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Effect of x-rays on the somatic chromosomes of the exotic fish,
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Abstract. Male and female T. mossantbica were x-raycd with 100 r and the metaphase chromosome aberrations in their gill epithelia were studied at 13 different
intervals against suitable control. The chromosomes of males appeared more
radio-sensitive than those of females. Among the diploid complement of 44
chromosomes, the individual type aberrations were non-random in both sexes. The
longest pair of chromosomes, taken as the marker pair, was found very highly
radio-sensitive, while the remaining 21 pairs as non-markers were somewhat
resistant to x-radiation when the observed and the expected numbers were subjected
to statistical analysis. The break in the marker chromosome was also non-randomly
distributed as the distal half had a significantly large number of breaks.
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1. Iatradueticn
In comparison to some insect and mammalian models, very limited studies on the
radiation induced chromosome aberrations in fish have so far been carried out.
Such studies have, however, dual importance because fish in general serve as an
important biological monitor in aquatic environment for the study of radiation
pollution and secondly their stock could be improved through radiation induced
mutation and selection. Schroder (1913) reviewed the works on radiation induced
mutations in fish while Hickling (1962) reported the genetics and hybridization
effect of some fish including Tilapia, At the chromosomal level Hama et al
(1976) studied the chromosome aberrations in gill epithelia of the mosquito fish,
Oryztas latipes from 2 to 10 days after radiation, while Pechkurenkov (1976)
studied. the chromosome aberrations in embryonic fish induced by chronic radiations. The dose-dependent effects of x-rays on the frequency of mitosis in regenerating tail fin of O. latipes was studied by Harna and Egami (1917). Mong and
Bena (1919) also studied the effect of x-rays on chromosomes of mud minnow
using different doses. The present paper deals with the x-ray induced chromosome aberration in the fish T. mossambica with special reference to the study of
the differential radio-sensitivity of chromosomes between males and females and
between and within the chromosomes in each sex which were not studied before.
T. mossambica has been chosen not only for its easy rearing and handling, but
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also its mi totic me taphase complements containing a pair of conspicuously
large chromosomes which, as markers, served better to study the problem of the
intraand interchromosomal radio-sensitivity.

2. Material and methods
The herbivorous freshwater higher group of teleostean fish, Tilapia mossambica
Peters (Family Cichlidae, Order Perciformes) domestic to the rivers of East coast
of Africa was introduced to the Indian inland waters for its exotic habit of breeding.
They breed throughout the year almost every 2 months except in winter (see
Jhingram 1974). Specimens used in the present investigation were from the 4th
inbred generation raised by us. Before irradiation living male and female
specimens were acclimatized in the aquarium for a day Of two. Immediately
after taking them out of the aquarium, their body was gently rubbed once with a
piece of dry cloth to remove surface water. They were then irradiated with the
dose of 100 r from the x-ray machine operated at 110 kV, 4 mA wi th 1 mmaluminium
filter emitting 2·S r per second. After irradiation the specimens were stocked
into the aquarium for fixing their gills at different intervals. As controls unirradiated specimens of the same brood were kept into another aquarium under similar
laboratory conditions. An hour before the fixation time each specimen was
intramuscularly injected with 0·1% colchicine solution at the rate of 2 ml per
100 gm body weight. No colchicine was injected if the fixation of the tissue
was to be done within an hour after irradiation. The gills of each specimen
immediately after removal were minced in 1% sodium citrate solution and the
minced tissue was left into citrate solution for an hour at room temperature. The
tissue was then fixed in acetic-alcohol (1 ; 3) mixture for a brief period after
removing the citrate solution by centrifugation. The fixed tissue suspension
was taken on a slide and after air-drying the slide was stained with Giemsa stain
at pH 7·2. The observations were made from the stained air-dried slides.

3.

3.1.

Observations
Control series

The diploid number of chromosomes in both the sexes of T. mossambica was 44,
the sex chromosomes being undifferentiable cytologically (figure 1). With regard
to the morphology of the chromosomes different workers (Natarajan and Subramanium 1968 ; Hideo and Muramoto 1975 ;. Prasad and Manna 1976; Manna
and Som, unpublished) were not in complete agreement with one another excepting,
of course on the first pair of the longest subtelocentric chromosomes, referred to
here as the marker pair. The controversy was on the exact morphology of the
remaining 21 pairs of non-marker chromosomes. Their relatively small size and
variable length and disposition of the shorter arm caused confusion. Anyhow
none of the chromosomes was of the true metacentric type which helped uS to
determine the cases of centric fusion leading to form metacentric chromosome in
the treated material (vide infra). Thus, without entering into any controversy,
for our present analysis we put the first longest pair into the marker group and
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Figures 1-13. Photomicrographs, part and full metaphases. 1. A normal complement in male (2n = 44), 2. Male karyotype, 3. Polyploidy, 4. ,!,Stickiness, 5. A
marker chromosome with a subchromatid break, 6-8. Each with a chromatid
break in a marker chromosome, 9. Two isochrornatid and one chromatid fragment
of unknown origin, 10, 11. Each with a small metacentric chromosome formed
by the centromeric fusion of two non-marker chromosomes, 12, 13. Terminal
association and/or chromatid exchange between two chromosomes.
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the remaining 21 smaller pairs into the non-marker group (figure 2). Since the
first marker pair was about double the size of the second pair (figure 2), there
was not the least difficulty in identifying the first marker pair in any plate. This
marker pair formed 1/22 part in the haploid number and approximately measured
1/10 (average 15'01l) of the total genome length (149·6/L). The second pair also
considered as marker chromosome (Hideo and Muramoto 1975) is, however, not
considered as its size difference from the 3rd pair is not very conspicuous (figure 2).
In the control series out of 150 metaphases examined in each sex at each of the
13 intervals corresponding to the treated series (table 1), only 2 constrictions were
encountered at 96 hr in females. Thus these two were the individual type solely
found in a total of 3,900 metaphases examined in two sexes while there were metaphases with gross effect found at all intervals. The frequency in the combined
data of two sexes was 5:0% in 5 min, 8'7% in 1 hr, 4· 3% in 6 hr, 6'0% in 12hr,
8'0% in 24 hr, 8'7% in 48 hr, 3'3% in 72 hr, 7'0% in 97 hr, 5·0% in 120 hr,
6'0% in 144 hr, 5'0% on 7th day, 7'7% on 10th day, 3'7% on 15th day and
6'0% as average (table 1). The gross effect was mainly due to the stickiness of
chromosomes and the frequency fluctuated erratically.
3.2.

(Jf..rayed series

In comparison to the control series, the gill epithelia of the x-irradiated specimens
contained various types of aberrations (figures 3..,23). For the sake ofconvenience

Figures 14-23. Camera lucida drawings x ca. 3,000 showing some rearranged
metaphase chromosomes mostly with aberrations induced by x-rays. 14. One
marker chromosome with a terminal chromatid break 15. Each marker chromosome with a chromatid break, and three non-markers with terminal association
Or chromatid exchange, 16. A marker chromosome with a proximal chromatid
break and a non-marker chromosome with a constriction, 17. A marker chromosome with two breaks in the same chromatid, 18. A marker chromosome with
isochromatid breaks, 19. A marker chromosome with a chromatid constriction,
20. A marker chromosome with beaded constrictions in one chromatid and the
other with a break while a non-marker chromosome with a chromatid break,
21. A chromatid gap in a marker, a chromatid break in the first non-marker
(2nd marker) chromosome and a fragment of unknown origin, 22, 23. Each with
a fragment of unknown origin while one (No. 22) also contained a chromatid
break in a non-marker chromosome and the other (No. 23) a centric fusion.
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polyploidy (figure 3), stickiness (figure 4), c-mitosis etc. were put under gross effect
in which the entire chromosome complement was affected while subchromatcd
(figures 5, 14), chromatid (figures 6-.8, 14-.17,20,21) and isochromatid (figure 18)
breaks, fragment of unknown origin (figures 9, 22, 23), translocation and fusion
[figures 10-.13, 15), constriction (figures 16, 19, 20), gap (figure 21) etc. were put
under individual effect in which one (figures 5-8) or more (figures l4~21) chromosomes of the whole complement were involved. It appeared that the individual
type aberrations were mostly of the chromatid type. If the marker chromosome
was arbitrarily divided into 3 equal regions as proximal, middle and distal from
the centromeric end, the chromatid breaks were somewhat localized in the distal
region because out of 106 breaks in the marker pair, 15 were in the proximal,
33 in the middle and 58 in the distal region against the expected number of 35·3
breaks per region with random occurrence. The difference was statistically significant at 1% level (Ar = 26,40, d.I, 2). Thus, broadly speaking the distal half
was more radio-sensitive than the proximal half of the marker chromosomes.
However, in the present material such an analysis in the non-marker chromosomes
was not possible for the inherent difficulties with the morphology and size of
chromosomes, Definite translocation between the marker and non-marker
chromosomes except for some terminal chromatid associa tion or exchange (figure 12)
was not encountered but centric fusion between two non-marker chromosomes
(figures 10, 11) was common. While scoring the data some individual type of
aberrations in the non-marker group might have escaped dl~e to the inherent
observational difficulty for the small size and morphology of the chromosomes.
But the frequency of such an omission, if it occurred at all, would not exceed more
than 2%.
In presenting the data the different individual type aberrations were put into
one category e.g., snbchromatid, chromatid and isochromatid breaks as breaks
etc. while for the gross types all of them were put together (table l). An analysis
of the data (table 1) indicated that chromosomes in irradiated males were affected
more than those in females because in the same number of 150 metaphases, the
number of aberrations was higher in males at all intervals and in their total except
at 5 min, and from 24 hr to 96 htl for breaks, except at 48 hr for fragment of
unknown origin and except at 12 hr, 96 hr and 144 hr for gaps and constrictions.
As the translocation data were limited, we made no comment. The statistical
analysis of the total data showed that the difference was below the significant
level because 'Ji1'Z = 0·20, d.f, I for breaks, )(Jz = 1·47, d.f. I for fragment of
unknown origin and )J2 = 0·74 for gaps and constrictions. In the combined
data of all individual type aberrations, it was also higher in males at each interval
except at 48 hr and 96 hr (table 1). In the total of all intervals, the males had
255 aberrations against 225 in females. The difference was also a little below
the significant level because the ~ value was I :87 with 1 d.f, Therefore, on the
whole the higher frequency of individual type aberrations in males was somewhat
indicative that the sex factor might have some differential radio-sensi rivjty, but
the data needed be extended for further confirmation. That the sex factor
could have differential radio-sensitivity was supported by the fact that when the
number of affected metaphases which contained individual type aberrations was
~9mpared between the two sexes, it was found higher in males in 9 intervals while
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it was at par with females at 120 hr, 7th day and 10th day (table 1). In the total
1950 metaphases 177 were affected in males against 142 in females. The X 2 test
gave a value of 3·84 with 1 d.f., indicating that the difference was significant at 5%
level.
The number of affected metaphases with gross effects like polyploidy, stickiness
etc. was not significantly different in the two sexes. It was a little higher in males
at 6 out of 13 intervals and in the total (table 1). The Xl- value was 0 ·08 with
1 d.f. which indicated that the difference was highly insignificant. This was expected
because gross effect was mostly physiological in origin. The number of affected
metaphases with individual and I gross type aberrations if combined, would be
higher in males in 8 out of 13 intervals and in the total (table 1). The »2 test
showed that the value 2·17 with 1 d.f, was a little below the significant level.
Thus, though the analysis of the data of aberrations and the affected metaphases
did not conclusively prove, that the males and females responded differentially,
there Were reasonable indications beyond doubt for the same.
The individual type aberrations did not show a regular mode of incidence in
both the sexes. The maximsrn number of the different types was mostly found
in 5 min (breaks fragments in male, total) and 1 hr (gaps and constriction) which
reduced to nil on the 15th day or earlier (breaks) but the mode of decrease was
very erratic as number fluctuated oddly at different intervals (table 1). The
frequency of affected metaphases in male showed the same trend but in female the
maximum number was found at 48 hr. The occurrence of the affected metaphases
with gross effects was still more erratic as the maximum number of 27 was found
at 48 hr in males and 29 in females at 5 min and the effect con tinned in a lower
frequency in both sexes even on the 15th day (table 1). On the whole, the present
data showed that the individual type of aberrations did not continue up to the
15th day while the gross type continued longer and in both cases the frequency
fluctuated at different intervals (table 1). That the x-radiation induced a higher
frequency of chromosome aberrations and affected more metaphases was beyond
any doubt. The net increase in the individual type aberrations when the data
of two sexes were combined was 22·7% at 5 min, 21'0% at 1 hr, 12'7"/0 at 6hr,
17· 3% at 12 hr, 11' 3% at 24 hr, 19·3%at48 hr, 12'0% at 72 hr, 15' 7% (2 constrictions in control) at 96 hr, 8'7% at 120 hr and 144 hr, 6'7% on 7th day, 3·3% on
10th day and nil on 15th day. The net increase in an average was 12'4%. On
the other hand, the net increase in the frequency of total affected metaphases over
the control was 25-3%, 15-6%, 10·0%,24·3%, U'3%, 22·3%,20'4%, 18'0%,
15-3%,7'0%,0-3%,7-3% and 2·6% respectively in 13 intervals and 13'8% in
the average (table 1).
3. 3.

Nort~rartdom

distribution

To find out if the aberrations were non-randomly distributed between the marker
and non-markerchromosomes, some individual type aberrations like breaks, gaps
and constrictions were quantitatively assessed at each interval from 150 metaphases
examined in each sex (table 2). The other individual types like fragment of
unknown origin and translocation were not considered as the chromosome involved
was not known in the forme!' type.
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Table 2. Frequency distribution of some individual type aberrations between ht
Marker" pair and 21 pairs of non-marker chromosomes in X-irradiated male
and female Tilapia tnossambica. Data of females aro in bracketx ( ).

Marker chromosome
Fixa
time

5 min
1 hr
6 hr
12 hr
24 hr
48 hr

72 hr
96 hr
120 hr
144 hr
7 day
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15 day

No of
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150 (150)
150 (150)
150 (ISO)
150 (150)
150 (150)
150 (15e)
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150 (150)
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150 (150)
150 (150)

Non-marker chromosome
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-H
58 (48)

-

111 (101)
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It was interesting to note that there was some difference in the data of the two

sexes. In the marker chromosome no difference was seen in the total number of
breaks, while it was higher by 10 in males for gaps and constrictions (table 2). In
the non-marker chromosomes it was higher in males by 6 for breaks and meagrely
by 1 for gaps and constrictions. Therefore, no definite claim was made as to
the differential response of the two sexes, it was just to draw attention to the
trend.
That the marker chromosomes in each sex were highly sensitive to x-radiation
was clear when the observed and the expected values calculated according to the
number of chromosomes and according to the mean length were compared. Out
of the total 177 individual type aberrations in males, 111 were observed in the
marker pair~agaiIl.st the expected number of O:£1.1y 8 as calculated per proportionality
of number indicating thereby that the marker pair was about 14 times more
susceptible to x-ray damages. The expected number was 18 if the mean length
was considered. Even then the observed number was more than 6 times indicating the higher susceptibility of the marker pair. On the other hand, in the
non-maker chromosomes of males, 66 aberrations were found against 169 expected,
calculated per number of chromosomes and 159 calculated per length of chromo-
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somes, indicating thereby that the susceptibility of the non-marker chromosomes
was 2'5 times and 2·4 times less. The chi-square tests of the expected data per
number and per length against the observed number showed in each case that
the difference was highly significant (P < 0'001). Therefore, in males some individoal type aberrations mentioned early were non-randomly distributed between
the marker and non-marker chromosomes, the former group was highly susceptible
and the latter group was somewhat resistant to the x-ray damages.
Iri females like males the marker chromosomes were also found to be highly
radio-sensitive, while the non-marker ones were somewhat less susceptible. Out
of the total 160 individual type aberrations analysed, 101 were observed in the
marker pair against the expected number of 7 as calculated per proportionality
of number and 16 as calculated per length of chromosomes (table 2). Thus, like
in males, in females also the marker chromosomes were 14 times more susceptible
according to the number and over 6 times susceptible according to the length of
chromosomes. On the other hand, in the non-marker chromosomes the observed
number of individual type aberrations was 59 as against the expected number of
153 calculated per proportionality of number and 144 calculated per proportionality of length of the non-marker chromosomes, indicating that they too, like
marker chromosomes, were 2·5 times less vulnerable according to the number
and 2·4 times less vulnerable according to the length of chromosomes. The chisquare tests of the observed number and the expected number calculated per
number and the expected number calculated per length of chromosomes showed
that the difference in both the cases was very high (P < 0'001). Therefore, just
like males, the two groups of chromosomes showed the same type of response to
x-rays, the marker chromosomes were highly susceptible, while the non-markers
were somewhat less responsive.
Since the data of each sex showed differential radio-sensitivity, it was expected
naturally that in the combined data of the two sexes the same manifestation
would be shown. Thus, out of the total 337 aberrations, 212 were observed in
the marker pair against the expected numbers of 15 and 34 calculated per number
and length of chromosomes respectively which also showed 14 times and 6 times
more susceptibility of the marker chromosomes (table 2). In the non-marker
chromosomes 125 aberrations were observed as against the expected number of
322 and 303 calculated per number and per length of chromosomes respectively
which also showed that the non-marker chromosomes were 2'5 times and 2·4
times less vulnerable to x-ray damages. The chi-square test of the observed
number and the expected numbers calculated in two different ways showed in
each case that the difference was highly significant (P < 0'001).

4. DiscussioD
Most of the effects of ionizing radiations on chromosomes of fish reported by
different investigators did not elaborate on the aberration types. The qualitative aspect of the present study revealed that the aberrations were ofa similar
nature as found in the somatic chromosomes of some classic material induced
by radiations. But as the chromosomes of fish were not cytologically ideal, all
types could not be studied in every detail. The individual type aberrations
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could only be studied more elaborately in the marker chromosomes. The quantitative study of the chromosome aberrations in T. mossambica at different intervals
showed that the effect lingered for a long time. There was not much indication
of the cell lethality caused by the dose of 100r. The individual types continued
mostly up to the 10th day, while the gross type did so till the end of the fixation
intervals. Anyhow the persistence of mainly the chromatid type aberration as
long as 10 days after irradiation deserved some consideration. Though the timing
of the cell cycle in T. mossambica has not been worked out, yet within 10 days
some cells must have completed the cycle unless their further division was inhibited. The prevalent occurrence of the chromatid type aberrations at late intervals
indicated the possibility. Further, the chromatid type break has been supposed
to be induced by the radiation acting on the post-synthetic period of DNA or else
after the replication of chromosome, the reason for which could not be suggested.
It has been a matter of common experience that the chromosome aberrations
induced by odd chemical (Kihlman 1966 ; Manna 1971, 1975, 1978) and living
mutagens (Manna 1980) were mainly of chromatid type. The same type of
chromosome response of having mainly chromatid type aberrations to ionizing
radiations like other chemically induced ones might lead us to think that the postsynthetic period, in general, was most sensitive for mutagenic damage to chromo..
somes. Since the aberrations were found within 5 min after radiation it was all
the more suggestive that the chromosome nearing metaphase was more vulnerable
to x-ray lesion. The occurrence of more or less the same chromatid type aberrations from the beginning to almost the end of fixation interval would further lead
us to suspect if the chromosomes approaching metaphase were the vulnerable
stage. This was suggested to explain the chromosome aberrations induced by
odd mutagens in mice (Manna 1971, 1975). The present study indicated the
differential radio-sensitivity of chromosomes and metaphase nuclei of males and
females irradiated with x-ray. In the past various parameters were used to test
the differential radio-sensitivity in different materials (Evans 1962; Sparrow 1962;
Manna and Mazumder 1968) while the testing of the differential radio-sensitivity
of chromosomes in the two sexes in fish has not been carried out. The present
data need be extended to confirm because there were some lecnnae in the data.
The analysis of the data of the region-wise distribution of chromatid breaks
in the marker chromosomes of T. mossambica revealed that the distal region or
more broadly the distal half was more vulnerable to x-ray damages. More or
less the same trend was shown by the chromosomes of mice treated with physical,
chemical and living mutagens (Manna 1971, 1975, 1978, 1980) for which it was
suggested by Manna (1975, 1978) that there could be some inherent weaker region
in chromosomes. The same might be the reason for the somewhat localized
break found in the marker chromosome of T. mossambica, The other possibility of having localized breaks by radiation was the differential restitution as
suggested to explain the localized breaks in the )f chromosome of irradiated grasshopper (Manna and Mazumder 1962).
Interchromosomal radiation damages by x-ray have been studied in different
animals. The differential radio-sensitivity between chromosomes of the same
species was seen in the Syrian hamster (Manna and Dey 1981), grasshopper
(Manna and Mazumder 1962; 1968) and Heteroptera (Manna and Dey 1978,
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1980). In the above cases the differential radio-sensitivity was shown between
the sex chromosome and autosome of the species concerned, while in the present
study on Tilapia, it was found between two groups of autos orne. It was claimed
that the radiation injury was directly proportional to the chromosome volume
(Marshak 1937), length etc. but it was not found in other material (Mama and
Mazumder 1968). It was also not supported from the present data because the
marker chromosomes had more breaks than the expected number calculated
proportional to the length of the chromosomes. The present study, therefore,
revealed some interesting results on the x-ray induced chromosome aberrations
in T. mossambica. Further studies are in progress.
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