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ABSTRACT

One group of the second chromosome lines isolated from a southern Texas
population of Drosophila melanogaster, which has been known to show
relatively high frequencies of male recombinations, was found to increase the
frequency of sex-linked recessive lethal mutations from a control frequency
of 0.18% to 1.63%. The second group, which showed a very much reduced
frequency of male recombinations, was found to cause a slight increase to
0.489%, although it was not statistically significant. The first group was also
tested for the recessive lethal mutation frequency in the second chromosome;
the frequency increased from a control frequency of 0.28%, to 2.829%. Mapping
of a portion of the sex-linked lethals indicated a distribution along the entire
X chromosome, although there was a tendency of clustering towards the tip
of the X chromosome. One sex-linked lethal line so far tested was found to be
associated with an inversion (approximate breakpoints, 14A-18A). It was
suggested that the element causing male recombination might be similar to the
hi mutator gene studied earlier by Ives (1950).

TRAIZUMI (1971) reported that many of the strains of Drosophila melano-
gaster isolated from a natural population in southern Texas showed recombi-
nations in the males, although the frequencies were much reduced as compared
with those in the females. In a recent paper, Hirarzumi et al. (1973) suggested
that the strains which showed male recombinations seemed also to exhibit an
increased frequency of mutations. This suggestion originally came from the
observations that various kinds of visible mutants were recovered fairly fre-
quently in some of the matings involving the male recombination lines. The
absolute frequency of such mutations was rather low, but it seemed to be much
higher than what would be expected by the “spontaneous” mutation rates, and
the occurrences of such mutations were restricted to the male recombination
lines.
The purpose of the present report is to provide an experimental basis support-
ing this suggestion. ‘

MATERIALS AND METHODS
Strains of Drosophila melanogaster used for the present study are listed as follows.
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1) en bw: A standard second chromosome line marked with two recessive eye color mutants,
cn (cinnabar eye color, 2R-57.5) and bw (brown eye color, 2R-104.5).

2) Tokyo: A standard wild-type second chromosome line which has been maintained by
backcrossing, through males, to the standard cn bw females for more than ten years.

3) Canton-S: A standard wild-type laboratory stock which has been kept in this laboratory
in a large mass culture.

4) % cv v f car: An X chromosome line carrying five recessive mutants, 2 (an allele of 7,
vellow body color, 1-0.0), cv (crossveinless wing, 1-13.7), v (vermilion eye color, 1-33.0), f
(forked bristle, 1-56.7), and car (carnation eye color, 1-62.5).

5) In(2LR) Cy; cn® bw: A second chromosome line with two large inversions, one in the left,
and the other in the right arm. This chromosome carries dominant marker Cy (Curly wing)
and two recessive eye color mutants, cn? (an allele of ¢nz) and biw. This line will be abbreviated
as Cy.

6) Muller-5 (= Basc). In(1) scS1L 58848, scS! sc® w* B: An X chromosome line carrying
complex inversions, a dominant marker B (Bar eye, 1-57.0), and a recessive marker w® (white
apricot eye color, 1-1.5).

7) FM-7. In(1) sc*+15D-E; 20A-E -+ dl 49, y*14 sc¢® w v%/f B: An X chromosome line
carrying complex inversions, a dominant marker B, and recessive markers ¥4 (an allele of
vellow body colors), w, and v0ff (an allele of vermilion eye color).

8) T-007, T-032, T-037, T-066: The second chromosome lines isolated from a natural popu-
lation in Harlingen, southern Texas. All of these lines carry the male recombination element,
showing an average recombination frequency of about 0.7% between the cn and the bw loci.
These lines have been maintained by backcrossing, through males, to the standard crz buw females.

9) T-043, T-603, T-122: The second chromosome lines isolated from the same southern Texas
population. These lines seem to carry the male recombination elements, but the frequencies of
recombinations are much reduced (about 0.09%, between cn and bw). These lines have been kept
in the same way as above.

10) 8D-5, SD(NH )-2: The second chromosome lines carrying the Segregation Distorter com-
plex system. They were isolated from a natural population in Madison, Wisconsin, and in Odate,
Japan, respectively. These lines have been kept by backcrossing to the standard cn bw females
for more than ten vears.

A standard cornmeal food was used throughout the present study, and the room temperature
was about 23-24°.

EXPERIMENTS AND RESULTS

Sezx-linked recessive lethal mutations: Seven Texas lines (T-007,T-032, T-037,
T-066, T-043, T-063 and T-122) and three control lines (¢n bw, Tokyo and Cy)
were examined for the frequency of sex-linked recessive lethal mutations. The X
chromosomes tested for lethal mutations were those from the standard cn bw
stock (= X°*). Each of the second chromosome lines except, of course, the stand-
ard cn bw, was made heterozygous with the cn bw chromosomes. The heterozy-
gous males, carrying the X chromosome, were then individually mated to the
Muller-5 or FM-7 homozygous females. The number of heterozygous parental
males examined for each line was as follows: 28 for 7-007, 30 for T-032, 26 for
T-037, 40 for T-066, 30 for T-043, 29 for T-063, 27 for T-122, 15 for cn bw, 31
for Tokyo and 17 for Cy. The F, females of the genotype, X°*/Muller-5 or FM-7
(about 25 F, females per parental mating), were then mated individually to
males to examine for the absence of wild-type males, indicating recessive lethal
mutations in the X? chromosomes. Results are summarized in Table 1.

The frequency of mutations was highly significantly heterogeneous among the
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TABLE 1

Relationships among recombination, mutation and segregation frequencies

No. of
Group Strain c.0o. %* (N4 mutation (%) (N)E k§ (N)+
cn bw - L. 1 (0.28) (356) e e
Control Tokyo 0.00 (100) 1 (0.13) (782) 0.550 (100)
Cy 0.00 ( 66) 1 (0.22) (464) 0.543 ( 66)
Mean 0.00 (166) 3 (0.19) (1,592) 0.547 (166)
T-043 0.05 (108) 6 (0.79) (755) 0.556 (108)
Group A T-063 011 (105) 4 (0.51) (780) 0.528 (105)
T-122 0.11 (108) 0 (0.00) (535) 0.525 (108)
Mean 0.09 (321) 10 (0.48) (2,070) 0.536 (321)
T-007 0.80 (697) 7 (1.15) (607) 0.338 (697)
GroupB T-032 0.38 (117) 8 (1.63) (490) 0.447 (117)
T-037 0.49 (107) 7 (1.00) (703) 0.408 (107)
T-066 0.75 ( 81) 25 (2.29) (1,092) 0.404 ( 81)
Mean 0.71 (1,002) 47 (1.63) (2,892) 0.367 (1,002)

* [ (Number of recombinant flies recovered) /(Total number of progeny flies)] X 100.

+ Number of males tested for recombination frequency.

I Number of X¢? chromosomes examined for lethality.

§ Frequency of the second chromosome in question, z, recovered among progeny of the mating,
enbw? @ X x/cnbwd.

three groups (x2=29.83, p < 0.001), but this heterogeneity was mainly due to
the high frequency in group B (the group including lines showing relatively
higher frequencies of male recombinations) ; there was no significant difference
between the control and the group A (the group including lines showing rela-
tively lower frequencies of male recombinations, x2=2.21,0.25>p >0.10). It
is interesting to note, however, that group A showed about three times more
mutations than the control lines. The difference between the groups A and B was
highly significant (x2= 13.86,p < 0.001). It should be noted that the above
statistical results remain essentially the same even after removing the 7-066 line
from the group B.

Except for one male which gave two lethals, all the remaining lethal chro-
mosomes were recovered independently. There was therefore no indication
of the clustering occurrence of lethal mutations, although the present data were
not large enough to detect the presence of small clustering occurrences. The lethal
frequencies of the control lines, which average 0.19%, are comparable values to
those reported by other investigators (for example, WarrAce 1970; 0.249,).

Hrrarzumr (1971) reported that the % value, the frequency of Tezxas-x second
chromosomes recovered among progeny of the mating, cn bw? 2 X Texas-x/
cn bwé , was considerably lower for the male recombination line than that of the
control, and furthermore, that the £ value and the male recombination frequency
were negatively correlated. This relationship can be clearly seen in Table 1. Note
that the average & value for the group A (0.536) is close to, but slightly less than,
the 0.547 of the control line. It is not certain at this moment whether the lines in
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TABLE 2

Distribution of recessive lethal mutation loci in the X chromosome

Region in Obs. No. of
standard map lethals* (%)

0-10 6 (26.1)
10-20 5 (21.7)
20-30 3 (13.0)
30-40 2 ( 87)
40-50 1 ( 4.3)
50-60 4 (17.4)
60— 2 ( 8.7)
Total 23 (99.9)

* One line was found to be associated with an inversion (approximate break positions, 14A—~
18A). This line was not included in the tabulation.

the group A are those free of male recombination element, or are those carrying
the element but are associated with genetic backgrounds which partially suppress
the function of the element. In any event it is clear that the male recombination
frequencies correlate positively with mutation frequencies, thus indicating that
these two phenomena are interrelated.

Mapping of most lethal mutations, except those induced by the T-066 line, was
undertaken by using a chromosome line carrying ¥® cv v f car, and the results
are shown in Table 2.

As can be seen from this table, the positions of lethals were distributed along
the entire X chromosome, but there was a suggestion that the distribution was
not quite at random; relatively more lethals seemed to be located near the tip of
the X chromosome. It should be mentioned that one lethal X chromosome line
was found to carry an inversion, with approximate breakpoints 14A—18A.

It is interesting to compare the distribution of the lethals in the present study
with those studied by Ives (1959). Comparing with the distribution of radiation-
induced mutations, Ives found that the A7 mutator gene seemed to work more
specifically in the interstitial region, while the present element seemed to operate
relatively more specifically to the region towards the tip of the chromosome. The
number of lethals mapped in this study was, however, very small and the authors
wish to open this subject for future studies. It should be noted, however, that
GreeN and Lerevee (1972) studied the locations of sex-linked recessive lethal
mutations induced by their mutator gene, mu, and found a tendency of clustering
toward the tip of the chromosome, a result similar to that found in the present
study.

Recessive lethal mutations in the cn bw second chromosome: It is extremely
tedious to work with the frequency of autosomal recessive lethal mutations, and
therefore only one male recombination line, T-066, and one control line, Tokyo,
were examined. The T-066 and the Tokyo second chromosomes were made heter-
ozygous with lethal free cn bw chromosomes, and the heterozygous males (12
males for T-066 and 14 for Tokyo) were individually mated to crn bw/Cy females.
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The F, cn bw/Cy males (about 30 F, males per parental mating) were then
mated individually to +/Cy females, and the F; sibs of the genotype cn bw/Cy
were mated together for detecting recessive lethal mutations in the cn bw chromo-
somes.

A total of 319 ¢ bw chromosomes were tested in the experimental set, of which
9 (2.82%) were found to carry recessive lethals, while only 1 out of 356 (0.28%)
cn bw chromosomes tested in the control set was found to show the presence of a
recessive lethal, All of the lethals were of independent origin; no parental male
produced more than one lethal cn bw chromosome. The control frequency of
0.289% is slightly lower than, but comparable to, the values found in other labora-
tories (see summary table by Crow and Temin 1964; about 0.5% on the aver-
age). The frequency of lethal mutations with the 7-066 line is thus seen to be
about ten times as high as the values obtained in the controls.

Of the nine cn bw lethal chromosomes, one was lost accidentally before further
tests could be made, and the remaining eight were tested for allelism; two out of
the eight were found to be allelic, suggesting non-random occurrence of the lethal
induction. It is also interesting to note that the induced mutation frequency in
the second chromosome is roughly twice that in the X chromosome, which is con-
sistent with the relative length of these two chromosome pairs. This, along with
data presented previously (Hirarzuwmai et al. 1973) showing that the male recom-
binations occurred in comparable frequencies between the second and the third
chromosomes, indicates that the element operates among chromosome pairs with
approximately the same intensity.

“Visible” mutations at the cn and the bw loci: This experiment was done with
the 7-066 line only. The T-066 chromosome was made heterozygous with a wild-
type laboratory second chromosome, and the heterozygous males were mated
individually to the standard cn bw females.

A total of 14,908 F, progeny flies of the above mating were examined, of which
2 showed ¢n and 3 bw mutant phenotypes (these 5 mutants were recovered inde-
pendently). Thus, the mutation rate of bw to bw and of cn* to cn was approxi-
mately 2 X 10 and 1.3 X 10, respectively. No control mating was made in this
experiment, but the above rates seemed to be much higher than those expected by
the spontaneous mutation rates. Unfortunately all of these mutant flies recovered
were completely, or almost completely, sterile and no further tests could be made.

DISCUSSION

The present observations have provided a strong basis to conclude that the
male recombination lines operate similar to those carrying ‘“mutator genes.” In
fact, it might be that the “male recombination element” is a similar or even an
equivalent element to a mutator gene, such as Ai reported by Ives (1950) from
a Florida population, and this mutator gene was reisolated by one of the present
authors (Hirarzumr 1971), but this time as an element which caused male
recombinations. There were many similarities between the present element and
the /i mutator gene of Ives; i.e., i was mapped to the second chromosome; it
caused sex-linked recessive lethal mutations in the frequency of approximately
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1.19% and in the second chromosome, from 0.4% to 7.2%; its frequency in
natural population seemed to be fairly high, and finally, the A mutator and the
present element both induced inversions. In this connection, it is extremely inter-
esting to examine /i as well as other mutator genes for the ability to induce male
recombinations.

It is perhaps worth mentioning here that the male recombination lines seem to
induce dominant lethals as well. A small set of egg hatchability tests was per-
formed for the T-007 and the Tokyo lines. Females from a standard wild-type
stock, Canton-S, were mated individually with the T-007 /cn bw and the Tokyo/
cn bw males, and after ensuring the copulation, the eggs were sampled and the
“hatchabilities” were examined by counting the number of adult progeny recov-
ered. Of a total of 1,072 eggs sampled from the control Tokyo male mating, 954
adult progeny flies (89%) were recovered, while in the 7-007 male mating, a
total of 1,469 sample eggs produced 786 progeny (549% ). This test can not exclude
the possibility that the number of functional sperms produced by the 7-007/
cn bw males was extremely small and that the reduced “hatchability” was in
fact due to an increased frequency of unfertilized eggs. It seems reasonable to
consider, however, that the above result strongly suggests that the male recombi-
nation lines cause dominant lethality in a fairly high frequency.

Mutator genes in Drosophila have been reported by many investigators
(DemEerec 1937; Ives 1950; Green 1970; WooprurF, BowMaN and SimmoNs
1972; et al.), yet their frequencies in natural populations have not yet been satis-
factorily estimated. In fact, not even a crude estimate has been made. One obvious
reason for this would be the tediousness of the experiments; it might be practi-
cally impossible to work with 1,000 or more replications for a single chromosome
or genotype collected from a natural population in order to see the presence or
absence of the mutator gene in it. The present result, positive association between
male recombination and mutation induction, offers an excellent and much easier
way to estimate the frequencies of mutator genes in natural populations of Dro-
sophila; ie., presence of a mutator could be examined by testing the ability of
male recombination inductions, and male recombination frequencies could be
examined much more easily than those of the mutation frequencies.

As was stated earlier, the frequency of the male recombination element in the
Harlingen population was very high (509 or more). A later study for another
southern Texas population, at Brownsville (unpublished), also showed a high
frequency (509 or more) of the male recombination element. Recently this
element was discovered also in a Bowling Green, Ohio, population in a fairly high
frequency of 209, or more (Drs. WappLE and OsTER, personal communication),
suggesting that the element is widely spread among natural populations. It is
extremely interesting and important to examine the distributions and the fre-
quencies of male recombination elements in many natural populations of Dro-
sophila melanogaster, as well as those of the previously reported mutator genes.

Hirarzumi (1961) reported that the Segregation Distorter (SD) of Drosophila
melanogaster might operate like a mutator gene inducing recessive lethal muta-
tions in the second chromosome, in the vicinity of the SD+ region, although the
number of replications in his report was too small to reach any firm conclusion.
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It was decided to explore whether or not the SD element could induce mutations
in the X chromosome. Two SD lines, SD-5 (isolated from a Madison, Wisconsin
population. See SanpLER, Hiraizumi and Sanprer 1959), and SD(NH)-2
(isolated from an Odate, Japan, population; see Hirarzumr and Narazima 1967),
were tested for the sex-linked recessive lethal mutations. Six hundred and sixty-
nine X** chromosomes from the SD-5, and 532 from the SD(NH )-2 male parents
were examined; there were no lethals (0%) produced. Thus the SD system
seemed to be different from the male recombination system, although SD may
possibly induce mutations in its homologous chromosome.

Finally, the fact that the Tezas second chromosome lines showed different re-
combination and mutation frequencies suggests that the system of male recombi-
nation-mutation is a complex system involving many modifying factors. In fact,
a recent study showed that the male recombinations were under a polygenic
control (manuscript in preparation), somewhat similar to the male recombina-
tion system in Drosophila ananassae (Moriwaxki, Tosart and Ocuma 1970). The
evolutionary significance of such a system in natural populations, is still an open
question for future studies.

The authors wish to thank Mgs. A. NiLr and Miss R. A. Kovarig for their excellent technical
help throughout the course of this study.
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