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Summary 

T h i s s t u d y r e p o r t s o n e x c e p t i o n a l m a l e s w h i c h a r e o b t a i n e d by u s i n g Drosophila melanogaster m o t h e r s 
c a r r y i n g the b a l a n c e r s In(l)FM6 o r In(l)FM7 a s o n e o f the i r X c h r o m o s o m e s . T h e p h e n o m e n o n 
w a s first o b s e r v e d in in terspeci f ic c rosses b e t w e e n D. melanogaster f emales a n d m a l e s of i ts c loses t 
re la t ives wh ich n o r m a l l y p r o d u c e un i sexua l female h y b r i d p r o g e n y . W h e r e a s h y b r i d s o n s f r o m 
these c rosses die a s t h i r d i n s t a r l a r v a e , t h e p r e s e n c e o f t h e p a r t i c u l a r X b a l a n c e r s in the m o t h e r 
a l lows a l ow p e r c e n t a g e o f s o n s t o surv ive . S imi la r steri le m a l e s a r e a l so o b s e r v e d a m o n g n o n -
h y b r i d flies. D a t a a r e p r e s e n t e d w h i c h sugges t t h a t t he m a l e s t h u s g e n e r a t e d c o u l d b e h y p e r p l o i d 
for p a r t of the i r X c h r o m o s o m e a s a resu l t o f a me io t i c even t in the i r m o t h e r s o r else they c o u l d 
s t a r t life as female z y g o t e s a n d c h a n g e sex t h r o u g h a m i t o t i c even t a t a n ea r ly s t age . 

1. Introduction 

C r o s s e s b e t w e e n Drosophila melanogaster females a n d 
m a l e s of e a c h of i ts s ib l ing species , D. simulans, D. 
mauritiana o r D. sechellia n o r m a l l y p r o d u c e h y b r i d 
d a u g h t e r s exclusively, w h i c h a r e s ter i le ( L a c h a i s e et al. 
1986). H y b r i d s o n s d ie a s t h i r d i n s t a r l a rvae o r 
p s e u d o p u p a e ( S t u r t e v a n t , 1 9 2 0 ; L e m e u n i e r et al. 
1986 ; L a c h a i s e et al. 1986). N e v e r t h e l e s s , a b o u t o n e 
m a l e for every 2000 f ema les su rv ives t o a d u l t h o o d . 
Such m a l e s resul t f r o m t h e fe r t i l i za t ion o f n o n -
d i s junc t i ona l , n u l l o - Z D. melanogaster eggs by X-
b e a r i n g s p e r m f rom t h e s ib l ing spec i e s ; t h u s , t hey a r e 
o f XO c o n s t i t u t i o n a n d a r e e x p e c t e d t o b e s ter i le . T w o 
m u t a t i o n s h a v e been d i s c o v e r e d w h i c h a l low the 
o t h e r w i s e inv iab le r e g u l a r m a l e h y b r i d s b e t w e e n t h e 
a b o v e species t o su rv ive . T h e first m u t a t i o n (Lhr; 2 - 9 5 ) 
w a s r e p o r t e d by W a t a n a b e (1979) in D. simulans. I t 
r escues t he le tha l h y b r i d s b e t w e e n D. melanogaster 
a n d Lhr D. simulans. T h e s e c o n d m u t a t i o n 
(Hmr; 1-31.84) f o u n d b y H u t t e r & A s h b u r n e r (1987) 
in D. melanogaster h a s t he s a m e p h e n o t y p i c effect in 
h y b r i d p r o g e n y f rom c ros se s b e t w e e n Hmr D. melano
gaster a n d e i the r D. simulans, D. mauritiana o r D. 
sechellia. All r e scued h y b r i d s r e m a i n s ter i le . 

T h i s s t u d y focuses o n t he o b s e r v a t i o n o f e x c e p t i o n a l 
m a l e h y b r i d s u r v i v o r s p r o d u c e d by c r o s s i n g D. 
melanogaster females h e t e r o z y g o u s for ce r t a in X 
c h r o m o s o m e b a l a n c e r s t o m a l e s f rom the i r s ibl ing 
species , a l t h o u g h such s o n s c a n e q u a l l y b e g e n e r a t e d 
in n o n - h y b r i d (D. melanogaster) flies. T h e su rv iv ing 

h y b r i d m a l e s a p p e a r w i t h a f r e q u e n c y s o m e f o r t y 
t imes h i g h e r t h a n XO n o n - d i s j u n c t i o n a l m a l e s , w h i c h 
sugges t s t h a t t h e y resu l t f rom a g e n e t i c e v e n t 
i n d e p e n d e n t o f n o n - d i s j u n c t i o n . 

2. Mater ia l s and methods 

C r o s s e s w e r e d o n e in u n i t s of t e n 1 -day -o ld v i r g i n 
females a n d fifteen 5-day-o ld v i rg in m a l e s . C r o s s e s 
were set u p a t 25 ° C for 1-2 d a y s f o l l o w e d b y c u l t u r e 
a t 19 ° C (Lee , 1978). Y e a s t - g l u c o s e m e d i u m w a s u s e d 
for c r o s s e s n o s 5 , 6 a n d 9 w h e r e a s all o t h e r e x p e r i m e n t s 
w e r e c a r r i e d o u t o n a r icher m e d i u m ( c o r n m e a l , 
w h e a t m e a l , o a t m e a l , d r i e d yeas t ) . T h e v a r i o u s m u t a 
t i o n s a s well a s t he fou r b a l a n c e r c h r o m o s o m e s 
re fe r red t o in t h e text a n d in the T a b l e s a r e d e s c r i b e d 
by L i n d s l e y & Gre l l (1968) o r L i n d s l e y & Z i m m 
( 1 9 8 5 - 7 ) . T h e m u t a t i o n s u s e d a r e v i s ib le m a r k e r s e a s y 
t o s co re a s t h e y affect phys ica l s t r u c t u r e s s u c h a s t h e 
s h a p e a n d the c o l o u r o f t he eyes o r t h e s h a p e o f t h e 
w i n g s . 

3 . Results 

T a b l e 1 s h o w s t h a t , a l t h o u g h t h e X c h r o m o s o m e 
b a l a n c e r s In(l)Basc a n d In(l)FMl d o n o t y ie ld a n y 
e x c e p t i o n a l h y b r i d m a l e s , t h e b a l a n c e r s In(l)FM6 a n d 
In(l)FM7 ( re fer red t o a s FM6 a n d FM7 b e l o w ) 
c o n s i s t e n t l y p r o d u c e a b o u t 2 % o f s u c h m a l e s . 
R e m a r k a b l y , these s u r v i v o r s i n v a r i a b l y e x p r e s s s o m e 
o f t h e m a t e r n a l a s well a s s o m e o f t h e p a t e r n a l X-
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T a b l e 1. Progeny of crosses between D . m e l a n o g a s t e r females carrying balancer X chromosomes and males 
from its sibling species ( D . s i m u l a n s and D . m a u r i t i a n a ) 

Percentages of males ob ta ined / to t a l number of females 

D. melanogaster Sibling sp. H y b r i d Non-disjunctional Exceptional hybrid 
m o t h e r father* d a u g h t e r s } hybrid sonsf % sons and markers % 

1 Basc/DJ(l)527% D. maur. S-7 3190 49 + 1-54 0 0 
2 FM1/DJ\1)527 D. maur. S-7 1187 7 + 0-60 0 0 
3 FM6/DJ\1)527§ D. maur. S-7 1655 16 + 0-97 33 Hw B 1-99 
4 FM6/Dj\l)522% D. maur. S-7 242 2 + 0-83 5 HwB 2 0 7 
5 FM6/Dj\l)N110 D. maur. S-7 926 5 + 0-54 4HwB 0-43 
6 FAff5/Canton-S D. maur. S-7 569 14 + 2-46 1 Hw B 1-23 
7 FM6/ w cv sn D. maur. S-7 1452 6 + 0-41 10 Hw B 0-69 
8 FM7/DJ\1)527\\ D. zwaw. S-7 1281 26 + 2-03 30 Hw B 2-34 
9 FM7c/Df(l)HC133 D. maur. S-7 703 4 + 0-57 5 Hw B 0-71 

10 FM6/DJ\1)527; Gla/CyO D. m a w . S-7 498 62 Bal\ 12-45 9 Hw B; Bal 1-80 
11 FM6/DJ\1)527 D. 5/>n. y w 341 3 y w 0-88 1 y Hw w B 2-05 
12 FM6/DJ\1)527 D. sim. w f 254 2wf 0-79 6 Hw w B 2-36 
13 FM6/Dj\l)527 D. sim. y vf 629 4yvf 0-64 12 y Hw v B 1-91 
14 FM6/Dj\l)527; Gla/CyO D. sim. w f 302 22 w f; Bal 7-28 6 Hw w B; Bal 1-99 
15 FM6 / Dj\l)527; Gla/CyO D. sim. y vf 460 28 y vf; Bal 6 0 8 %y Hwv B; Bal 1-73 

* D. maur. = mauritiana; D. sim. = simulans. 
t These males are p resumably XO due to fertilization of nul lo-X ova by X sperm from the sibling species. 
} DJ\1)522 and Dj\l)527 a re small deletions in the 9 D region. 
§ FM6 carries the following m a r k e r s : ^'"sc8 (Hw, referring here to the Hw effect) dm B. 
|| FM7 carries the following m a r k e r s : y3'dscs (Hw) w" snx2 v" g4B. 
If Bal = ba lancer c h r o m o s o m e (Gla or CyO). 

l i n k e d m a r k e r s . A s i m i l a r o b s e r v a t i o n h a s b e e n m a d e 
b y S t e i n m a n n - Z w i c k y ( p e r s o n a l c o m m u n i c a t i o n ) i n a 
c r o s s b e t w e e n D. melanogaster f e m a l e s c a r r y i n g FM6 
a n d D. simulans w i l d - t y p e m a l e s . I n all t h e e x p e r i m e n t s 
t h e e x c e p t i o n a l m a l e s t e n d e d t o e m e r g e e a r l i e r t h a n 
t h e n o n - d i s j u n c t i o n a l XO m a l e s . 

A s s h o w n in T a b l e 1 t h e e x c e p t i o n a l m a l e s a l w a y s 
e x p r e s s t w o m a r k e r s c a r r i e d b y the A ' - b a l a n c e r : t h e 
Hw effect [on In(l)s(f] a n d B w h e n t h e i r m o t h e r s a r e 
h e t e r o z y g o u s fo r FM6, FM7 o r FM7c. H o w e v e r , t h e y 
n e v e r e x p r e s s a n y o f t h e o t h e r m a t e r n a l A ' - l i nked 
( r e c e s s i v e ) m a r k e r s c a r r i e d b y t h e s e b a l a n c e r c h r o m o 
s o m e s . I n d e e d , n o n e o f t h e e x c e p t i o n a l m a l e s p r o d u c e d 
e x p r e s s e d e i t h e r y, w, dm, sn, v o r g c a r r i e d b y t h e 
b a l a n c e r s (see b o t t o m o f T a b l e 1), s u g g e s t i n g t h a t p a r t 
o f t h i s c h r o m o s o m e is e i t h e r a b s e n t o r c o m p l e m e n t e d 
in t h e e x c e p t i o n a l m a l e s . M o r e o v e r , w h e n m u t a t i o n s 
h o m o l o g o u s t o e i t h e r y, w o r v a r e c a r r i e d b y t h e 
s i b l i n g p a t e r n a l X c h r o m o s o m e s , t h e s e m u t a t i o n s a r e 
e x p r e s s e d b y t h e e x c e p t i o n a l m a l e s . Al l t h e e x c e p t i o n a l 
m a l e s a r e s te r i l e , s h o w i n g o n d i s s e c t i o n s t r o n g l y 
r e d u c e d t e s t e s , a c c e s s o r y g l a n d s a n d e j a c u l a t o r y d u c t s . 
T h e y a r e a l s o flightless, w h e r e a s XO n o n - d i s j u n c t i o n a l 
m a l e s d o fly. T h e e x c e p t i o n a l m a l e s u s u a l l y h a v e e x t r a 
b r i s t l e s o n t h e v e r t e x a n d t h e first a n d s e c o n d s e g m e n t s 
o f t h e a n t e n n a . T h e a n t e r i o r o c e l l u s is a l w a y s v e r y 
r e d u c e d o r a b s e n t . T h e flies o f t e n h a v e m i s s i n g b r i s t l e s 
o n t h e m e s o n o t u m , a s d o n o r m a l s p e c i e s h y b r i d s 
( B i d d l e , 1932) . 

S i n c e a t first s i g h t t h e a b o v e p h e n o m e n o n s e e m s t o 
b e b e s t i n t e r p r e t e d o n t h e b a s i s of s o m e a b n o r m a l 

s e g r e g a t i o n o f m a t e r n a l X c h r o m o s o m e s a t me ios i s 
[e.g. in a w a y s o m e h o w r e s e m b l i n g the effect of t he 
m u t a t i o n pal ( B a k e r , 1975) w h i c h c a u s e s loss o f en t i re 
c h r o m o s o m e s ] , m e i o t i c n o n - d i s j u n c t i o n w a s a r t i 
ficially inc reased by i n t r o d u c i n g a u t o s o m a l i nve r s ions , 
t o see w h e t h e r t h e t w o e v e n t s w e r e re l a t ed . I n t h e 
c rosses n o s 10, 14 a n d 15 ( T a b l e 1), u s ing the s e c o n d 
c h r o m o s o m e b a l a n c e r s In(2LR),Gla h e t e r o z y g o u s 
w i t h In(2LR)0, Cy, t h e f r e q u e n c y o f n o n - d i s j u n c t i o n 
o f the m a t e r n a l X c h r o m o s o m e s w a s c o n s i d e r a b l y 
inc reased , r e su l t i ng in a n a b o u t 10-fold h ighe r 
f r equency of XO n o n - d i s j u n c t i o n a l m a l e s . H o w e v e r , 
th i s effect w a s n o t pa r a l l e l ed b y a n i nc r ea sed f requency 
in the a p p e a r a n c e o f t h e e x c e p t i o n a l m a l e s . A l t h o u g h 
th i s o b s e r v a t i o n by n o m e a n s ru les o u t t h e poss ib i l i ty 
t h a t t he o r ig in o f these m a l e s is a d i rec t c o n s e q u e n c e 
o f s o m e m e i o t i c even t , t h e express iv i ty o f t h e d o m i n a n t 
m a r k e r s (Hw effect a n d B) c a r r i e d by t h e b a l a n c e r s 
u n d e r s t u d y c a n n o t e x c l u d e t h e poss ib i l i ty t h a t t h e 
sou rce o f t he p h e n o m e n o n m i g h t a l so be s o u g h t a t t h e 
zygo t ic s t age (see D i s c u s s i o n ) . 

W h e n e i the r t h e FM6 o r t he FM7 b a l a n c e r 
c h r o m o s o m e s a r e used in h e t e r o z y g o u s c o n d i t i o n o v e r 
a de le t ion ( T a b l e 1), t h e a v e r a g e f r equency o f 
e x c e p t i o n a l m a l e s is c lose t o 2 % ( d i s r e g a r d i n g c ro s se s 
n o s 5, 6 a n d 9 w h i c h w e r e c a r r i e d o u t o n a less r ich 
m e d i u m a s m e n t i o n e d a b o v e ) . T h i s is m o r e t h a n twice 
t h e f requency a t w h i c h n o n - d i s j u n c t i o n a l XO ma le s 
w e r e r ecove red in these e x p e r i m e n t s . T h e f r equency o f 
e x c e p t i o n a l m a l e s a p p e a r s t o be inc reased w h e n a 
m a t e r n a l X c h r o m o s o m e ca r r i e s a deficiency he t -
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T a b l e 2. Progeny of crosses between D . m e l a n o g a s t e r females, heterozygous for D f ( l ) 5 2 7 and I n ( l ) F M 6 , and 
males carrying various markers 

Regular Non-
D. melanogaster D. melanogaster sons disjunctional 
mother father Daughers (FM6) sons % 

Exceptional 
sons % 

FM6/Dfl)527 yvf 464 207 Ayvf 0 8 6 
FM6/DJ\1)527 w cv sn 612 273 3 w cv sn 0-49 

2 y Hw v B 
0 

0-43 
0 

T a b l e 3 . Progeny of crosses between females heterozygous for I n ( l ) F M 6 , and Canton-S males 

(a) Progeny of 156 isofemale lines. Genotype of the mothers = FM6/Df 1)527 

Df\l)527/+ FM6/+ FM6/Y Non-disjunctional 
females females males males % 

Exceptional 
males % 

2891+ 2812 B 2351 y3U Hw dm B 2 1 + 0-37 43 Hw B 0-75 

(h) Progeny of 5 sublines selected from (a) (see text). Genotype of the mothers = FM6/ + 

+ /+ FM6/+ FM6/Y +/Y 
females females males males 

Exceptional 
males 

2 5 6 6 + 2355 5 1756 y3'* Hw dm B 2379 + 7 Hw B 0 1 4 

e r o z y g o u s t o t h e b a l a n c e r X, a s c o m p a r e d to t he 
s i t u a t i o n w h e r e a n X c h r o m o s o m e free of s t r u c t u r a l 
a b e r r a t i o n s is c o m b i n e d w i t h o n e o f t h e b a l a n c e r A s in 
q u e s t i o n (c rosses n o s 6 a n d 7). 

A l t h o u g h it w a s first d i s cove red in h y b r i d s t h e 
a b o v e p h e n o m e n o n is c lear ly n o t res t r ic ted t o h y b r i d s 
s ince it a l so o c c u r s in D. melanogaster s o n s f r o m 
m o t h e r s c a r r y i n g FM6 c h r o m o s o m e s . I n a first 
e x p e r i m e n t , FM6/Dj[l)527 females w e r e c r o s s e d to 
b o t h yvf a n d w cv sn D. melanogaster m a l e s ( T a b l e 
2) . T h e d a t a i n d i c a t e t h a t w i t h yvf f a the r s , D. 
melanogaster s o n s e m e r g e d p h e n o t y p i c a l l y c o r r e s 
p o n d i n g t o t h e e x c e p t i o n a l h y b r i d m a l e s r e p o r t e d 
a b o v e , a l t h o u g h the f o r m e r were p r o d u c e d a t a 
s u b s t a n t i a l l y l o w e r f r equency . A s e c o n d e x p e r i m e n t 
cons i s t ed in se t t ing u p 156 i sofemale lines f r o m t h e 
FM6/DJ\1)527 s t ock , w h o s e F 2 females w e r e c ro s sed 
to w i l d - t y p e C a n t o n - S m a l e s , in a s ea rch for a b n o r m a l 
sex r a t i o s a n d / o r p h e n o t y p e a m o n g the p r o g e n i e s . 
T h e r e w e r e 147 fertile l ines , o u t o f wh ich 19 ( 1 2 - 9 % ) 
yie lded XO n o n - d i s j u n c t i o n a l m a l e s a n d 33 ( 2 2 - 4 % ) 
yie lded Hw B e x c e p t i o n a l m a l e s wh ich were all s ter i le 
( T a b l e 3 a ) . T h e s e d a t a sugges t t h a t D. melanogaster 
e x c e p t i o n a l m a l e s c o u l d b e p r o d u c e d a t a l o w e r 
f r equency ( 0 7 5 % ) a s c o m p a r e d t o w h a t is o b s e r v e d in 
h y b r i d s , a l t h o u g h th is d i s c r e p a n c y m i g h t l a rge ly b e 
a c c o u n t e d for b y i n b r e e d i n g d e p r e s s i o n . In r e l a t i o n t o 
this it is w o r t h p o i n t i n g o u t he r e t h a t t he FM6 
c h r o m o s o m e s w e r e i n t r o d u c e d i n t o b o t h DJ[1)522 
a n d DJ\1)527 s t o c k s f rom a single m a l e a b o u t 12 
m o n t h s be fo re t he e x p e r i m e n t s s t a r t e d . T h i s s t r o n g l y 
sugges ts t h a t t h e effect u n d e r i nves t i ga t ion is r e c u r r e n t 
a n d reflects a p r o p e r t y o f t he b a l a n c e r c h r o m o s o m e t o 
u n d e r g o a b n o r m a l d iv i s ion . I h a v e a l so a t t e m p t e d to 
select flies for a h igh p r o d u c t i o n of e x c e p t i o n a l s o n s t o 

find o u t w h e t h e r t he t r a i t u n d e r s t u d y w a s gene t i ca l ly 
b a s e d . I n d e e d c rosses n o s 5 a n d 6 ( T a b l e 1) sugges t 
t h a t t h e f r equency o f n o n - d i s j u n c t i o n a l m a l e s m i g h t 
b e s t ra in-specif ic . F o r t h i s p u r p o s e , 5 i s o f e m a l e 
sub l ines were set u p f r o m those o f t h e a b o v e 147 l ines 
w h i c h p r o d u c e d the m o s t Hw B e x c e p t i o n a l s o n s . 
F M f J / C a n t o n - S females f r o m t h e F 2 g e n e r a t i o n w e r e 
c ro s sed t o the i r w i ld - type b r o t h e r s ( c a r r y i n g a C a n t o n -
S X c h r o m o s o m e ) . F o r each o f t h e 5 sub l ine s 25 
females were m a t e d ind iv idua l ly t o a s ingle m a l e . 
W h e r e a s all b u t 6 females p r o d u c e d p r o g e n y , o n l y 7 
females y ie lded e a c h a s ingle e x c e p t i o n a l m a l e , a n d 
T a b l e 3 b s h o w s the n u m b e r s of flies o b t a i n e d for all 
p h e n o t y p i c c lasses . By a n d large t h e s e r e su l t s a p p e a r 
t o ru le o u t a s t r a i g h t f o r w a r d g e n e t i c ba s i s for t h e 
g e n e r a t i o n o f t he e x c e p t i o n a l m a l e s . A g a i n t he se d a t a 
sugges t a n a d v e r s e effect o f i n b r e e d i n g o n t h e su rv iva l 
o f t h e e x c e p t i o n a l m a l e s . 

4. Discussion 

T h e f r equency of e x c e p t i o n a l m a l e s is c lea r ly in
d e p e n d e n t of t h e f r e q u e n c y of p r i m a r y n o n - d i s j u n c 
t i on , a n d i n v e r s i o n - b e a r i n g c h r o m o s o m e s o t h e r t h a n 
FM6 a n d FM7 d o n o t g ive rise t o e x c e p t i o n a l m a l e s . 
S ince t h e e x c e p t i o n a l m a l e s ca r ry m a r k e r s f r o m b o t h 
melanogaster a n d s ibl ing X c h r o m o s o m e s , t h e y a p p e a r 
t o s t a r t life a s h y p o p l o i d X melanogaster/X sibling zy
go t i c females . B e c a u s e n o n - h y b r i d melanogaster m a l e s 
a n a l o g o u s t o t he e x c e p t i o n a l h y b r i d m a l e s c a n a l so b e 
o b t a i n e d (a t least f r o m m o t h e r s c a r r y i n g FM6), t h e 
p h e n o m e n o n d o e s n o t s imply fall i n t o t h e g e n e r a l 
c lass o f c h r o m o s o m e a b n o r m a l i t i e s in h y b r i d z y g o t e s 
a s first de sc r ibed by Bover i (1904) . W i t h r e s p e c t t o th i s 
t he c o m p l e t e s ter i l i ty of t h e e x c e p t i o n a l melanogaster 
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m a l e s is t h e r e f o r e e x p e c t e d t o r e s u l t e i t he r f r o m a l ack o f 
a Y c h r o m o s o m e o r f r o m a h y p e r p l o i d y fo r p a r t o f t h e 
X c h r o m o s o m e . I n o r d e r t o f ind o u t w h e t h e r th i s s ter 
i l i ty is n o t so le ly c a u s e d b y t h e a b s e n c e o f t h e F c h r o m o -
s o m e , Dj\l)527/FM6 f e m a l e s w e r e c r o s s e d t o c o n -
spec i f ic m a l e s c a r r y i n g a t t a c h e d X-Y c h r o m o s o m e s 
c a r r y i n g t h e m a r k e r s y w a n d / o n t h e i r ^ c h r o m o s o m e s . 
E l e v e n y w Hw B e x c e p t i o n a l m a l e s ( p r e s u m e d t o 
h a v e i n h e r i t e d t h e a t t a c h e d Y c h r o m o s o m e ) w e r e 
r e c o v e r e d a n d i n d i v i d u a l l y c r o s s e d t o C a n t o n - S 
f e m a l e s . A l l m a l e s w e r e s t e r i l e ( d a t a n o t s h o w n ) . 

T h e a b o v e o b s e r v a t i o n s d o n o t p r o v i d e a n y cr i t ica l 
c l u e a s t o w h e t h e r t h e e x c e p t i o n a l m a l e s r e su l t f r o m a 
m e i o t i c p h e n o m e n o n r a t h e r t h a n f r o m s o m e m i t o t i c 
r e c o m b i n a t i o n c o u p l e d w i t h c h r o m o s o m e loss d u r i n g 
n u c l e a r c l e a v a g e d i v i s i o n s , a l t h o u g h t h e f o r m e r 
p o s s i b i l i t y s e e m s m o r e p l a u s i b l e . I n d e e d , m i t o t i c 
r e c o m b i n a t i o n w o u l d b e h a r d t o r econc i l e w i t h t h e 
f ac t t h a t n o m o s a i c s w e r e o b s e r v e d in m y e x p e r i m e n t s . 
T h e s i m p l e s t e x p l a n a t i o n t o a c c o u n t for t h e ex
c e p t i o n a l p h e n o t y p e w o u l d t h e n r e q u i r e a n i l l eg i t ima te 
m e i o t i c c r o s s i n g - o v e r b e t w e e n t h e i n v e r t e d m a t e r n a l 
X c h r o m o s o m e s a s o u t l i n e d i n F i g . 1. T h i s w o u l d l ead 
t o t h e f o r m a t i o n o f a n a c e n t r i c c h r o m o s o m e a n d a n 
i n c o m p l e t e c h r o m o s o m e i n c l u d i n g a t l eas t t h e r e g i o n s 
c o v e r i n g t h e loci o f Bf a n d t h e Hw effect, wh i l s t 
de f i c i en t fo r a t l e a s t t h e loc i o f w a n d v. T h e a b o v e 
i n t e r p r e t a t i o n is c o n s i s t e n t w i t h t h e o b s e r v a t i o n t h a t 
sc8/0 m a l e s a r e k n o w n t o b e n e a r l y l e tha l in D. 

melanogaster (L inds l ey & Gre l l , 1968), w h e r e a s in a 
h e t e r o z y g o u s c o n d i t i o n t he effect w o u l d n o l o n g e r be 
d e l e t e r i o u s . 

I t m u s t be s t ressed , h o w e v e r , t h a t t h e a b o v e 
i n t e r p r e t a t i o n of t he e x c e p t i o n a l p h e n o t y p e solely 
b a s e d o n a m e i o t i c p h e n o m e n o n is n o t fully c o m p a t i b l e 
w i t h my d a t a . I n d e e d in t h e p r e s e n c e o f a n e n t i r e 
p a t e r n a l X c h r o m o s o m e h e t e r o z y g o u s t o t h e deficient 
X b a l a n c e r , t h e a b o v e m a l e s w o u l d b e e x p e c t e d t o be 
h e t e r o z y g o u s for t h e d o m i n a n t m a r k e r s B a n d t h e Hw 
effect, w h i c h d o e s n o t a p p e a r t o b e t h e case . U n l e s s 
o n e p o s t u l a t e s t h a t t he deficient X b a l a n c e r b e c o m e s 
h y p e r a c t i v a t e d t h r o u g h d o s a g e c o m p e n s a t i o n a h e m i -
zygo t ic c o n d i t i o n for p a r t o f t he X c h r o m o s o m e of 
t h e e x c e p t i o n a l m a l e s is sugges t ed f r o m t h e i n v a r i a b l y 
s t r o n g p h e n o t y p e s o f b o t h Hw a n d B in t he se m a l e s . 
T h e r e is n o a priori r e a s o n w h y B m a l e s c a r r y i n g a 
d u p l i c a t i o n of t he B+ r e g i o n s h o u l d n o t d i s p l a y a 
p h e n o t y p e typ ica l o f a f emale (B/B+) h e t e r o z y g o u s 
c o n d i t i o n . 

C o n s i d e r i n g t he e ight b r e a k p o i n t s c a r r i e d by 
In(l)FM6 it is poss ib le t o s p e c u l a t e t h a t m i t o t i c 
r e c o m b i n a t i o n w i th in i n v e r s i o n s m i g h t o c c a s i o n a l l y 
p r o d u c e f r a g m e n t e d c h r o m o s o m e s a t t he z y g o t i c s t age 
fo l lowed b y loss o f m o s t o f t h e melanogaster X 
c h r o m o s o m e in s u b s e q u e n t n u c l e a r d iv i s ions . I t is 
w o r t h p o i n t i n g o u t t h a t t he res t r i c t ed c h r o m o s o m e 
p a i r i n g ( m o r e p r o n o u n c e d in h y b r i d s ) c o u p l e d w i t h 
t h e effect of t he m u l t i p l e r e a r r a n g e m e n t s of t he 
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b a l a n c e r c h r o m o s o m e s m i g h t f a v o u r a b n o r m a l ex
c h a n g e s . T h i s w o u l d r e q u i r e a t least t w o such 
r e c o m b i n a t i o n even t s if smal l d u p l i c a t i o n s / d e l e t i o n s 
a r e t o l e r a t e d . A t first s ight th i s s i t u a t i o n w o u l d 
s o m e w h a t r e semble t he effect o f m u t a t i o n s such as t h e 
AMinked m u t a t i o n mit in D. melanogaster ( G e l b a r t , 
1974) wh ich i n d u c e s s o m a t i c c h r o m o s o m e loss . 

Still, if it is t o b e e n v i s a g e d t h a t p a r t of t he p a t e r n a l 
A * c h r o m o s o m e is e l i m i n a t e d t h r o u g h s o m e e x c e p t i o n a l 
m i t o t i c e x c h a n g e s in ear ly zygo t i c f emales a t t h e first 
d iv i s ion o f c l eavage , t he w a y in w h i c h s o m e of t he 
m i t o t i c r e c o m b i n a n t s w o u l d t h e n b e e l i m i n a t e d ( aga in 
n o m o s a i c s o r g y n a n d r o m o r p h s w e r e o b t a i n e d ) 
r e m a i n s o b s c u r e . W h a t e v e r t h e p r o c e s s g e n e r a t i n g 
these m a l e s m a y b e it will b e w o r t h t r y i n g to ident i fy 
t h e c h r o m o s o m a l fac to r ( s ) r e s p o n s i b l e for t h e a p 
p e a r a n c e of t he e x c e p t i o n a l m a l e s b y a n a l y z i n g t h e 
severa l c o m p o n e n t s of t he FM6 a n d FM7 b a l a n c e r 
c h r o m o s o m e s . 

If t h e a c t u a l g e n o t y p i c c o n s t i t u t i o n o f t h e excep
t i o n a l m a l e s c a n n o t be infer red f r o m t h e p r e s e n t d a t a 
it m u s t , h o w e v e r , be e m p h a s i z e d t h a t t h e surv iva l of 
t he e x c e p t i o n a l h y b r i d m a l e s c a n r ead i ly b e e x p l a i n e d 
b y the i r c a r r y i n g the Hmr+ l o cus ( s i t u a t e d in D. 
melanogaster b e t w e e n the loci o f sn a n d v, 1 1 6 c M 
a w a y f rom v) f rom D. simulans o r D. mauritiana, 
w h i c h w o u l d b e cons i s t en t w i t h t h e m o d e l p r o p o s e d 
b y H u t t e r et al. (1990) o r t h e gene t i c ba s i s o f t he 
inviabi l i ty o f these h y b r i d s . O n th i s m o d e l t h e h y b r i d 
m a l e s s h o u l d die b e c a u s e t h e y c a r r y Hmr+ w h i c h ac t s 
a s a l e tha l n o r m a l l y s u p p r e s s e d w i t h i n D. melanogaster 
by recessive s u p p r e s s o r al leles o n t h e a u t o s o m e s . T h e 
le tha l effect w o u l d n o l o n g e r b e s u p p r e s s e d in h y b r i d s 
w h e r e t he s u p p r e s s o r b e c o m e s h e t e r o z y g o u s t o a 
m u t a n t allele f rom t h e s ib l ing species . A c c o r d i n g t o 
t he a b o v e m o d e l the s ib l ing species s h o u l d a l so c a r r y 
a m u t a n t allele of t he a b o v e AMinked l e tha l gene 
w h i c h is fully v iab le . T h e r e f o r e if t h e e x c e p t i o n a l 
m a l e s inher i t th i s locus f rom the i r s ib l ing f a the r they 
a r e expec ted t o be v iab le . T h e m o d e l t h u s a c c o u n t s for 
t he i n t r i g u i n g o b s e r v a t i o n t h a t t h e e x c e p t i o n a l h y b r i d 
m a l e s surv ive t o a d u l t h o o d , w h e r e a s the i r b r o t h e r s 
c a r r y i n g a n en t i re melanogaster X c h r o m o s o m e a n d a 
sibling Y c h r o m o s o m e i n v a r i a b l y d i e a s t h i r d i n s t a r 
l a rvae . T h e viabi l i ty of h y b r i d m a l e s f r o m r ec ip roca l 
c rosses b e t w e e n D. melanogaster a n d D. simulans a t 
least , is k n o w n t o b e i n d e p e n d e n t o f t h e o r ig in o f t he 
c y t o p l a s m ( O r r , 1989). 

5. Concluding remarks 

T h e resul t s r e p o r t e d he r e a r e n o t easy t o re la te t o 
p r ev ious ly desc r ibed cases o f i l l eg i t imate c ro s s ing -
ove r o r p a r t i a l c h r o m o s o m e loss in Drosophila. I f a 
s o m a t i c even t is i nvo lved a t t h e zygo t i c s t age the 
n e a r e s t k n o w n e x a m p l e w o u l d p e r h a p s be t he Rex 
m u t a t i o n d i scove red b y R o b b i n s (1981) in D. melano
gaster. T h i s m u t a t i o n , loca l i zed in t he h e t e r o -
c h r o m a t i n of t he X c h r o m o s o m e a c t s m a t e r n a l l y t o 

i n d u c e a n e x c h a n g e - l i k e event b e t w e e n h e t e r o c h r o -
m a t i c e l e m e n t s o f a n a t t a c h e d X-Y c h r o m o s o m e 
d u r i n g t h e first e m b r y o n i c mi tos i s . M o r e p rec i se ly t h e 
Rex even t o c c u r s d u r i n g G l o f t h e first m i t o t i c 
d iv i s ion w h i c h is p r e s u m a b l y t h e t i m e w h e n t h e 
e x c e p t i o n a l m a l e s s h o u l d be g e n e r a t e d . S w a n s o n 
(1987) h a s e s t ab l i shed t h a t the site o f t h e Rex a c t i o n 
is t he r i b o s o m a l R N A gene c lus ter o f t h e bb l o c u s . 
F r o m th i s pa ra l l e l it c a n b e a r g u e d t h a t t h e r e a s o n 
w h y t h e X c h r o m o s o m e ba l ance r s FM1 a n d Base d o 
n o t b e h a v e a s FM6 o r FM7 migh t b e c o n n e c t e d w i t h 
a difference a t a gene a n a l o g o u s t o e i t h e r Rex o r i ts 
r e s p o n d i n g s i te , un le s s t h e crucial d i f ference w o u l d 
res ide in t h e n u m b e r o f b r e a k s of t h e s e c h r o m o s o m e s 
(4 a n d 6 o n FM1 a n d Base respect ively v e r s u s 8 o n 
FM6). I f t h e effect r e p o r t e d in this p a p e r is e q u a l l y d u e 
t o a m u t a t i o n w h i c h ac ts m a t e r n a l l y it w o u l d m e a n 
t h a t i ts g e n e p r o d u c t is ac t ive in g e r m i n a l t i s sue a n d 
pers i s t s t o ea r ly m i t o t i c c leavages in t h e e m b r y o s . 

This work was supported by a grant 83.299.085 from the 
Swiss Nat ional Science Foundation to P. H. and the Uni 
versity of Geneva. I thank M. Ashburner, J. Gausz , H. 
Gloor and particularly R. Noethiger for useful suggestions 
on a draft of this paper. D. simulans stocks carrying muta 
tions were provided by R. C. Woodruff at the Bowling 
Green American Stock Center. 

References 

Baker, B. S. (1975). Paternal loss (pal): a meiotic m u t a n t in 
Drosophila melanogaster causing loss of paternal ch romo
somes. Genetics 80, 267-296. 

Biddle, R. L. (1932). The bristles of hybrids between 
Drosophila melanogaster and Drosophila simulans. Gen
etics 17, 153-174. 

Boveri, T. (1904). Ergebnisse iiber die Konstitution der 
chromatischen Substanz des Zellkerns. J ena : G. Fischer. 

Gelbart , W. M. (1974). A new mutant controll ing mitot ic 
chromosome disjunction in Drosophila melanogaster. 
Genetics 76, 51-63. 

Hutter , P. & Ashburner , M . (1987). Genetic rescue of 
inviable hybrids between Drosophila melanogaster and its 
sibling species. Nature 327, 331-333. 

Hutter, P., Roote , J. & Ashburner, M . (1990). A genetic 
basis for the inviability of hybrids between sibling species 
of Drosophila. Genetics 124 (in the press). 

Lachaise, D. , David, J. R., Lemeunier, F . & Tsacas, L. 
(1986). The reproductive relationships of Drosophila 
sechellia with D. mauritiana, D. simulans, and D. melano
gaster from the Afrotropical region. Evolution 40, 2 6 2 -
271. 

Lee, W. L. (1978). Temperature sensitive viability of hybr ids 
between Drosophila melanogaster and Drosophila simu
lans. Japanese Journal of Genetics 53, 339-344. 

Lemeunier, F. , David, J. R., Tsacas, L. & Ashburner , M . 
(1986). In The Genetics and Biology of Drosophila, vol. 3 
(ed. M . Ashburner , H. L. Carson and J. N . Thompson ) , 
pp. 147-256. L o n d o n : Academic Press. 

Lindsley, D . L. & Grell, E. H . (1968). Genetic variat ions of 
Drosophila melanogaster. Carnegie Institute of Washing
ton Publications. 

Lindsley, D . L. & Zimm, G, (1985-1987). The genome of 
Drosophila melanogaster. Drosophila Information Service 
62, 64, 65. 

https://doi.org/10.1017/S0016672300025477 Published online by Cambridge University Press

https://doi.org/10.1017/S0016672300025477


P. Hutter 164 

Orr , H. A. (1989). Genetic basis of postzygotic isolation 
between D. melanogaster and D. simulans. Drosophila 
Information Service (in the press). 

R o b b i n s , L. G. (1981). Genetically induced mitot ic exchange 
in the he terochromat in of Drosophila melanogaster. 
Genetics 99, 443-459. 

S tur tevant , A. H. (1920). Genetic studies on Drosophila 

simulans. I. Introduction. Hybrids with Drosophila melano
gaster. Genetics 5, 488-500. 

Swanson, E. E. (1987). The responding site of the Rex locus 
of Drosophila melanogaster. Genetics 115, 271-276. 

Watanabe, T. K. (1979). A gene that rescues the lethal 
hybrids between Drosophila melanogaster and D. simulans. 
Japanese Journal of Genetics 54, 325-331. 

https://doi.org/10.1017/S0016672300025477 Published online by Cambridge University Press

https://doi.org/10.1017/S0016672300025477

