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                        I. Introduction -
    Cytogenetic studies on the hybrids between DrosoPldla i,irilis sub-

species, virilis, aineBica}ia and tex'ana, were carried otit by Spencer

(ig38), Hughes (ig3g), and Patterson, Stone an'd Griffen(ig4o). The
sexual lsolation between them xvas studied by Stalker (ig4I). Cl}ino
also published his geiietic studies on the three subspecies (Tg40, ig4i).

Since last year, I have ivorkecl on the genetics and cytology of the
same.. material under the direction of Dr. M. Chino. The restilts ob-'
tained so far are includecl in the present paper.

                    II. Cytological results

    All the DyosoPYeila "eiri;is s ibspecies sliow a pair of rod-shaped sex--

chromoso!nes. on the metaphase plate. In aviericanff the X-chromosome
is fusecl with an atitosonic and the Y-chromosome is. free. In his sttidy

on salivary gland chroniosomes, Hughes l}ag comfirmecl that umei'ieait'a

differs from ?7irilis in the arrangement of genes in various "'ays, es--
                                    fpecially its xX-chromosome coRtains rather complex inversions. Ac-
corcling to Patterson, Stone ai}d Griffen, the X-chromosome of amryicana
lias tliree inversioiis ":heR it is fionipared "'ith thi,t of f,.,'s'ilis, xvl}{ge

tc3 caia has two of them, Iacklng the third one. The X--chromosome
of the salivary glancl cel!s of the hybrid either virigis Å~ fep.rana or z'ii'ilis

Å~americana shoivs an kicomplete sygapsis, and there are overlapping
lnversions occupylng. the proximal half of the cliromosonie.
        .    The extents of these inversions approxlmatcly est;,mated are as
folloxxrs :
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    The vx t oVe'rlapping inversions liave the distal break approximately

.at fevked. gS, 8g.o), and include eosin (ave, ios.o) scallopect <sd, ii4.o)

and smalt ' bristtes (sb, i3!.s). The distal break of vxa overlappin.cr

inversions seems to be approximately at fnimalure (mt, 78.o). There-
fore, yetlow (1, 2.g), cvoss-vei'nless (c, 2S.o) and miniattt•re (ml, 78.o) are

loCated in the univerted segment. The pro.yimal break of these over-
lapping inver.sions fallHs very near the inert region of the chromosome.

        III. Effect of the over}apping inversions on crossing
                                              .                       over in X-chromosome

    The effect of the inversions in the heterozygous state on crosslng

over in the X-cliromosome is shown in Table I.

       Table !. ReÅëombination values for lieterozygous overlapping inversions.
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Table I show that (i)
 overlapplng inverslons

the crossing

is suppressed
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to almost zero ; (2) the crossin.cr over in the distal re.crion of the chromo-

some beyond 7nl, hardiy presents aiiy such supresslng' effTect. The
crogsing over in the region at the distal end of the chromosome (7-mt)

shox\s even a tendency to increase, much as in the case of the two
independent inversions XSPd worked out by Komai & Takaku (ig4o).

                  IV. Primary non-disiunction

    Lil<e in various strains of inversions re'corded in the X-chromo-
somes of D. "virilis qs well as of D. vtela3ie.gastcr, the present hybrlds

produce a considera.ble nL;mber of exceptional males ancl females, when

the xX-chromosomes are heterozygous for the !nversioiis. This ls
especially the case in the fyxa hybrid (Table 2).

  Table 2. Frequencies of primary exceptions in the hybrids having tlie overlapplng
  inversions in }ieterozygous $tate together with those obtaine(l by previous authors

  for D. z'irilis virilis X-chromosome. The primary exceptions were obtained from
  the mating int-"Lv"- i + Å~3,-?nt-?di or mt-Tvel+ x ntt-fve-sd.
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    The "uirilis.Å~ agitericana hybricl shows about s times as many non-

disjtmctional males as the vtrtlis Å~ tex'a?ta hybrid. This difference is

probable due to that the X-chromosome ln ayeerica?ia is fused with
one of the autosomes, IV, while it is free' in texaRa aBd vz'rilis, and,

also that a long included inversion is present in the IV chromosome
            +of a7nericana.

                                       .                       V. Lethal effect

    The inversions ln the Å~-c}iromosome so far found in this s'pecies

have a lethal effect on the male, irrespective of their length and locus.

The' present overlappin.cr inversions have n'o such effect, in spite of their

complexity. In the F6 of the hybrid of wxt, _however, a recessive
Iethal gene was discovered. This is located in the region included ln
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the overlapping invsrslons, as shown by the'e.xperiments presented ln
Table 3•

   Table 3. ExperimenSs for locating the ]etlial gene on the X-chromosome (vxt).
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    The examiiiation of salivary glan"d chromosome has revealed, how-
ever, nothing suggesting a deficiency in the corregponding region. In
the F.}-FG hybrids of 'the tuÅ~a, the lethal gene has not been discovered.

           VI. Feasibility of the cross and vitality and
                       fertility of hybrids

      (a) texana (9)Å~ "uirills (3)

    This cross i"s very dicacult, but the hybrid female is always'fertile.

For this cross virilis males having several recessive mutant charadters

x}rere used, and the hybrid females (2YVXt) xvere bacl<crossecl with the

"tiirilis male (tY"Yv).
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      (b) a;nericttna (9)Å~wz>'ilis (8)

    This cross is even mofe difllcult than (a). The hybrid female,
however, is invariably fertile. The strains used for this cro.ss were the

same as in (a).
      (c) 7,ii'ilis ( 9 ) Å~ tcxenta. ( S )

    This cross is reciprocal of (a), and is more diflficult. The difference

from the cress (a) is that the hybrld mqle has a "t,iritizlg X-chromosome

and a texana Y-chromosome.
    The details of the crosses a-c are shown in T{able'4. In the
crosses (a) ancl (b), the heterozygous male (.XtY" or X"li" or A'vl"`),

ln spite of their "'ild phenotype, shows loxver vitality than the homo-
zygous male (`Y"Y'" or X`Y`). In feniales, on the other hand, hetero-
zogous wild-type females <X'XV or X"X") showed ratl}er high vitality

as coml)ared with homozygous mutant females (X".YV).
    The fertility of tlie heterozygous and homozygotis males was tested

by !neans of the following crosses: .
              ? .Y".Y'" (7n.f--tc-,`)Å~(Qb xX;IY,.V ((7+•7i)-ze,e)

              g x"xv (7ni--w•#)Å~( 9b i:YyZ E7:tJZVe)

              9 X'X" (ml-we)Å~(66 :ii'i:yYi ((7+,if)-?or")

    In these crosses the homozygous females were n]ated with eclual
numbers of'homozygous and heterozygous maie.s. ThÅë res"ults shoxved

that the heterozygous males (AX`Y" or. .5L""V") had n]uch lower fertility

than homozygous males (AX'Y"), but the difference betvveen the two
tyFes of males having tlie tcxa?ia Y-chroino$ome (iYi'I'` or X`Yt) was

not so ren]arkable. From this data it ls surmised that aonev}ca?ta and
texana are both mutant types of 'uirilis "dirtiis, and the low vitality and

                                                             yk't'ue,e,feiigscS gYg.?L:,,n,5'fil".#.:zzX,.Z? ioxv feiti!ity and hatciiabiiity

                           Summary

    i. The three subspecies of D. 'Jirilis, "dirilis, le.t'(:fnci im,d ai?tericana,

are differentiated from one another by the presence of complex over-
lapping inversions in the X-chromosome; this can be ascertained by
the e.xamlnation of the hybrid femi ale larva's salivary s,iancl chromo-

some.
    2. The overlapping invei`sions strongly suppress the crossing over
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in the regions included in the inversions; they have a tendency to in-

crease the cros$ing over in the distal region of the chromosome not
included in tl}e inverslons.

    3. The heterozygous females havin.cr the overlapping inversions,
give nearly IS times (in "vxt) and .87 times (in vxa) respectively as
many primary exceptional males as the ordinary vir21is females:

  ' 4. A recessive lethal gene was discovered in the region $ncluded
in thq inv'ersions on the texaiia X-chromosome.

    s. The heterozygous males <XC`YV, X`Y") have'iower vitality and
fertility than homozygotts males (X"Y"). This seems to be due to that
both texana ' and americana arose by mutations from virilis. The sex-
cl}romosomal lsQiat{on between the three subspecies is particulariy
strong betsveen tex'ana, a?}te•ricaiia on the one hancl and "eirilis on the

otl!er.
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