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SEX BALAMNCE IN DROSOPHILA MELANOGASTER: ANEUPLOIDY OF
LONG BEGIONS OF CHREOMOSOME 3. TUSING THRE
TRIPLOID METHOD®

SATAILD BEDICHER PIPEIN
The Gorges Wemoriold Laborgtory, Paneme, Repubiic of Panema

Receaved March 31, 1960

M ocontrast with X chromosome triploid aneupleid studies (Dosrpasscy and

Seavnre 193 Presis 19405 alterations of dosage of any one short region of
chromozome 2 (Prexme 1947 or of chromosome 3 {Prexi~ 19507 have revealed
no pronounced sex shift in hyperintersexes or hvpointersexes, Although the mean
sex tvpes of hyperintersexes bearing in excess of 2X3A a short right-hand end
fragment of three different 3:4 translocations were slightly but significantly
more male-like than the mean sex types of their control intersexes; hypointer-
sexes Tor each of two components of this region showed no corresponding shift in
the female direction (Prexin 19597, The purpose of the present investigation has
bieen 1o study sex halance of long-region aneuploids in a Darther attempl to locate
the autosomal chromosomal region responsible [or the shift toward maleness in
ordinary 2X3A triploid intersexes caused hy the addition of an extra set of auto.
semes to Lhe 2X2A female chromosome complerent.

MATERIALS AND METIIODS

Certain of the same 34 translocations uged in the short-region aneuplond study
(Prewirs 195097 have been used in the present investization of long regions, These
melude the following: T{3:40c (Doprmarsey 192%; LEwrs 1951'); broken at
BEC; TV3:40A13, broken at 67F; Ti3:47A12, broken at 73C; T(3;41 A2, hroken
at 94A3-4; T(3:41A28, broken al 94D3-4 (Lewis, personal communication) ;
T(3;43A30, broken at 96E. all T(3:4) A translocations being studied by Parren
O, bn’m E, BEpicHeER and 51.(411. (19340 and Parroeson, Brows and SToNE
(19400 T(3A1850 (Lewis, personal communication’, broken at 85C; T340
BOE {Lewrs, personal communication ], hroken at 895; T(3;43 111 and T( 3,41 H3.
each broken in the chromoecenter; and T(3;4)H3, broken at 96E. The +°; ru ca
triploid stock used has been desevibed previously (Presis 19593 All of the
experimental crosses were placed ina BO DL incubalor o develop at 22 £ 0.57C,

To studwy :Lr]f*uplnid}' of long end regions, males heterozygous for a given 34
translocalien carrving normal alleles mld an intact third chromosome carrving
the recessive markers v (roughoid) and ca (clarel) were crossed with homozy-
gous v rue e triploid females according to Figure 1 (y* = yellow). The possible
surviving long-region aneuploid progeny. hy pertriploid females and hyperinter-

1 This research was supported by a research grant, C-34533 awarded by the National Cancer
Institute, 175, Public Flealth Service, Bethesda 14, Md, to Howard University.
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soxes, are shown in Flgore 20 Hypertriploid females carrving a long left-end
Fragment appear Aimp]:. crr. Hy perinterseses may be cither e o7y cern, depending
on the parental source of the X chromosomes, Siralarly. hypertriploid fermales
carrying a long rghl-hand end lragment appear reg such by perinfersexes, appear
cither sz or ;v To demonstrate that the surviving long fragment aneuploids
are hypertriploids and hy perintersexes vather than hypotriploids and by pointer-
soxes, g conbrol cross was made as [ollows: Males with the given 34 franslocation
carrying normal alleles and an intact Der thivd chiromosome (carrving the domi-
rand marker f3, Dichacte, associated sith an ionversion) were crossed with
v v niplond Temales. Any tiploid aneuploid progeny  (distinguished by
coarse wing texture and large eyve facets) showing either ry or ea from this cross
must be cither hypotriploid females or hypointersexes sinee only two thivd chreo-
mesemes with recessive markers are derived Trom the »7; re cw triploid parents,
Since no e or ca aneuploid progeny appeared from any of these control crosses,
the aneuploids appearing from the cross shown in Figure 1 must be hy pertriploid
fernales and hvperinlersexes.

To study aneuploidy of inerior long regions, use was made of the overlapping
translocation method. first described by Muocoen and Stowe (19300, and em
ploved i a nomber of aneaploid studies since. Homossygons 0% v ea (eiploid
females were crossed with males heternzygous [or twve diflerent 3.4 translocations.
Far long interior region studies, the translocation with breakage point to the lefi
carried e and the normal allele of ruwhereas the translocation with the breakage
point o the right carvied ru and the normal allele of sz, This procedure insured
that possible hypertriploid females, swhich ol all aneuploids are most apt to sur-
vive, would be re ea. Thiz method is diagrammed in Figure 3.
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EXPERIMENTAL RESULTE

fong end regions: A summary of long end region aneuplond studies 1s given in
Table 1. The first column gives the genetic composition of the tanslocation-
carrving male parenl crossed with °; rw cu triploid females, Numhbers of anen-
plotd progeny and of wild-type control (2X3A) intersexes appear in Table 1
A comparizon of the pumbers of this ene group of control intersexes with those of
aneuploads indicales the rarily of the latter in the progeny of a particular experi-
mental cross,

Table 1 shows that no hypertriploid female survived carrving either the lefi
o richt-hand end fragment of either T{3A0HT o T03;40H3, each broken in the
chromocenter, Hypertriploid females and hyperintersexes hearing left-hand end
[rapments of T{3:4012, T3:40 850, and T340 85E were [ound when rather high
progeny counls swere made of the experimerial crosses indicated in the [irst
column of Table 1, Ancuploid and control 2X3A sibling intersexes listed in Table
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Ficvne A—Cross designed o 11|m||u e hypertriplod or byvperinterses progeny carrying i
exvess of 32034 or 2XGA, respectively, a long interior region of chromnsmne 3.

I are classified according 1o the sex types -V, described by Donzmansiy and
Scnvnre (19340 Owing 1o the low r::nn]wra of surviving ]l::-]H region hyperinter-
sexes and o the Tact that the control intersexes themselves were predominantly
of the male tvpes [ and 11, little information can be derived from a comparison
of the sex tvpes of the two groups. For this reason a detatled study was made of
Lhe sex combs of long- and shorl-region by perintersexes, their respeclive control
2XN3A sibling intersexes as well as of short region hyperdiploid males, control
sibling males (X 2A70, and supermales (X 3A) arising from crosses of males
heteroeygous for one or bwo 334 iranslocations and »°; ree ee triploid females, The
aneuploids, thus studied, occurred in the experimental crosses of the present
investigation and also of the previnus short-region aneuploid study of chromo-
soarte 3 (Priewes 19550 A detatled analvais of the sex comb data of these anen-
plotds wall appear ina laler paper. In no case did & long-region Ly perinlersex
possess sex combs with a higher number of prongs (e, more male-like) than
those of 1s corresponding contral 2X3A sibling intersex.

Clavet hypeririploid Temales carrving 12 1oin excess of 333A are aimilar to
Ltheir 3X3A sibling triploids in body size, eyves, wings, bristles, and sexual charac
ters, Hyvporintersexes with 12 Lo — 2X34A differ from their 2X3A control sibs by
having Lhinner bristles, postverticals more often missing, and ocelli partly
IILESII,

Claret hypertriploids carryving 85C Loin addition to 3X3A were ahout the sizo
of mtersexes, had dark trident markings, wings sometimes imperfectly expanded,
one posterior scutellar bristle occasionally missing, bristles thin, Wing texture
[T [1-i1ﬂnid M appearance, andl e facots wore regular and teiploid n size, Mo
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signs of intersexualily were present, but the hypeririploids were short-lived and
none vielded progeny.

Hyperintersexes of the constitution 83C I+ 2X3A were either vellow or wild
tvpe depending on the source of their X chromosomes, These by perintersexes
regularly lacked both pairs of scutellar bristles, had malformed ocelli. bul other
wise were similar to 2X3A sih intersexes In hody size, wing texture, and eves,
Dissection of an 85C L = 2X3A hyperintersex revealed a normal male duct
svstem and small coiled testes,

The single 83C R 1 3X3A hypertriploid female had wings held erect over the
hody, wing texture and eve facets triploid in appearance, and body size approx-
mately that of an intersex. All sexual characiers were female. Two hyperinter-
sexes carrying the right-hand end of 850 in addition 10 2X3A were found.

The 12 clarel aneuploid females resulting from the crass of T( 3418007 ru va
miale with ¥ r ea triploid females were characterized as follows: late hatching,
each Lhe size of an intersex, a shrunken abdomen, anterior ocellus missing, slen-
der bristles, eve facets undisturbed but as small as in diplotd Temales, wings
deeply clipped medially, and wing texture as fine as that of diploid females. Sex-
ual characters were female, Dissections rovealed underdeveloped ovaries with no
mature eggs. These 12 aneuploid females are presumed to be 89T 3X3A hvper-
triploid females [or the following reasons: First, no g aneuploid females were
found among the progeny of Ti3:41895/ rir e males with 3% reca diploid
fermales In a testeross designed to demonstrate whether or not hey perdiplod
females of the genotvpe 891 L + 2X2A could sievive. Hence, the 12 gz aneuploid
females from the [irst cross (of T(3:4180E7 ri ca males with 3¥; ru ca triploid
females) could not have been hyperdiploid females of genotvpe 8SE L + 2X2A
ever though the wirnz Lexdure and eve [acets of the former were dj_[;.].;;i.;f 1L appear-
ance. Second. since no oo aneuploid females resulted from a cross of T03:4)89E7
Dex males with 37 ricee triploid females, the cr aneuploid females of the first
cross could not have heen hy potriploid females. Finally, sinee the 12 e aneuploid
females of the first cross possessed eve facets with no Drregularities in arrange-
ment, they were nol confused with “triple X7 females of genatype 3X2A which
also have medially clipped wings but, in addition. disturbed eye facets, Triple X
(3X2A) Temales ocourring in the progeny of the first cross were expecled to be
either wild type or ruce. One such triple X (3X2A) ruee female was found
ameng the progeny of the first cross, With profoundly disturbed eve Tacets, this
triple X female could not have been confused with its 12 sibling o aneuploid
females possessing undisturbed eye facets, The 12 ca anenploid females are there
fore thonght 1o have heen 89K + 3X3A hypertriploid females. Their small hody
size, line wing texture, slow development, diploid facet size, and medially clipped
wingrs must have been the result of genic imbalance.

Twenty-four re hyvpertriploid females of the genotype 3X3A + S0E R were
ohserved. as Table 1 shows. These late-hatching aneuploids possessed shimumken
ahdomens, invarviably carried wings outstretched and held up over the body, The
bristles were thin; eyes were typically roughoid but triploid in [acet size. Wing
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texture was coarse as in triploids. Sexual characiers were female; ovarles, rudi-
reeentary.

Wings were widely nutstretched in the rie hyperintersexes carrving 2X3A
801 R, Otherwise these hyperintersexes resembled contrel sibling intersexes.
Similarly, wings were widely outstretched in the single ca hyperintersex of the
genotvpe 2X3A + 890 L. and wing texture was intermediate between that found
it diplowds and lrl[:lluidx_

Long interior regions: Using the over L:z:pnw translocation method proviously
deseribed, aneaploidy of a number of long inlerior regioms was studied. as’] able o
shows, Hyperdiploids suevived in only two of the experimental crosses, in cases
where the portion of the third chromosome carried in excess of 2A was nol ex-
tremely long, These hyvperdiploids. indicated in parenthesis in the hody of the
tahle, showed effects of genic imbalance—small eves and outstretched wings.
According to the data in Table 2. hypertriploid females are the most viable long
interior region aneuploids, These also often showed signs of aneuploidy—small
eyves, misshapen legs, and wings sometimes held apart. Coarse wing lexture and
large eve [acets distinguished these hypertriploids (except in the case of hyper-
triploids for region 12-891) Hyperintersexes carrying in excess of 2X3A a long
interior region ocourred in the progeny of three experimental crosses only. The
latter were typically intersexual and showed no shifts toward maleness.

The munerous nondisjunctional [orms indicated in Table 2 constitute a sur-
prising feature of the progeny of males heteroayvgous Tor two dilferent 334 trans-
locations and +*; v oo triploids, If nondisjunction of the two third chromosomes,
accompaniced by normal disjunction of the two secord chromaosormes, ocearred al
rrveiosis o nales helerogypous [or boeo 304 lranslocations, then the resulling sperm
would be haploid for chromosome 2 and possess either no third chromosome or
two of them, Viable nondisjunctional progeny would result from the union of
triploid eggs carrying differcnt numbers of chromosome 3 and of chromosome 2,
as mdicated i Table 3. Possible nondisjunctional sperm types, triploid egrs, and
resulling nondisjunclional progeny appear in this table. These nondisjunctional
forms, appearing 3% »%; ru ey and wild type actually occurred in the experi-
mental crosses, as reference to Table 2 will show, Nondisjunction was lhugher
when the breakage poinls of each of the 3:4 translecalions i the male parenis
were located within a single chromosome arm away from the normal position of
the contromere of chromosome 3, More such translocations were available for
study in the right arm of chromesome 3. The highest rate of nondisjunction
pecurred Inomales heterozygons Tor TO3A0850 and T340 AZR To demonstrale
that the 1r1gq31nt1q normal appearing +¢ and wild tvpe nondisjunctional forms
acourring in the progeny of oo T03:4185C7 e, TO3:43A28 males X 9% ruea
Lriploid females were nol hypoploids, a c-onlml cross of the [ollowing composilion
was made: T (3418507 ruea, T(3:4) A28 males % v v cor triploids, I the »*
and wild-type progeny of the first cross had been hyvpoplowds, we should expect
to find some ce “hypopleids™ in the progeny of the second cross. No ca offspring
was derived from the second cross, Hence, the exceptional »*, wild-tvpe and ;
rie e progeny of the first cross were assumed 1o be nondisjunctional forms,
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TABLE 3

Ortzin of rordisjunciions! progeny of wild-tvpe males Reterazy gaus for o 324
trenslocations amd vE rooca triploids

Ned promeny

1% 2T 11 2% 1 I 211 X A I 3 11 wild-tvpse triploid

1X 2100 111 ix I I 211 2% FIIT 3 11 wild-ype intersex

by X 200 211 ¥oOIX B OIIL 211 2% ewocemale

¥ 2 2 1T 2 JK ¥ oOax 2L 211 3% ey e female

Y 21 111 EX 1 TIT 2 11 Y o2X 310 3IL »%inleesex

Y 21 111 X 1 11T 211 ¥ OAx 3 I 311 3 super-male

X 1X Sl 211 A 2 I 211 wild-lype Fomale

LY 2x 2T 21X 50 3 II0 2 11 wild-tepe triple-X Temale
¥o2 111 111 1% 1 T0 ¥ OIX 2 I 211 »° male

¥Oo4 1L 111 2x 11X Y 28X 211 211 »?female

Among the nondisjunctional diploid forms, some haploidy of chromosome 4
occurred. Thus, seme v or wild-ty pe individuals had somewhat thinner bristles
than novmal. and some wild-type individuals exhibited a strong trident marking,
The mutant ru showed a pronounced expression in haplo-t v rie e diploids,
Haploidy of chromasome 4 occurred becanse the maternal triploid strain had been
carried a long number of vears and was probably diplo-4, as Runsis and Scivrrs
1495671 Toumd 1o be true i their triploid strains carried for a long tirme.

DISCUTESI0MN

Brince’s discovery of 2X3A tripleid intersexes in Drosuphile melanogaster 1ed
tor his comclusion that male determiners must he present in the large autosormes
(Bripers 1921, 1922). Succeeding =fforts to further locate the autosomal male
determineris) have proceeded in two directions: (17 by studies of intersex-pro-
ducing mutants which have ocourred in the autosones of various species of Dro-
sophila, and (21 by diploid and triploid aneupleid stoadies. Gowes and Fuse
(1957 concluded from the interaction in diploid and triploid combinations of the
iersex mulants Hr tra, and their normal allele, that the latter is a major sex
gene, a view which had been anticipated for this locus by Govpscanpr {1955).
Lenepeer (1938) regarded the normal allele of the ix* mutant he studied in
L. pirilis w2 male determining gene, the £ mulant being s “stronger allele,”
Spurway and ITacpane (1954) pointed out that if the normal alleles of ix mu-
tants are sex genes, then the Tormer must he thonght of as hypermorphs rather
lthan hypomorphs according 1o Muwier's (1932 classification, a conclusion in
accordance with that of Lesrosre (1938). Svone (1942, working with 73, vir-
fiy. comsidered the normal allele of 72" a sex gene but nol necessarily male detor-
mining. Karlier authors did not think of the normal alleles of the fr mulants as
being necessarily sex genes (Stunrtevant 19207 Doszianscy and Spassiy
194 Wiarre 19487,

Triploid aneuploid studies of both chromosome 2 and 3 in I melanogaster
give us no information as to the location of male determining regions within
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cither of these aulosomes (Premis 1947, 1939, and the present work). Iy per
triplnid females possessing 333A plus either the right- or lell-hand Tragment of
twao different translocations, 10341830 and T34 80E, showed no intersexual
characters, Similarly, no sex shift was found in a number of other dillerent hyper-
triploid fermales that in excess of 3X3A carried various long regions, respectively,
of chromosome 3 obtained by the overlap method, Tong-region hyperintersexes,
where these survived, appeared lypically intersexual. The normal allele of -
andd fre is located in the left-hand fragment of T{3:4385C and of 13,4808,
Furthermuore, triploid aneuplotd studies of chromosome 3 do not confivm the con
clusion of Kersrems (1938) that a male sex determining region exists belween
BiA and 94A on the salivary map ol chromosome 3. Tollowing his study of hypn-
diploads for this short section.

Since no triploid aneuploids invelving any region of chromosome 2 or 3 sepa
rately show a sox shift, il is possible that the male determiners responsible [or the
shift to intersexnality in 2X3A weiploid intersexes are localed in both the secomi
and third chromosomes. se of the triploid method to study aneaploidy simul
taneously at the locus of L. W, Morcax®s second chromosome intersex mulant
and at the locus of the third chromosome e, fre mulants would present the
serious technical ditficulty of maintaining a sufficiently vigorously triploid strain
carrving both second and third chromosome marker mutants, In case such a
study is altempted, the sections covering the respective intersex mutant loci should
be very short to aveid complications in oblaining aneuploids owing 1o nondis-
junction of cne or both pairs of large autosomes in the male parent as well as
inviabilily of lhe desired apeuplond,

Chhservations on cell size as determined by facet size and hair spacing in wings
(wing texture) in thard chromosome triploid aneuploids show that the size of
these eve and wing cells 15 not invariably proportional to the total chromosome
contenl. While most triplond aneuploids show coarse wing texture and large eye
facets, the hypertriploid combination 3X3A + 89E L possessed eve lacets and
wing texture the size of those in dipleids. Donzizacery (1920b) also Tound anen-
plowd exceptions to the general rule that cell size increases directly with total
chromosome content,

SUMMARY

N shilt toward intersexuality was observed in hypertriploid females carryving
3X3A L either the right- or left-hand fragments of two dillerent 3:4 translo
eations, T05;43850C and T(3;43800. Various other hy pertreiploid female combi-
nalions carvving different long mlerior regions of chromosome 3, respectively,
plus 3X3A showed no intersexual features, Several by perinterses combinations
carrying 2X3A plus a long Fragment of chromosome three appeared typically
intersexual. Since ne sex shill has been observed m triploid aneuploids invelving
the secomd chromosome only (Prerrs 19470 or in triploid aneuploids involving
the third chromosome only (Pirrix 1959 and present study ;. the sugeestion is
made thal both 2 and 3 chromosome regions may be responsible for the shify
toward maleness found in ordinary 2X3A wriploid intersexes.
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