
Genet. Res., Camb. (1990), 55, pp. 153-158 With 1 text-figure Printed in Great Britain 153 

Mariner, Mos and associated aberrant traits in Drosophila 
mauritiana 

J A M E S W . J A C O B S O N * 

Department of Biology, University of Houston, Houston, Texas 77204-5513 

(Received 24 August 1989 and in revised form 17 January 1990) 

Summary 

A sui te o f a b e r r a n t gene t i c t r a i t s , i nc lud ing i nc rea sed m u t a t i o n r a t e , sex- l imi ted m u t a t i o n a n d 
d i s t o r t e d t r a n s m i s s i o n r a t i o s , w a s p r o d u c e d a m o n g p r o g e n y of gene t i c c rosses b e t w e e n t w o s t r a i n s 
of Drosophila mauritiana w h e n a p a t e r n a l l y c o n t r i b u t e d Mos exc i s ion f ac to r is p l a c e d i n t o a n o n -
Mos gene t ic b a c k g r o u n d . I n t h e r ec ip roca l c ro s s , i n v o l v i n g m a t e r n a l l y c o n t r i b u t e d Mos a n d Mos 
a s s o c i a t e d c y t o p l a s m , t h e s a m e gene t ic a b n o r m a l i t i e s a r e n o t o b s e r v e d . Dif ferent ia l effects o n 
mariner exc is ion in g e r m - l i n e ve r sus s o m a t i c t i ssue a r e a p p a r e n t . B e c a u s e Mos is k n o w n t o 
inf luence t he m o b i l i t y o f t h e mariner t r a n s p o s a b l e e l e m e n t , t he se t r a i t s m a y be a s s o c i a t e d w i t h 
mariner exc is ion a n d / o r t r a n s p o s i t i o n . 

1. Introduction 

T r a n s p o s a b l e e l e m e n t s a r e u b i q u i t o u s c o m p o n e n t s o f 
t he e u k a r y o t i c g e n o m e ( S h a p i r o , 1 9 8 3 ; Berg & H o w e , 
1989) a n d a r e p o t e n t i a l l y s ignif icant sou rces o f gene t i c 
v a r i a t i o n ( M a c K a y , 1986, 1987 ; F i t z p a t r i c k & Sved , 
1986; T o r k a m a n z e h i et al. 1988). C o n s e q u e n t l y , 
f ac to r s t h a t r e g u l a t e t h e p a t t e r n s a n d p rocesses o f 
t r a n s p o s i t i o n a n d exc is ion a r e i m p o r t a n t d e t e r m i n a n t s 
of t he i m p a c t these m o b i l e gene t i c e l emen t s h a v e o n 
the i r h o s t s . 

I n efforts t o u n d e r s t a n d t h e n a t u r e a n d c h a r a c t e r 
istics o f these r e g u l a t o r y f ac to r s , m u c h r e sea r ch 
in te res t h a s focused o n t h e p h e n o m e n a o f ' h y b r i d 
d y s g e n e s i s ' in Drosophila melanogaster, a s y n d r o m e o f 
c o r r e l a t e d gene t ic a b n o r m a l i t i e s i nc lud ing steri l i ty, 
m a l e r e c o m b i n a t i o n , i n c r e a s e d m u t a t i o n r a t e , c h r o m o 
s o m a l r e a r r a n g e m e n t s a n d d i s t o r t e d t r a n s m i s s i o n 
r a t i o s (K idwe l l et al. 1977 ; B r e g l i a n o & K i d w e l l , 
1 9 8 3 ; Enge l s , 1983), t h a t o c c u r s w h e n m e m b e r s o f 
ce r t a in t r a n s p o s a b l e e l e m e n t famil ies a r e m o b i l i z e d 
u p o n i n t r o d u c t i o n i n t o gene t ic b a c k g r o u n d s l a c k i n g 
specific r e g u l a t o r y f ac to r s . A t leas t t w o d is t inc t t ypes 
o f t r a n s p o s o n s in D. melanogaster, the P a n d / 
e l emen t s ( B r e g l i a n o & K i d w e l l , 1 9 8 3 ; Enge l s , 1983), 
a r e invo lved in these p h e n o m e n a . A t h i r d t r a n s p o s o n , 
hobo, p r o d u c e s r e m a r k a b l y s imi la r even t s ( B l a c k m a n 
et al. 1987 ; Y a n n o p o u l o s et al. 1987). 

T h e m a n i f e s t a t i o n o f ' h y b r i d d y s g e n e s i s ' a p p e a r s t o 
d e p e n d u p o n b o t h c h r o m o s o m a l a n d c y t o p l a s m i c 
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c o m p o n e n t s a n d , a l t h o u g h w i d e l y i n v e s t i g a t e d , t h e 
n a t u r e o f t he se r e g u l a t o r y f a c t o r s is n o t ye t k n o w n in 
de t a i l (Enge l s , 1984 ; S i m m o n s & B u c h o l z , 1985) . 
W h a t is k n o w n is t h a t over t i m e , s t r a i n s t h a t c o n t a i n 
m u l t i p l e co p i e s o f these t r a n s p o s o n s u n d e r g o a c h a n g e 
t o a s t a t e w h e r e t r a n s p o s i t i o n is r a r e , p r e s u m a b l y 
b e c a u s e t h e a p p r o p r i a t e r e g u l a t o r y f r a m e w o r k h a s 
a r i s en . I n t h e P - M sys t em th i s c h a n g e is d e s c r i b e d a s 
a swi tch f r o m the ' M c y t o t y p e ' w h e r e t r a n s p o s i t i o n 
o c c u r s a t h i g h f r equency to t h e ' P c y t o t y p e ' w h e r e 
t r a n s p o s i t i o n is r ep re s sed ( E n g e l s , 1983) . 

T h e P e l e m e n t a l so e x h i b i t s d r a m a t i c t i s sue 
specificity. T r a n s p o s i t i o n / e x c i s i o n e v e n t s a r e l a r g e l y 
l imi ted t o t h e ge rm- l i ne wi th s o m a t i c e v e n t s o n l y 
r a r e ly b e i n g o b s e r v e d . R e s t r i c t i o n o f t r a n s p o s i t i o n t o 
t he g e r m line [a c h a r a c t e r i s t i c c o m m o n a m o n g D. 
melanogaster t r a n s p o s o n s ( E n g e l s , 1 9 8 3 ; R u b i n , 1 9 8 3 ; 
B e r g & H o w e , 1989)] is a c h i e v e d f o r t h e P e l e m e n t 
t h r o u g h different ia l p r o c e s s i n g o f t h e R N A ( L a s k i 
et al. 1986). I t is n o t k n o w n if d i f fe ren t i a l R N A 
p r o c e s s i n g is a gene ra l m e c h a n i s m f o r r e s t r i c t i n g t h e 
m o b i l i t y o f o t h e r t r a n s p o s o n s t o t h e g e r m - l i n e t i s sue . 

I n c o n t r a s t t o t h e t i s sue spec i f ic p a t t e r n o f P-
e l e m e n t t r a n s p o s i t i o n in D. melanogaster, t h e mariner 
t r a n s p o s o n is m o b i l e in b o t h g e r m - l i n e a n d s o m a t i c 
t i s sue in D. mauritiana, a s i b l i n g spec i e s o f D. 
melanogaster. Mariner h a s s u p e r f i c i a l s t r u c t u r a l s i m i 
lar i t ies w i t h t h e P e l e m e n t o f D. melanogaster. I t is 
re la t ive ly sma l l , 1286 b a s e p a i r s , h a s s h o r t i n v e r t e d 
t e r m i n a l r e p e a t s , c o n t a i n s a s i n g l e o p e n r e a d i n g f r a m e , 
a n d is p r e s e n t in t h e D. mauritiana g e n o m e in ~ 1 5 - 3 0 
c o p i e s . A n i n s e r t i o n o f mariner i n t h e X - c h r o m o s o m e -
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l i n k e d white g e n e is t h e c a u s e o f t h e white-peach (wpcn) 
m u t a t i o n in D. mauritiana ( J a c o b s o n & H a r t l , 1 9 8 5 ; 
H a y m e r & M a r s h , 1 9 8 6 ; J a c o b s o n et al. 1986) . G e r m -
l ine r e v e r s i o n o f wpch t o wi ld t y p e o c c u r s b y e x c i s i o n 
o f t h e i n s e r t e d mariner e l e m e n t a n d mariner e x c i s i o n 
i n s o m a t i c t i s s u e r e s u l t s in p a t c h e s o f w i l d - t y p e 
p i g m e n t e d t i s s u e i n a n o t h e r w i s e m u t a n t eye . C o n s e 
q u e n t l y , t h e a p p e a r a n c e o f w i l d - t y p e - e y e d flies a n d / o r 
a n i m a l s w i t h m o s a i c eyes in t h e wpch b a c k g r o u n d is a 
c o n v e n i e n t a n d r e l i a b l e a s s a y fo r mariner e x c i s i o n i n 
b o t h g e r m - l i n e a n d s o m a t i c t i s sue . 

I n t h e wpch s t r a i n , r e v e r s i o n t o wi ld t y p e t a k e s p l a c e 
a t a f r e q u e n c y o f a p p r o x i m a t e l y 10~ 3 p e r g e n e p e r 
g e n e r a t i o n a n d s o m a t i c m o s a i c s a r e p r o d u c e d a t 
s i m i l a r f r e q u e n c i e s ( J a c o b s o n & H a r t l , 1985) . E 2 5 H is 
d e r i v e d f r o m t h e wpch s t r a i n a n d c a r r i e s t h e s a m e 
u n s t a b l e e y e - c o l o u r a l le le . I n a d d i t i o n , E 2 5 H c a r r i e s , 
i n t h e t h i r d c h r o m o s o m e , t h e d o m i n a n t Mos e x c i s i o n 
f a c t o r ( B r y a n et al. 1987) w h i c h is itself a p a r t i c u l a r 
c o p y o f t h e mariner t r a n s p o s o n ( M e d h o r a et al. 1988) . 
T h e r e v e r s i o n r a t e o f t h e wpch a l le le in t h e p r e s e n c e o f 
Mos is a p p r o x i m a t e l y t e n f o l d g r e a t e r t h a n in t h e 
o r i g i n a l wpch s t r a i n , i .e . ~ 10~ 2 p e r gene p e r g e n e r a t i o n . 
I n fac t , t h e s o m a t i c e x c i s i o n o f mariner in E 2 5 H is s o 
g r e a t l y e n h a n c e d t h a t v i r t u a l l y e v e r y a n i m a l is a n eye -
c o l o u r m o s a i c a n d t h i s s o m a t i c m o s a i c i s m is d i a g n o s t i c 
o f t h e p r e s e n c e o f Mos ( B r y a n et al. 1987) . 

T h e s o m a t i c i n s t a b i l i t y o f mariner is u n i q u e a m o n g 
Drosophila t r a n s p o s o n s a n d a n u n d e r s t a n d i n g o f t h e 
m e c h a n i s m b y w h i c h Mos affects mariner m o b i l i t y is 
a n i m p o r t a n t first s t e p in e l u c i d a t i n g f a c t o r s r e g u l a t i n g 
mariner t r a n s p o s i t i o n . I n th i s r e p o r t , I p r e s e n t r e s u l t s 
o f e x p e r i m e n t a l c r o s s e s d e s i g n e d t o e x a m i n e t h e 
r e l a t i v e i m p o r t a n c e o f c y t o p l a s m i c a n d c h r o m o s o m a l 
d e t e r m i n a n t s in t h e r e g u l a t i o n o f mariner m o b i l i t y b y 
t h e Mos f a c t o r in D. mauritiana. 

2 . M a t e r i a l s and methods 

(i) Strains and crosses 

Drosophila s t r a i n s a n d c r o s s e s d e s c r i b e d in t h e tex t 
w e r e r e a r e d a t 2 5 ° C o n F o r m u l a 4 - 2 4 I n s t a n t 
D r o s o p h i l a M e d i u m ( C a r o l i n a Bio log ica l S u p p l y , 
B u r l i n g t o n , N C ) . T w o s t r a i n s o f flies w e r e u s e d in th i s 
a n a l y s i s : wpch (wpch/wpch; + / + ; + / + ; + / + ) a n d 
E 2 5 H (wpch/wpcn; +/+ ; Mos/Mos; + / + ) . B o t h 
s t r a i n s a r e m a i n t a i n e d in m y l a b o r a t o r y a n d h a v e 
b e e n c u l t u r e d s e p a r a t e l y fo r a b o u t 7 y e a r s . 

(ii) Data collection 

A n a e s t h e t i z e d flies w e r e s e x e d a n d s c o r e d for e y e -
c o l o u r p h e n o t y p e t h r o u g h a d i s s e c t i n g m i c r o s c o p e . 
T h r e e p h e n o t y p i c c l a s se s for e a c h sex w e r e s c o r e d , 
n a m e l y : n o n - m o s a i c (white peach), m o s a i c , a n d w i ld 
t y p e . T h e p o s s i b i l i t y o f a n i n c o r r e c t p h e n o t y p i c 
c l a s s i f i ca t i on fo r a n a n i m a l in th is a n a l y s i s is a n 
i m p o r t a n t c o n s i d e r a t i o n in t h e d a t a c o l l e c t i o n . T o 
o b v i a t e s u c h a n e r r o r , in s c o r i n g for m o s a i c - vs. n o n -

m o s a i c - e y e d flies, a n y a b n o r m a l p i g m e n t a t i o n w a s 
c l o s e l y e x a m i n e d a t h igh m a g n i f i c a t i o n . If a s p o t 
c o u l d n o t b e u n a m b i g u o u s l y ident i f ied as w i ld - type 
p i g m e n t , t h e a n i m a l w a s s co red a s a n o n - m o s a i c . 
P r e v i o u s ana lys i s o f t he wpch ( J a c o b s o n & H a r t l , 1985) 
a n d E 2 5 H s t r a ins ( B r y a n et al. 1987 ; M e d h o r a et al. 
1988) h a v e s h o w n t h a t t he p r e s e n c e o f Mos is r ead i ly 
d i a g n o s e d by the p r o d u c t i o n o f e y e - c o l o u r m o s a i c s in 
t h e wpch b a c k g r o u n d . E v e n ex tens ive ly m o s a i c - e y e d 
a n i m a l s a r e read i ly d i s t i n g u i s h e d f r o m t r u e wi ld - type 
r e v e r t a n t s t h e r e b y e l i m i n a t i n g e r r o n e o u s p h e n o t y p i c 
a s s i g n m e n t s . F u r t h e r m o r e , p r o g e n y t e s t ing o f n u 
m e r o u s w i ld - type r e v e r t a n t s o f wpch ( J a c o b s o n & 
H a r t l , 1985 ; B r y a n et al. 1987) h a s r evea l ed t h a t m o s t , 
if n o t all, w i ld - t ype e y e - c o l o u r r e v e r t a n t s o f wpch a r e 
t r u e g e r m - l i n e r e v e r t a n t s a n d n o t j u s t ex tens ive 
s o m a t i c m o s a i c s . 

( i i i ) Statistical analyses 

T h e overa l l resu l t s o f t he gene t i c c ro s se s w e r e ana ly sed 
f o r i n d e p e n d e n c e a n d s ignif icance u s i n g a fully 
s a t u r a t e d h i e r a r c h i c a l l og - l i nea r m o d e l a n d 
S P S S / P C + so f twa re ( S P S S I n c . , 4 4 4 N . M i c h i g a n 
A v e . , C h i c a g o , I l l inois , 60611) . A d d i t i o n a l s ta t i s t ica l 
t e s t i n g w a s ca r r i ed o u t by s t a n d a r d p r o c e d u r e s (Soka l 
& R o l f , 1987). 

3 . Resu l t s 

I n o r d e r t o s e p a r a t e c h r o m o s o m a l a n d c y t o p l a s m i c 
c o m p o n e n t s affecting mariner b e h a v i o u r , gene t ic 
c r o s s e s were d e s i g n e d t o p r o d u c e a n i m a l s t h a t receive 
a s i n g l e Mos+ o r M a s - b e a r i n g c h r o m o s o m e i n t o a 
c o m m o n wpch b a c k g r o u n d w h e r e mariner excis ion is 
r e a d i l y de t ec t ed . Fl ies w i t h w i l d - t y p e eyes in th is 
b a c k g r o u n d a r e t he resu l t o f g e r m - l i n e excis ion of 
mariner whi le m o s a i c - e y e d flies resu l t f rom s o m a t i c 
e x c i s i o n . A n i m a l s h e t e r o z y g o u s for Mos a n d h e m i - o r 
h o m o z y g o u s for wpch w e r e p r o d u c e d fo l lowing the 
m a t i n g s ch eme o u t l i n e d in F ig . 1. T h e Mos h e t e r o 
z y g o t e s were t h e n b a c k - c r o s s e d t o h o m o z y g o u s Mos+ 

m a l e s (cross A ) o r f emales ( c ro s s B) . F o r each 
e x p e r i m e n t a l c ro s s , r ep l i ca t e m a t i n g s w e r e c a r r i e d o u t 
w i t h ~ 50 p a i r s o f a d u l t s in e a c h o f 2 - 4 o n e - h a l f p in t 
m i l k b o t t l e s c o n t a i n i n g 30 m l o f m e d i a . Sequen t i a l 
b r o o d s f rom each set o f c ros ses w e r e o b t a i n e d by 
r e m o v i n g t h e m a t e d a d u l t s t o a fresh m e d i a b o t t l e 5 -6 
d a y s fo l lowing t h e ini t ia l i n t r o d u c t i o n a n d a g a i n 5 - 6 
d a y s l a t e r . P r o g e n y f rom e x p e r i m e n t a l c ros ses were 
s c o r e d t h r o u g h t h e 2 0 t h d a y fo l l owing ini t ia l in
t r o d u c t i o n i n t o t he m e d i a b o t t l e . F l ies w e r e im
m o b i l i z e d wi th C 0 2 a n a e s t h e s i a . T w o sets o f ex
p e r i m e n t a l c rosses were c o n d u c t e d . E x p e r i m e n t 1 ( A l , 
B l ) w a s ca r r i ed o u t in N o v e m b e r 1988 a n d E x p e r i m e n t 
2 ( A 2 , B2) in M a y 1989. 

O v e r a l l resu l t s o f t he e x p e r i m e n t a l c rosses a r e 
s u m m a r i z e d in T a b l e 1. R e s u l t s f rom c ros se s des ig
n a t e d A l a n d B l a r e t o t a l s o f t w o r ep l i c a t e m a t i n g s . 
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Generation 
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Fig. 1. Mat ing scheme to produce animals heterozygous the text. Progeny of cross A and cross B were scored by 
for Mos and hemi- or homozygous for the unstable wpcl> sex for three phenotypic classes: non-mosaic, mosaic, and 
allele. Males used in cross A and females used in cross B wild type, 
were from the white peach (wvch; Mos+) strain described in 

T a b l e 1. Summary of genetic cross results 

Phenotype 

Non- Wild Reversion 
Cross Sex mosaic Mosaic type frequency Totals 

A l F 295 481 9 00115 785 
M 348 446 3 00038 797 
Total 643 927 12 1582 

Bl F 193 188 14 00354 395 
M 200 252 0 — 452 

Total 393 440 14 847 

A2 F 1189 1492 13 00048 2694 
M 1250 1413 10 00037 2673 
Total 2439 2905 23 5367 

B2 F 665 689 32 00231 1386 
M 700 814 0 — 1514 

Total 1365 1503 32 2900 

F o u r r ep l i ca te m a t i n g s a r e s u m m a r i z e d a s c r o s s A 2 
a n d t h r e e rep l ica te m a t i n g s p r o d u c e d resu l t s s u m 
m a r i z e d as c ro s s B2 . N o s ignif icant differences in 
o u t c o m e w e r e o b s e r v e d a m o n g rep l i ca te s w i th in a 
p a r t i c u l a r set o f c rosses a n d t he r e fo r e o n l y t he 
s u m m a r y d a t a a r e p r e s e n t e d h e r e . 

(i) Statistical test for interactions 

T h e d a t a set p r e s e n t e d in T a b l e 1 w a s e x a m i n e d for 
i n t e r a c t i o n s u s ing a fully s a t u r a t e d h i e r a r c h i c a l log 
l i nea r m o d e l t h a t i n c l u d e s : c ro s s (A vs. B) , b l o c k (1 vs. 
2), sex ( m a l e vs. female) a n d p h e n o t y p e ( n o n - m o s a i c 
vs. m o s a i c ) . Resu l t s o f th is a n a l y s i s a r e s u m m a r i z e d in 
T a b l e 2. T h e ana lys i s is r o b u s t t o t h e o r d e r o f e n t r y o f 
v a r i a b l e s a n d a non-s ign i f i can t resu l t neve r b e c a m e 
signif icant d u e t o t h e o r d e r o f e n t r y . N o s ignif icant 

f o u r - w a y i n t e r a c t i o n s w e r e o b t a i n e d f r o m t h e a n a l y s i s 
(D.F . = 1, x2 = 2-107, P = 0-1467) a n d , a s c a n b e seen 
in T a b l e 2 , o n l y o n e t h r e e - w a y i n t e r a c t i o n is s igni f icant 
( C r o s s * Sex * P h e n o t y p e ) . Signif icant t w o - w a y i n t e r 
a c t i o n s w e r e o b s e r v e d for C r o s s * Sex, C r o s s * P h e n o 
t y p e , a n d B l o c k * P h e n o t y p e . F r o m t h e s e 
a n a l y s e s , it a p p e a r s t h a t the m o s t i m p o r t a n t d e 
t e r m i n a n t o f b o t h sex a n d p h e n o t y p e ( n o n - m o s a i c o r 
m o s a i c ) o f a n i n d i v i d u a l a n i m a l is t h e t y p e o f t h e 
p a r e n t a l c r o s s (A o r B) t h a t p r o d u c e d it . T h e s igni f icant 
B lock * P h e n o t y p e i n t e r a c t i o n is d i s cus sed b e l o w . 

(ii) Rate and pattern of w p c h reversion 

A l t h o u g h d a t a s u m m a r i z e d in T a b l e 1 revea l t h a t 
w i ld - type r e v e r t a n t s resu l t a m o n g p r o g e n y o f e a c h 
t ype o f c r o s s , it is a p p a r e n t t h a t b o t h t h e f r e q u e n c y 
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T a b l e 2. Results of hierarchical log-linear analysis 
for interactions within genetic data 

Effect name D.F. Partial x2 P 

Cross * Block * Sex 1 0 0 6 2 0-8040 
Cross * Block * Phenotype 1 3-105 0 0 7 8 0 
Cross * Sex * Phenotype 1 11-416 00007 
Block * Sex * Phenotype 1 0-211 0-6463 
Cross * Block 1 0 0 1 9 0-8914 
Cross * Sex 1 8-835 00030 
Block * Sex 1 0-685 0-4079 
Cross * Phenotype 1 8-505 0 0 0 3 5 
Block * Phenotype 1 7-484 00062 
Sex * Phenotype 1 0-700 0-4028 

a n d p a t t e r n o f th i s p r o c e s s differ. B o t h m a l e a n d 
f e m a l e r e v e r t a n t s w e r e r e c o v e r e d in c r o s s A p r o g e n y , 
b u t o n l y f e m a l e r e v e r t a n t s w e r e r e c o v e r e d in c ro s s B 
p r o g e n y . T h e a b s e n c e o f m a l e r e v e r t a n t s a m o n g c r o s s 
B p r o g e n y c o u l d r e su l t f r o m sma l l s a m p l e sizes. 
H o w e v e r , if t h e p r o b a b i l i t y o f r e c o v e r i n g a m a l e 
r e v e r t a n t is 0 0 0 3 8 ( T a b l e 1, c r o s s A l a n d A 2 ) , t h e n 
t h e p r o b a b i l i t y o f n o t r e c o v e r i n g a m a l e r e v e r t a n t 
a m o n g t h e m a l e s s c o r e d in c r o s s B is ? = 
( 0 - 9 9 6 2 ) ( 4 5 2 + 1 5 1 4 ) = 0 0 0 0 5 6 . T h e r e f o r e , t h e l a c k o f m a l e 
r e v e r t a n t s in c r o s s B is u n l i k e l y t o b e d u e t o s a m p l i n g 
e r r o r a l o n e s ince t h e s a m p l e s ize is sufficient t o 
e l i m i n a t e m i s s i n g m a l e r e v e r t a n t s m e r e l y b y c h a n c e . 
A m o n g c r o s s B p r o g e n y , g e r m - l i n e r e v e r s i o n o f wpch 

a p p e a r s t o b e l imi t ed t o f ema le s . 
I n a d d i t i o n t o d i f fe rences in t h e p a t t e r n o f r e v e r s i o n , 

t h e r a t e s o f r e v e r s i o n a l s o differ m a r k e d l y b e t w e e n t h e 
t w o t y p e s o f c r o s s e s ( T a b l e 1). R e s u l t s o f s t a t i s t i ca l 
t e s t i n g for d i f ferences in g e r m - l i n e r e v e r s i o n r a t e 
a m o n g c r o s s e s a r e s u m m a r i z e d in T a b l e 3 . A s c a n b e 
s e e n , t h e di f ference in r e v e r s i o n r a t e s for A l a n d A 2 
f e m a l e s a r e m a r g i n a l l y s ign i f i can t w h i l e r a t e s in B l 
a n d B 2 a r e n o t . E v e n w i t h i n c r o s s A l , t h e female 
r e v e r s i o n r a t e a p p e a r s t o b e e l e v a t e d a b o v e t h a t for 
m a l e s . H o w e v e r , t h i s d i f fe rence is n o t s t a t i s t i ca l ly 
s ign i f i can t ( 2 x 2 c o n t i n g e n c y x2 = 3-124, P > 0 0 5 ) 
s u g g e s t i n g t h a t s l igh t ly h i g h e r r e v e r s i o n r a t e s o c c u r r e d 
f o r b o t h f e m a l e s a n d m a l e s in c r o s s A 1 w i t h r e spec t t o 
c r o s s A 2 . C l o s e r i n s p e c t i o n o f A l r evea l s a p o s s i b l e 
s o u r c e o f t h e s igni f icant B l o c k * P h e n o t y p e i n t e r a c t i o n 
s h o w n in T a b l e 2. R a t i o s o f m o s a i c t o n o n - m o s a i c 
a n i m a l s for e a c h o f t h e c r o s s A p r o g e n y c lasses a r e : 
A l f e m a l e s (1-63), A l m a l e s (1-28), A 2 f e m a l e s (1-26), 
A 2 m a l e s (1-13) s u g g e s t i n g t h a t t h e h i g h e r g e r m - l i n e 
r e v e r s i o n r a t e in A l f e m a l e p r o g e n y is a c c o m p a n i e d 
b y a s i m i l a r i n c r e a s e in s o m a t i c exc i s i on r a t e l e a d i n g 
t o a s ign i f ican t effect o f b l o c k o n p h e n o t y p e . 

I n c o m p a r i n g r e v e r s i o n r a t e s b e t w e e n c r o s s e s A a n d 
B , o n l y f e m a l e p r o g e n y r e s u l t s a r e u s e d s ince t he se 
o c c u r in b o t h c r o s s t y p e s . F r o m T a b l e s 1 a n d 3 , it is 
e v i d e n t t h a t t h e g e r m - l i n e r e v e r s i o n r a t e a m o n g f ema le 
p r o g e n y o f c r o s s B is t h r e e - t o f o u r f o l d h i g h e r t h a n in 
c r o s s A . R e v e r s i o n r a t e s p r e s e n t e d he r e fo r A l a n d A 2 

a r e s imi lar t o t h e r e v e r s i o n r a t e o f ~ 10~ 2 pe r g e n e p e r 
g e n e r a t i o n for t h e M o s - c o n t a i n i n g E 2 5 H s t r a i n re 
p o r t e d p r e v i o u s l y b y B r y a n et al. (1987) . 

(iii) Maternal effect 

A n i m a l s t h a t a r e h e t e r o z y g o u s for Mos a r e expec t ed 
t o t r a n s m i t t h e f ac to r t o on ly o n e - h a l f of the i r 
offspring a n d t h e r e f o r e in c rosses i nvo lv ing t h e wvch 

allele, n o n - m o s a i c a n d m o s a i c p r o g e n y s h o u l d o c c u r 
in equa l p r o p o r t i o n s . In s t r a i n s of D. simulans i n to 
w h i c h b o t h t h e u n s t a b l e wpcn allele a n d Mos f r o m D. 
mauritiana h a v e b e e n i n t r o d u c e d t h r o u g h r e p e a t e d 
b a c k c r o s s i n g , B r y a n & H a r t l (1988) h a v e r e p o r t e d a 
d r a m a t i c m a t e r n a l effect in t he p a t t e r n of mariner 
s o m a t i c exc i s ion w i t h excess n u m b e r s o f m o s a i c 
p r o g e n y r e su l t i ng f r o m c rosses w h e r e t he female 
p a r e n t is a Mos h e t e r o z y g o t e . A s imi la r effect is 
ev ident in the r e su l t s p r e s e n t e d he r e for D. mauritiana 
a n d p r o d u c e s t he s ignif icant C r o s s by P h e n o t y p e 
i n t e r a c t i o n p r e s e n t e d in T a b l e 2. A s c a n be seen in 
T a b l e 1 for c r o s s e s A l a n d A 2 , w h e r e t h e female 
p a r e n t s a r e Mos h e t e r o z y g o t e s (see F ig . 1), m o s a i c 
p r o g e n y w e r e p r o d u c e d in excess o f n o n - m o s a i c s a n d 
th i s is t r u e for b o t h m a l e a n d female p r o g e n y . I n B l 
a n d B2, w h e r e t h e m a l e p a r e n t s a r e t he Mos 
h e t e r o z y g o t e s , e q u a l n u m b e r s of m o s a i c a n d n o n -
m o s a i c female p r o g e n y a r e p r o d u c e d a n d this is t he 
expec ted o u t c o m e o f t r a n s m i s s i o n o f a s ingle d o m i n a n t 
genet ic fac to r . H o w e v e r , in m a l e p r o g e n y f rom B l a n d 
B2 signif icantly m o r e m o s a i c t h a n n o n - m o s a i c a n i m a l s 
a r e p r o d u c e d s u g g e s t i n g i nc rea sed r a t e s o f s o m a t i c 
excision in m a l e p r o g e n y o f these c rosses . T h i s is 
p a r t i c u l a r l y i n t r i g u i n g s ince it a p p e a r s t h a t g e r m - l i n e 
excis ion is d e c r e a s e d in c ro s s B m a l e s re la t ive t o t he 
r a t e in f emales ( T a b l e 1). 

(iv) Sex ratios 

Resu l t s p r e s e n t e d in T a b l e 2 d e m o n s t r a t e a s ignif icant 
effect o f c ro s s o n sex o f s u b s e q u e n t p r o g e n y . In 
a t t e m p t i n g to e x p l a i n t he excess n u m b e r s o f m o s a i c 
m a l e offspring o f t h e B c rosses s h o w n in T a b l e 1, a n 
ana lys i s o f sex r a t i o for e a c h o f t he c rosses was c a r r i e d 
o u t a n d t h e resu l t s a r e p r e s e n t e d in T a b l e 4. In A1 a n d 
A 2 , n u m b e r s o f f emales t o m a l e s is 1:1 whi le in B l 
a n d B2 m o r e m a l e p r o g e n y t h a n female p r o g e n y a r e 
p r o d u c e d . C l o s e i n s p e c t i o n o f d a t a in T a b l e 1 s h o w s 

T a b l e 3. Two by two x2 contingency test for 
differences in germ-line reversion frequency of w 1 

among female progeny of genetic crosses 

Test D.F. t P 

A l x A 2 1 4-196 00405 
Bl x B 2 1 1-759 01847 
A l x B l 1 7-545 00060 
A 2 x B 2 1 27-216 00001 
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T a b l e 4 . Test for distortion in sex ratio among 
progeny of genetic crosses 

Cross Females Males f P 

A l 785 797 009 N . S . 

Bl 395 452 3-84 scO-05 
A2 2694 2673 0082 N . S . 

B2 1386 1514 5-650 < 0-025 

N . S . , n o t s i g n i f i c a n t . 

t h a t m o s a i c m a l e s in p a r t i c u l a r a r e f o u n d in excess . 
G i v e n t h a t t he r a t i o o f m o s a i c s : n o n - m o s a i c s is 1:1 in 
B f ema le p r o g e n y , the expec ted n u m b e r o f n o n -
m o s a i c a n d m o s a i c m a l e s in c rosses B l a n d B2 is o n e -
h a l f t h e t o t a l n u m b e r of females for e a c h m a l e 
p h e n o t y p e , i.e. 197-5 a n d 693 respect ively w h i c h a r e 
essen t ia l ly t he n u m b e r s o f n o n - m o s a i c m a l e p r o g e n y 
p r o d u c e d in each c ros s . I t a p p e a r s t h a t n o t o n l y is 
t h e r e a n excess n u m b e r o f ma le s in t he B c rosses , b u t 
t h a t these a r e m o s a i c m a l e s c a r r y i n g Mos. 

4. Discussion 

I n t h e w7""" b a c k g r o u n d , t he b e h a v i o u r o f t h e mariner 
t r a n s p o s o n c a n be fo l lowed genet ica l ly in t h e g e r m 
l ine, t h r o u g h t h e p r o d u c t i o n of w i ld - type e y e - c o l o u r 
r e v e r t a n t s , a n d in t h e s o m a , t h r o u g h the p r o d u c t i o n 
o f e y e - c o l o u r m o s a i c s . By the e x a m i n a t i o n o f s ib l ing 
p r o g e n y t h a t h a v e received e i ther a Mos+- o r a Mos-
c o n t a i n i n g c h r o m o s o m e in to a c o m m o n wpch b a c k 
g r o u n d , de t a i l s of the i n t e r ac t i on b e t w e e n Mos a n d 
mariner in e a c h of these t issue types c a n b e assessed . 
T h e c rosses d i a g r a m m e d in F ig . 1 p r o d u c e of fspr ing 
t h a t a r e h e m i - o r h o m o z y g o u s for t he wpc" a l lele , 
e i t h e r h e t e r o z y g o u s Mos/Mos+ o r h o m o z y g o u s 
Mos+/Mos+ a n d differ m a i n l y in t he s o u r c e o f egg 
c y t o p l a s m . 

C r o s s A p r o g e n y u n d e r g o d e v e l o p m e n t w i t h c y t o 
p l a s m t h a t h a s c o m e f rom Mos/Mos* h e t e r o z y g o u s 
m o t h e r s . I n e a c h case , the A crosses p r o d u c e resu l t s 
c lose t o expec t ed va lues for sex r a t i o ( 1 : 1 ) , p a t t e r n 
a n d f r equency o f wvch r evers ion ( ~ 10" 2 in m a l e s a n d 
females ) , a n d a r e e x c e p t i o n a l on ly in t he p r o d u c t i o n 
o f excess m o s a i c m a l e a n d female p r o g e n y , a resu l t 
t h a t is r ead i ly e x p l a i n e d by a m a t e r n a l effect s imi la r t o 
t h a t a l r e a d y r e p o r t e d for D. simulans wpch; Mos 
( B r y a n & H a r t l , 1988). T h e m o s t likely c a u s e o f th is 
p h e n o m e n o n is t he t r a n s m i s s i o n o f a fac to r (nucle ic 
ac id o r p r o t e i n ) t h r o u g h the c y t o p l a s m f rom m o t h e r 
t o of fspr ing t h a t e n h a n c e s mariner excis ion in t h e 
d e v e l o p i n g s o m a t i c t i ssue resu l t ing in an excess o f eye-
c o l o u r m o s a i c s . T h i s f ac to r m a y be a p r o d u c t o f Mos 
i tself o r a resu l t of i n t e r a c t i o n s wi th o t h e r gene t i c 
d e t e r m i n a n t s . A d d i t i o n a l i nqu i ry will be r e q u i r e d t o 
reveal i ts specific cha rac t e r i s t i c s . 

C r o s s B p r o g e n y u n d e r g o d e v e l o p m e n t wi th c y t o 
p l a s m f rom Mos+/Mos+ h o m o z y g o u s m o t h e r s a n d 
p r o d u c e e x c e p t i o n a l resul t s in several c a t e g o r i e s . W i l d -
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t ype r e v e r t a n t s a r e r e c o v e r e d at e l e v a t e d f r equenc ie s 
o n l y a m o n g female p r o g e n y , sex r a t i o s a r e d i s t o r t e d 
w i t h a m a l e b i a s , a n d a n excess n u m b e r o f m o s a i c 
m a l e s is p r o d u c e d . S ince t h e c ross B m a l e s rece ive t h e 
Mos exc is ion f ac to r f rom the i r f a t h e r s a n d c y t o p l a s m 
t h a t h a s n o t b e e n a s s o c i a t e d w i t h Mos f r o m the i r 
m o t h e r s , t h e excess m o s a i c ma le s a r e n o t e x p e c t e d t o 
b e t h e resu l t of a m a t e r n a l effect l ike t h a t seen in c r o s s 
A . A d d i t i o n a l l y , if a m a t e r n a l effect w e r e i n v o l v e d it 
s h o u l d be ev iden t in b o t h m a l e a n d f ema le p r o g e n y a s 
o b s e r v e d in c ro s s A . 

I t is t e m p t i n g t o r e g a r d t he se d ive r se gene t i c 
p h e n o m e n a ( i nc rea sed m u t a t i o n r a t e , sex- l imi ted 
m u t a t i o n , d i s t o r t e d t r a n s m i s s i o n a n d sex r a t i o s ) a s 
' h y b r i d dysgenes i s - l i ke ' . T h e e x p e r i m e n t a l c ro s se s 
e m p l o y e d p r o v i d e a m e c h a n i s t i c ba s i s for t h e s e 
p h e n o m e n a t h a t is s imi l a r t o ' h y b r i d d y s g e n e s i s ' in 
t h a t a s y m m e t r i c a l r e su l t s fol low i n h e r i t a n c e o f a 
specific c y t o p l a s m t y p e , a n d a fac to r (Mos) is i n v o l v e d 
t h a t h a s been s h o w n t o mobi l i ze t h e mariner e l e m e n t 
in t h e wpch al lele a n d o t h e r s i tes in t h e g e n o m e 
( M e d h o r a et al. 1988). T h e ge rm- l i ne a n d s o m a t i c 
r eve r s ion of t he wvch al lele a r e readi ly e x p l a i n e d b y t h e 
m o b i l i z a t i o n of t he i n s e r t e d mariner e l e m e n t in t h e 
p r e s e n c e o f t he Mos exc i s ion f ac to r . T h e i n c r e a s e d 
r a t e o f ge rm- l ine r e v e r s i o n in c r o s s B f ema les c o u l d 
resu l t f rom a n i n t e r a c t i o n (o r l ack t h e r e o f ) b e t w e e n 
c h r o m o s o m a l cop ie s of Mos a n d s o m e specific 
d e t e r m i n a n t a s s o c i a t e d w i t h the c y t o p l a s m in a n i m a l s 
c a r r y i n g Mos. I n th i s a spec t , t h e s y s t e m a p p e a r s 
a n a l o g o u s t o t he P a n d M c y t o t y p e o f D. melanogaster. 
W h y t h e ge rm- l i ne r e v e r s i o n w o u l d b e l imi ted t o o n e 
sex in c ro s s B is u n c e r t a i n since r e v e r t a n t s o f b o t h 
sexes a r e r e co v e red a m o n g cross A p r o g e n y . 

A n y e x p l a n a t o r y m o d e l m u s t a l s o a c c o u n t for t h e 
m a l e - b i a s e d sex r a t i o s o b s e r v e d a m o n g c r o s s B 
p r o g e n y . A l t h o u g h t r a n s m i s s i o n d i s t o r t i o n h a s b e e n 
r e p o r t e d in ' h y b r i d d y s g e n i c ' c ro s se s in D. melano
gaster ( H i r a i z u m i , 1 9 7 7 ; B r e g l i a n o & K i d w e l l , 1983) , 
t h e s ex - r a t i o d i s t o r t i o n in t he D. mauritiana c ro s se s 
a p p e a r s t o resu l t f r o m a n excess o f a p a r t i c u l a r 
p h e n o t y p i c c lass o f m a l e s , n a m e l y , e y e - c o l o u r m o s a i c s . 
In t e re s t ing ly , t h e a n i m a l s p resen t in excess d e m 
o n s t r a t e m o v e m e n t o f mariner in t h e s o m a t i c t i s sue 
a n d a b s e n c e of m o v e m e n t in the g e r m - l i n e t i s sue t h a t 
p r o d u c e d t h e m . If t he sex r a t i o d i s t o r t i o n is a resu l t o f 
m o b i l i z a t i o n o f mariner, new i n s e r t i o n s c o u l d b e 
d i s r u p t i n g t he ac t iv i ty of genet ic f a c t o r s i n v o l v e d in 
sexua l d i f fe ren t ia t ion . H o w e v e r , s ince t he t w o rep l i 
ca t e s o f c ro s s B p r o d u c e such c o n s i s t e n t r e su l t s , th i s 
e x p l a n a t i o n r equ i r e s t h a t new i n s e r t i o n s o c c u r in 
s imi la r g e n o m i c r e g i o n s in each e x p e r i m e n t . I t is m o r e 
l ikely t h a t mariner m o b i l i z a t i o n resu l t s in t h e exc i s ion 
o f t r a n s p o s o n co p i e s pe r s i s t i ng in t h e w"^ a n d E 2 5 H 
s t r a in s used in these a n a l y s e s . Excis ion o f mariner, l ike 
t h a t o f the P e l e m e n t ( E n g e l s , 1983), of ten g e n e r a t e s 
d e l e t i o n s ( J a c o b s o n , u n p u b l i s h e d ; B r y a n et al. 1987) 
p o t e n t i a l l y affecting t h e genet ic ac t iv i ty o f f l ank ing 
r e g i o n s . A d d i t i o n a l m o l e c u l a r ana ly se s a r e r e q u i r e d t o 
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d e t e r m i n e t h e d e g r e e t o w h i c h m o b i l i z e d mariner 
e l e m e n t s exc ise a n d / o r t r a n s p o s e t o o t h e r s i tes in t h e 
g e n o m e in t h e s e a n i m a l s . 

B e c a u s e t h e y o c c u r in a s s o c i a t i o n w i t h t he Mos 
e x c i s i o n f a c t o r , t h e p h e n o m e n a d e s c r i b e d a b o v e m a y 
i n v o l v e m o b i l i z a t i o n o f t h e mariner t r a n s p o s o n . 
W h e t h e r t h e p h e n o t y p i c c o n s e q u e n c e s resu l t en t i r e ly 
f r o m n e w e x c i s i o n / i n s e r t i o n m u t a t i o n s o r s o m e o t h e r 
p h e n o m e n o n is n o t c l e a r a n d wil l r e q u i r e m o r e d e t a i l e d 
e x a m i n a t i o n . P r e v i o u s s t u d i e s ( J a c o b s o n & H a r t l , 
1 9 8 5 ; H a y m e r & M a r s h , 1 9 8 6 ; B r y a n et al. 1987) h a v e 
i n t e r p r e t e d t h e s o m a t i c i n s t a b i l i t y o f mariner a s a n 
e v o l u t i o n a r y p a r a d o x in t h a t , u n l i k e o t h e r Drosophila 
t r a n s p o s o n s ( E n g e l s , 1 9 8 3 ; R u b i n , 1 9 8 3 ; B e r g & 
H o w e , 1989) , i ts m o v e m e n t h a s n o t b e c o m e res t r i c t ed 
t o t h e g e r m - l i n e . A n a l t e r n a t i v e h y p o t h e s i s is sugges t ed 
b y t h e p r e s e n t r e s u l t s . Mariner exc i s ion is r e g u l a t e d in 
b o t h t i s sues b u t , t h e r e g u l a t o r y m e c h a n i s m ( s ) differ 
b e t w e e n t h e t w o t i s s u e t y p e s . A d d i t i o n a l i n v e s t i g a t i o n 
o f t h e i n t e r a c t i o n s b e t w e e n Mos a n d mariner will h e l p 
t o e l u c i d a t e t h e d e t a i l s o f t h e s e r e g u l a t o r y di f ferences . 
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