoles were fed on boiled spinach.

Chromosome preparations were made by the squash method with water pre-
treatment (MakiNo and NisHIMURA, 1952). Abnormal embryos and tadpoles
were put in colchicine solution (200 mg/liter) for 10~15 hours immediately
before death and then squashed. The chromosomes of viable tadpoles pro-
duced from three females were examined in their tail-tips at TAYLOR and KoLLRos’
stage X when they were 30~40 days old. While the viable tadpoles produced
from one of the three females were put in colchicine solution before removing
their tail-tips, those produced from the other two females were not treated with
colchicine. The latter tadpoles were reared until the completion of metamor—
phosis in order to observe their morphological characteristics. :

The developmental stages reported in-this paper follow those of Rana pipiens
estabhshed by SHUMWAY (1940) and TAYLOR and KoLLros (1946) for convenience
ake S _ :
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OBSERVATION

L. Viability and morpholog y

When survivals including normal and abnormal individuals raised from eggs
of 15 females by inseminating with sperm irradiated for 3~60 seconds were
examined at the hatching stage, the proportions of them to the respective total
number of eggs were 839,, 80%,, 55%, 32%, 17%, 8%, 5%, 699% and 929, in
the control and eight experimental series derived from sperm irradiated for 3, 5,
8, 10, 15, 20, 40 and 60 seconds, respectively. It was found that the survival
ratio was the lowest by exposure for 15 or 20 seconds and rapidly recovered by
exposure for 40 seconds. The HErTwIG effect was evident in this case.

Normal, diploid-shaped individuals distinctly decreased in number with in-
crease in dosage. While 929, of the total individuals was such in the control
series, 57%, 32%,, 7%, 7% and 2%, were those in the series exposed for 3, 5, 8, 10
and 15 seconds, respectively. There were no normally diploid-shaped individ-
uals in the series exposed for 20, 40 and 60 seconds. In contrast to them, ab-
normal individuals other than haploid-shaped ones rapidly increased in number
as the UV dosage was increased, and they attained the maximum by exposure for
10 or 15 seconds. The earliest abnormality was incomplete gastrulation from
which exogastrulae or hemi-embryos were produced. At the tail-bud stage,
abnormal embryos such as those with spina bifida, acephalia, ascites, warty sur-
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Fig. 1. Distribution curves of various types of embryos and tadpoles.
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faces, shortened trunk or shrunk tail appeared abundantly in the series of sperm
irradiated for 5~40 seconds. At the feeding tadpole stage, there were some
individuals in the series exposed for 3~15 seconds whose body was edematous,
underdeveloped or twisted. These abnormal tadpoles were more numerous
in the series of sperm irradiated for a period shorter than those in the series of
sperm irradiated for a longer period. Embryos of typically haploid shape began
to appear in the series of sperm irradiated for 3 seconds and gradually increased
in number with increase in UV dosage. In the series of sperm irradiated for
40 and 60 seconds, 639, and 889, of the respective number of normally cleaved
eggs were of typically haploid shape (Fig. 1).

II. Chromosomes

Chromosomes were examined in embryos and tadpoles raised from eggs of
three females. The number of analyzed mitoses in each individual was usually
4~7. All the individuals were divided into two categories, viable and inviable.

%) Dicentric (viable ind.)
154 Ring (viable ind.)
Dicentric (inviable ind.)
Ring (inviable ind.)
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Fig. 2. Frequencies of dicentric and ring chromosomes in viable and inviable individuals
raised from UV-irradiated sperm,
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The viable individuals were tadpoles which lived for more than 40 days after
hatching, while the inviable ones were those which were abnormal at the tail-bud,
hatching or earliest feeding tadpole stage. The mitoses of inviable individuals
were mostly aneuploid, being intermediate between 13 and 26 in chromosome
number. Besides, they frequently contained one or more dicentric or ring
chromosomes. Viable individuals often contained hyper- or hypodiploid mitoses
in addition to diploid ones. There were also one or more mitoses having a di-
centric or ring chromosome in a few viable individuals. When chromosomes
were examined in many individuals raised from eggs inseminated with irradiated
sperm, a definite interrelation was evident between UV dosage and chromosome
aberrations in both viable and inviable individuals (Fig. 2).

1. Inviable individuals

Three groups (1~3) of inviable individuals raised from eggs of three females
(Nos. 1~3) were examined in terms of chromosomes. Frequency distributions
of various chromosome numbers were pursued in each experimental series of each
group. The mean and median values of chromosome numbers in each experi-
mental series were also calculated.

a. Group |
Eggs of female No. 1 were inseminated with sperm irradiated for 3, 5 or 10
seconds. Frequency distributions of various chromosome numbers in three
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Fig. 3. Frequency distributions of various chromosome numbers in inviable individuals raised
from UV-irradiated sperm in group 1 of experimental series.
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experimental series are shown in Fig. 3. In the series of sperm exposed to UV
for 3 seconds, the chromosome numbers of 45 mitoses from 12 inviable individuals
had a very high peak at 23 and were almost bisymmetrically arranged. They
were also 23 in median value. In addition to the chromosome numbers shown
in Fig. 3, 34 and 50 chromosomes were counted in two mitoses. There were
three dicentric and two ring chromosomes in the 45 mitoses. It was remarkable
that diploid mitoses were extremely lower in {frequency than hypodiploid ones.
In the series of sperm exposed for 5 seconds, the chromosome numbers of 93
mitoses from 26 individuals had a peak in the range including 21, 22 and 23 and
were almost bisymmetrically arranged. They were 22 in median value. In
addition to the chromosome numbers shown in Fig. 3, 36 chromosomes were
counted in two mitoses, while 38, 42, 46 and 51 chromosomes were counted in
four mitoses. There were five dicentric and five ring chromosomes in the 93
mitoses. In the series of sperm exposed for 10 seconds, the chromosome numbers
of 136 mitoses from 43 individuals had a considerably high peak at the haploid
number (13) and gradually diminished in frequency toward the larger chromo-
some numbers. They were 16 in median value and mostly distributed between
12 and 30. However, in addition to the chromosome numbers shown in Fig. 3,
40, 41 and 48 chromosomes were counted in three mitoses. There were 11
dicentric and 12 ring chromosomes in the 136 mitoses. It was noteworthy that
haploid mitoses appeared in a high frequency though they were not' found in
inviable individuals of the series of sperm exposed for 3 seconds.

The mean values of chromosome numbers in the three experimental series of
sperm exposed for 3, 5 and 10 seconds were 21.94-1.3; 21.34+1.0 and 17.440.7,
respectively. It is remarkable that the mean value of chromosome numbers
became smaller with increase in UV dosage, although there was no significant
difference between the series of sperm exposed for 3 seconds and that of sperm
exposed for 5 seconds.

b. Group 2

Eggs of female No. 2 were inseminated with sperm irradiated for 3, 5 or 8
seconds. Frequency distributions of various chromosome numbers are shown in
Fig. 4. In the series of sperm exposed for 3 seconds, the chromosome numbers of
47 mitoses from nine individuals had a very high peak at 23 and were almost
bisymmetrically arranged between 18 and 29. They were also 23 in median
value. Diploid mitoses were remarkably low in frequency as compared with
those of 23 chromosomes. No haploid mitoses were found in this series. Neither
dicentric nor ring chromosome was also found in the 47 mitoses.  In the series of
sperm exposed for 5 seconds, the chromosome numbers of 273 mitoses from 42
individuals had a peak in the range including -2}, 22 and 23 and were almost
bisymmetrically arranged. They were 21 in median.value. In addition to
the chromosome numbers shown in Fig. 4, 35, 36, 37, 38 and 46 chromosomes
were counted in five mitoses. . There were 13 dicentric and six ring chromosomes
in the 273 mitoses. In the series of sperm exposed for 8 seconds, the chromosome
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204 Group 2
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Fig. 4. Frequency distributions of various chromosome numbers in inviable individuals raised
from UV-irradiated sperm in group 2 of experimental series.

numbers of 233 mitoses from 47 individuals had a peak in the range including
20, 21, 22 and 23 and were almost bisymmetrically arranged. They were 21
in median value as those in the series of sperm exposed for 5 seconds. In addition
to the chromosome numbers shown in Fig. 4, 35, 36, 38, 41 and 45 chromosomes
were counted in five mitoses. There were seven dicentric and 18 ring chromo-
somes in the 233 mitoses.

The mean values of chromosome numbers in the three experimental series of
sperm exposed for 3, 5 and 8 seconds were 23.3+1.4, 21.240.5 and 21.440.5,
respectively. It was evident that the mean value of chromosome numbers became
smaller as the dose of irradiation was increased as observed in group 1 of experi-
mental series, although there was no difference in this respect between the series
of sperm exposed for 5 seconds and that of sperm exposed for 8 seconds.

c. Group 3 ,

Eggs of female No. 3 were inseminated with sperm exposed to UV for 3,5 or
8 seconds. Frequency distributions of various chromosome numbers are shown
in Fig. 5. In the series of sperm exposed for 3 seconds, the chromosome numbers
of 87 mitoses from 11 individuals had a peak in the range including 22; 23 and 24,
were mostly arranged between 17 and 25 and were 22 in median value. In ad-
dition to the chromosome numbers shown in Fig. 5, 43 chromosomes were counted
in one mitosis. Neither dicentric nor ring chromosomes were found in the 87
mitoses. In the series of sperm exposed for 5 seconds, the chromosome numbers
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Fig. 5. Frequency distributions of various chromosome numbers in inviable individuals raised
from UV-irradiated sperm in group 3 of experimental series.

of 131 mitoses from 22 individuals had a peak in the range including 22, 23, 24
and 25, were mostly arranged between 20 and 26 and were 23 in median value.
In addition to the chromosome numbers shown in Fig. 5, 36 and 37 chromosomes
were counted in two mitoses. There were two dicentric and five ring chromo-
somes in the 131 mitoses. In the series of sperm exposed for 8 seconds, the
chromosome numbers of 181 mitoses from 26 individuals had a peak at 22, were
mostly arranged between 15 and 25 and were 20 in median value. In addition
to the chromosome numbers shown in Fig. 5, 46 chromosomes were counted in
one mitosis. There were four dicentric and seven ring chromosomes in the 181
mitoses.

The mean values of chromosome numbers in the three experimental series of
sperm exposed for 3, 5 and 8 seconds were 21.54-0.8, 22.7+0.7 and 20.040.6,
respectively.

d. Three groups

Frequency distributions of various chromosome numbers observed in the total
sum of the inviable individuals belonging to the above three groups are shown
in Fig. 6. In the series of sperm exposed for 3 seconds, the chromosome numbers
of 180 mitoses from 32 individuals had a high peak in the range including 22, 23
and 24 and were almost bisymmetrically arranged. Their median value was
23. In the series of sperm exposed for 5 seconds, the chromosome numbers of
497 mitoses from 90 individuals had a comparatively low peak in the range
including 20~25 and were almost bisymmetrically arranged. The median
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Fig. 6. Frequency distributions of various chromosome numbers in inviable individuals raised
from UV-irradiated sperm in 3 groups of experimental series.

value was 22. In the series of sperm exposed for 8 seconds, the chromosome
numbers of 414 mitoses from 73 individuals had also a low peak in the range

including 18~24 and were almost bisymmetrically arranged. The median

The chromosome numbers of inviable individuals in the series
They had a

value was 21.
of sperm exposed for 10 seconds were already described in group 1.

peak at 13 and were 16 in median value.
The mean values of chromosome numbers of inviable individuals in the four

experimental series of sperm exposed for 3, 5, 8 and 10 seconds were 22.2-+0.5,
21.640.4, 20.84+0.4 and 17.44-0.7, respectively. There were significant differ-
ences in mean values of chromosome numbers between the series of sperm ex-
posed for 3 seconds and that exposed for 8 seconds and between the series of
sperm exposed for 8 seconds and that of sperm exposed for 10 seconds. The
frequencies of the diploid chromosome number (26) were only 5.09,, 3.29%,

2.7% and 2.29%, in the series of sperm exposed for 3, 5, 8 and 10 seconds, re-
In each of these four series, there were a few mitoses which were

spectively.
34 ~51 in chromosome number.
2. Viable individuals

Although tadpoles that lived for more than 40 days after hatching were sorted as

viable individuals, a small number of them especially in the series of sperm
Moreover, a part of the viable

exposed for 3 or 5 seconds could not grow further.



78 M. NISHIOKA and K. TANAKA

individuals was not always completely normal in external characters. The
chromosomes of viable tadpoles raised from eggs inseminated with sperm ir-
radiated for 3, 5, 8 or 10 seconds were examined. These tadpoles were produced
from the same three females (Nos. 1, 2 and 3) as those of the inviable individuals
described above.

a. Group 1

Eggs of female No. 1 were inseminated with sperm irradiated for 3, 5 or 10
seconds. In contrast to the inviable individuals produced from the same female,
the viable tadpoles were mostly 26 in chromosome number, as shown in Fig. 7.
However, they had much more numerous aneuploid mitoses than the controls.
In the control series, 106 (87.6%) out of 121 mitoses from 29 tadpoles were
diploid (26), while 12 others were aneuploids containing 22~30 chromosomes.
Another mitosis was haploid and the remaining two were triploid. Neither
dicentric nor ring chromosome was found in the 121 mitoses. In the series of
sperm exposed for 3 seconds, the chromosome numbers of 122 mitoses from 23
tadpoles were mostly distributed between 21 and 31. Although a peak of the
frequency distribution was situated at 26, it was the lowest among those of the
three series of sperm exposed for 3, 5 and 10 seconds; only 31 (25.49%,) mitoses
were diploid, 88 others contained 14~37 chromosomes and the remaining three
were haploid. The median value of the chromosome numbers was 25. In the
series of sperm exposed for 5 seconds, the chromosome numbers of 326 mitoses
from 48 tadpoles were mostly distributed between 21 and 28 and had a very high
peak at 26. While 178 (54.69%,) were diploid, 139 contained 14~32 chromo-
somes, six others were haploid and the remaining three were triploid. A single
dicentric chromosome was found in one of the 326 mitoses. The median value
of the chromosome numbers was 26. In the series of sperm exposed for 10
seconds, the chromosome numbers of 47 mitoses from nine tadpoles were distrib-
uted between 20 and 27 except two triploid mitoses. They had a high peak at
26; 17 (36.29,) mitoses were diploid. The median value of chromosome numbers
was 25.

The mean values of chromosome numbers in the control series and the three
experimental series of sperm exposed for 3, 5 and 10 seconds were 25.94+0,2,
24.74-0.6, 25.0+0.3 and 24.24-0.5, respectively.

b. Group 2

Eggs of female No. 2 were inseminated with sperm irradiated for 3, 5 or 8
seconds. The viable tadpoles raised from these eggs were mostly 26 in chromo-
some number and had more numerous aneuploid mitoses than those of the
controls (Fig. 8). In the control series, 72 (83.7%,) out of 86 mitoses from 23
tadpoles were diploid, while the other 14 contained 24, 25, 27 or 28 chromosomes.
A single ring chromosome was found in one of the 86 mitoses. The chromosome
numbers of tadpoles belonging to each of the three experimental series were
also 26 in median value. In the series of sperm exposed for 3 seconds, the chromo-
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some numbers of 81 mitoses from 24 tadpoles were mostly distributed between
24 and 28 and had a high peak of their frequency distribution at 26, although
this peak was the lowest among those of the three series of sperm exposed for
3, 5 and 8 seconds. Ouly 31 (38.39,) mitoses were diploid, while 37 others
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Fig. 7. Frequency distributions of various chromosome numbers in viable individuals raised
from UV-irradiated sperm in group | of experimental series.
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contained 24, 25, 27 or 28 chromosomes and the remaining 13 contained 20~23,
29, 32~34, 39 or 51 chromosomes. The 27 chromosomes were comparatively
abundant and were found in 16 (19.89,) mitoses. In the series of sperm exposed
for 5 seconds, the chromosome numbers of 52 mitoses from eight tadpoles were
mostly distributed between 22 and 29 and had a peak at 26 which was somewhat
higher than that of the series of sperm exposed for 3 seconds. Twenty-four
(46.1%,) mitoses were diploid, while 24 others contained 23~29 chromosomes
except 26. The remaining four mitoses contained 17, 18, 19 or 30 chromosomes.
In the series of sperm exposed for 8 seconds, the chromosome numbers of 12
mitoses from seven tadpoles were distributed between 23 and 30.

The mean values of chromosome numbers in the control series and the three
experimental series of sperm exposed for 3, 5 and 8 seconds were 26.04-0.2,
26.4+0.5, 24.74-0.6 and 26.54-1.0, respectively. Neither dicentric nor ring
chromosomes were found in these three experimental series.

c. Group 3

Eggs of female No. 3 were inseminated with sperm irradiated for 3, 5 or 8
seconds. The viable tadpoles raised from these eggs were mostly 26 in chromo-
some number and had more numerous aneuploid mitoses than those of the con-
trols. The chromosome numbers in each of the three experimental series of sperm
exposed for 3, 5 and 8 seconds were 26 in median value (Fig. 9). In the control
series, 75 (78.9%,) out of 95 mitoses from 27 tadpoles were diploid, while 17 others
contained 20~30 chromosomes except 26. The remaining three mitoses con-
tained haploid, triploid and tetraploid chromosomes. In the series of sperm
exposed for 3 seconds, the chromosome numbers of 219 mitoses from 40 tadpoles
were mostly distributed between 22 and 30. While 106 (48.49,) mitoses were
diploid, 46 and 52 contained 22~25 and 27~29 chromosomes, respectively.
Six others contained 14, 16 or 21 chromosomes. The remaining nine mitoses
contained 30, 31, 39, 41 or 45 chromosomes. Seven ring chromosomes were
found among 219 mitoses. In the series of sperm exposed for 5 seconds, the
chromosome numbers of 70 mitoses from 16 tadpoles were mostly distributed be-
tween 22 and 29. While 20 (28.69%,) mitoses were diploid, 3, 5, 8 and 15 mitoses
contained 22, 23, 24 and 25 chromosomes, respectively. Fourteen others had
27~29 chromosomes and still two others contained 19 and 34 chromosomes.
The remaining three mitoses were haploid. A single ring chromosome was found
in one of the 70 mitoses. In the series of sperm exposed for 8 seconds, five out of
eight mitoses from one tadpole were diploid, while the other two contained 27
and 24 chromosomes.

The mean values of chromosome numbers in the control series and the three
experimental series of sperm exposed for 3, 5 and 8 seconds were 25.94-0.4,

25.84-0.3, 25.94-0.1 and 26.04-0.6, respectively.

d. Three groups
Frequency distributions of various chromosome numbers observed in the total
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Fig. 9. Frequency distributions of various chromosome numbers in viable individuals raised
from UV-irradiated sperm in group 3 of experimental series.
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Fig. 10. Frequency distributions of various chromosome numbers in viable individuals raised
from UV-irradiated sperm in 3 groups of experimental series.
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sum of the viable tadpoles belonging to the above three groups are shown in
Fig. 10. While 83.89, of the analyzed mitoses in the control tadpoles had 26
chromosomes, the proportions of mitoses having 26 chromosomes in the four
experimental series whose sperm were irradiated for 3, 5, 8 and 10 seconds were
39.49,, 48.29%,, 66.2%, and 38.0%,, respectively. In the series of sperm exposed
for 3 seconds, the chromosome numbers of 419 mitoses from 87 tadpoles were
distributed between 13 and 33, while those of 298 mitoses from the control tad-
poles were distributed between 22 and 30. In the series of sperm exposed for 5
seconds, the chromosome numbers of 458 mitoses from 72 tadpoles were also
distributed between 13 and 32. As the other two experimental series of sperm
exposed for 8 and 10 seconds were very few in number of mitoses and tadpoles,
chromosome numbers were distributed between 23 and 29 and between 20 and
27, respectively. If the series of sperm exposed for 8 seconds was disregarded
as the mitoses were especially scanty, it was evident that the mean values of
chromosome numbers gradually decreased with increase of UV doses. While
the mean value of the chromosome numbers found in the control tadpoles was
25.94-0.2, those in the tadpoles of the three experimental series whose sperm were
exposed for 3, 5 and 10 seconds were 25.64-0.2, 25.040.3 and 24.24-0.5, re-
spectively. Hypodiploid mitoses were much more abundant in the tadpoles
derived from irradiated sperm than those in the controls.

DISCUSSION

Since O. HErtwic (1911) and G. HErTwic (1911) disclosed a paradoxical
effect of irradiation on gametes in development of Rana fusca (=temporaria),
the so-called HErTwIiG effect was confirmed by many investigators in various
amphibians (O. HerTwig, 1913; G. HErRTWIG, 1911, 1913; P. HERTWIG, 1913,
1916; Smmon, 1930; Darcq, 1930; RucH, 1939; RucH and ExnEeRr, 1940;
Hensuaw, 1943; Rorrason, 1949; Pocany, 1971, 1973, 1976). Pocany (1971,
1973) reported in Rana pipiens that the embryos derived from sperm irradiated
with a low UV dose were most severely affected in spite of their diploid con-
stitution. However, the effects of lower UV doses on sperm were not sufficiently
analyzed, since the grades in exposure period were very coarse, that is, sperm
were irradiated for 5, 15, 30, 60 and 120 seconds at an energy level of 31 erg/mm?.
Thereafter, Pocany (1976) exposed sperm to UV for 5, 7, 8, 9, 10, 11, 12, 13, 15
and 30 seconds at the same energy level. The results showed that the initial
decrease in survival at 5 or 7 second exposure was not accompanied by any
chromosomal losses since all cultures were diploids. However, the most impaired
survival occurring from 8 second exposure was concomitant with aneuploidy.
By 9 second exposure, chromosomal elimination appeared to be complete.

In the present study, sperm were irradiated with UV-rays at an energy level
of 16 erg/mm? for 3, 5, 8, 10, 15, 20, 40 and 60 seconds. The proportions of sur-
vivals including normal and abnormal embryos at the hatching stage in the series
derived from sperm irradiated for these eight kinds of exposure were 80%,, 55%,,
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32%, 17%, 8%, 5%, 69% and 929, of the total number of eggs, respectively.
Thus, the survival ratio was the lowest at exposure for 15 or 20 seconds and rapidly
recovered at exposure for 40 seconds. Normal, diploid-shaped individuals were
57%, 32%, 7%, 7% and 2%, of the total ones in the series of sperm irradiated for
3, 5, 8, 10 and 15 seconds, respectively, while abnormal individuals other than
haploid-shaped ones increased rapidly and attained the maximum by exposure
for 8 or 10 seconds. These findings showed that the initial decrease in survival
occurred in the series of sperm irradiated for 3 and 5 seconds in the present
study. While Pocany (1976) observed the phenomenon that the initial decrease
in survival was not accompanied by any chromosomal losses, the present authors
could not confirm such a phenomenon, as in the following.

Chromosome numbers were counted in both viable and inviable individuals
which had been raised from eggs fertilized with irradiated sperm. In viable
tadpoles, the proportions of mitoses having 26 chromosomes in two experimental
series whose sperm were irradiated for 3 and 5 seconds were 39.49, and 48.29%,,
respectively, while it was 83.89, in the control series. Hyper- and hypodiploid
mitoses were much more abundant in the tadpoles derived from irradiated sperm
than those in the controls. In inviable individuals, the frequencies of the diploid
chromosome number (2n=26) in the two experimental series derived from sperm
irradiated for 3 and 5 seconds were 5.09%, and 3.29%,, respectively. The mean
values of chromosome numbers in these series were 22.2-4+0.5 and 21.640.4,
respectively.

On the basis of these results of observation, the initial decrease in survival
seems to be attributable to complete or incomplete damage of a part of the
chromosomes carried by each spermatozoon. When the multiplying function
of a few chromosomes is completely destroyed by UV-rays, a hypodiploid will
be produced after inseminating an egg. If the destruction is incomplete, the
mitoses in the fertilized egg or those in the embryo raised from this egg will be-
come abnormal and result in producing a chromosomal mosaic. Such an embryo
should be an inviable embryo owing to disturbance of balanced morphogenesis.
On the other hand, the dicentric and ring chromosomes which were more
frequently found in the individuals derived from irradiated sperm than those
in the controls seem to indicate the existence of some chromosomes destroyed
partially by irradiation.

SUMMARY

1. For the purpose of clarifying the effects of UV-rays on the chromosomes
of sperm, eggs of the Japanese brown frog, Rana japonica, were inseminated with
UV-irradiated sperm of the same species. The UV-ray was 2537 A in main
wave length and 16 erg/mm?/sec in energy level. Sperm suspensions were
irradiated for 3, 5, 8, 10, 15, 20, 40 and 60 seconds. The initial decrease in the
proportion of survivals including normal and abnormal embryos at the hatching
stage occurred in the series of sperm exposed for 3 and 5 seconds. The decrease
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in survival attained the maximum by exposure for 15 or 20 seconds and re-
covered by exposure for 40 seconds.

2. Normal, diploid-shaped individuals distinctly decreased in number with
increase in dose, while abnormal individuals other than haploid-shaped ones
rapidly increased and attained the maximum by exposure for 8 or 10 seconds.
Typically haploid-shaped embryos began to appear in the series of sperm ir-
radiated for 3 seconds and gradually increased in number. In the series of
sperm irradiated for 40 or 60 seconds, an overwhelming majority of normally
cleaved eggs became typically haploid-shaped embryos.

3. The mean values of chromosome numbers found in inviable individuals
were 22.2+40.5, 21.64-0.4, 20.84-0.4 and 17.4+0.7 in four experimental series
whose sperm were irradiated for 3, 5, 8 and 10 seconds, respectively, while the
frequencies of the diploid chromosome number (26) were only 5.0%, 3.2%,
2.7% and 2.29,, respectively. The mean values of chromosome numbers found
in viable tadpoles of three experimental series whose sperm were irradiated for 3,
5 and 10 seconds were 25.6+0.2, 25.040.3 and 24.240.5, respectively, while
that of chromosome numbers found in the control tadpoles was 25.94+0.2. Hyper-
and hypodiploid mitoses were much more abundant in the tadpoles derived
from irradiated sperm than those in the controls. Dicentric and ring chromosomes
were also more frequently found in the individuals derived from irradiated sperm
than those in the controls.

4. The initial decrease in survival seemed to be attributable to complete or
incomplete damage of a part of the chromosomes carried by each spermatozoon.
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