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Drosophila by chloroethyl methanesulphonate (CB 1506)

By W. A. F. WATSON
Institute of Animal Genetics, Edinburgh 9

(Received 13 June 1962)

It is a well-known fact that X-rays produce few translocations in spermatogonia of
both Drosophila and mice (Alexander, 1960; Bateman & Chandley, 1959; Catsch &
Radu, 1943 ; Hertwig, 1940; McCarthy & Nafei, unpub.; Russell, 1954; Sivhagen,
1960; Slizynska, unpub.; Traut, 1960). For mice, this statement has recently been
challenged by Griffen (1958), who found a high proportion of semi-sterile sons among
offspring born to irradiated males during the post-sterile period. Since, however
the actual presence of a translocation was confirmed for only one case, these data
are still open to different interpretations.

The shortage of translocations in spermatogonia raises a problem that cannot
be resolved by reference to meiotic selection. It is true that half the premeiotically
induced translocations are subject to loss at meiosis through the formation of
aneuploid gametes; but against this stands the fact that the probability for a
translocation to occur is about twice as high in diploid spermatogonia as in haploid
spermatozoa and spermatids. On balance, then, translocation frequency per
chromosome set—i.e. per tested spermatozoon—should be approximately the same
in postmeiotic and premeiotic stages if conditions for the occurrence of transloca-
tions were equal. Obviously, this is not so. At least when X-rays are used as
mutagen, conditions in spermatogonia are much less favourable to the induction of
translocations than are conditions in spermatozoa and spermatids. Muller (1594)
has discussed possible causes for this difference, the main one being that the efficient
production of rearrangements from chromosome breaks is limited to the condensed
stage of the chromosomes, which in spermatogonia occupies only a small fraction
of the mitotic cycle.

If this is true, it might be suspected that chemicals, because of their less instan-
taneous action, might stand a better chance than X-rays of hitting the right stage
for the production of translocations in spermatogonia. Indeed, Auerbach and
Sonbati (1960) considered this as a possible explanation of their finding that the
ratio of mustard gas induced translocations to lethals in Drosophila was not
depressed during the sensitive stage, which occurs in late spermatogonia. This,
however, was not the only explanation considered, and no tests were carried out on
still younger germ-cells.

Mustard gas, like X -rays, has a relatively weak genetical effect on spermatogonia
(Auerbach & Sonbati, 1960). Moreover, it is quickly destroyed by hydrolysis and is
unlikely to have a prolonged action. A chemical that is superior to mustard gas in
both these respects is chloroethyl methanesulphonate (CB 1506). This substance
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acts preferentially on spermatogonia (Fahmy & Fahmy, 1956) and produces very
high mutation frequencies in them. In addition, it hydrolyses slowly (Fahmy &
Fahmy, 1957) and is slow also in its mutagenic action on spores of Neurospora
(Kelmark, personal communication). An experiment was therefore carried out to
test for translocations among offspring from spermatogonia that had been exposed
to CB 1506. A pilot experiment by Reddi & Auerbach (1960) had given encouraging
results; but these were considered inconclusive by the authors themselves because,
through an unfortunate loss of cultures, it had not been possible to confirm the
presumed translocations in a further generation.

MATERIALS AND METHODS

CB 1506 was kindly supplied by the Chester Beatty Institute for Cancer Research.
It was made up into a 0:159, solution (approx. 102 M) in 0-49, saline, and 0-2ul.
of this was injected into the abdomen of 33 with the aid of an Agla micrometer
syringe. The males came from a wild-type strain (Ork), which over the years has
given spontaneous mutation frequencies for sex-linked lethals ranging from 0-19%,
to 0-3%. On the day following treatment, the males were mated in small mass
cultures (5 males to 15 females) and this was repeated with fresh females every
3 days. No progeny was collected from the first three broods. On the 10th day
and again on the 13th day the surviving males (240 out of 300 injected ones) were
divided into two groups and mated individually to females of two tester stocks to
produce broods d and e. The following tester stocks were used: '

(@) y scInd9 sc®; bw; st. This is a dual-purpose stock, allowing the detection of
sex-linked lethals as well as of translocations involving chromosomes Y, IT and 111,
The F, females are used for the lethal test, with y (yellow) as the marker gene
distinguishing the non-treated from the treated X. The F, males are crossed to
bw ; st (brown, scarlet) 99, and their progeny arescored for apparent linkage between
bw and st, indicating a II-III translocation, between bw and sex, indicating a Y-1I
translocation, and between st and sex, indicating a Y-III transloctaion.

(b) attached-X; bw;e. The sons of these females inherit the treated X-chromo-
some and can therefore be tested for translocations involving the X as well as
chromosomes IT and III (e = ebony).

All presumed translocations were confirmed by repetition of the test on the wild-
type F, males.

RESULTS AND DISCUSSION

The data are presented in Table 1. The high lethal frequencies show that the
breeding technique was adequate to ensure that the sampled progeny traced back
to treated spermatogonia. The increase in lethal frequency from brood d to brood e
is on the borderline of statistical significance, suggesting an increase in sensitivity
from older to younger spermatogonia. Translocation frequency, too, rises from
brood d to brood e, but the actual frequencies are too small for statistical significance
of the difference. An increase in mutation frequency within the spermatogonial
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stage has been found also by Sonbati (1959) and by Purdom (1957), although the
latter obtained it only in experiments in which germinal selection had been
minimized by the use of autosomal lethals.

The result of the present experiment leaves no doubt that CB 1506 can produce
chromosome rearrangements, and that it can do so in spermatogonia. In view of
the tendency of chemical mutagens to produce intrachromosomal rather than inter-
chromosomal changes (Auerbach, 1949; Slizynska, 1957; Nilan, 1961) it is quite
possible that a much higher number of rearrangements might be revealed by
cytological analysis. For the closely related mutagen chloroethyl cysteine Fahmy &
Fahmy (1960) have come to the conclusion that it most probably is totally unable
to break the chromosomes in spermatogonia because they found no rearrangement
in a sample of sex-linked lethals. Since, however, the majority of large rearrange-
ments associated with lethals are eliminated during meiosis and few occur even in
irradiated spermatogonia, this conclusion does not appear well founded. So far,
every adequately tested mutagen has been found to produce chromosome rearrange-
ments as well as mutations in Drosophila, although the relative frequencies of these
two effects may vary widely between mutagens.

Table 1.
Translocations Translocations
between X, between Y, Total
Sex linked lethals IT and III IT and I11 trans-
— A \ - A N r — - locations
No. No. No. No. No. No. —t

tested found 9, tested found Type tested found Type No. %
Brood d 546 109 19-6 824 2 BothII-III 936 2 BothII-III 4 0-22

10-12days
Brood e 584 139 23.8 897 4 AITI-III 874 3 OneY-IIT 7 0-39
13-15days Two IT-1TI1

According to the data presented here, treatment of spermatogonia with CB 1506
produces very few translocations relative to lethals. This can be seen also from a
similar experiment by Dr O. S. Reddi (unpub.), in which treated spermatogonia
yielded 24-99%, sex-linked lethals but only 0-249, translocations (1/422). Siavhagen
(1960) obtained the same frequency of translocations in spermatogonia that had
been exposed to the low X-ray dose of 1100 r. At first sight, this comparison seems
to show that spermatogonia are even more refractory to the production of rearrange-
ments by CB 1506 than by X-rays. This conclusion, however, remains doubtful
without comparable data on CB 1506-treated spermatozoa. Many chemicals pro-
duce low frequencies of rearrangements relative to lethals, probably because of
their delayed mutagenic action. There is some evidence (Auerbach, unpub.) that
mutagenic delay is marked after treatment with CB 1506 ; this might result in a
very low frequency of translocations even in postmeiotic stages. The weak action
of CB 1506 on these stages makes it difficult to test this. It would seem worth while
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to use chemical mutagens with less eccentric brood patterns, even though with
more rapid chemical action, for a comparison between the translocation-to-lethal
ratio in successive broods. Indications that the drop in this ratio is less drastic after
chemical treatment than after irradiation would lend support to the hypothesis
that the shortage of rearrangements in spermatogonia is due to obstacles that can
be overcome more readily by chemicals than by X-rays.

SUMMARY

Adult Drosophila males were injected with chloroethyl methanesulphonate and
late progeny, tracing back to treated spermatogonia, were examined for sex-linked
lethals and for translocations involving the X, Y, second and third chromosomes.
A dose yielding about 209, sex-linked lethals produced 11 translocations in about
3500 tested chromosome sets (approx. 0-3%,). This result is discussed in relation to
the problem of chromosome rearrangements in different germ-cell stages.

I wish to thank Dr Charlotte Auerbach, F.R.S., for suggesting the experiment and
discussing its interpretation with me. Grateful acknowledgment is due to Mr J. L. Everett,
F.R.I.C., for preparing the sample of CB 1506, and to Mr J. McCarthy, Mr H. Nafei and
Dr O. S. Reddi for permission to use unpublished data.

REFERENCES

ALEXANDER, Mary L. (1960). Radiosensitivity at specific autosomal loci in mature sperm
and spermatogonial cells of Drosophila melanogaster. Genetics, 45, 1019-1022,

AUERBACH, C. (1949). Nuclear effects of chemical substances. Proc. 6th int. Congr. Cytol.
1947; Ezp. Cell Res. Suppl. 1, 93-96.

AvUErrBACH, C. & SoxsaTi, E. M. (1960). Sensitivity of the Drosophila testis to the mutagenic
action of mustard gas. Z. indukt. Abstamm.- VererbLehre, 91, 237-252.

Batemaw, A. J. & CHANDLEY, A. C. (1959). Mutation spectrum of immature germ cells.
Drosophila Inform. Serv. 33, 120.

CatscH, A. & Rapu, Gu. (1943). Uber die Abhingigkeit der réntgeninduzierten Trans-

lokationsrate vom Reifezustand der bestrahlten Gameten bei Drosophila melanogaster
Mannchen. Naturwissenschaften, 31, 368—369.

Faamy, O. G. & Farmy, M. J. (1956). Mutagenicity of 2-chloroethyl methanesulphonate in
Drosophila melanogaster. Nature, Lond., 177, 996-997.

Faamy, O. G. & Fagmy, M. J. (1957). Mutagenic response to the alkyl methanesulphonates
during spermatogenesis in Drosophila melanogaster. Nature, Lond., 180, 31-34.

Faamy, O. G. & Fammy, M. J. (1960). Cytogenetic analysis of carcinogens and tumor
inhibitors in Drosophila melanogaster. VIII. Selective mutagenic activity of S-2-chloro-
ethylcysteine on the spermatogonial stages. Genetics, 45, 1191-1203.

GRIFFEN, A. G. (1958). Occurrence of chromosomal aberrations in prespermatocytic cells of
irradiated male mice. Proc. nat. Acad. Sci., Wash., 44, 691-694.

Herrwic, P. (1940). Vererbbare Semisterilitit bei Mausen nach Réntgenbestrahlung,
verursacht durch reziproke Chromosomentranslokationen. Z. indukt. Abstamm.- wu.
VererbLehre, 79, 1-27.

MuriER, H. J. (1954). The nature of the genetic effects produced by radiation. Radiation
Biology (ed. Hollaender), Vol. I, Chapter 7, Section 10.

NiLaNw, R. A. (1961). In Mutation and Plant Breeding, Publ. 891, Nat. Acad. Sci., Washington,
U.S.A,, p. 142.

Purpom, C. E. (1957). Autonomous action of lethal mutations induced in the germ cells of
Drosophila melanogaster by 2-chloroethyl methanesulphonate. Nature, Lond., 180, 81-83.

RepDI, O. 8. & AUERBACH, C. (1960). Induction of translocations in spermatogonia of
Drosophila by CB 1506 (2-chloroethyl methanesulphonate). Drosophila Inform. Serv. 34,
103.

https://doi.org/10.1017/50016672300003311 Published online by Cambridge University Press


https://doi.org/10.1017/S0016672300003311

Translocations tn spermatogonia 471

RusseLn, W. L. (1954). Genetic effects of radiation on mammals. Radiation Biology (ed.
Hollaender), Vol. I, Chapter 12.

SAvHAGEN, R. (1960). The relation between the rate of induced translocations and treated
germ cell stages in males of Drosophila melanogaster. Hereditas, Lund., 46, 651-667

SrLizyNsga, H. (1957). Cytological analysis of formaldehyde induced chromosomal changes
in Drosophila melanogaster. Proc. roy. Soc. Edinb. B, 66, 288-304.

Soxsati, E. M. (1959). Studies on chemical mutagenesis with Drosophila melanogaster, with
particular reference to the sensitivity of the germ cells. Ph.D. Thesis, Edinburgh.

TravUT, H. (1960). Uber die Abhingigkeit der Rate strahleninduzierter Translokationen und
recessiv geschlechtsgebundener Letalfaktoren vom Stadium der Spermatogenese bei
Drosophila melanogaster. Z. indukt. Abstamm.- u. VererbLehre, 91, 201-205.

https://doi.org/10.1017/50016672300003311 Published online by Cambridge University Press


https://doi.org/10.1017/S0016672300003311

