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Segregation ratios within Segregation Distorter lines of 
Drosophila melanogaster conform to a beta-binomial 
distribution 
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Summary 

Segregation Distorter (SD) c h r o m o s o m e s a r e p re fe ren t i a l ly r e c o v e r e d f r o m SD/SD+ ma les d u e t o 
t h e d y s f u n c t i o n of s p e r m b e a r i n g the SD* c h r o m o s o m e . T h e p r o p o r t i o n of o f f spr ing b e a r i n g t h e 
SD c h r o m o s o m e is g iven the s y m b o l k. T h e n a t u r e of t h e f r equency d i s t r i b u t i o n o f k w a s 
e x a m i n e d by c o m p a r i n g o b s e r v e d k d i s t r i b u t i o n s p r o d u c e d b y six different SD c h r o m o s o m e s , e a c h 
w i t h a different m e a n , w i t h k d i s t r i b u t i o n s p r e d i c t e d b y t w o different s ta t i s t i ca l m o d e l s . T h e first 
m o d e l w a s o n e w h e r e t he k o f all m a l e s w i t h a g iven SD c h r o m o s o m e w e r e c o n s i d e r e d t o b e e q u a l 
p r i o r t o t he d e t e r m i n a t i o n of t h o s e g a m e t e s w h i c h p r o d u c e v iab le zygo te s . I n th i s m o d e l t h e o n l y 
s o u r c e o f v a r i a t i o n of k w o u l d b e b i n o m i a l s a m p l i n g . T h e resu l t s r i g o r o u s l y d e m o n s t r a t e d for t h e 
first t i m e t h a t t he o b s e r v e d k d i s t r i b u t i o n s d i d n o t fit t h e p r e d i c t i o n t h a t t h e o n l y source o f 
v a r i a t i o n w a s b i n o m i a l s a m p l i n g . T h e n e x t m o d e l t e s ted w a s t h a t t h e p r i o r d i s t r i b u t i o n o f 
s e g r e g a t i o n r a t i o s c o n f o r m e d t o a b e t a d i s t r i b u t i o n , s u c h t h a t t h e d i s t r i b u t i o n of k w o u l d b e a 
b e t a - b i n o m i a l d i s t r i b u t i o n . T h e p r e d i c t e d d i s t r i b u t i o n s o f th i s m o d e l d id n o t differ s ignif icantly 
f r o m t h e o b s e r v e d d i s t r i b u t i o n s o f k in five o f t h e six cases e x a m i n e d . T h e s ix th c a s e p r o b a b l y 
failed t o fit a b e t a - b i n o m i a l d i s t r i b u t i o n d u e t o a m a j o r s e g r e g a t i n g modi f i e r . T h e d e m o n s t r a t i o n 
t h a t t he p r i o r d i s t r i b u t i o n of s e g r e g a t i o n r a t i o s of SD l ines c a n genera l ly b e a p p r o x i m a t e d w i t h a 
b e t a d i s t r i b u t i o n is c ruc ia l for t h e b i o m e t r i c a l ana ly s i s o f s e g r e g a t i o n d i s t o r t i o n . 

1. Introduction 

T h e s e g r e g a t i o n d i s t o r t e r p h e n o t y p e is c a u s e d b y 
c e r t a i n types of s e c o n d c h r o m o s o m e s t h a t c a n b e 
r e c o v e r e d f rom n a t u r a l p o p u l a t i o n s ( S a n d l e r et al. 
1959 ; H i r a i z u m i & C r o w , 1960). T h e s e Segregation 
Distorter (SD) c h r o m o s o m e s c a u s e a d i s t o r t i o n o f t he 
o b s e r v e d s eg rega t i on r a t i o w h e n a n SD c h r o m o s o m e 
is h e t e r o z y g o u s w i t h a n o r m a l c h r o m o s o m e 2. A n 
SD/SD+ m a l e ( b u t n o t a n SD/SD+ f emale ) p r o d u c e s 
far m o r e offspr ing b e a r i n g the SD c h r o m o s o m e t h a n 
of fspr ing w i t h t he SD+ c h r o m o s o m e . T h e s e g r e g a t i o n 
r a t i o is usua l ly def ined in t e r m s o f t h e p r o p o r t i o n of 
of fspr ing i n h e r i t i n g t he SD c h r o m o s o m e a n d is g iven 
t h e s y m b o l k. SD/SD+ m a l e s gene ra l ly h a v e m e a n k 
va lues far g r e a t e r t h a n 0-5. 

Segregation Distorter c h r o m o s o m e s c a u s e d i s t o r 
t i o n o f t he s eg rega t i on r a t i o by a gene t ica l ly d e 
t e r m i n e d defect of spe rmiogenes i s w h i c h r e su l t s in t h e 
d y s f u n c t i o n of t h o s e s p e r m a t i d s b e a r i n g t h e SD+ 

c h r o m o s o m e (Nico le t t i , 1 9 6 8 ; T o k u y a s u et al. 1977). 
A s t r o n g SD c h r o m o s o m e is effectively t r a n s m i t t e d a s 
if it w e r e h o m o z y g o u s , even t h o u g h it is o n l y 
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h e t e r o z y g o u s . (Since t he effect is b r o u g h t a b o u t p r e -
zygot ica l ly , t h e r e is ve ry l i t t le r e d u c t i o n in fer t i l i ty , a s 
m a l e D. melanogaster c a n p r o d u c e a l a r g e excess o f 
s p e r m . ) T h e r e a r e severa l genet ic e l e m e n t s o n SD 
c h r o m o s o m e s t h a t c o n t r i b u t e t o t h e full e x p r e s s i o n o f 
t h e s e g r e g a t i o n d i s t o r t e r p h e n o t y p e . T h e m a j o r loci 
a r e l o c a t e d in a n d n e a r t h e cen t r ic h e t e r o c h r o m a t i n o f 
c h r o m o s o m e 2 ( H a r t l , 1 9 7 4 ; G a n e t z k y , 1 9 7 7 ; M a r t i n 
& H i r a i z u m i , 1979 ; B r i t t n a c h e r & G a n e t z k y , 1983 , 
1984 ; S h a r p et al. 1985). T w o o f t h e e l e m e n t s a c t in 
trans t o p r o m o t e s eg rega t i on d i s t o r t i o n . G a n e t z k y 
(1977) h a s refer red t o t h e m as Sd a n d Enhancer of 
SD, E(SD). T h e Sd e l e m e n t , w h e n de l e t ed f r o m a n SD 
c h r o m o s o m e , c a u s e s a very large r e d u c t i o n in k, w h i l e 
de l e t i on o f E(SD) c a u s e s a m o r e m o d e r a t e d e c r e a s e in 
k. S h a r p et al. (1985) h a v e refer red t o t he se s a m e g e n e s 
as Sd, a n d Sd2, s ince they o b s e r v e d t h a t SD 
c h r o m o s o m e s t h a t h a d Sd, r e m o v e d b y r e c o m b i n a t i o n 
r e t a i n e d s ignif icant a lbe i t r e d u c e d d i s t o r t i n g c a p a c i t y , 
d u e t o t h e p r e s e n c e o f Sd2 [E(SD)}. T h e o t h e r m a j o r 
locus t h a t is i m p o r t a n t in s eg rega t i on d i s t o r t i o n is 
Responder (Rsp). T h i s is a ris-acting gene t i c e l e m e n t 
w h i c h h a s alleles o f v a r y i n g sensi t ivi ty t o t h e effects o f 
t h e d r i v i n g e l e m e n t s (Sd, a n d Sd2) ( H i r a i z u m i et al. 
1980; T e m i n & M a r t h a s , 1984; L y t t l e et al. 1986) . 
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S p e r m b e a r i n g c h r o m o s o m e s w i t h sens i t ive Rsp a l le les 
(Rsps) a r e m o r e l ikely t o b e r e n d e r e d d y s f u n c t i o n a l 
t h a n a r e s p e r m b e a r i n g i n s e n s i t i v e a l le les (Rsp1). S o m e 
sens i t i ve Rsp a l le les h a v e r e c e n t l y b e e n c l o n e d a n d it 
w a s s h o w n t h a t t h e d e g r e e o f sens i t iv i ty w a s c o r r e l a t e d 
w i t h t h e n u m b e r o f c o p i e s o f a t a n d e m l y r e p e a t e d 
s e q u e n c e ( W u et al. 1988) . A n o t h e r g e n e t i c e l e m e n t 
t h a t is f o u n d o n m o s t n a t u r a l l y o c c u r r i n g SD 
c h r o m o s o m e s is Modifier of SD [M(SD)]. T h i s is a 
d o m i n a n t p o s i t i v e m o d i f i e r o f SD t h a t is l o c a t e d in t h e 
p r o x i m a l r i g h t a r m o f c h r o m o s o m e 2 , n e a r t h e 
cinnabar g e n e ( H i r a i z u m i , M a r t i n & E c k s t r a n d , 1980) . 

A l t h o u g h s e g r e g a t i o n d i s t o r t i o n is u s u a l l y m e a s u r e d 
b y t h e s e g r e g a t i o n r a t i o , k, it is a p p a r e n t t h a t t h e 
v a r i a n c e o f k is h igh ly d e p e n d e n t u p o n t h e m e a n o f k, 
w i t h t h e v a r i a n c e o f k d e c r e a s i n g d r a m a t i c a l l y a s t h e 
m e a n o f k a p p r o a c h e s 1 0 ( S a n d l e r & H i r a i z u m i , 
1960) . M i k l o s & S m i t h - W h i t e (1971) s u g g e s t e d a 
t r a n s f o r m a t i o n o f k, w h i c h w e re fe r t o a s t h e A>probit 
t r a n s f o r m a t i o n , w h i c h w a s i n t e n d e d t o p r o v i d e a 
p r o p e r i n t e r v a l m e a s u r e for s e g r e g a t i o n d i s t o r t i o n , 
t h e r e b y e l i m i n a t i n g d i s t o r t i o n s o f sca le a s s o c i a t e d 
w i t h t h e u s e o f k. H o w e v e r , S h a r p & H i l l i k e r (1986) 
s h o w e d t h a t o b s e r v e d f r e q u e n c y d i s t r i b u t i o n s o f k 
v a l u e s fo r a l a r g e d a t a set d i d n o t a l w a y s a g r e e w i t h 
t h e d i s t r i b u t i o n s p r e d i c t e d b y t h e &-prob i t t r a n s 
f o r m a t i o n . F u r t h e r m o r e , S h a r p & H i l l i k e r (1987) 
de f ined a n d cr i t i ca l ly a s s e s s e d t h e a s s u m p t i o n s o f t h e 
/ c -p rob i t t r a n s f o r m a t i o n a n d f o u n d t h e a s s u m p t i o n s 
t o b e n u m e r o u s , a n d in s e v e r a l i n s t a n c e s , u n r e a l i s t i c . 

I n t h e p r e s e n t r e p o r t w e wi l l c o n s i d e r f u r t h e r t h e 
n a t u r e o f v a r i a t i o n o f t h e s e g r e g a t i o n r a t i o a m o n g SD 
m a l e s . T h e first p o i n t t h a t w e will a d d r e s s is w h e t h e r 
k is d i s t r i b u t e d a s a b i n o m i a l v a r i a b l e . S a n d l e r & 
H i r a i z u m i (1961) w e r e t h e first t o s u g g e s t t h a t t h e 
d i s t r i b u t i o n o f k d o e s n o t c o n f o r m t o a b i n o m i a l 
d i s t r i b u t i o n , b u t t h e y d i d n o t p r o v i d e r i g o u r o u s 
q u a n t i t a t i v e s u p p o r t fo r t h e i r a s s e r t i o n . M i k l o s & 
S m i t h - W h i t e (1971) a n d S h a r p & H i l l i k e r (1986) a l s o 
a s s u m e d t h a t t h e r e w a s e x t r a - b i n o m i a l v a r i a t i o n , b u t 
n e i t h e r o f t h e s e r e p o r t s d e m o n s t r a t e d t h e s t a t i s t i ca l 
s ign i f i cance o f t h e e x t r a - b i n o m i a l c o m p o n e n t . W e will 
d e m o n s t r a t e h e r e t h a t t h e r e is i n d e e d g e n e r a l l y a 
s ign i f i can t a m o u n t o f v a r i a t i o n o f t h e s e g r e g a t i o n 
r a t i o a b o v e t h a t p r e d i c t e d b y b i n o m i a l s a m p l i n g 
a l o n e . T h e s e c o n d p o i n t t h a t t h i s r e p o r t will c o n s i d e r 
is w h a t t y p e o f f r e q u e n c y d i s t r i b u t i o n t h e e x t r a -
b i n o m i a l c o m p o n e n t o f v a r i a t i o n c o n f o r m s t o . I t will 
b e s h o w n t h a t s e g r e g a t i o n r a t i o s o f SD/SD+ m a l e s 
c a n g e n e r a l l y b e a p p r o x i m a t e d b y a s s u m i n g a c o m 
p o u n d d i s t r i b u t i o n o f a b i n o m i a l a n d a b e t a d i s 
t r i b u t i o n (a b e t a - b i n o m i a l d i s t r i b u t i o n ) . 

2 . Mater ia l s and methods 

A n u m b e r o f SD c h r o m o s o m e s w e r e u s e d t h a t h a d 
d i f fe ren t m e a n k v a l u e s , in o r d e r t o c o m p a r e o b s e r v e d 
a n d p r e d i c t e d d i s t r i b u t i o n s o v e r a r a n g e o f c o n d i t i o n s . 
A s t a n d a r d SD c h r o m o s o m e a n d five d e r i v a t i v e s o f 

t h a t c h r o m o s o m e were e m p l o y e d . T h e d e r i v a t i o n o f 
t h e modif ied SD c h r o m o s o m e s is de sc r ibed in S h a r p et 
al. (1985). T h e s t a n d a r d SD c h r o m o s o m e w a s SD-5. 
F o u r o f t h e de r iva t ives w e r e r e c o m b i n a n t s b e t w e e n 
SD-5 a n d a c h r o m o s o m e m a r k e d w i t h b pr It pk cn. 
R(SD-5)pk cn w a s a r e c o m b i n a n t t h a t h a s t h e SD 
g e n o t y p e Sd E{SD) Rsp'M(SD)+, i.e. it h a s lost 
M(SD) b y r e c o m b i n a t i o n a n d c o n s e q u e n t l y h a s a 
r e d u c e d k v a l u e . RR(SD-5)lt w a s de r ived a s a t w o -
s tage d o u b l e r e c o m b i n a n t t h a t p l aced It o n t h e SD 
c h r o m o s o m e a n d r e m o v e d E(SD), m a k i n g its SD 
g e n o t y p e Sd E(SD)+ Rsp1 M(SD). R(SD-5)b pr-5 is t h e 
p r o d u c t o f a s ingle e x c h a n g e t h a t h a s r e m o v e d t h e Sd 
si te, r e su l t ing in a n SD g e n o t y p e o f Set E(SD) 
Rsp1 M(SD). I t h a s a g rea t ly r e d u c e d k v a l u e , b u t it 
h a s a s l ight a m o u n t o f d i s t o r t i o n , d u e t o t h e d i s t o r t i n g 
abi l i ty o f E(SD). RR(SD-5)pr It w a s a n o t h e r t w o -
s t age d o u b l e r e c o m b i n a n t . T h i s c h r o m o s o m e h a d the 
SD g e n o t y p e Sd E(SD)+ Rsp™ M(SD). Df{2L)SD-5-8 
h a d a d e l e t i o n o f t he 2 L h e t e r o c h r o m a t i c g e n e // in
d u c e d in it by g a m m a rays . A l t h o u g h it w a s n o t de l e t ed 
for E(SD) it l ikely h a d a r e d u c e d m e a n k v a lue b e c a u s e 
o f a p o s i t i o n effect o f t h e h e t e r o c h r o m a t i c b r e a k p o i n t 
u p o n the ab i l i ty of t he E{SD) l ocus t o func t ion . 

T h e SD s t o c k s were e x p a n d e d f r o m SD/In(2LR) 
SMI s tock via ls i n t o b o t t l e s . M a l e s f r o m e a c h SD l ine 
w e r e col lec ted a n d m a t e d t o cn bw v i rg in females in 
bo t t l e s . F r o m th i s m a t i n g 1- o r 2 - d a y - o l d SD/cn bw 
m a l e s w e r e i nd iv idua l ly m a t e d in shell v ia ls w i t h t w o 
v i rg in f emales h o m o z y g o u s for t h e m a r k e r s cn bw; 
Kipvbxsres. F e m a l e s w i t h m a r k e d t h i r d c h r o m o 
s o m e s w e r e u s e d in o r d e r t o e n s u r e t h a t t h e p r o g e n y 
o f non -v i rg in f emales w o u l d n o t b e s co red a s SD+, 
w h i c h m i g h t h a v e s k e w e d the k d i s t r i b u t i o n s , g iven 
t h e large n u m b e r o f females co l lec ted . T h e p a r e n t s 
w e r e left in t h e shell vials for 5 d a y s a n d t h e n 
d i s c a r d e d . Af t e r all o f t h e a d u l t s h a d ec losed the 
p r o g e n y w e r e s c o r e d as e i the r red eyed (SD/cn bw) o r 
w h i t e eyed (cn bw/cn bw). 

F o r e a c h shell vial a k v a lue w a s c a l c u l a t e d a s t he 
n u m b e r o f 5Z>-bear ing p r o g e n y d iv ided b y t h e t o t a l 
n u m b e r o f p r o g e n y . T h e m e a n a n d v a r i a n c e o f t h e k 
v a l u e s f r o m a g iven e x p e r i m e n t w e r e t h e n c o m p u t e d 
w i t h o u t w e i g h t i n g . A l t h o u g h w e i g h t e d desc r ip t i ve 
s ta t is t ics w o u l d h a v e sma l l e r s t a n d a r d e r r o r s , t h e 
theo re t i ca l c o n t r i b u t i o n t o p r ec i s ion w o u l d b e n e g 
l igible, b e c a u s e o f t h e l a rge s a m p l e sizes o f t he se 
e x p e r i m e n t s , a n d c o n s e q u e n t l y w e i g h t i n g w o u l d in
t r o d u c e u n n e c e s s a r y a s s u m p t i o n s . I n a d d i t i o n , t h e k 
v a l u e s w e r e g r o u p e d i n t o c lasses w i t h a n i n t e r v a l 
w i d t h of 0-01 , in o r d e r t o d e t e r m i n e t h e o b s e r v e d 
f r equency d i s t r i b u t i o n of k. T h e n u m b e r s o f p r o g e n y 
p r o d u c e d b y e a c h m a l e w e r e a l so s o r t e d i n t o c lasses 
w i t h an i n t e rva l w i d t h o f 1. F ig . 1 s h o w s t h e f r e q u e n c y 
d i s t r i b u t i o n of k for e a c h c h r o m o s o m e , a s well a s t h e 
n u m b e r o f famil ies sco red a n d t h e a v e r a g e n u m b e r o f 
offspring p e r fami ly . 

W e first w a n t e d t o c o m p a r e t he o b s e r v e d d i s t r i 
b u t i o n s w i t h a b i n o m i a l d i s t r i b u t i o n . In o r d e r t o d o 
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th i s t he re is a c o m p l i c a t i o n t h a t m u s t b e c o n s i d e r e d : 
all m a l e s d o n o t p r o d u c e t h e s a m e n u m b e r of p r o g e n y . 
T h e gene ra l f o r m u l a d e s c r i b i n g a b i n o m i a l f r equency 
d i s t r i b u t i o n is 

A b e t a d i s t r i b u t i o n h a s a m e a n o f 

x\{n-x)\ 
p%i - P y - \ 

w h e r e , in t h e c o n t e x t c o n s i d e r e d h e r e , n is the n u m b e r 
o f p r o g e n y p e r m a l e , x is t he n u m b e r of SD o f fspr ing 
a n d p is t h e m e a n s e g r e g a t i o n r a t i o for t h a t c ro s s (i .e. 
m e a n k). T h e p a r a m e t e r s o f t h e d i s t r i b u t i o n a r e p a n d 
n. I n t h e d a t a w e wi sh t o a n a l y s e n is va r i ab l e , t h u s o n e 
m u s t c a l cu l a t e t h e b i n o m i a l d i s t r i b u t i o n w i t h v a r i a b l e 
n. T h i s w a s d o n e b y c a l c u l a t i n g J\x) for e a c h n 
o b s e r v e d a n d t h e n w e i g h t i n g t h a t b y t h e f r equency o f 
n in t h a t e x p e r i m e n t . T h e n u m b e r o f SD p r o g e n y for 
e a c h family size w e r e t h e n c o n v e r t e d i n t o k va lues t h a t 
w e r e g r o u p e d i n t o h i s t o g r a m s , a c c o r d i n g t o t he i r 
c a l cu l a t ed f r equenc ie s . P a r a m e t e r e s t i m a t i o n w a s n o t 
a p r o b l e m in th i s s i m u l a t i o n , s ince m e a n k c o u l d b e 
u s e d for p in all fami l ies . 

T h e i m p o r t a n t p o i n t t o n o t e h e r e is t h a t p w a s h e l d 
c o n s t a n t a t t h e m e a n k v a lue o f t h e p a r t i c u l a r c r o s s 
b e i n g s i m u l a t e d . A s a resu l t t h e o b s e r v e d f r equency 
d i s t r i b u t i o n of k c o u l d b e c o m p a r e d t o a f r e q u e n c y 
d i s t r i b u t i o n p r e d i c t e d a s s u m i n g t h a t t h e on ly s o u r c e 
o f v a r i a t i o n in t h e s e g r e g a t i o n r a t i o w a s d u e t o 
b i n o m i a l s a m p l i n g , w i t h t h e a d d e d c o m p l i c a t i o n o f 
v a r y i n g family sizes. 

T h e o t h e r m o d e l t h a t w a s c o n s i d e r e d w a s o n e w h e r e 
b i n o m i a l s a m p l i n g w a s s u p e r i m p o s e d o n a n u n d e r 
lying d i s t r i b u t i o n o f t h e s e g r e g a t i o n r a t i o . W e h a v e 
d e n n e d k a s t h e o b s e r v e d s eg rega t i on r a t i o . V a r i a t i o n 
o f k m u s t cons i s t in p a r t , o r en t i re ly , of b i n o m i a l 
s a m p l i n g . W e will def ine j a s t h e p o t e n t i a l s e g r e g a t i o n 
r a t i o o f a m a l e p r i o r t o b i n o m i a l s a m p l i n g . I t fo l lows 
f rom this de f in i t ion t h a t if t he d i s t r i b u t i o n o f k 
c o n f o r m e d exac t ly t o a b i n o m i a l d i s t r i b u t i o n , t h e n t h e 
v a r i a n c e o f j w o u l d be z e r o . T h e m o d e l we will 
c o n s i d e r nex t is o n e w h e r e j va r ies f rom m a l e t o m a l e 
a n d t h e f r e q u e n c y d i s t r i b u t i o n d e s c r i b i n g t h a t v a r i 
a t i o n is a b e t a d i s t r i b u t i o n . T h i s m o d e l p r e d i c t s t h a t k 
will b e d i s t r i b u t e d a s a b e t a - b i n o m i a l v a r i a b l e . 

Ske l l am (1948) d e s c r i b e d a n explici t exp re s s ion for 
a b e t a - b i n o m i a l f r e q u e n c y d i s t r i b u t i o n . T h i s e x p r e s 
s ion i s : 

w h e r e 

n\B(a. + x,p + n-x) 

B(aJ) ' 

B(r,s) = m m 
T{r + s) 

a n d F(x) is t he gene ra l i z ed fac to r ia l of (x+1) for n o n -
in teger x. T h i s e x p r e s s i o n p e r m i t s o n e t o ca l cu l a t e t h e 
f requency of a p a r t i c u l a r c lass , x, w h e n the fami ly size 
is n a n d t h e p a r a m e t e r s o f t h e p r i o r b e t a d i s t r i b u t i o n 
a r e a. a n d /?. 

a n d t h e v a r i a n c e is 

T h e m e a n of a b e t a d i s t r i b u t i o n will b e t h e s a m e a s t h e 
m e a n o f a b e t a - b i n o m i a l d i s t r i b u t i o n , s ince t h e s u p e r 
p o s i t i o n o f b i n o m i a l s a m p l i n g o n a p r i o r b e t a 
d i s t r i b u t i o n will on ly a l t e r t h e v a r i a n c e o f t h e 
c o m p o u n d d i s t r i b u t i o n . T h u s , t h e m e a n o f t h e 
o b s e r v e d k d i s t r i b u t i o n c a n be u s e d t o d e t e r m i n e t h e 
r a t i o o f a t o /?, b u t t he v a r i a n c e o f t h e p r i o r b e t a 
d i s t r i b u t i o n (i.e. t he v a r i a n c e of j) m u s t b e e s t i m a t e d 
in o r d e r t o solve for exac t va lues o f a a n d /?. A 
m a x i m u m l ike l ihood m e t h o d was u s e d t o e s t i m a t e t h e 
v a r i a n c e o f j . T h i s w a s d o n e b y v a r y i n g a , w h i l e 
k e e p i n g t h e r a t i o of a t o ( a + /?) e q u a l t o t h e o b s e r v e d 
m e a n k, un t i l t he s u m m e d l o g l i k e l i h o o d s for all x a n d 
n o b s e r v e d w e r e a t a m a x i m u m . T h e p r o b a b i l i t i e s 
w e r e c a l c u l a t e d u s i n g t h e f o r m u l a for t h e b e t a -
b i n o m i a l d i s t r i b u t i o n g iven a b o v e . T h e c o n t r i b u t i o n 
o f e a c h n c lass t o t h e t o t a l l i ke l i hood w a s w e i g h t e d b y 
t h e f r e q u e n c y o f t h a t c lass . 

O n c e a a n d /? h a d b e e n e s t i m a t e d , o n e c o u l d t h e n 
p r o c e e d t o ca l cu l a t e the expec t ed f r e q u e n c y d i s 
t r i b u t i o n of k for a g iven e x p e r i m e n t . T h i s w a s d o n e 
b y s u b s t i t u t i n g t he e s t i m a t e d v a l u e s o f a a n d j3 i n t o 
t h e f o r m u l a for a b e t a - b i n o m i a l d i s t r i b u t i o n a n d t h e n 
c a l c u l a t i n g t h e w e i g h t e d f r equency o f e a c h x c lass fo r 
a g iven n, w h e r e t he w e i g h t w a s d e t e r m i n e d b y t h e 
f r e q u e n c y o f t he n c lass . 

T h e s ta t i s t i ca l a s s e s s m e n t of d i f ferences b e t w e e n 
o b s e r v e d a n d p r e d i c t e d f r equency d i s t r i b u t i o n s o f k 
w e r e d e t e r m i n e d by m e a n s o f x2 t e s t s . T h e f r e q u e n c y 
d i s t r i b u t i o n s cons i s t ed o f in te rva l s o f 0 0 1 , e x c e p t 
w h e r e expec t ed f requenc ies w e r e less t h a n five. 
I n t e r v a l s w i t h e x p e c t e d f requenc ies o f less t h a n five 
w e r e p o o l e d w i t h ad jacen t in t e rva l s , u n t i l t h e e x p e c t e d 
f r equency w a s g r e a t e r t h a n five. I n t h e ca se o f t h e 
c o m p a r i s o n s w i t h a b e t a - b i n o m i a l d i s t r i b u t i o n t h e 
d e g r e e s of f r e e d o m for the x2 test w e r e t h r e e less t h a n 
t h e n u m b e r of classes in t h e resu l t ing h i s t o g r a m s . F o r 
c o m p a r i s o n s w i t h t h e p r e d i c t i o n s o f t h e b i n o m i a l 
d i s t r i b u t i o n t he deg rees o f f r e e d o m w e r e t w o less t h a n 
t h e n u m b e r of c lasses . 

3 . Results and discussion 

T h e o b s e r v e d k d i s t r i b u t i o n s were first c o m p a r e d t o k 
d i s t r i b u t i o n s p r e d i c t e d if t h e on ly s o u r c e s o f v a r i a t i o n 
w e r e (1) b i n o m i a l s a m p l i n g f rom p o p u l a t i o n s w i t h t h e 
m e a n k v a l u e a n d (2) n u m b e r s o f p r o g e n y p e r via l a s 
o b s e r v e d in e a c h e x p e r i m e n t . ( T h e s e p r e d i c t e d d i s t r i 
b u t i o n s w e r e c a l c u l a t e d a s s u m i n g t h a t t h e v a r i a n c e o f 
j w a s ze ro . ) T h e resu l t s of t h i s ana lys i s a r e s u m m a r i z e d 
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Beta-binomial 
Binomial 

C h r o m o s o m e k s * 
'k 

A?[d.r.] a. P X[a.i.l 

SD-5 0-985 0 0 2 2 3 332 
P < 10~6 

60-6 0-921 00154 7-33 
P = 0-501 

332 
P < 10~6 

7-33 
P = 0-501 

R(SD-5)pk cn 0-932 0 0 5 7 6 1732 
1 '-"-[15] 
p< i o - 6 

22-8 1-67 00500 43-0 [ 2 3 ] 

P = 00069 
DJ\2L)SD-5-8 0-878 0 0 6 8 4 H 6 9 [ 2 0 ] 

P < i o - 6 

32-5 4-50 0-0530 3 8 ' 0 (29] 
P = 0 1 2 4 

RR(SD-5)lt 0-713 0 1 1 7 5 3606 [ 2 9 J 

P < i o - 6 

14-3 5-75 00986 62-2 [ 4 8 ] 

P = 0-082 
R(SD-5)bpr-5 0-506 0 0 6 4 4 4 3 6 [ 2 7 ] 

P = 0 0 2 3 
204 200 00248 2 7 ' 6 [28] 

P = 0-485 
RR(SD-5)pr It 0-463 0 0 7 6 0 9 2 ' 8 [33] 

P < IO"6 

82-6 9 6 0 0-0372 4 5 - l [ 3 4 ] 

P = 00966 

* sk refers to the observed s tandard deviation of the segregation ratio, k (which is expected to be distributed as a beta-
binomial distr ibut ion). 
t s} refers to the s t andard deviat ion of j (which is defined as the prior distribution of k and will be distributed as a beta 
dis t r ibut ion, wi thout the effects of binomial sampling). 

in c o l u m n 4 o f T a b l e 1. I t is a p p a r e n t t h a t , a t t h e 0-05 
level o f s ign i f icance , n o n e o f t h e SD c h r o m o s o m e s 
t h a t w e r e t e s t e d s h o w e d a g r e e m e n t w i t h t h e k 
d i s t r i b u t i o n p r e d i c t e d a s s u m i n g t h a t t h e o n l y s o u r c e s 
o f v a r i a t i o n w e r e b i n o m i a l s a m p l i n g a n d fami ly size. 

T h e s e r e su l t s d e m o n s t r a t e r i g o r o u s l y t h a t t h e 
v a r i a t i o n o f s e g r e g a t i o n r a t i o s o f SD m a l e s d o e s n o t 
c o n f o r m t o a b i n o m i a l d i s t r i b u t i o n w i t h v a r i a b l e n. 
T h e m o s t l ikely e x p l a n a t i o n for th i s o b s e r v a t i o n is 
t h a t t h e p o t e n t i a l s e g r e g a t i o n r a t i o o f m a l e s p r i o r t o 
b i n o m i a l s a m p l i n g , j , is n o t c o n s t a n t f r o m m a l e t o 
m a l e . If j d i d v a r y f r o m m a l e t o m a l e , t h e n b i n o m i a l 
s a m p l i n g w o u l d b e s u p e r i m p o s e d u p o n t h e p r i o r 
d i s t r i b u t i o n o f j , d u e t o t h e s a m p l i n g o f g a m e t e s f rom 
t h e t o t a l g a m e t e p o o l o f i n d i v i d u a l m a l e s . O n e p o s s i b l e 
m o d e l t o d e s c r i b e s u c h v a r i a t i o n is a b e t a - b i n o m i a l 
d i s t r i b u t i o n ( S k e l l a m , 1948) . T h e r e su l t s o f f i t t ing t h e 
six SD d i s t r i b u t i o n s t o a b e t a - b i n o m i a l d i s t r i b u t i o n 
a r e s h o w n in t h e las t f o u r c o l u m n s o f T a b l e 1. O n e c a n 
see t h a t all fit a b e t a - b i n o m i a l d i s t r i b u t i o n wi th a 
p r o b a b i l i t y o f g r e a t e r t h a n 0 0 5 , e x c e p t R(SD-5)pk cn, 
w h i c h o n l y fits w i t h a p r o b a b i l i t y of 0 0 0 6 9 . 

T h e s h a p e s o f t h e o b s e r v e d a n d p r e d i c t e d d i s t r i 
b u t i o n s a r e s h o w n in F i g . L i t i s a p p a r e n t t h a t , e x c e p t 
for R(SD-5)pk cn, t h e o b s e r v e d a n d p r e d i c t e d d i s t r i b u 
t i o n s p a r a l l e l e a c h o t h e r q u i t e c lose ly , w i t h n o o b v i o u s 
s y s t e m a t i c d e v i a t i o n s . T h e h i s t o g r a m s s h o w n for 
R{SD-5)pk cn, h o w e v e r , d o s h o w a m a r k e d def ic iency 
o f p r e d i c t e d v a l u e s in t h e 0-83-0-91 i n t e r v a l a n d a n 
excess o f p r e d i c t e d v a l u e s in t h e 0-92-0-98 i n t e rva l . 
T h e s t a t i s t i ca l s ign i f i cance o f th i s s y s t e m a t i c p a t t e r n 
o f d e v i a t i o n s is c o n f i r m e d b y t h e x2 v a l u e o f 4 3 0 (w i t h 
2 3 d . f . ) . C l o s e e x a m i n a t i o n o f t h e o b s e r v e d d i s t r i 
b u t i o n o f R(SD-5)pk cn s h o w s t h a t t h e r e is a s h o u l d e r 
in t h e 0 8 3 t o 0-91 i n t e r v a l . T h i s s t r o n g l y i n d i c a t e s t h a t 
t h e o b s e r v e d R(SD-5)pk cn d i s t r i b u t i o n w a s t h e resu l t 

o f the fusion o f t w o d i s t r i b u t i o n s w i t h s l ight ly different 
m e a n s . T h i s c o u l d b e c a u s e d by t h e p r e s e n c e o f a fairly 
m a j o r modi f i e r of SD p r e s e n t a t a f r e q u e n c y n e a r 0-5 
in the p o p u l a t i o n o f R(SD-5)pk cn/cn bw m a l e s used 
t o g e n e r a t e t he o b s e r v e d d i s t r i b u t i o n . T h u s , l ack of fit 
o f the o b s e r v e d d i s t r i b u t i o n t o a b e t a - b i n o m i a l 
d i s t r i b u t i o n c o u l d be t h e resu l t o f t r y i n g t o fit a 
b i m o d a l o b s e r v e d d i s t r i b u t i o n t o a u n i m o d a l p r e d i c t e d 
d i s t r i b u t i o n . 

T h e d a t a , in genera l , d e m o n s t r a t e t h a t t he v a r i a t i o n 
o f SD s e g r e g a t i o n r a t i o s c a n be a d e q u a t e l y desc r ibed 
b y a b e t a - b i n o m i a l d i s t r i b u t i o n a s is t h e ca se for sex 
r a t i o s in h u m a n s . E d w a r d s (1958) a n a l y s e d t h e d a t a o f 
Geiss ler (1889) o n sex r a t i o s of 991 958 famil ies . T h e 
sex ra t ios s h o w e d s ignif icant v a r i a t i o n in excess o f 
t h a t p red ic ted by t h e b i n o m i a l d i s t r i b u t i o n a l o n e a n d 
t h e excess v a r i a t i o n c o u l d b e e x p l a i n e d b y a be t a 
d i s t r i b u t i o n . T h e e s t i m a t e for t he s t a n d a r d d e v i a t i o n 
o f the p r i o r b e t a d i s t r i b u t i o n o f sex r a t i o s w a s 0-05. 
T h i s is even l a rge r t h a n t h e e s t i m a t e s o f t h e s t a n d a r d 
d e v i a t i o n of j s h o w n in T a b l e 1 for t h e k d i s t r i b u t i o n s 
w i t h m e a n s n e a r 0-5, i.e. R(SD-5)b pr-5 a n d RR(SD-
5)pr It ( 0 0 2 4 8 a n d 0-0372 respec t ive ly) . H o w e v e r , n o t 
all h u m a n p o p u l a t i o n s s h o w e v i d e n c e for h e t e r o 
genei ty o f sex r a t ios . E d w a r d s & F r a c c a r o (1958) 
ana ly sed the sex r a t io s o f famil ies f r o m 5477 Swedish 
min i s t e r s a n d they c o u l d n o t find a n y e v i d e n c e for 
v a r i a t i o n in excess o f b i n o m i a l s a m p l i n g . T h u s , 
a l t h o u g h h u m a n p o p u l a t i o n s c a n s h o w v a r i a t i o n in 
s eg rega t i on r a t i o s s imi la r t o t h a t s h o w n h e r e w i t h SD 
c h r o m o s o m e s , n o t all p o p u l a t i o n s d e m o n s t r a t e t he 
s a m e degree o f h e t e r o g e n e i t y . 

T h i s o b s e r v a t i o n l eads o n e t o c o n s i d e r t h e n a t u r e of 
t h e he t e rogene i ty . A s for a n y t y p e o f p h e n o t y p i c 
v a r i a t i o n , it c o u l d cons i s t o f b o t h gene t ic a n d 
e n v i r o n m e n t a l c o m p o n e n t s . O n e c o m m o n m e t h o d 

T a b l e 1. Comparison of observed and predicted distributions 
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Fig. 1. Observed distributions compared with predictions 
of the beta-binomial distribution. The ordinate in all 
graphs is the number of families in that interval, while the 
abscissa is k, in intervals of 0 0 1 . Regions where predicted 
and observed distributions overlap are indicated by 
stipling. The solid black regions indicate where observed 
frequencies exceed predicted frequencies and the open 

rectangles represent an excess of predicted over observed 
values. Each graph is also labelled wi th : the chromosome 
used, the unweighted mean k for that experiment, the 
total number of families scored and the average number 
of progeny per male for that experiment. The paucity of 
observations in the interval 0-99 < k < 1-0 is due to the 
small number of families with more than 100 offspring. 

t h a t is used t o p a r t i t i o n v a r i a t i o n i n t o gene t ic a n d 
e n v i r o n m e n t a l c o m p o n e n t s is t o u s e p a r e n t offspr ing 
regress ion . In t he case of SD th i s w o u l d be v i r tua l ly 
imposs ib l e t o d o , b e c a u s e t h e gene t i c modi f ie r s of SD 
t h a t o n e w a n t s t o d e t e c t d o n o t genera l ly segrega te 
i n d e p e n d e n t l y f rom t h e SD c h r o m o s o m e , wh ich m u s t 
be d i rec t ly selected e a c h g e n e r a t i o n . (Reca l l t h a t t h e r e 
is n o r e c o m b i n a t i o n in D. melanogaster m a l e s a n d t h a t 
t h e r e a r e on ly t w o l a rge a u t o s o m e s a n d the d o t f o u r t h 
c h r o m o s o m e . ) A n o t h e r pos s ib l e m e t h o d t h a t c o u l d be 
used for t he b i o m e t r i c a l a n a l y s i s o f SD w o u l d b e t o 
c o m p a r e t he a m o u n t o f v a r i a t i o n o f i n b r e d a n d 
o u t b r e d l ines. T h e w o r k d e s c r i b e d h e r e p r o v i d e s a 
f r a m e w o r k for th i s t ype o f a n a l y s i s , as t he v a r i a t i o n 
o n e w o u l d w a n t t o e x a m i n e w o u l d b e t he v a r i a n c e of 

j , n o t t he v a r i a n c e o f k. S ince m o s t SD l ines s h o w a 

v a r i a n c e of k w h i c h c o n f o r m s r e a s o n a b l y wel l t o a 
b e t a - b i n o m i a l d i s t r i b u t i o n , the p r i o r b e t a d i s t r i b u t i o n 
s h o u l d p r o v i d e a r e a s o n a b l e a p p r o x i m a t i o n fo r t h e 
s ta t i s t i ca l d e s c r i p t i o n of t h e v a r i a t i o n o f / By u s i n g 
m a x i m u m l ike l ihood m e t h o d s as d e s c r i b e d h e r e i n , o n e 
c o u l d e s t i m a t e a a n d /?, a n d the re fo re t h e v a r i a n c e o f 

j , for b o t h i n b r e d a n d o u t b r e d SD l ines . W i t h o u t th i s 
m e t h o d o l o g y it w o u l d b e v i r tua l ly i m p o s s i b l e t o 
o b t a i n a b i o m e t r i c a l desc r ip t ion o f s e g r e g a t i o n d i s 
t o r t i o n . S imi l a r m e t h o d s could b e a p p l i e d t o t h e 
a n a l y s i s o f v i r tua l ly a n y s eg rega t i on r a t i o , s u c h a s sex 
r a t i o s o r t h a t o f a n y p a i r of al leles. 

This research was supported by Na tu ra l Sciences and 
Engineering Research Council of C a n a d a grants 851-78 to 
A. J. Hilliker and A5853 to D. G. Holm. C. B. Sharp was 
the recipient of a N S E R C postgraduate scholarship. 

https://doi.org/10.1017/S0016672300025489 Published online by Cambridge University Press

https://doi.org/10.1017/S0016672300025489


C. B. Sharp and A. J. Hilliker 170 

References 

Bri t tnacher , J. G . & Gane tzky , B. (1983). O n the com
ponen t s of segregation dis tor t ion in Drosophila melano
gaster. II . Delet ion mapp ing and dosage analysis of the 
SD locus. Genetics 103, 659-673. 

Bri t tnacher , J. G. & Ganetzky , B. (1984). O n the com
ponen t s of segregation dis tor t ion in Drosophila melano
gaster. HI . N a t u r e of enhancer of SD. Genetics 107, 
423^134. 

Edwards , A. W. F . (1958). A n analysis of Geissler's da ta on 
the h u m a n sex rat io. Annals of Human Genetics 23, 6-15. 

Edwards , A. W. F . & Fraccaro , M. (1958). The sex 
dis t r ibut ion in the offspring of 5477 Swedish ministers of 
religion, 1585-1920. Hereditas 44, 447-450. 

Gane tzky , B. (1977). O n the components of segregation 
d is tor t ion in Drosophila melanogaster. Genetics 86, 3 2 1 -
355. 

Geissler, A. (1889). Beitrage zur Frage des Geschlechts-
verhaltnisses der Geborenen . Z. K. Sachs. Stat. Bureaus 
35, 1-24. 

Har t l , D . L. (1974). Genet ic dissection of segregation 
dis tor t ion. I. Suicide combina t ions of SD genes. Genetics 
76, 477^186. 

Hira izumi , Y. & Crow, J. F . (1960). Heterozygous effects on 
viability, fertility, rate of development and longevity of 
Drosophila ch romosomes tha t are lethal when h o m o 
zygous. Genetics 45, 1071-1084. 

Hira izumi , Y., Mar t in , D . W. & Eckstrand, I. A. (1980). A 
modified model of segregation distort ion in Drosophila 
melanogaster. Genetics 95, 693-706. 

Lytt le , T. W., Brit tnacher, J. G. & Ganetzky, B. (1986). 
Detect ion of Rsp and modifier variat ion in the meiotic 
drive system Segregation Distorter (SD) of Drosophila 
melanogaster. Genetics 114, 183-202. 

Mar t in , D . W. & Hiraizumi, Y. (1979). O n the models of 
segregation distort ion in Drosophila melanogaster. Gen
etics 93, 423-435. 

Miklos , G . L. G. & Smith-White , S. (1971). An analysis of 
the instability of segregation-distorter in Drosophila 
melanogaster. Genetics 67, 305-317. 

Nicoletti, B. (1968). II controllo genetico della meiosi. Atti. 
Associazione Genetica Italiana 13, 1-71. 

Sandler, L. & Hiraizumi, Y. (1960). Meiotic drive in natural 
populations of Drosophila melanogaster. IV. Instability at 
the segregation-distorter locus. Genetics 45, 1269-1287. 

Sandler, L. & Hiraizumi, Y. (1961). Meiotic drive in natural 
populations of Drosophila melanogaster. VIII. A heritable 
ageing effect on the phenomenon of segregation distortion. 
Canadian Journal of Genetics and Cytology 3, 34-36. 

Sandler, L., Hiraizumi, Y. & Sandler, I. (1959). Meiotic 
drive in natural populat ions of Drosophila melanogaster. 
I. The cytogenetic basis of segregation-distortion. Genetics 
44, 233-250. 

Sharp, C. B. & Hilliker, A. J. (1986). Measuring segregation 
distortion in Drosophila melanogaster. Canadian Journal 
of Genetics and Cytology 28, 395-400. 

Sharp, C. B. & Hilliker, A. J. (1987). The A>probit trans
formation and segregation distortion. Drosophila In
formation Service 66, 127-128. 

Sharp, C. B., Hilliker, A. J. & Holm, D . G. (1985). Fur ther 
characterization of genetic elements associated with the 
segregation distortion phenomenon in Drosophila melano
gaster. Genetics 110, 671-688. 

Skellam, J. G. (1948). A probability distribution derived 
from the binomial distribution by regarding the prob
ability of success as variable between the sets of trials. 
Journal of the Royal Statistical Society B10, 257-261. 

Temin, R. G. & Mar thas , M . (1984). Factors influencing the 
effect of segregation distortion in natural populat ions of 
Drosophila melanogaster. Genetics 107, 375-393. 

Tokuyasu, K. T., Peacock, W. J. & Hardy, R. W. (1977). 
Dynamics of spermiogenesis in Drosophila melanogaster. 
VII. Effects of segregation distorter (SD) chromosome. 
Journal of Ultrastructure Research 58, 96-107. 

Wu, C.-I., Lyttle, T. W., Wu, M. L. & Lin, G. F . (1988). 
Association between a satellite D N A sequence and the 
Responder of segregation distortion in D. melanogaster. 
Cell 54, 179-189. 

https://doi.org/10.1017/S0016672300025489 Published online by Cambridge University Press

https://doi.org/10.1017/S0016672300025489

