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SINCE segregation distorter (symbolized SD) was discovered in a natural popu-
lation of Drosophila melanogaster, extensive studies on this element were
carried out at the University of Wisconsin, and the results were reported in a
series of studies under a general title of “Meiotic drive in natural populations of
Drosophila melanogaster” (SanprLer, Hirarzumr and SANDLER 1959; SANDLER
and Hrrarzumi 1959, 1960a, b; Hirarzumr, SanpLEr and Crow 1960; SANDLER
and Hirarzumr 1961a, b; Mange 1961; SanprLeEr 1962; Crow, THoMAs and
SanpLER 1962). For the convenience of the readers, the main conclusions from
these studies relevant to the present study will be briefly given below.

1. 8D is a locus located on the right arm of chromosome 2, close to the centro-
mere. When SD/SD+ heterozygous males are mated to the standard, normal
females, SD is recovered, in the F; generation of this mating, in a great excess
over its theoretical frequency of 50%; often 90% or more SD are recovered.
Throughout the present study, the value of £ is defined as the proportion of
recovery of SD in the F, generation of the above mating. Thus, when the segre-
gation is normal, £ = 0.5 and if distortion is complete, £ = 1.

2. Segregation distortion occurs only in the SD heterozygous males, but not in
the SD homozygous males nor in females.

3. Segregation distortion is due to some sort of misreplication (formally equiv-
alent to a chromosome breakage) of the SD*-bearing chromosome, conditioned
by SD.

4. At. or near, the tip of the right arm of chromosome 2, there is a stabilizer of
SD [symbolized St(SD)]. In the presence of St(SD ), the SD action is stable and
the segregation ratio is constantly high (often the £ value is 0.95 or more); in
the absence of S#(SD), the distorting effect of SD becomes somewhat variable
resulting in a reduced value of £ (usually 0.80 or more).

5. The SD region consists of at least two elements. One of these is the SD locus
itself which causes the “misreplication” of SD*. Closely linked to, and to the
right of SD, there is an activator of SD [symbolized Ac(SD )], which, in coupling
with SD. is necessary for SD to operate. Both SD and Ac(SD ) are located within
a small chromosomal aberration, presumably duplication or insertion, which
itself is immune to, or unbreakable by, SD.

Later on, however, several studies were carried out in other laboratories and,
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unexpectedly, some of their investigations contradicted the conclusions described
above.

The purpose of the present study is to re-examine some of the investigations
made at the University of Wisconsin, and to present a new phenomenon associ-
ated with segregation distortion—nonrandom assortment between SD and the
sex chromosomes.

MATERIALS AND METHODS

The SD lines used in the present study came from the following two sources:

1. Original-SD chromosome lines isolated from natural populations. These include (A)
8D-72 and SD-5 chromosome lines both of which were discovered in a natural population of
Madison, Wisconsin (SanprLer, Hararzumr and Sanorer 1959), and (B) SD¥H chromosome
lines discovered in a mnatural population located in the northern part of Japan (Hrrarzumr and
Naxazima 1965). The three lines were all found to carry S:(SD), and in many respects they
behaved in the same way. In this report they will be grouped together and will be called
“Original-SD chromosome lines”.

2. Recombinant-SD chromosome lines. These were obtained as recombinants from the
Original-SD/cn bw (cn: cinnabar eye; 2R, close to the centromere; bw: brown eye, close to the
tip of 2R; cn bw gives white eye-color). Recombinant-SD lines carry the SD and the Ac(SD),
but the S¢(SD) was removed by crossing over and therefore the average values of £ were some-
what reduced.

Before starting the present study, all of the chromosome pairs other than the second had been
replaced by those of the standard, cn bw, stock. This was done by backcrossing, through males,
to the cn bw stock for at least ten generations, often more. The cn bw stock had been known to
carry no modifying factors for the SD action and therefore, throughout the present study, we
may ignore any effects or modifications caused by the genetic backgrounds other than the second
chromosome. The flies used in any of the matings in the present study were usually less than 3
days old, never more than 5 days old. In most matings, a single male and two or three females
were placed in a food culture vial for 4 to 5 days and then they were discarded. The fly counts
were continued until all of the flies in a culture had eclosed. The average number of progeny
flies per culture vial was approximately 90.

RESULTS

Distribution of k values: Since the inversions found in the Original-SD-bearing
chromosomes by themselves had no special relation with the distorting effect of
8D, nor with the sex-ratio deviations (this will be presented later), they were
usually ignored throughout this study. Table 1 summarizes the distributions of &
values of various lines which have been studied during the past two years. The
difference in the & value distribution between the Original- and the Recombinant-
8D lines is clear. The St(SD) lines showed the normal, 1:1, segregation ratio, and
the Recombinant-SD/St(SD) males gave the k value distribution close to the
Original-SD lines.

Segregation ratios in the Original- and the Recombinant-SD heterozygous
females are also given in Table 1. Clearly, there was no distortion in the females.

~ Separation of Ac(SD) from SD: SanpLer and Hirarzumr (1960b) investigated
the crossing-over frequency between pr (purple eye; 2L, close to the centromere)
and cn loci for the SD heterozygous females (SD locus was known to be located
between these two loci), and they found that the crossing-over frequency between
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TABLE 1

The k-value distribution of various lines

Mating
cnbw @9 X cn bw/aor Rec.-SD/St(SD) & cnbw/a @ >; cnbw &d
a
S1(SD)/

k-interval Original-SD Rec.-SD St(SD) Rec.-SD  Control* Original SD  Rec.-SD

1.00 1,248 462 .. 14

0.97-0.99 148 303 . 11

0.94-0.96 33 163 . 3

0.91-0.93 10 82

0.88-0.90 4 46

0.85-0.87 2 37 ..

0.82-0.84 1 19 1

0.79-0.81 2 23 1 . 0

0.76-0.78 .. 17 1 2 1

0.73-0.75 9 0 1 0

0.70-0.72 5 6 2 0 ..

0.67-0.69 5 12 .. 4 5 1

0.64-0.66 6 13 .. 11 5 1

0.61-0.63 5 34 .. 10 8 2

0.58-0.60 2 50 . 23 7 4

0.55-0.57 3 97 .. 31 17 2

0.52-0.54 . 3 89 . 35 7 2

0.49-0.51 . .. 79 . 37 18 2

0.46-0.48 .. . 66 .. 33 12 3

0.43-0.45 .. .. 49 .. 19 11 1

0.40-0.42 .. .. 12 .. 20 3 3

0.37-0.39 . .. 8 . 5 3

0.34-0.36 . .. 4 . 2

0.31-0.33 .. . 1 .. .. .. ..
No. of males tested 1,449 1,190 532 28 235 98 21
Mean k 0.995 0954 0530 0.992 0523 0.535 0.530

The value of 4 is defined as the proportion of recovery of SD in the F, from normal females X SD/SD* males.
* ¢cn or bw or Tokyo (wild) laboratory stocks, which are free of SD.

the two loci was strikingly reduced (0.1% instead of its control frequency of
about 19,). They then selected several pr and cn recombinants to examine the
distorting effect, the sensitivity to SD action and the effect of reducing the
crossing-over frequency at the SD region. These were summarized in Table 8
of SanpLErR and Hirarzumr's paper (1960b), and for the convenience of the
readers, are represented in Table 2 of this paper.

Based on these results, SANDLER and Hirarzumr concluded that the SD region
consisted of at least two elements: the SD locus itself and Ac(SD ), both of which
were embedded in a chromosome aberration, presumably a duplication or inser-
tion (note, in Table 2, that all of the pr and the cn recombinants carried aberrant
segments showing more or less reduced crossing-over frequency between pr and
cn). This aberrant segment was immune to SD action and was responsible to
the reduced crossing-over frequency at this region.



684 Y. HIRAIZUMI AND K. NAKAZIMA
TABLE 2

A summary of the number and distinguishable types of recombinants obtained from
Recombinant-SD/pr ¢n females (from SanprLer and Hiratzuwmri, 1960b, Table 8)

Mean crossover

Mean Mean sensitivity value between
Type of recombinant Number recovered distorting action to SD actiont pr and ¢n§
SDin cn* 9 0.53 0.97 0.67
SDse cnt 5 0.59 0.91 0.60
SDcn 11 0.82 0.52 0.12
pr SD+ 13 0.55 0.56 0.16
pr SD+ 12 053 0.75 0.66

* Inactive SD, k value close to 0.5.

+ Semi-active SD k value slightly higher than 0.5.

I Sensitivity was measured by the k value for SD in the SD/SDi or SD/SDs* or SD/pr SD* males.
§ Control mating gave a crossing-over value of about 1.09%.

Later, however, LEwis (1962) investigated salivary gland chromosomes of SD
heterozygotes and found that the aberration was actually a small pericentric
inversion. Since an inverted sequence cannot be divided by crossing over alone,
the recombinants obtained by SanpLeEr and Hirarzumr had to be produced by a
mechanism other than the usual crossing over.

It was therefore desirable to re-examine the genetic structure of this region
with an SD line free of the pericentric inversion. Fortunately, one such line had
been kept in the present laboratory—R(SD-36)-1 (abbreviated as R-1; see
SanpLER and Hirarzumr 1960a). This chromosome line was obtained as a recom-
binant from an SD-36/cn bw female (SD-36: an Original-SD chromosome line
isolated from a natural population in Madison, Wisconsin, and was free of the
pericentric inversion. The crossing over took place at the tip of 2R), and carried
SD, Ac(SD), two interstitial inversions on the right arm of chromosome 2
(identical inversions with those found in the SD-5 line) and the recessive marker
bw. St(SD) was removed by recombination.

TABLE 3

A summary of crossing-over tests between the pr and cn loci

No. of F, flies recovered
Percent

a pren + pr cn Total crossing over
Mating: a/pren 2 @ X pren & 8
Control 11,122 13,320 143 156 24.741 1.21
8§D-72 14,418 16,459 21 19 30,917 0.12
R(SD-72)* 25,952 27,922 39 33 53,946 0.13
R(SD¥H )* 2,262 2,446 2 4 4,714 0.13
R(SD-36)-1 12,519 14,741 86 96 27,442 0.66
Mating: pr/R(cn)-14+Q @ X pren & &
pr cn pren +
1,000 1,025 14 10 2,049 1.17

* A Recombinant-SD chromosome line obtained from a SD-72/cn bw and a SD¥H /cn bw female respectively.
+ A Recombinant-SD chromosome line obtained from a R(SD-36)-1/pr cn female(see Table 4A and text).
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R-1/pr cn females were crossed with pr cn males, and the crossing-over fre-
quency between the two loci was found to be approximately 0.7%. This value
appeared to be slightly lower than the control frequency of 1.29, but this pre-
sumably was due to the effects of the two interstitial inversions present in the
R-1 chromosome. In fact, when the two inversions are removed, the crossing-over
frequency in this region rose close to the normal 1.29 [see pr/R(cn)-14 2 @ X
pr cn 8 8 matings in Table 3]. These results, together with the results of other
matings, are summarized in Table 3.

In total 86 pr and 96 cn recombinants were obtained, of which 9 pr and 15 ¢cn
recombinants were chosen at random for further investigations. The distorting
effect (average value of k) and the sensitivity to SD action for each of the recom-
binant chromosome lines are given in Table 4A. There was only one class of pr
recombinants. All of the pr recombinants [ = R(pr)—n] showed a normal, 1:1,
segregation ratio, and they were completely insensitive to SD action.

There were two classes of c¢n recombinant [= R(¢n)—n]: Class 1 consists of
those showing an average & value of about 0.85 and showing complete insensitiv-
ity to SD action. These properties are identical to those of the R-7 line, and evi-
dently the crossing over had to take place outside the SD region. Class 2 includes
those showing very reduced % value of about 0.6 and showing partial or inter-

TABLE 4A

A summary of the distorting effect and the sensitivity of each of the pr and the cn
recombinants from R(SD-36)—1/pr cn females

_ Sensitivity to _ Sensitivity to
Line No. k Rec.-SD Orig.-SD Line No. k Rec.-SD Orig.-SD
R(pr)-1 *(66)057 (20)051 (2)0.50 crass 1
-2 (64)053  (29)0.50 (3)0.45 R(en)-13 (38)0.87 o (5)0.51
_14 (797)0.86 (41)0.47 (15)0.48
-3 (59)0.57 (50)0.50 S -15  (34)0.90 A (3)0.52
4 (59)0.56 (12)051 - Mean 0.86 0.47 0.50
5 (55)053  (1490.49 - R-lasa
-6 (50)056 (52)0.53 S control (335)0.87 ... (170)0.49
-7 (52)054 (. 9)0.48 A CLASS 2
-8 (57)058  (28)0.52 o R(cn)— 1 (64)0.60  (6)0.80 (18)0.74
-9 (59053 (30)054 (7)0.48 -2 (54)0.63 (6)0.79 S
Mean 0.55 0.51 0.48 -3 (66)0.59 (2)0.86 (14)0.86

-4 (590.60 (9)0.83 .
-5 (57)0.60 (7)0.75 (10)0.76
-6 (50)0.64 (4083  (3)0.80
-7 (42)0.61 (10)0.83 (2)0.69
-8 (72)0.64 (7)0.88 (3)0.84
-9 (47)0.59 (2)091 (9)0.75
10 (41)0.61  (9)083 (7)0.77
-11  (53)0.60 (3)0.86 (9)0.75
-12  (48)0.58 (10)0.84 (8)0.68
Mean 0.61 0.83 0.76

* Number of males tested is given in parentheses.
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mediate level of insensitivity to SD action. The k-value distributions for the R-7,
R(cn) and the R(pr) chromosome lines are summarized in Table 4B.

Presumably all of the pr recombinants carry Ae(SD) but lack SD, and the cn
recombinants of the class 1 carry both SD and Ac(SD), while those of the class
2 carry only the SD locus. No pr recombinant complementary to the cn recom-
binant of the class 1 was discovered, but this might be due to the small number
of chromosomes tested. Since no crossing over was observed between pr and SD,
SD must be located closer to pr than to cn. This suggests that SD is located on 2R
very, very close to the centromere, or it may even be located on the left arm of
chromosome 2.

Thus, the SD region consists of two distinct elements, SD itself and Ac(SD),
which are separable by crossing over (crossing over distance of about 0.5 to
1.0%). SD alone gives weak distortion (k= 0.6), and is partially insensitive to
SD action, while Ac(SD) is completely insensitive to SD action. There was no
distortion in the SD/Ac(SD) male—in total, 322 males were tested, and they

TABLE 4B

The k-value distributions of R(SD-36)-1, R(cn) and R(pr) lines, from matings:
cnbw 2 @ X cnbw/ad

a

R(en)
%-interval R(SD-36)-1 Class-1 Class-2 R(pr)

1.00 24 59

0.97-0.99 41 116

0.94-0.96 43 101 .

0.91-0.93 40 97 2

0.88-0.90 41 114 1

0.85-0.87 32 74 4

0.82-0.84 36 69 4

0.79-0.81 20 72 8 .
0.76-0.78 10 49 19 1
0.73-0.75 15 32 23 1
0.70-0.72 11 23 36 5
0.67-0.69 6 21 50 20
0.64-0.66 10 21 81 36
0.61-0.63 2 10 87 58
0.58-0.60 1 4 107 64
0.55-0.57 0 4 75 85
0.52-0.54 0 3 69 82
0.49-0.51 2 49 79
0.46-0.48 1 29 50
0.43-0.45 8 14
0.40-0.42 6 13
0.37-0.39 1 11
0.34-0.36 . . 1 0
0.31-0.33 . . . 2
No. of males tested 335 869 653 521

Mean k 0.873 0.863  0.607 0.549
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gave the average k value (k was computed for SD) of 0.461. This matter will be
discussed later.

Deviant sex ratio associated with segregation distortion: For a long time it had
been thought that slightly deviant sex ratios were simply due to differential
mortality of the sexes. Hanks (1965) and YanDERs (1965), however, discussed
instances of meiotic drive which caused slight sex ratio deviations in normal
strains of D. melanogaster. Recently Novirskr and Exrrice (1966) reported that
segregation distortion was suppressed drastically when SD heterozygous males
carried attached X-Y X chromosomes, suggesting that the sex chromosomes were
somehow involved in segregation distortion. But so far no attention has been
paid to the sex ratios in the F, generation of the SD heterozygous males. The
authors have recognized, however, slight but consistent sex-ratio deviations asso-
ciated with segregation distortion. When Original- or Recombinant-SD hetero-
zygous males are mated to the standard cn bw females, in the F, generation, more
females are recovered in the cn bw class and, opposite to this, more males are
found in the SD class. The mating types and the results are given in Table 5.
Throughout this study, the sex ratio is defined as a percentage of the males among
the offspring.

In the Original-SD lines [Table 5(A)], the excess of females in the en bw
class in comparison with the SD class is obvious (P ¢¢ 0.01). The sex ratio in
the cn bw class, 28.8, was significantly lower than the standard sex ratio of 49.2
(P << 0.01), while the SD class showed a significantly increased sex ratio of
52.7 (P ¢<0.01).

In the Recombinant-SD lines [Table 5(B)], the sex ratio was significantly
higher in the SD class than in the ¢n bw class (P << 0.01). The sex ratio was
very significantly lower (P (¢ 0.01) in the ¢n bw class and was significantly
higher in the SD class (P (¢ 0.01) than the standard ratio. It is, perhaps, worth
noting that the Original-SD lines showed much bigger sex-ratio deviations than
did the Recombinant-SD lines. Note that, although the number of flies counted
was small, Recombinant-SD/St(SD) males [Table 5(C)] gave approximately
the same amount of sex-ratio deviations as those in the Original-SD chromosome
lines. There was no significant F, sex-ratio deviation in the SD heterozygous
females [Table 5(D)].

Since the SD system consists of three elements—SD, Ac(SD) and St(SD)—
it is interesting to ask which of the three elements causes the sex-ratio deviations.
Table 6 shows the matings and the results which answer this question. As is
shown in this table, all of the three elements caused sex-ratio deviations. In the
SD line [Table 6(A)], the SD class showed slight but significantly higher sex
ratio than that in the cn bw class (P (¢ 0.01), and in comparison with the stand-
ard sex ratio of 49.2, the sex ratic in the SD class was significantly higher
(P < 0.01), while it was significantly lower in the cn bw class (P < 0.01). Note
that the overall sex ratio in the two segregating classes together (49.3) is ex-
tremely close to the standard ratio (0.80 > P > 0.70). Thus, SD alone does not
change the overall sex ratio in the F, generation.

Ac(SD) increased the F, sex ratio not only in the Ac(SD) but also in the cn bw



Y. HIRAIZUMI AND K. NAKAZIMA

688

(3°6%) (3°6%) (Surews prepue)s)
soger 6521 Soe'el 65L€1 g mqua X & & mquo ()
(T6¥) (s6¥) (6'8) mq uo
199'5 i 88€°7 STHT €151 veE'T PP mquaX § S quioooy 1 NG (@
(£79) , (875) ) (ege) (as)s
TEET T BT 23351 01 0% g ———————— X § 8 mqua (3)
dS-1uvulquiodsy
(¢09) (¢719) (6'14)
mq uo
836/ 9382 16%°3L 058°89 2829 Y146 p—————— X 8 mquo (g)
aS-1upuIquidsy
(239) (239) (8'83) mq uo
T8LG1 T6Y 11 8¥LG1 80411 e +8 g ———— X 5 mqua (V)
as-puifug
eIl aTeIN arewa, | eIl Jewdy Sunep]

aTewa g

®oL

ssepd [(D) xof
(@s)is-uou] mq us-uou

1 SSB[O :\Uv I0§
(as)s] mq us

¥ oyt ux sesser Bunesordeg

umoys sunpw aayf EJY Jo uonw.roussd T A 2Y1 up s0110.4 X5 2Y] [0 UOINQLSI(T

g HI9dV.L



689

DEVIANT SEX RATIO

(IS O 9] Aqe youym meuc? %.-Cﬁw.»cﬁw— ::_?: c%v—c'—\ Jd0 g 10 WO joaluner),

(g°6t) (96t) (g'6¥) mquo

S08°8 566°8 €69 €9L% B BB g ——— X & & mqu ()
«Jo4uoo

(909) (319 (6°6+) mq uo

+80°8 206°L eI’y LI 122 £6.°¢ $—— X &8 mqu (D)
(asis

(#'09) (8'09) (10%) mquo

+00°¢T 6LL°T1 PH0°2 1¢8°9 096°S 8+6'G g ———— X & & mquo ()
(as)v

(¢'6t) (g09) (g°2¥) g uo

881 $8I°CT £92°4 $65°L 590°G 685°G P a5 X & & mquo (V)

mﬁmz wﬂmawrﬂ ®~maﬁ. w—arﬂw& IBIN Q_MEO.A m:ﬂmz
.—qurH mmmﬁo \3& wur-uou mmwﬁu maq us

1 a1 ur sassed SuneSaideg

umoys sSunwwu nof ay1 Jo uonv.iouas t A 2y1 u1 sonw. x3s ay1 fo uounqusyy

9 HTIdVL



(rog) (+09) (8'6%) (
A . . . " . asrv as

Yoy 11 pA% A} 1€6°¢ 9¢8°S €966 109°G g —————X & & mqua ())
< (as)v
2
3 (9°8%) (@6 (8°9h) (as)ov as
% 998% +€0'e 6EG S (a4 659 g —————— X 8s5§mquw (g)
7z as
o
a (509} (+'09) (g'08) (as)»v
4 98¥%1 0551 €89 0.5 €082 059°2 $ g Xssmw (V)
m JeIN olewaf eIl alewa g eI Blaucky Sunep
N e, (D) pue (g) 10 (g1) 0§ ssep-gS
< ssepP-(@S PV as £(D) pue (y) 101
5 (V) 107 ssep-gs sse-((75 )oY
H. T ' ot ur sassepd Suryedaidag
=

690

umoys sSunvw 2211 2y1 fo uonwiauss T\ 2y u1 SOV X3S 2y Jo UOYNGLUSIT

V. AIdV.L



DEVIANT SEX RATIO 691

class [Table 6(B)]; the sex ratios in the two segregating classes did not differ
significantly from each other (0.30 > P > 0.20). but the overall sex ratio, adding
both classes together, was significantly higher than that of the standard
(P < 0.01). A similar situation was also seen in the Sz(SD) lines [Table 6(C)],
i.e., there was no significant difference in the sex ratio between the two segregat-
ing classes (0.10 > P > 0.05), but the overall F; sex ratio was significantly higher
than that of the standard (P < 0.01). As would be expected, the control matings
showed no sex-ratio deviation [Table 6 (D) ].

The following three matings were initially designed to test the sensitivities of
SD and Ac(SD) to SD action (see Table 4A), but since they provide some addi-
tional information on the deviant sex ratios, the summarized results are given in
Tables 7A and 7B. The matings are (A) cnbw 2 ¢ X SD/Ac(SD)3, (B) cn bw
¢ X 8D Ac(SD)/SD ¢ and (C) cn bw 22 X 8D Ac(SD)/Ac(SD) &. In the
(A) SD/Ac(SD) and the (C) SD Ac(SD)/Ac(SD) male matings, the sex ratios
stayed the same between the two segregating classes [P > 0.95 for (A) and

TABLE 7B

T he k value distributions of the males: (A) SD/Ac(SD), (B) SD Ac(SD)/SD
and (C) SD Ac(SD)/Ac(SD). Matings are cn bw 2 @ X a &

a

F-interval (A) SD/Ac(SD) (B) SD/SD Ac(SD) (C) Ac(8D)/SD Ac(SD)
1.00 2
0.97-0.99 0
0.94-0.96 6
0.91-0.93 8
0.88-0.90 6
0.85-0.87 9
0.82-0.84 8
0.79-0.81 15
0.76-0.78 8
0.73-0.75 3
0.70-0.72 . 5
0.67-0.69 1 2 .
0.64-0.66 2 2 3
0.61-0.63 6 0 7
0.58-0.60 10 1 20
0.55-0.57 29 . 43
0.52-0.54 32 . 49
0.49-0.51 45 R 47
0.46-0.48 47 . 34
0.43-0.45 51 R 25
0.40-0.42 35 . 11
0.37-0.39 33 . 5
0.34-0.36 15
0.31-0.33 6

k<0.31 10 . .
No. of males tested 322 75 244

Mean £ 0.461 0.826 0510
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0.50 > P > 0.30 for (C)], and the overall F, sex ratios were significantly higher
than the standard [P < 0.01 for (A) and P < 0.05 for (C)]. In the (B) SD
Ac(8D)/SD male mating, however, the SD Ac(SD) class showed a significantly
higher sex ratio than the SD class (P < 0.05), but the overall F, sex ratio did
not deviate from the standard one (0.50 > P > 0.30).

Table 8 summarizes the results presented in Tables 5, 6 and 7.

DISCUSSION

As described in the introduction, SanpLER, Hirarzumr and Sanbprer (1959)
proposed the following model for segregation distortion; in some stage of meiosis,
8D causes some sort of misreplication (breakage) of the SD*-bearing chromo-
some, which is eliminated before fertilization presumably owing to bridge forma-
tion at anaphase II. Later, Crow, THomas and SANDLER (1962) reported that the
“misreplication” of the SD*-bearing chromosome actually involved chromosome

TABLE 8
A summary of Tables 5,6 and 7

Total Left-hand classt  Right-hand class

Genotype of male Sex ratio At Sex ratio A, Sex ratio A, A8 ApproximateE
cn bw/cn bw

Table 5(E) 49.2
cn bw/control

Table 6 (D) 495 403 493 40.1 49.6 04 +0.3 0.50
Orig.-, Rec.-SD in female

Table 5(D) 49.2 -+0.0 489 —03 495 403 -+0.6 0.50
cn bw/SD

Table 6(A) 493 01 475 —1.7** 505 J1.3** -3.0%* 0.60
enbw/Ac(SD)

Table 6(B) 504 —12** 50.1 0.9 508 -+1.6** 0.7 0.50
en bw/St(SD)

Table 6(C) 506 -+1.4** 499 07 51.2 -+20** 413 0.50
en bw/SD Ac(SD)

Table 5(B) 50.3 +1.1** 419 —73** 513 -+2.1** J-04* 0.90
SD/Ac(SD)

Table 7A (A) 505 -+1.3** 505 +41.3** 505 -1.3* -+0.0 0.50
SD/SD Ac(SD)

Table 7A(B) 48.6 —0.6 458 —34* 492 0.0 -+-3.4* 0.80
Ac(SD)/SD Ac(SD)

Table 7A(C) 501 409* 498 -+06 504 —+12* 406 0.50
en bw/SD Ac(SD) St(SD)

Table 5(A) 52,7 -3.5*% 288 —20.4** 527 43.5%% 423.9** 1.00
St(SD)/SD Ac(SD)

Table 5(C) 51.7 -25* 333 —15.9 51.8 —+2.6** -J-185* 1.00

*_ ** Deviates significantly from zero at the 5% and 1% levels, respectively.

+ A, =Deviation from the standard sex ratio of 49.2.

f The class written to the left of slash, under the column of ‘‘Genotype of male”. For example, for the cn bw/SD
male, cn bw is the left-hand class.

§ A,= (Right-hand class)—(Left-hand-class).
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breakage, and Hirarzumr (1962) presented data suggesting that the breakage
model was true.

Pracock and Erickson (1965), however, made careful observations of the
meiosis of SD heterozygous males and found no demonstrable abnormality in
meiosis; there was no indication of increase in the frequency of chromosome
breakages. They then proposed an alternative model for segregation distortion:
only one pole of the two formed at the first meiotic division results in the forma-
tion of functional sperms, while the other results in nonfunctional sperms. Thus,
the male Drosophila regularly produces two kinds of sperms: 50% are functional
and 509, are nonfunctional. For some unknown reason, in SD heterozygous
males, SD goes more frequently to the functional pole (which we designate
F-pole) and is included more often in the functional sperms; thus a high propor-
tion of F, progeny will receive SD.

Assuming this is true, we propose the following working hypothesis to explain
the results summarized in Table 8: (1) SD has some sort of homology with some
part of the X chromosome such that they compete to reach the F-pole. Thus,
when SD goes to the F-pole, the probability of the X also reaching the F-pole
[=P(X—F)] is reduced and, conversely, when the X chromosome reaches the
F-pole, the probability of the SD reaching the F-pole is reduced. (2) Ac(SD)
“inactivates” the X chromosome in such a way that the probability of the X
reaching the F-pole is reduced. Moreover, when Ac(SD) is present in repulsion
with SD, it also “inactivates” SD. (3) St(SD) “inactivates” the X chromosome.

Thus, when 8D is present in coupling with Ac(SD) (= Recombinani-SD lines),
the relative competitive ability of SD reaching the F-pole will be increased, since
P(X—F) is reduced by Ac(SD), and if S¢t(SD) is also present (= Original-SD
lines), the & value will be greatly increased, since P(X—F) will be reduced
even more.

It is not yet well understood why Ac(SD) “inactivates’” SD only in repulsion,
but not in coupling phase. However, in the SD/Ac(SD) males, the observations
of the same sex ratios in the two segregating classes, the overall F, sex ratio
which was significantly larger than the standard, and the average & value (k for
SD) of less than 0.5 (= 0.461 = 0.005) are consistent with the working hypoth-
esis that both SD and the X chromosome were “inactivated” by Ac(SD). A
similar mechanism will also explain the insensitivity of Ac(SD) to the SD action.

There is one difficult point left to be explained from the results obtained from
the SD Ac(SD)/SD males [Table 7A(B)]. Since, according to our hypothesis,
Ac(SD) will “inactivate” the SD which is in repulsion, the & value for the
coupled SD Ac(SD) will become larger than 0.5, and this will explain the partial
Insensitivity (intermediate & value) of SD to SD action. No explanation is given,
however, to the unchanged overall F, sex ratio. In fact, the face value of 48.6
appeared to be rather smaller than the standard ratio of 49.2. One reason for this
could be the smallness in the number of males tested, but the authors believe that
this was due to the homozygosity of SD. Recently, cn bw females were mated with
SD/SD homozygous males and in the next generation the sex ratio was found
to be significantly lower than the standard (10,603 females: 9,568 males. Sex
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ratio = 47.4, P < 0.01). Therefore, it may be that Ac(SD) tends to increase the
overall F, sex ratio while the homozygosity of SD tends to reduce it. In fact,
since SD homozygosity reduced the F, sex ratio by 1.8% (=49.2—47.4) and
Ac(SD) increased it by 1.2% (=50.4 —49.2), we may expect to have the sex
ratio of 48.6 in the F, generation from the SD Ac(SD)/SD males, which is
exactly the same as the observed one. The effect of homozygosity and the inter-
action among the elements of SD system on the F, sex ratio, however, seem to
require further accumulation of data and are left for future studies. It must be
noted again, however, that the F, sex ratio in the SD Ac(SD) class was signifi-
cantly higher than in the SD class (see Table 8: A, was significantly larger than
Zero).

The following three matings are presented even though few flies were counted:
(A) XY InEN In49 y/Y; SD Ac(SD)/+ males, (B) X-Y InEN In49 y/0; SD
Ac(SD)/+ males, and (C) SD Ac(SD) St(SD)/Cy males were mated to the
standard cn bw females. In all cases the & values for SD were close to 0.5, or the
distortion was completely suppressed [Cy = Ins(2LR)Cy; balancer for the second
chromosome carrying dominant marker Curly wing. This chromosome is known
to be insensitive to SD action. See SANDLER, Hirarzumi and Sanprer 1959].
Distributions of the & values for the above three matings are summarized in
Table 9.

Although we do not yet know how the attached-X-Y chromosome, or the Cy
chromosome, suppress SD action, their effects have been well established (see
also Novrrskr and Enriicr 1966). The F; sex ratios in the two segregating classes
are given in Table 10, where it is clearly seen that the F, sex ratios stayed the
same between the two segregating classes, or the values of A, did not deviate

TABLE 9

T he k-value distribution for the three classes of males shown

XY In EI(VAI)n 49 y/Y; XYIn EE\I’S)In 49 v/0; SD AE()SD)

k-interval 8D Ac(SD)/+ 8D Ac(SD)/+ St(SD)/Cy
k> 0.66 1
0.64-0.66 5 ..
0.61-0.63 5 . 2
0.58-0.60 11 1 1
0.55-0.57 16 0 2
0.52-0.54 17 3 3
0.49-0.51 28 1 2
0.46-0.48 15 2 1
0.43-0.45 19 1 3
0.40-0.42 19 0 1
0.37-0.39 4 1
0.34-0.36 6
0.31-0.33 : 3 .. ..
No. of males tested 149 9 15

Mean & 0.49 0.493 0516
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TABLE 10

Distribution of the sex ratios in the F, generation of the matings: (A) cnbw 2 2 X XY
InENIn49y/Y;SD Ac(SD)/+ &, (B) cnbw 2 @ X X-YInEN In49 v/0;
SD Ac(SD)/+ & ,and (C) enbw 2 @ X 8D Ac(SD) St(SD)/Cy &

Segregating classes in the F,

SD Ac(SD)— or

+ or Cy class SD Ac(8D) St(SD)—lass Total
Mating Female Male Female Male Female Male AL

(A) 2161 1,925 2018 1,939 4179 3,864 119
(47.1) (49.0) (48.0)

(B) 198 156 136 156 264 312 —15
(54.9) (53.4) (54.3)

(O 314 362 340 376 654 738 —1.1
(53.6) (52.5) (53.0)

*

A, = (Right-hand class)—(Left-hand class), referring to chromosome-2 genotypes of the males.

significantly from zero [P = 0.10 for mating (A), P = 0.70 for mating (B) and
P = 0.70 for mating (C)].

It 1s interesting to note that, as would be expected from the SD-X competition
hypothesis, the value of A, positively correlates with the average distorting effect
of the parental male line, i.e., when % gets higher, A, becomes larger (see Table
8). This relation is also true within distorting male lines, as is shown in Table 11.

With these results it is well established that, so far as the present data are
concerned, the value of A, becomes larger than zero when there is segregation
distortion in the parental male, but otherwise it remains zero.

As has been discussed above, the hypothesis of homology and competition
between SD and the X chromosome explains the observed results reasonably
well. The nature of the homology or competition, however, is entirely unknown.
As was suggested by SaANDLER, Hirarzumi and Sanprer (1959), it may be that
all of the elements of the SD system, and probably the part of the X chromosome
homologous with SD, are of heterochromatic nature, and we have some genetic

TABLE 11

The relation between the value of A, and k for several distorting male lines

Genotype of parental male

k-interval en bw/SD Ac(SD) St(SD) en bw/SD Ac(SD) SD/SD Ac(SD) cn bw/SD

1.00-0.90 +-24.9%* +13.5%* 4-8.3%*

0.89-0.80 +18.5* 4-11.7%* 28 ..

0.79-0.70 4 7,40 +4.6 +6.9**

k< 0.70 . 4+ 55** +2.4 H-2.7%*
Approximate & 1.0 0.9 0.8 0.6

*, ** Deviates significantly from zero at the 5% and 1% levels, respectively.
A, = (Right-hand class)— (Left-hand class), referring to genotypes of the males.
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data suggesting that a probable “pairing” between SD and the X chromosome
somehow affects segregation distortion, but these matters need the support of more
observations and are left for future studies.

The homology between SD and the X chromosome may be understood from
another viewpoint, i.e., it may suggest the origin of SD. For example, a small
segment in the centromere region of a second chromosome might have been re-
placed by a small segment of a special X chromosome which had a higher prob-
ability (strong competitive ability) to reach the F-pole, the inserted segment
then behaving as SD. If this is so, then SD and the X chromosome will have
homology. Moreover, we may expect that (1) if such an X chromosome is still
present, then it will suppress the distorting effect of SD because of its strong
competitive ability and (2) such a suppressing X chromosome itself may show a
certain amount of meiotic drive, although the effect may not be so strong as the
cases studied by Hangs (1965) and Yanpers (1965). A full discussion on this
matter will be given in another report (Karaoxa and Hirarzumi, manuscript in
preparation).

SUMMARY

A male of Drosophila melanogaster heterozygous for segregation distorter (SD)
transmits SD to his progeny in a frequency (= k) of more than 0.8. The genetic
structure of the SD region was re-examined using an SD-bearing chromosome line
which was free of the pericentric inversion. It was reconfirmed that the SD region
consists of two distinct elements—SD itself, which is located extremely close to
the centromere, and Ac(SD), which is located 0.5-1.0 unit right of SD. All of the
SD Ac(SD) lines showed a weak distorting effect (an average £ value of approxi-
mately 0.6), being partially insensitive to SD action. All of the SD+ Ac(SD)
lines showed no distorting effect, being completely insensitive to SD action.—
Nonrandom assortment was demonstrated between the second and the sex chro-
mosomes, when the second carried any of the elements of the SD system. The
following working hypothesis may explain this phenomenon: (A) SD has some
sort of homology with some part of the X chromosome such that they compete to
reach the functional pole (F-pole). Thus, when SD goes to the F-pole, the proba-
bility of the X chromosome reaching the F-pole is reduced and, when the X chro-
mosome reaches the F-pole, the probability of SD going to the F-pole is reduced.
(B) Ac(SD) “inactivates” the X chromosome in such a way that the probability
of the X reaching the F-pole is reduced. Moreover, when Ac(SD) is present in
repulsion with SD, it also “inactivates” SD.
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