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SEX COMBS IN UNBALANCED MALE
FORMS OF DROSOPHILA
MELANOGASTER

Saran Bepcnexk Prekix®

INCE studies of the terminalia of
Slll'ilhu'r sccond nor third chromo-

some triploid ancuploids revealed
a defnite qualitative sex shifg!®W.47
the sex combs of certain male or inter-
sex ancuploids have been investigated.
This work was undertaken to compare
the sex combs of hvper-intersexes carry-
ing in excess of 2X34 various fragments
of chromosome 3 with their sibling
2X34 intersexes to learn if a modifica-
tion toward maleness occurred in the
former. Sex combs of males hypo-diploid
for a short section of chromosome 3
were examined to see if a change in the
female direction had taken place. Sex
combs of hyper-diploid males and super-
males were studied since these represent
””Il-"lhl”lfl!_'i] r11:l1|_‘ fl":l'rll:lEu \.'.'l'll'_'l_—l'_' n stx
shift is expecied.

Materials and Methods

The 34 translocations used and
methods  of  obtaining  the  triploid
ancuploids have becn described  else-
where®7, A diagram of the third
chromosome with the salivary map
points of breakage of the translocations
used 15 given in Figure 2. Either the
left-hand fragment (L) or the right-
hand fragment (R} of the respective
translocations + 2X34 was present in
a given hyper-intersex. Figure 34 shows
the genetic composition of a hyper-in-
tersex and of its sibling control 2X 3.1
intersex, Sex combs of the [ollowing
long-region hyper-intersexes were exam-
ingd: 120 + 2X34, §5CL + 2X34,
S3CR 4+ 2X34, #9ER + 2X34. Short-
region hyper-intersexes studied included
H7L + 2X34, ZR 4 2X34, 30R +
2X34, and HoR 4+ 2X31. Sex combs

68C 67E T30 BSC 944 36E
TESH HT 13 12 a5 2 W6
SALIVARY MAFP OF CHROMOSOME 3

Fifuir 2

DHagram of the salivary map of chromo-
some 3, showing below, the points of breakage
of 34 translocations, and above, the cor-
responding focations on the salivary map.

of MR + 2X34 and ZR + ZX34 hyper-
intersexes  were of  interest  becanse
thetr mean sex tvpe (scored according
to the external genitalial was slightly
but significantly more male than the
mean sex tvpe of their respective 2X34
intersex siblings", The genetic compo-
sition of hvper-diploid and hvpo-diploid
males, respectively, is shown in Figure
38 and . Sex combs of hyper-diploid
males carrving one of the following
fragments in excess of X210 were
studied: 2R, H7 L, and 125, Sex'combs
of hypo-diploid males with the section
between T(34) A2 and 1034 Ho
haploid and also thase with the section
between T(34) H7 and T{34) 413
haploidd were examined. The latter
hypo-ploid males were chosen for study
because approximately one-fourth pos-
sessed  rotated genitalia, The region
H7-13 is very nearly the same region
stuctied by Patterson &f al®, who re-
ported hvpo-diploid males with fre-
quently rotated and imperfect genitalia,

Super-males amnd  control  normal
diplotd males here studied were taken
from the »*; re co triploid stock used
in third chromosome aneuploid studies.

Whole forelegs of flies were stored in
70 percent aleohol andfmounted cither
in cuparol or clarite. Right lers were
cut shorter than left so that these could

*The Gorgas Memorial Laboratory, Panama, Republic of Panama, This research was supported
by grant C-3433 awarded by the National Cancer Institute, U. 5. Public Health Service, Bethesda
14, M., to Howard University. The author is indebted to Mr, David W, Ray [or preparing the
slides of sex combs; 1o Dr, Alan C. Pipkin, for making the photographs,
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GENETIC COMPOSITIONS
Figuife 3
A—Cenetic composilion with resped o' X
and third chromosomes of a hyper-intersex
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and  third  chromosomes -|| 2 h
take : C—Genetic 1tion with
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diploid male,

L 1|i,w|,i,||;_;||i~.]1|-r| on the shide when the
sox comb prongs were counted. Where
possible, sex combs of 25 individuals of
each genotype were examined,

Results
|‘|1r-L<|_;L|';1]r.L|:-. of sex combs of certain
.'|1u~1:[1]|:-:c|:~. the normal 1|i]|'u:lilf mitle
(IX24), the super-male {(fX34), aml

the ordinary 2XJ34 intersexes are pre-
sented in Figure 1. Sex combs of the
unbalanced male forms  {aneuploids,
super-male, and 2X34 intersexes) dif-
fer from the sex combs of the normal
diploid male by a reduction in prong
number; presence of occasional or, in
some instances, rare gaps in the comb
(elivicded |,'r111:|J:~",-; and, in the case of
the super-male, an increase in the asym-
metry of prong number i right and
left combs of the same individual. The
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sex comb teeth of diploid males are
pressed close together, and the comb
possesses  a  characteristic curve  not
usuitlly seen in combs of intersexes and
d_l'll_l_i['lll'_?'l'l"'-, ]ll |.|'I|.' :.'||:1l"|', rlll' r"‘i':fl are
:_-\.‘llr-l“;_l_(l ;l]:-:ul andl APrEsar more atuthkbm,
and thick than the teeth of the normal
male comb, though Hannah-Alava
Stern'!, from actual measurements of
mtersex and diploid male combs, Toumd
no difference in thickness of correspond-
ing prongs,

A comparison of mean tooth number
in the sex comb of the control diploid
mitle ancd in those of the various chromo-
somally unbalanced male forms 15 given
in Table 1. Here it is of interest that the
mean tooth number in hyvper-intersexes
carryving a short nght h=1||r1 end frag-
ment of c*lu'unln:m[lu- 3 (1, 2R, 30K,
or HoK) does not differ L~1|.;.1|I|m.1|1|l:\~'
from the mean tooth number of sex
combs of the corresponding 2434

and

sibling control intersexes. All chromo-
somally unhbalanced male forms have
fewer teeth in the sex comb than the

control diploid male. The degree of
reduction of tooth number 15 correlated
ith the degree of chromosomal 1imbal-
ance, Super-males (FX34) have the
fewest sex comb prongs and the greatest
qualitative disturbance of the comb.
Hyper-intersexes with longer fr: gments
.m1]<1||‘_. showed  greater reduction in
tooth number than hvper-intersexes
with shorter fragments. Gaps in the sex
comb were extremely rare in
2X34 intersexes but werc
hv []: r-intersexes SWOEE T
TABLE 1. Mean tousth number of the sex combs of hy
rr-intersexes, their corresponding control zibling 2X

mtersexes, normal diploid males, hyper-diploid :n:||.|.ll.':.'.
bypo-dipboid males, and super-males
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107 hypo-intersexes I17-13  (Figure
15 hypo-diploid males 2-6 and H7-13:
and most frequently, in super-males,
where seven of 40 combs studied were
of this type, The gap in a divided comb
may oaccur at different places in the
comb. The teeth in proximal and distal
combs numbered 3 4:44:6,2:5,3: 4 3
8.2; respectively, in seven super-
males showing divided sex combs, In
the last case, an additional prong was
present on the extensor surface af the
tarsus near prong 5. The presence of a
prong Mout of line" with the rest of the
comb was also observed in the hvper-
intersex #0EL,

The asymmetry of sex comb prong
number characteriztic of hoth normal
diplotdl males and of ordinary 2X3.1
ntersexes s likewise present in the
ancuploids’ sex combs and 15 actually
more pronounced in the super-male sex
comhbs, OF 26 normal diploid males, 16
showed  differences in prong  number
between right and left legs of the same
individual, the difference ranging from
one to three prongs. In ordinary 2X34
intersexes, 51 of 82 examined displayved
such asymmetry. In super-males, 15 of
20 combs studied were asymmetrical,

Disenssion

A reduction in sex comb tooth nomber indi-
cating a shift from the S-pronged intersexual
comb in the female direction has been found by
Pipkin'* in the case of certain X-chromosoum
triploid ancuploids which have rodimentary
combs isf ome or twe prongs. On the other hand,
an increase in comb teeth from four to six in
triploid females carryving the hermaphrodite
gene, Ifr, in one third chromosome to 10 to 12
tevth in sex combs of triploid females homozy-
gous for itz allele, tra, studied by Gowen and
Fuong?, demonstrates an obvious modification
in the male direction, nsing the sex.comb tooth
number s a eriterion of the degree of sex shilt.

Mo rudimentary sex combs were found on
hy pee-triptond females carrving 3N plus short
of long [ragments either of chromoseme 295 or
of chromosome 3% although Bridges* re-
ported that individuoals with 3Y44 {deter-
mined eyvtologically) were similar 1o 2X 34
intersexes.  According to external  genitaliz
studies, no sexual shifts were observed in any
of the surviving hypo-intersexes involving sec
tions of chromosome 2% or of chromaosomse 34917,
It was therefore concluded that male-determin.
ing factors present both in chromosome 2 and
in chramosome 3 were responsible foc the shilt
toward maleness in ordinary 2534 intersexes?,
Hyper-intersexes bearing either of two short
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right-hand end regions of chromoesome 3 showed
mean sex types (classed according to the ex-
ternal gepital ducts) slightly more male than
those of sibling control intersexes™, but the
mean sex oomb teoth number of these hyvper-in-
tersexes did nol differ significantly from the
mean sex comb tooth number of sibling control
intersexes. Furthermore, the hyper-intersexes
with lomger fragments showed the Ereater -
duction in number of sex comb teeth, Hy po-di-
plotd males did possesa fewer 2ex comb tecth
than control diploid males, but this reduction s
not taken as a shift roward femaleness but
rather as the result of a growth disturbunce
caused by aneoploidy, A lesser reduction in
mean sex comb tooth number was likewise
found in hyper-diploid males, and a more pro-
nounced reduction in super-mmales, where no sex
shifts are expected. Thus the studies of sex
combs-and of extersal genital ducts of thied
rhromosome hy per-interseses are in agreement
in failing te mdicate a defnite shife toswared
ma leneas,

O the other hand, it may be thar no inereasse
in sex comb tooth number should be eapecied
i autesomal hyper-intersexes. Ta .|I'|I:l;||__l.|t1‘
such an increase sapposes that the reduction in
ordinary 2X 34 intersex sex comba, as compared
with the tooth number in diploid males, is due
to intermediate gexial development, an inhibi-
tion of the development of the comb owing to
female development within the same individual,
|I iy be argoed that the sex combs of 1riploid
INLOTSEREE FEPTesent a complete male develop-
ment, the small redoction in peong neimber
'IH-[n;; due to a growth disturbance dependent
upon the unhatanced 2X34 genotype but not
upon a femintzing {hormonal) influcnee, The
following are some reasons [or thinking that
triploid intersexes possess a complete male
devidopment 1m the carly differentiated sex
comb (with the exception of the very rare,
extreme  female-tvpe  ntersexes which  lack
combsl: (1) Dobzhansky® found that selection
of a triploid line yielding male-tvpe interseves
was more effective and procecded more mpidly
than selection of a triplond line viclding female-
tvpe mtersexes. (2 Although extremely rare
tvpe W1 2X 34 intersexes lacking sex combs and
QCcurring in twa to three percent of the h.ij.,hp;[
selected  female-type interaex |:|uc|m|n*_‘ line
were described by Dobzhansky and Brdges?,
Pipkin® faumd that the mean prong numiber of
sex combs of triploid intersexes of the extreme
mafe type | did not differ significantly from the
ieaf sed comb prong numbeer of intersexes of
the female tvpe IV (with imperfect female
genidaliz, sex combs), Hannah-Alava  and
Stern't reporied a similar finding for sex combs
of male-like, intermediate, and Temale-like
triplotd intersexes, (31 Simifarly, Hanoah'
found that Strapped, a digenic male-limited
character, was expressed in both male- and
female-type triploid  intersexes, (4} Pipkin™
found the variation in total time of development
of male-tvpe and female-tvpe triploid intersexes
to be the same, Furthermore, Gowen and Fung?
stated that the tripleid intersex pgenotype,
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2X 34, is lintle affected by Hr, the hermaphro-
dite gene, and fra, 116 recessive allele, bath of
which strongly modify development in the male
direction in diploid and triploid females, but
fail to affect the diploid male,

Another case in which it s possible that a
growth disturbance accounts for the reduction
of mean sex comb tooth namber is the fndin
by Stern amd Hanoah!® thai sex combs o
mosaic legs or segments of legs of gyoan-
dromorphs averaged 1.3 prongs [ewer than
those of their diploi] male siblings, these au-
thors concluding, “whether this influence de-
rivea from a quanritatively specific nature of the
female tigsue, transmitted to the male tissues in
a hormonal way, or whether the quantitative
differences in general metabolism and durarion
of development which characterise the two
norcmal sexes are mstramental, moest remam an
open issue.”

Recognizing the predominantly  mate-like
characler of .r.:',rl:l,:..':-!.‘.\,l'r,l'f{.l. Tliil_lq’ril! 'L:nh\rﬁr:lce-s,
Goldschmidt? described them as “male” inter-
sexes in contrast with 2X24 diploid intersexcs
homoeygous for an intersex mutant which he
termed  “female’  intersexes. He  considered
2X34 triploid intersexes Lo 1w sex mosaics an
time, male development preceding  femnle
development, a view supported by the work af
Dabzhansky znd Hridges®. Although contested
and defended, this theory emphasizes the essen-
tially male nature of most triploid intersexes in

Drozophila.

Four mechanisms have been found which
mealify the sexual development of ordinary
2X20 intersexes: (1) Dobzhansky®, working
with a triploid line producing interseses ranging
from sex evpes | to WV, found that culturimge m-
teraexes at 20 C. faverel a shift toward male-
ness; at 287 O, a shift toward [emaleness, [2)
Diobzhansky? locared a particular third chromo-
some which in one dose shifted the mean sex
type of intersexes in the female direction, [3)
Fung and Gowen® reported Temalety pe teipload
intersexes to have higher numbers of fourch
chromosomes than mtermedate aod male v pe
intersexes. (40 In one cross, Dobzhansky and
Schultz® found that the mean sex type of inter-
sexes arising from 7X210 cggs does not differ
from the mean sex tvpe of interscxes arsing
from 2X24 cgga. The former intersexes lack a
Y chromosome; the latter possess one. These
anthors concluded that the ¥ chromosome does
net influence the sexual development of inter-
gexes, Pipkin crossed males Li-E 20 o ifferent
wild strams to an mbred 93 v f nu]lm& 2, Virs
million, forked) triploid line, |11 six of these
crosses, the wild-tvpe intersexes, coming from
I1X24 eggs, were significantly more male-like
than the intersexes displaving the recessive
marker mutants ¥ ¢ f, ansing from 2X24 eges.
In the remaining 14 crosses, the frequencies of
sex typea of wild-tvpe and 9* v [ intersexes were
homogeneous (did not differ significantlv), The
author concluded rhat these variations in sex
types of the two kinds of intersexes were owing
to dominant modifier(s) in some of the wild-
type X chromosomes, although the posability

of Heredity

of modifiers in the Y chromosome was not conm-
pletely ruled out. Further crosses of wild-type
males to rriploids homozygous for the mutant
A (wellow- 2,‘-, carried ouwt in connection with
u|_i11_~r experiments, have confirmed the abse rvll-
tion that, in a number of crosses, the yellow-2
intorsexes ((rom 2X24 eges) are significancly
more female-like than the wild-tvpe intersexes
(from fX24 egps) (Pipkin, unpublished ), Oiher
explanations than the one gven by Pipkan'!
mav aceount for these data, Possibly interseses
arising from IX24 pgps are sometimes more
male-like than their sthling intersexcs arising
from 2XZ4 eggs hecause of the action in the
IX2A eggs before fertilization of autosomal
e -determining genes which have twice the
dogage aof X chromosome genes in these egms.
This explanation was applied by Goldschomudi®
to seme resulls found in his Bd-Mn intersexes.
He further pointed out that o case of diploid
intersexuality has been studied by Sturtevant®
in which male-determining genes acted in the
t-gg before fertilization. Since the frequency of
i X24 egea is much higher than the frequency of
2X24 eggs, this explanation would partially
account for the preponderance of male-type
interseses  in omost  triploid  liees.  Howewer,
iitersex-triploid  mosaes® 5 prove  that  the
decigion of sex determination comes after ferti-
lizativn as in the case of diploid males and fe-
males. Finally, the yellow inlersexes arising
from 2X24 cges mav be more lemale-like in
snme cases becavse there may be a tendency of
fourth chrompsomes to segregate into the ZX24
eggs with a higher frequency than into the
1X24 vgps.

SUMmAry

Sex combs of byvper-intersexes of the genoly pe
2X3A with a fragment of chromasome 3 pos-
sesged no more prongs than their control sibling
2X34 imtersexes, An examination of sex combs
of other unbalinced male forms, hyper-diploid
miales and hypo-diploil males, the anenploidy
involving sections of chromosarme 3, and super-
males {(IX34), revealed a shight reduction in
sex comb prong number as compared with
ordinary diploid males, 11 is sugpested thar the
2X34 intersex sex comb in all but the extreme
female-tvpe iotersex represents a complete
male development. The reduction in prong
pumber i3 thought to be due to a growth dis-
tiebanee canaed by the unhalanced genotvpe.
Some factors influencing the degree of sexpalicy
if ZX30 intersexes are discisaed,
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