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Ivory: A Recessive White-Eyed Tryptophan Metabolism 
Mutant with Intermediate F2 - and R1- Progenies 
in the Flesh Fly Sarcophaga barbata 
H . - H .  T r e p t e  
L e h r s t u h l  f i l r  E n t w i c k l u n g s p h y s i o l o g i e ,  I .  Z o o l o g i s c h e s  I n s t i t u t  d e r  U n i v e r s i t ~ i t  G 6 t t i n g e n  

S u m m a r y .  The  r e c e s s i v e  a u t o s o m a l  g e n e  ivory ( i )  c a u s e s  w h i t e  e y e s  in  t h e  f l e s h  f ly  Sareophaga barbara. The 
m u t a t i o n  c o m p l e t e l y  b l o c k s  t h e  s y n t h e s i s  of  f o r m y l k y n u r e n i n e .  Ivory l a r v a e  a n d  ivory i m a g o e s  a r e  a b l e  to  s y n -  
t h e s i z e  x a n t h o m m a t i n  i f  f o r m y l k y n u r e n i n e  a n d  k y n u r e n i n e  r e s p e c t i v e l y  a r e  p r o v i d e d  w i t h  t h e  food .  The  e y e  
c o l o u r  of  t h e  F~-  a n d  t h e  R ~ - m u t a n t s  r e s p e c t i v e l y  i s  i n t e r m e d i a t e  b e c a u s e  t h e s e  a n i m a l s  h a v e  t a k e n  up  x a n t h -  
o m m a t i n  p r e c u r s o r s  t h a t  w e r e  e x c r e t e d  b y  t h e  wild-type l a r v a e .  The  w h i t e  e y e  c o l o u r  i s  no t  i n f l u e n c e d  by  t e m -  
p e r a t u r e .  The  v i a b i l i t y  of  t h e  ivory s t o c k  i s  s o m e w h a t  l o w e r  t h a n  t h a t  of  t h e  wild-type s t o c k .  The  m u t a t i o n  
ivory i s  h o m o l o g o u s  to t h e  m u t a t i o n  vermilion of Drosophila melanogaster a n d  to t h e  m u t a t i o n  green of Musca 
domestica r e s p e c t i v e l y .  
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Introduction 

E y e  c o l o u r  m u t a n t s  h a v e  b e e n  o b s e r v e d  q u i t e  o f t e n  in  

i n s e c t s  ( s e e :  W a g n e r  a n d  M i t c h e l  1955 ;  E g e l h a a f  

1963 ; Z i e g l e r  1961 ,  1969;  D i c k i n s o n  a n d  S u l l i v a n  

1 9 7 5 ) .  E x t e n s i v e  d a t a  h a v e  b e e n  c o l l e c t e d  c o n c e r n i n g  

t h e  a c t i o n  of  n u m e r o u s  g e n e s ,  e s p e c i a l l y  in  t h e  c a s e  

of  t h e  g e n u s  Drosophila. W i t h  o t h e r  D i p t e r a  - e s p e -  

c i a l l y  w i th  t h e  g e n u s  Musca - a n u m b e r  of  e y e  c o l o u r  

m u t a n t s  h a v e  a l s o  b e e n  found  ( M i l a n i  19671 H e a t h  

1970 ;  N i c k e l  a n d  W a g o n e r  1970 ,  1 9 7 4 ) ,  b u t ,  u n l i k e  

Drosophila, t h e r e  i s  h a r d l y  any  d e t a i l e d  i n f o r m a t i o n  

on  t h e  f u n c t i o n  of  t h e  g e n e s  in  q u e s t i o n .  T h i s  p a p e r  

d e a l s  w i th  t h e  a c t i o n  of  t h e  g e n e  ivory in  t h e  f l e s h  

f ly  Sarcophaga barbata. 

M a t e r i a l s  a n d  M e t h o d s  

The  f l e s h  f ly  Sarcophaga barbata T h o m s o n  w a s  k e p t  a t  
25~ 1 6 / 8 h  1 /d  a n d  f ed  on  b e e f  l i v e r .  In  s u c h  c o n d i -  
t i o n s ,  12 d a y s  p a s s  b e t w e e n  p u p a r i a t i o n  a n d  a d u l t  
e m e r g e n c e .  In m o s t  of  t h e  f e e d i n g  e x p e r i m e n t s  on ly  
t h e  i - l a r v a e  r e c e i v e d  a s p e c i a l  d i e t ;  t h e  e y e s  of  t h e  
i - f l i e s  w e r e  i n v e s t i g a t e d  in  t h e  f i r s t  few h o u r s  a f t e r  
e m e r g e n c e .  The  d i e t  f o r  t h e  m u t a n t  l a r v a e  i n  d e t a i l :  
t e s t s  1 to  3 a s  we l l  a s  1 8 t o  20 :  o n l y  f r e s h  l i v e r ;  
t e s t  4 : l i v e r  on  w h i c h  wild-type l a r v a e  h a d  b e e n  f ed  
b e f o r e  = + - l i v e r  ; t e s t  5 : l i v e r  on  w h i c h  m u t a n t  l a r -  
v a e  h a d  a ' [ r e a d y  b e e n  f ed  = i - l i v e r .  

In t h e  t e s t s  6 to 17 t h e  y o u n g  i - l a r v a e  w e r e  a t  
f i r s t  f ed  on  f r e s h  l i v e r  f o r  o n e  day  a n d  a t  t h e  b e g i n n -  
i ng  of  t h e  s e c o n d  day  pu t  on  t h e  f o l l o w i n g  d i e t s .  T e s t s  
6 to 8: r e s p e c t i v e l y  3,  6 a n d  9 d a y s  o l d  wild-type 
p u p a e .  T e s t s  9 to  11 :  r e s p e c t i v e l y  3,  6 a n d  9 d a y s  
o ld  m u t a n t  p u p a e .  ( W i t h  wild-type f l i e s  e y e  p i g m e n -  
t a t i o n  b e g i n s  7 d a y s  a f t e r  p u p a r i a t i o n . )  In  e a c h  
t e s t  a b o u t  100 p u p a e  w e r e  s q u a s h e d ,  t o g e t h e r  w i th  
t h e  p u p a r i u m  a n d  30 i - l a r v a e  w e r e  pu t  on  to  t h e  
s q u a s h e d  p u p a e .  Test--12 : 50 o n e - d a y - o l d  d e c a p i t a t e d  
wild-type f l i e s  w e r e  s q u a s h e d  a n d  g i v e n  to 10 i - l a r -  
v a e .  T e s t s  13 to 17 : 20 f i v e - d a y - o l d  i - p u p a e  ~ v e r e  
d i s s e c t e d  ou t  of t h e  p u p a r i u m  a n d  s q u a s h e d .  To t h i s  
p u l p ,  s o m e w h a t  t h i c k e n e d  w i t h  b r e a d - c r u m b s ,  t h e  
f o l l o w i n g  s u b s t a n c e s  w e r e  a d d e d .  T e s t  13:  5 0 s q u a s h -  
ed  h e a d s  of  o n e - d a y - o l d  + - f l i e s .  T e s t s  14 to 17 : 1 o r  
10 m g  c r y s t a l l i n e  N - f o r m y l - L - k y n u r e n i n e  o r  D L - k y -  
n u r e n i n e .  10 i - l a r v a e  w e r e  pu t  on  to e a c h  m e d i u m ,  
t a k i n g  up  t h i s ' f o o d  c o m p l e t e l y .  

In 5 a d d i t i o n a l  e x p e r i m e n t s ,  e v e r y  10 i - f l i e s  r e -  
c e i v e d  t h e  f o l l o w i n g  d i e t  i n  t h e i r  f i r s t  t e n  d a y s  of  l i f e  
( l a r v a l  food :  l i v e r ) .  T e s t  2 : s u g a r .  T e s t  3 : s u g a r  
a n d  l i v e r .  T e s t  18 :  s u g a r  a n d  a pu lp  of 9 - d a y - o l d  
+ - p u p a e .  T e s t s  19 a n d  20 :  s u g a r  a n d  1 0 m g  f o r m y l -  
k y n u r e n i n e  o r  k y n u r e n i n e  on  m o i s t e n e d  f i l t e r  p a p e r .  

The  t e s t s  1 to  11 w e r e  c a r r i e d  ou t  a t  l e a s t  t w i c e  
w i th  a t  l e a s t  25 f l i e s  e a c h ;  t h e  t e s t s  12 to 18 w e r e  
c a r r i e d  ou t  o n c e  a n d  t h e  t e s t s  19 a n d  20 t w i c e  w i th  
10 f l i e s  e a c h .  The  e m e r g e n c e  r a t e  of  t h e  a d u l t  f l i e s  
w a s  90%. The  f l i e s  w h i c h  e m e r g e d  i n  t e s t s  6 to  17 
h a d  r e a c h e d  a m e d i u m  s i z e .  

The  e y e  c o l o u r  w a s  d e t e r m i n e d  by  m e a n s  of t h e  
O s t w a l d  C o l o u r  C h a r t  ( e d i t i o n  A,  1 9 3 9 ) .  The  e y e s  
w e r e  s q u a s h e d  in  i n s e c t  R i n g e r  a n d  e x a m i n e d  m i c r o -  
s c o p i c a l l y .  The  p i g m e n t  c o n t e n t  of  t h e  p i g m e n t - b e a r -  

i n g  c e l l s  w a s  e s t i m a t e d  f r o m  a t  l e a s t  5 e y e s  e a c h .  
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Resu l t s  

In the win te r  1973/74,  in a m a s s  b r e e d i n g  of Sarco- 

phaga barbata (Trepte  1976), s o m e  f l ies  e m e r g e d  

whose eyes  w e r e  d is t inc t ly  l igh te r  than the r e d d i s h -  

brown eyes  of the no rma l  f l i e s .  The eye co lour  of 

these  imag ines  c o v e r e d  a r ange  f rom yel low ove r  

o range  to l i g h t - r e d  ( co l l ec t i ve  name :  " o r a n g e - e y e d " ) .  

The mat ing of the o r a n g e - e y e d  f l ies  with each o ther  

r e s u l t e d  in only wh i t e - eyed  imagoes  in the fol lowing 

genera t ion ,  i r r e s p e c t i v e  of the fact  that the p a r e n t s '  

eyes  had been ye l low,  o range  or  l i g h t - r e d .  In the l a -  

t e r  genera t ions  of these  3 l ineages  with the ye l low-  

eyed to l i g h t - r e d - e y e d  p r o g e n i t o r s  t h e r e  w e r e  a lso  

only wh i t e - eyed  f l i e s .  This p roved  that the c h a r a c t e r  

wh i t e - eyed  is h e r e d i t a r y  and as it may be spec i f i ed  

bes t  as  i vo ry ,  the homozygous  mutant  s tock was 

called "ivory" (i_). 
The reciprocal crosses of the wild-type stock 

(+/+) with the i--stock ( i / i )  gave only normal red- 

eyed phenotypes in the F 1 (see: Table I ) .  The F 2 

gave red-eyed and orange-eyed phenotypes in the pro- 

portion of 3 : I in both sexes. The backcrosses of the 

F I with the flies of the i--stock gave red- and orange- 

eyed phenotypes  in the p ropor t ion  of 1 : 1 in both s e x e s .  

The eyes  of the o r a n g e - e y e d  F 2- and R l - f l i e s  r e s p e c -  

t ive ly  w e r e  a lways at l ea s t  b e i g e - y e l l o w ,  mos t ly  they 

w e r e  o range  and often l i g h t - r e d .  All the shades  of 

l i gh t -ye l low to l i g h t - r e d  w e r e  r e p r e s e n t e d  in each F 2 

and R 1 r e s p e c t i v e l y ;  the eyes  of these  f l ies  were  

neve r  as l ight ,  i . e .  whi te ,  as  those  of the i - s t o c k .  

The b a c k c r o s s e s  with he te rozygous  F1-g2 (9+/._.i x 
di/_~i) as well as the b a c k c r o s s e s  with he te rozygous  

Fl-dd (9i/.. ii • d + / i )  gave o range- ' eyed  p r o g e n i e s ;  and 

these  f l ies  did not show whether  they w e r e  b red  f rom 

a he t e rozygous  fa ther  or  a he t e rozygous  m o t h e r .  

The c r o s s e s  of the o r a n g e - e y e d  F 2- or  R l - f l i e s  

with each o ther  or  c r o s s e s  be tween o r a n g e - e y e d  and 

w h i t e - eyed  f l ies  a lways  gave wh i t e - eyed  imagoes  again .  

The c h a r a c t e r  ivory is  thus d e t e r m i  ned by an au toso-  

mal  r e c e s s i v e  a l l e l e  ( i ) .  The o r a n g e - e y e d  f l ies  in the 

F 2 and R 1 are homozygous i/__~i. 

The eyes of S. carr~r~a contain the eye pigment 

xanthommatin (Butenandt et al. 1960; Linzen 1967). 

In the primary pigment cells (ppc) as well as in the 

ocelli of S. barbata, the pigment occurs in the oxidized 

(yellowish-brown) form and in the secondary pigment 

cells (spc) in the reduced (red) form. When treated 

Table 1. Inhe r i t ance  of the mutant  ivory (i)  of Sarcophaga barbata 
(number  of the F•  F~-,  and R t - p r o g e n { e s )  

C r o s s  Number  of F I - ,  F 2 - ,  and R l - f l i e s  

92 dd 

+ i + i 

I: P - g  +/+ • P - d  i/_.~ 247 - 

II: F 1 - 9  +/__j_• 366 108 

pa for  3:1 0.26 

III: F 1 - 9  +/ i  X di/__~ 279 252 

P for 1:1 0 .40  

IV: F l - d  +/ i  X 9 i/_..~i 210 194 

P for  1:1 0.42 

V: P - 9  i/.._~ x P - d  +/+ 489 - 

VI: F1 -9  +/ i  X F l - d  +/ i  354 105 

P for 3:1 0 .30 

VII: F l - 9  +/ i  x d i / i  337 303 

P for 1:1 0 .18 

VIII : F l - d  +/ i  X 9 i/...~i 74 75 

P for I : I  0 .93 

297 

366 126 

0.76 

267 271 

0.86 

204 212 

0 .40  

551 

384 108 

0.14 

310 308 

0.94 

63 70 

0.52 

E s t i m a t e d  by the Ch i2 - t e s t  
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with Na2S20 4 and K3Fe(CN) 6 respectively, these 

pigments showthe redox reaction typical of ommo- 

chromes : change of colour to the red or yellow form 

(see: Butenandt i957). 

On the seventh day after the pupariation in the 

eyes of  t h e  normal f l i e s  the f i r s t  signs of  a b e g i n n i n g  

eye pigmentation are clearly visible, macroscopical- 

ly and microscopically. In unfixed squash prepara- 

tions of the pale-yellow eyes very fine yellow gran- 

ules may be observed in the ppc by a magnification 

of 1000x. The ocelli, too, already contain the yellow 

pigment. In the spc the yellow pigment is clearly 

visible only on the eighth day. Until the eleventh day 

the concentration of the yellowish-brown pigment in- 

creases in the ppc and spc, as well as in the ocelli, 

the pigment granules obtaining a diameter of just 

u n d e r  1 ~ m .  A b o u t  10 h o u r s  b e f o r e  t h e  a d u l t  e m e r -  

g e n c e  t h e  e y e s  on ly  c o n t a i n  t h e  y e l l o w i s h - b r o w n  f o r m  

of t h e  x a n t h o m m a t i n .  The  p i g m e n t  of  s p c  i s  r e d u c e d  

to t he  r e d  f o r m  on ly  a few h o u r s  b e f o r e  t h e  a d u l t  

emergence; thus the newly emerged flies exhibit the 

yellow xanthommatin in the ppc as well as in the 

ocelli and the red one in the spc. The retinula cells 

show traces of a diffuse yellow pigment. The same 

a p p l i e s  to Calliphora ~rythroceph~la (Ta re  1 9 4 8 ) .  

W h e t h e r  t h e  a d u l t  w i l d - t y p e  f l i e s  s t i l l  p r o d u c e  x a n -  

t h o m m a t i n  in  t h e  p i g m e n t  c e l l s  c o u l d  not  b e  d e c i d e d  

b y  m e a n s  of  s q u a s h  p r e p a r a t i o n s .  W i t h  t h e  t e s t e s  

s h e a t h s ,  t h e  d e p o s i t i o n  of  t h e  y e l l o w i s h - b r o w n  p i g -  

m e n t  o n l y  b e g i n s  on  t h e  t e n t h  d a y ,  i . e .  3 d a y s  l a t e r  

t h a n  i n  t h e  e y e s .  

The  i v o r y  e y e  c o l o u r  of  t h e  i _ - imagoes  c o r r e s p o n d s  

f a i r l y  we l l  to  t h e  s h a d e s  l e a  to  2 e a  of  O s t w a l d ' s  

C o l o u r  C h a r t .  A l i g h t e r  t i n g e  of  y e l l o w  m a y  b e  o b -  

s e r v e d  q u i t e  o f t e n .  In s q u a s h  p r e p a r a t i o n s  v e r y  l i g h t  

t r a c e s  o f  a y e l l o w  p i g m e n t  m a y  b e  s e e n  in  t h e  a r e a  of  

t h e  p p c .  T h i s  i s  t h e  y e l l o w  x a n t h o m m a t i n  o c c u r r i n g  

i n  v e r y  s m a l l  c o n c e n t r a t i o n s .  In t h e  s p c  no  p i g m e n t  

m a y  b e  d e t e c t e d  by  t h i s  m e t h o d .  The  o c e l l i ,  t oo ,  c o n -  

t a i n  l i t t l e  o r  no  p i g m e n t  a t  a l l .  In t h e  r e t i n u l a  c e l l s  

t h e r e  i s  no  y e l l o w  p i g m e n t  e i t h e r .  Wi th  a g e ,  t h e  e y e s  

of  t h e  _ i - i m a g o e s  d a r k e n  on ly  v e r y  s l i g h t l y .  

The  t e s t e s  of  t h e  i - m a l e s  a r e  a l s o  c o l o u r l e s s .  The  
m 

c o l o u r i n g  o f  t h e  m a l p i g h i a n  t u b u l e s  c h a n g e s  s l i g h t l y  

d u r i n g  d e v e l o p m e n t .  A nd  t h e r e  i s  no  d i s t i n c t  d i f f e r -  

e n c e  b e t w e e n  t h e  m u t a n t s  a n d  t h e  w i l d - t y p e s .  

The  f e c u n d i t y  of  t h e  i - - s t o c k  a p p e a r s  r e d u c e d  c o m -  

p a r e d  with the one of t h e  +-stock. It  was striking with 

t h e  f i r s t  15 g e n e r a t i o n s  t h a t  t h e  w h i t e - e y e d  ~Q, i n  

contrast to the red-eyed g~, regularly deposited a 

large number of eggs, from which no larvae emerged. 

For example, 20 i-g~) gave no progenies at all and in 

another case 30 i-QQ only gave 130. Obviously, the 

reason is to be found with the i_-~g, for these layed 

u n d e v e l o p e d  e g g s ,  i r r e s p e c t i v e  of  w h e t h e r  t h ey  h a d  

b e e n  m a t e d  w i th  i--dd o r  +_-dH. On t h e  o t h e r  h a n d ,  

+ / ~ - ~ 9  o r  +/i-~P~P w h i c h  h a d  b e e n  m a t e d  w i th  i / i - d H  

s h o w e d  no d i s t i n c t  r e d u c t i o n  of  f e c u n d i t y .  Wi th  t h i s  

m u t a n t  of  m o r e  t h a n  30 g e n e r a t i o n s ,  t h e  d e c r e a s e  in  

f e c u n d i t y  d o e s  not  s e e m  to b e  a s  p r o n o u n c e d  a s  a t  t h e  

b e g i n n i n g ,  f o r  t h e r e  i s  no  l o n g e r  s u c h  a s t r i k i n g  n u m -  

b e r  of  d e c a y e d  e g g s  in  t he  s p a w n  of a c u l t u r e .  Wi th  

r e s p e c t  to  t h e  d u r a t i o n  of  t h e  l a r v a l  a n d  p u p a l  s t a g e  

a s  we l l  a s  t h e  p e r i o d  u n t i l  t h e  f i r s t  l a r v a l  d e p o s i t i o n ,  

t h e r e  a r e  no  r e m a r k a b l e  d i f f e r e n c e s  b e t w e e n  m u t a n t  

a n d  w i l d - t y p e .  

How m a y  t h e  i n t e r d e d i a t e  e y e  c o l o u r  of t h e  F 2 a n d  

t h e  R i b e  e x p l a i n e d ?  The  e y e s  of  t h e  h o m o z y g o u s  

i - f l i e s  of  a n  R i a r e  o r a n g e ,  i r r e s p e c t i v e  of  w h e t h e r  

t h e  m o t h e r  o r  t he  f a t h e r  w a s  h e t e r o z y g o u s .  T h e r e -  

f o r e ,  i t  m a y  b e  e x c l u d e d  t h a t  t h e  i n t e r m e d i a t e  e y e  

c o l o u r  w a s  p o s s i b l y  c a u s e d  by  a p r e d e t e r m i n a t i v e  i n -  

f l u e n c e  of the +_-allele in the not yet reduced +/i-- 

oocyte. Moreover, the egg or the embryo could not 

have taken up enough xanthommatin precursors from 

the surrounding tissues of a heterozygous mother. 

Therefore, it should be examined if and in which 

way the +/i--larvae of an R 1 may have an influence 

on the eye-colouring of the i/i--flies. Thus, in throe 

tests every 20 one-day-old iR1-1arvae were isolated 

and raised individually. Only red-eyed and white-eyed 

imagoes emerged in the proportion of 1 :I. In three 

other tests about 50 one-day-old larvae of the +- 

stock and of the i-stock each were put into a culture 

box and raised together. Only red-eyed and orange- 

eyed flies emerged in the proportion of I : I. 

These experiments showthat the +-allele influences 

the eye pigmentation with the i--flies neither during 

the oogenesis nor during the embryogenesis. Obvious- 

ly, only the proximity of i/i__- and +/i.___ ~ and +/+-larvae 

respectively caused orange-eyed i/i-flies. It may he 

supposed that the +-larvae excrete substances which 

can be taken up by the i_-larvae and used for the syn- 

thesis of eye pigments. 

This idea is supported by the following findings. 

If i-larvae are fed on liver which had before been 
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T a b l e  2 .  The  i n f l u e n c e  of  d i f f e r e n t  d i e t s "  on  t h e  p i g m e n t a t i o n  of  t h e  e y e s ,  o c e l l i ,  a n d  t e s t e s  of  t h e  ivory- 
i m a g o  of  5arcophaga barbata 

Test Diet for Eye colour Colour 
num- mainly class b 
ber 

P i g m e n t  c o n t e n t  i n  % of  t h e  
n o r m a l  c o n t e n t  ( e s t i m a t e d )  

l a r v a  i m a g o  ppc  ~ s p c  o c e  t e s  

1 l i v e r  i v o r y  2 e a  < 5 0 < 5 
2 c a  
3 e a  

2 l i v e r  s u g a r  i v o r y  3ea  < 5 0 < 5 
2 e a  
3ea  

3 l i v e r  s u g a r  p a l e  3 c a  5 0 5 
l i v e r  y e l l o w  3 e a  

3ga  
4 + - l i v e r  p a l e  3 e a  5 0 5 

- -  y e l l o w  2 e a  
3ie  

5 i - l i v e r  i v o r y  2 e a  < 5 0 < 5 
- -  2 c a  

3 e a  
6 , - p u p a e  l i g h t  r e d  5pc 4 0 -  60 < 5 2 0 -  40 

d a y s  o l d  b r o w n  5pc 
6pe  

7 + - p u p a e  r e d  b r o w n  6pc  4 0 -  60 < 5 20 - 40 
d a y s  o l d  6pc  

6pc 
8 + - p u p a e  r e d  o r a n g e  5na  4 0 -  60 < 5 2 0 -  40 

d a y s  o l d  51a 
5pc  

9 i - p u p a e  c h a l k y  2 c a  0 0 0 
d a y s  o ld  2 c a  

l e a  
10 i - p u p a e  c h a l k y  2 c a  0 0 0 

6 d a y s  o l d  2 c a  
l e a  

11 - i - p u p a e  c h a l k y  2 c a  0 0 0 
9 d a y s  o l d  2 c a  

l e a  
12 + - i m a g o e s  r e d  o r a n g e  5na  4 0 -  60 5 -  10 2 0 -  40 

w i t h o u t  h e a d s  5na  
4pc  

13 i - p u p a e  w i th  o r a n g e  3na  2 0 -  40 < 5 1 0 -  20 
+ - h e a d s  3na  
- 5na  

14 - i - p u p a e  a n d  o r a n g e  41a 2 0 -  40 < 5 10 - 20 
i m g  f o r m y l k y n .  3ha  

41a 
15 - i - p u p a e  a n d  r e d  b r o w n  7pe  6 0 -  80 4 0 -  60 4 0 -  60 

10 m g  f o r m y l k y n .  7pe  
7pe  

i 6  - i - p u p a e  a n d  l i g h t  r e d  5pc 4 0 -  60 < 5 2 0 -  40 
1 m g  k y n u r e n i n e  b r o w n  5pa  

5pc 
i 7  - i - p u p a e  a n d  r e d  b r o w n  7pe  6 0 -  80 4 0 -  60 4 0 -  60 

10 m g  k y n u r e n i n e  7pe  
7pe  

18 l i v e r  s u g a r  o r a n g e  3ga  5 0 < 5 
+ - p u p a e  3ga  

d a y s  o l d  31a 
19 l i v e r  s u g a r  o r a n g e  3na  2 0 -  40 0 1 0 -  20 

a n d  10 m g  3 n a  
f o r  m y l k y n ,  d 4ha  

20 l i v e r  s u g a r  l i g h t  r e d  5pc 4 0 -  60 0 2 0 -  40 
a n d  10 m g  b r o w n  5pc 
k y n u r e n i n e  e 5pc 

0 

0 

0 

0 

0 

5 - 1 0  

1 0 -  20 

< 5  

0 

0 

0 

< 5  

0 

0 

5 -  10 

5 - 1 0  

4 0 -  60 

0 

5 - 1 0  

2 0 -  40 
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g i v e n  to  + - l a r v a e ,  t h e n  i m a g o e s  r e s u l t e d  w i t h  p a l e -  

y e l l o w  to  h o n e y - y e l l o w  e y e s .  H o w e v e r ,  i v o r y  e y e s  

w e r e  p r o d u c e d  w h e n  t h e  i - l a r v a e  w e r e  f ed  on  l i v e r  

f r o m  w h i c h  i - l a r v a e  h a d  e a t e n  p r e v i o u s l y .  The  i d e a  

t h a t  t h e  m u t a n t  c a n  t a k e  up  p i g m e n t  p r e c u r s o r s  f r o m  

t h e  food  to  u s e  t h e m  f o r  t h e  s y n t h e s i s  of  x a n t h o m m a -  

t i n  w a s  s u p p o r t e d  by  a n o t h e r  e x p e r i m e n t ,  n a m e l y  b e  

f e e d i n g  3 o r  6 d a y - o l d ,  i . e .  w h i t e - e y e d  wild-type 

p u p a e .  The  e y e s  of  t h e  i - - f l i e s  f ed  on  +---pupae a s  l a r -  

v a e  w e r e  of  a d e e p l y  r e d d i s h  b r o w n  c o l o u r .  S q u a s h  

p r e p a r a t i o n s  f r o m  t h e  e y e s  of  t h e s e  y e l l o w - e y e d  a n d  

r e d - e y e d  i_ - imagoes  s h o w e d  t h a t  t h e  p p c  a s  we l l  a s  

t h e  o c e l l i  c o n t a i n e d  m a n y  p i g m e n t s ,  on  t h e  o t h e r  h a n d  

t h e  s p c  s h o w e d  r e l a t i v e l y  few p i g m e n t s  ( s e e :  T a b l e  

2 ) .  So t h e  p p c ,  f o r  e x a m p l e ,  h a d  t a k e n  up  a b o u t  

40 to  60 %, w h e r e a s  t h e  s p c  h a d  t a k e n  up ,  a t  m o s t ,  

5 % of  t h e  n o r m a l  a m o u n t  of  p i g m e n t .  The  t e s t e s  

s h e a t h s ,  t o o ,  s h o w e d  a s m a l l e r  p r o p o r t i o n  of  p i g m e n t  

t h a n  t h e  p p c .  

In c o n t r a s t  to  t h i s ,  t h e  e y e s  o f  t h e  i - i m a g o e s  h a v -  

i ng  b e e n  f e d  on  i - p u p a e  a p p e a r e d  w h i t e ,  i . e .  c h a l k y .  

Not  e v e n  t h e  s l i g h t e s t  t r a c e s  of  t h e  y e l l o w  p i g m e n t  

c o u l d  b e  found  i n  u n f i x e d  s q u a s h  p r e p a r a t i o n s .  T h i s  

d i f f e r s  f r o m  t h e  p o s i t i o n  of  t h e  i - f l i e s  f ed  on  l i v e r ,  

w h o s e  i v o r y  e y e s  a l w a y s  c o n t a i n e d  s m a l l  c o n c e n t r a -  

t i o n s  of  t h e  y e l l o w  x a n t h o m m a t i n  i n  t h e  p p c .  

T h e s e  f i n d i n g s  s h o w  t h a t  w i th  t h e  i_-f l ies a l i nk  in  

t h e  s y n t h e s i s  c h a i n  f r o m  t r y p t o p h a n  o v e r  f o r m y l k y n u -  

r e n i n e ,  k y n u r e n i n e ,  3 - h y d r o x y k y n u r e n i n e  to x a n t h o m -  

m a t i n  i s  b l o c k e d .  H o w e v e r ,  t h e  o r a n g e - e y e d i - f l i e s  

i n d i c a t e  t h a t  t h e  p i g m e n t  s y n t h e s i s  i s  c o n t i n u e d  f r o m  

a c e r t a i n  p o i n t  a n d  t h a t  t h e  x a n t h o m m a t i n  i n  t h e  p i g -  

m e n t  c e l l s  of  t h e  i - f l i e s  m a y  b e  b o u n d  in to  t h e  s t r u c -  

t u r e s  s p e c i f i c  f o r  i t ,  f o r  t h e s e  o b v i o u s l y  a r e  u n t o u c h e d  

by  m u t a t i o n .  

The  e y e  c o l o u r  m u t a n t  vermilion of  t h e  f r u i t  f ly  

Drosophila melanogasterhas l o s t  i t s  a b i l i t y  to  s y n t h e -  

s i z e  f o r m y l k y n u r e n i n e  a n d  t h u s  f a i l s  to  p r o d u c e  x a n -  

t h o m m a t i n .  T h i s  f a i l u r e  m a y  b e  c o m p e n s a t e d  by  a d d -  

i ng  f o r m y l k y n u r e n i n e  to t h e  l a r v a l  d i e t  ( G r e e n  1 9 5 5 ) .  

As a first approach to the problem of which point, in 

S. barbata, i s  t h e  s y n t h e s i s  c h a i n  to x a n t h o m m a t i n  

b l o c k e d ,  3 - d a y - o l d  i - -  a n d  +_-pupae,  r e s p e c t i v e l y ,  

w e r e  s q u a s h e d  a n d  m i x e d  i n  a p r o p o r t i o n  of  a b o u t  1 : 1 

w i t h  t h e  m e d i u m  f o r  t h e  vermilion m u t a n t .  The  o c e l l i  

of  t h e  vermilion f l i e s  f ed  on  wild-type p u p a e  s h o w e d  

d i s t i n c t  a m o u n t s  of  t h e  y e l l o w i s h - b r o w n  x a n t h o m m a t i n  

in  t h e  s q u a s h  p r e p a r a t i o n s .  The  o c e l l i  of  t h e  vermilion 

f l i e s  f ed  on  Sarcophaga m u t a n t s  c o n t a i n e d  no  p i g m e n t .  

H e n c e  t h e  i - m u t a n t  of  S.barbata, l i k e  t h e  v - m u t a n t  
m 

of D.melanogaster, a l s o  i s  no t  a b l e  to  s y n t h e s i z e  f o r -  

m y l k y n u r e n i n e .  

T h e s e  c o n c l u s i o n s  w e r e  s u p p o r t e d  by  t e s t s ,  i n  

w h i c h  t h e  i - f l i e s  w e r e  f ed  on  f o r m y l k y n u r e n i n e  a n d  

k y n u r e n i n e  r e s p e c t i v e l y .  It  w a s  s h o w n  t h a t  t h e  l a r v a e  

a s  we l l  a s  t h e  i m a g o e s  c a n  t a k e  up  t h e  p r e c u r s o r s  of  

x a n t h o m m a t i n  s u p p l i e d  w i th  t h e i r  food  a n d  c h a n g e  

t h e m  in to  t h e  p i g m e n t ,  f o r  t h e  e y e s  a n d  t h e  t e s t e s  

s h e a t h s  of  t h e  f l i e s  c o n t a i n e d  t h e  b r o w n  p i g m e n t .  

C u r i o u s l y ,  t h e  s p c  o f  t h e  m u t a n t  r e m a i n e d  p r a c t i c a l -  

ly c o l o u r l e s s  w h e n  t h e  p i g m e n t  p r e c u r s o r s  w e r e  a p -  

p l i e d  o n l y  w i th  t h e  i m a g i n a l  food .  The  r e t i n u l a  c e l l s  

of  t h e  i - m u t a n t  f ed  on  wild-types o r  s u p p l i e d  w i th  

d o s e s  of  f o r m y l k y n u r e n i n e  and  k y n u r e n i n e  r e m a i n e d  

c o l o u r l e s s .  

In  t h e  f e e d i n g  e x p e r i m e n t s  t h e  e y e  c o l o u r ,  i . e .  

t h e  a m o u n t  of  p i g m e n t  of  t h e  i _ - m u t a n t s ,  w a s  a l w a y s  

q u i t e  h o m o g e n e o u s ,  w h e r e a s  w i th  t h e  F 2-  o r  R l - m u -  

t a n t s  t h e  i n t e n s i t y  of  t h e  c o l o u r  m o s t l y  c o v e r e d  a 

r e l a t i v e l y  w i d e  r a n g e  b e t w e e n  y e l l o w  a n d  r e d .  T h e s e  

d i f f e r e n c e s  m a y  b e  due  to t h e  f a c t  t h a t  i_-f l ies w i t h  

m o r e  i n t e n s i v e l y  c o l o u r e d  e y e s  h a d  e a t e n  d e a d  wild- 

t y p e  l a r v a e .  

At  low t e m p e r a t u r e  t h e  w - m u t a n t  of  C. erythroce- 

phala i s  a b l e  to  p r o d u c e  s m a l l  a m o u n t s  of  x a n t h o m -  

m a t i n  ( T a t e  1947 ;  H a n s e r  1 9 5 9 ) .  i - f l i e s  of  S. barbata, 

w h i c h  a s  3,  5,  6,  7 ,  8, 9 o r  10 d a y - o l d p u p a e  h a d  

b e e n  k e p t  a t  4~ f o r  s i x  w e e k s  a n d  s u b s e q u e n t l y  a t  

25~ u n t i l  a d u l t  e m e r g e n c e ,  o n l y  s h o w e d  i v o r y  e y e s .  

i_-pupae k e p t  a t  l l ~  o r  15~ w h e n  t h e y  w e r e  s i x  d a y s  

Q u a n t i t y ,  c o m p o s i t i o n ,  a n d  p r e p a r a t i o n  a r e  d e s c r i b e d  in  c h a p t e r  m a t e r i a l s  a n d  m e t h o d s  
b A f t e r  O s t w a l d  ( 1 9 3 9 ) .  In t h e  f i r s t  p l a c e  i s  l i s t e d  t h e  m o s t  f r e q u e n t ,  i n  t h e  s e c o n d  p l a c e  t h e  l i g h t e s t ,  a n d  

in  t h e  t h i r d  p l a c e  t h e  d a r k e s t  v a l u e .  Wild-types s h o w  t h e  v a l u e  7 p c .  
c ppc  p r i m a r y  p i g m e n t  c e l l s ,  s p c  s e c o n d a r y  p i g m e n t  c e l l s ,  o c e  o c e l l i ,  t e s  t e s t e s  
d.e The  s u p p l i e d  q u a n t i t y  w a s  no t  f ed  c o m p l e t e l y .  
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o ld ,  i . e .  s h o r t l y  b e f o r e  t h e  t i m e  w h e n  t h e  p i g m e n t  

s y n t h e s i s  n o r m a l l y  s t a r t s ,  d e v e l o p e d  a s  f a r  a s  m a t u r e  

p h a r a t e  i m a g o e s  a n d  i m a g o e s ,  r e s p e c t i v e l y .  The  e y e s  

of  t h e s e  f l i e s  w e r e  a l s o  i v o r y .  S i m i l a r  r e s u l t s  w e r e  

o b t a i n e d  by  k e e p i n g  t h e  i - p u p a e  a t  21~ 30~  a n d  

36~ A s  f a r  a s  c o u l d  b e  j u d g e d  f r o m  s q u a s h  p r e p a -  

r a t i o n s ,  t h e r e  w a s  no  s i g n i f i c a n t  d i f f e r e n c e  i n  e y e  

c o l o u r  o r  p i g m e n t  c o n c e n t r a t i o n  b e t w e e n  t h e  m u t a n t s  

k e p t  a t  d i f f e r e n t  t e m p e r a t u r e s  a n d  t h o s e  k e p t  a t  25~ 

The  i m a g i n a l  e m e r g e n c e  r a t e  of  t h e  p u p a e  k e p t  b e -  

t w e e n  15~ a n d  36~ s h o w e d  no s t r i k i n g  d i f f e r e n c e s  

f r o m  t h e  s t a n d a r d  v a l u e  of  90 to 95 % of  t h e  f l i e s  k e p t  

a t  25~ n e i t h e r  w i th  t h e  w i l d - t y p e  n o r  w i t h  t h e  m u -  

t a n t  f l i e s .  On t h e  o t h e r  h a n d ,  p u p a e  of  t h e  i - s t o c k  

c a n n o t  b e  k e p t  a t  4~ f o r  a s  l ong  a s  t h o s e  of  t h e  +-  

s t o c k .  Wi th  i - p u p a e ,  w h i c h  a f t e r  t h e  f i r s t  2 to  2 . 5  

d a y s  of  l i f e  a t  25~ w e r e  pu t  a t  4~ t h e  e m e r g e n c e  

r a t e  w a s  r e d u c e d  to  l e s s  t h a n  50 % a f t e r  a 6 to 8 w e e k  

s t a y  a t  4~ w h i l e  + - p u p a e  c o u l d  b e  k e p t  f o r  8 to  12 

w e e k s  a t  4aC, w i t h o u t  a n o t i c e a b l e  r e d u c t i o n  of  t h e  

e m e r g e n c e  r a t e  u n d e r  90 %. M o s t  of  t he  f l i e s  t h a t  d id  

no t  e m e r g e  h a d  d e v e l o p e d  up to t h e  m a t u r e  p h a r a t e  

i m a g o  but  h a d  not  l e f t  t h e  p u p a r i u m ;  t h e i r  c u t i c l e  h a d  

t a n n e d  w i t h i n  t h e  p u p a r i u m .  

D i s c u s s i o n  

The i - m u t a n t  of  Saraophaga barbata c a n n o t  f o r m  f o r -  

m y l k y n u r e n i n e  a n d  c o n s e q u e n t l y  no x a n t h o m m a t i n .  

T h e r e f o r e ,  t h e  e y e s  a n d  t h e  o c e l l i  of  t h e  m u t a n t  a r e  

w h i t e ,  j u s t  l i k e  t h e  t e s t e s .  The  r e a s o n  why t h e  f o r m y l -  

k y n u r e n i n e  s y n t h e s i s  i s  b l o c k e d  i s  no t  k n o w n .  The  

l a c k  of  p i g m e n t  m a y  a l m o s t  c o m p l e t e l y  b e  c o m p e n -  

s a t e d  f o r  by  f e e d i n g  t h e  m u t a n t  w i th  f o r m y l k y n u r e n i n e  

o r  k y n u r e n i n e .  Th i s  e x p l a i n s  t h e  f a c t  t h a t  h o m o z y g o u s  

i_-fl ies of  a n  F 2 o r  a n  R 1 a r e  o r a n g e - e y e d ,  i f  o n e  a s -  

s u m e s  t h a t  t h e s e  f l i e s  h a v e  t a k e n  up a p r e c u r s o r  of  

t h e  x a n t h o m m a t i n  w i th  t h e i r  f ood .  Th i s  m a y  by  k y n u r e -  

n i n e  w h i c h  a s  a p r o d u c t  of  t h e  t r y p t o p h a n  m e t a b o l i s m  

i s  a l s o  e x c r e t e d .  So t h e  k y n u r e n i n e  m a y  b e  e x c r e t e d  

by  t h e  w i l d - t y p e  l a r v a e  in  a n  F 2 o r  a n  R 1 a n d  t a k e n  

up  a g a i n  by  t h e  m u t a n t s .  

In t h e  e y e s  of  t h e  l i v e r - f e d  i - f l i e s  s m a l l  a m o u n t s  

of  t h e  y e l l o w  x a n t h o m m a t i n  c o u l d  a l w a y s  b e  d e t e c t e d .  

I n c o n t r a s t  to  t h i s ,  t h e  e y e s  of  t h e  m u t a n t s  f ed  on  m u -  

t a n t  p u p a e  d i d  not  c o n t a i n  any  p i g m e n t .  The p i g m e n t s  

in  t h e  e y e s  of  t h e  i - f l i e s  m a y  t h e r e f o r e  not  b e  i n t e r -  

p r e t e d  a s  a n  i n d i c a t i o n  t h a t  t h e  f o r m y l k y n u r e n i n e  s y n -  

t h e s i s  i s  m e r e l y  s l o w e d  down to  a c o n s i d e r a b l e  e x t e n t ,  

bu t  r a t h e r  i t  i s  c o m p l e t e l y  b l o c k e d .  F o r  t h e  x a n t h o m -  

m a t i n  s y n t h e s i s  t h e  " l i v e r  f l i e s "  w e r e  o b v i o u s l y  p r o -  

v i d e d  w i th  p r e c u r s o r s  of  t h e  p i g m e n t  w h i c h  c o u l d  o n -  

ly  h a v e  r e s u l t e d  f r o m  t h e  t r y p t o p h a n  m e t a b o l i s m  of  

t h e  l i v e r .  

The  e y e s  of  t h e  b l o w  f ly  Calliphora erythrocephala 
c o n t a i n  a b o u t  80 ~g x a n t h o m m a t i n  p e r  f ly  ( B u t e n a n d t  

e t  a l .  1 9 6 0 ) .  If e a c h  l a r v a  i s  s u p p l i e d  w i th  1 m g  f o r -  

m y l k y n u r e n i n e  o r  k y n u r e n i n e  in  i t s  f ood ,  t h e  e y e  c o l -  

o u r  of  t he  m u t a n t  m a y  not  o r  o n l y  w i th  d i f f i c u l t y  b e  

d i s t i n g u i s h e d  m a c r o s c o p i c a l l y  f r o m  t h a t  of  t h e  w i l d -  

t y p e .  S q u a s h  p r e p a r a t i o n s ,  h o w e v e r ,  s h o w e d  t h a t  t h e  

p i g m e n t  c e l l s  o n l y  c o n t a i n e d  h a l f  o r  t h r e e  q u a r t e r s  

of  t h e  n o r m a l  a m o u n t  of p i g m e n t ,  i . e .  l e s s  t h a n  o n e  

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

u s e d  fo r  t he  s y n t h e s i s  of  x a n t h o m m a t i n .  

T h e s e ,  t o g e t h e r  w i th  t h e  o t h e r  f e e d i n g  e x p e r i m e n t s  

s h o w  t h a t  in  a h e t e r o z y g o u s  ~ t h e  + - a l l e l e  o f  a g r o w -  

ing  o o c y t e  wi l l  c e r t a i n l y  not  b e  a b l e  to p r o v i d e  fo r  

s u f f i c i e n t  x a n t h o m m a t i n  p r e c u r s o r s  f o r  t h e  s y n t h e s i s  

of  a v i s i b l e  a m o u n t  of  t h e  p i g m e n t .  B e s i d e s ,  t h e  t e s t  

w i th  i s o l a t e d  l a r v a e  h a v e  a l s o  s h o w n  t h a t  n e i t h e r  t he  

o o c y t e  n o r  t h e  e m b r y o  of  a h e t e r o z y g o u s  m o t h e r  t a k e  

up  any  a m o u n t  of  x a n t h o m m a t i n  p r e c u r s o r s  w o r t h  

m e n t i o n i n g  to s t o r e  t h e m  fo r  p i g m e n t  s y n t h e s i s .  

In a l l  f e e d i n g  e x p e r i m e n t s  i t  w a s  s t r i k i n g  t h a t  t h e  

s p c  of  t h e  o r a n g e - e y e d  m u t a n t s  d e p o s i t e d  l e s s  p i g -  

m e n t  t h a n  t h e  p p c .  E v e n  t h e  t e s t e s  s h e a t h s  d id  not  

c o n t a i n  a n y t h i n g  l i k e  t h e  a m o u n t  of  x a n t h o m m a t i n  

w h i c h  wou ld  c o r r e s p o n d  to t h e  a m o u n t  of  t h e  p i g m e n t  

a p p e a r i n g  i n  t h e  e y e s .  Th i s  m a y  b e  a n  e x p r e s s i o n  of  

s e q u e n t i a l  x a n t h o m m a t i n  d e p o s i t i o n ,  b e g i n n i n g  o n e  

day  e a r l i e r  in  t h e  ppc  t h a n  in  t h e  s p c  a n d  t h r e e  d a y s  

e a r l i e r  t h a n  in  t h e  t e s t e s .  In t h e  l a t e r  s t a g e s ,  t h e  

s u p p l i e s  o f  p i g m e n t  p r e c u r s o r s  m e r e l y  t a k e n  up  w i th  

t h e  food  h a v e  o b v i o u s l y  b e e n  l a r g e l y  e x h a u s t e d .  It 

s e e m s  r e m a r k a b l e  t h a t  e v e n  t he  i m a g o  c a n  s t i l l  s y n t h e -  

s i z e  x a n t h o m m a t i n  f r o m  t h e  n e w l y  t a k e n  up  p i g m e n t  

p r e c u r s o r s .  

The  h e a d s  of  t he  h o u s e  f ly Musca domestiea c o n t a i n  

n e i t h e r  k y n u r e n i n e  n o r  t r y p t o p h a n  ( L a u d a n i  a n d  G r i g o -  

lo  1 9 6 9 ) .  P r o v i d e d  t h a t  t h e  c o n d i t i o n s  a r e  e q u i v a l e n t  

w i th  S. barbata, t h e  m u t a n t s  f ed  on  wild-type h e a d s  

s h o u l d  h a v e  d e v e l o p e d  t h e i r  e y e  p i g m e n t  f r o m  t h e  

x a n t h o m m a t i n  of  t h e  n o r m a l  f l i e s .  
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The fo l l owing  fac t  g i v e s  an  i n d i c a t i o n  of  how s o o n  

a new m u t a t i o n  m a y  be  d i s c o v e r e d  in  m a s s  b r e e d i n g .  

In S e p t e m b e r  1973,  t he  m a s s  b r e e d i n g  was  d i v i d e d  

into  two s t r a i n s  and in D e c e m b e r  1973 t h e  f i r s t  o r a n g e -  

e y e d ,  i . e .  h o m o z y g o u s  ivory f l i e s ,  a p p e a r e d  in one  

of  t he  two s t r a i n s .  This  was  the  F 2 of  the  newly  

founded  s t o c k .  This  m e a n s  tha t  t he  m u t a t i o n  m u s t  

h a v e  a r i s e n  in the  o r i g i n a l  g e n e r a t i o n s  o f  t he  new 

s t o c k  at the  l a t e s t ,  but  c e r t a i n l y  not  m u c h  e a r l i e r  

than ,  two g e n e r a t i o n s  b e f o r e  i t .  In t he  o t h e r  s t o c k  no 

w h i t e - e y e d  f l i e s  h a v e  ye t  o c c u r r e d .  

A c o m p a r i s o n  with  o t h e r  e y e - c o l o u r  m u t a n t s  s h o w s  

tha t  the  m u t a n t  ivory of S . b a r b a t a  i s  h o m o l o g o u s  to 

the  m u t a n t  vermilion of D.melanogaster (see: G r e e n  

1 9 5 5 ) .  M o r e  than  20 e y e - c o l o u r  m u t a n t s  of  the  

h o u s e  f ly  M, domestica h a v e  b e e n  d e s c r i b e d  (Mi l an i  

1967) ,  but h i t h e r t o ,  on ly  in t he  m u t a n t s  green and 

ocra i s  i t  known what  c a u s e d  the  c h a n g e  of  p h e n o t y p e .  

Both  of  the  m u t a t i o n s  i n f l u e n c e  the  m e t a b o l i s m  of  t he  

x a n t h o m m a t i n  p r e c u r s o r s .  In t he  c a s e  of  green t he  

s y n t h e s i s  of  t he  f o r m y l k y n u r e n i n e  i s  b l o c k e d  ( W a r d  

and H a m m e n  1957;  B o d e n s t e i n  1959) .  On the  o t h e r  

hand ,  ocra canno t  s y n t h e s i z e  3 - h y d r o x y k y n u r e n i n e  

(Laudani  and G r i g o l o  1969) .  

With the  mu tan t  snow of Apis mell i fera ( G r e e n  

1955) and the  mu tan t  a of  Ephes Via k i ihn ie l l a  (Kfihn 1956 ), 

a g a i n  the  s a m e  l ink of  t he  p i g m e n t  s y n t h e s i s  c h a i n  i s  

b l o c k e d  as  wi th  vermilion of Drosophilaand ivory of 

S. barbata. The mu tan t  lemon of C. erythrocephala (U1- 

l e r i c h  and L a n g e r  1974) m a y  p o s s i b l y  t a k e  up x a n -  

t h o m m a t i n  p r e c u r s o r s  f r o m  the  food l i k e  S.barbata 

and u s e  i t  f o r  the  p i g m e n t  s y n t h e s i s .  A d e t a i l e d  i n -  

v e s t i g a t i o n  of  t h i s  o b s e r v a t i o n  i s  in p r e p a r a t i o n  (U1- 

l e r i c h ,  p e r s .  c o m m u n i c a t i o n ) .  
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