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Summar~r.  A m a t h e m a t i c a l  method for ca lcu la t ing  the n u m b e r  of b l a s tode rm ce l l s  whose descendan t s  form the 
va r ious  imagina l  d i scs  is  d e s c r i b e d .  The method di f fers  f rom ava i lab le  approaches  in two r e s p e c t s :  (1) It is 
based only upon the f requency  of m o s a i c i s m  of the adult de r iva t ives  of a g iven imagina l  d i sc  and ignores  the 
r e l a t ive  su r f ace  a r e a  of the two gene t i ca l ly  marked  cel l  populat ions which c o m p r i s e  these  d e r i v a t i v e s .  (2) The 
method e s t i m a t e s  the average  number  of ce l l s  at the b l a s tode rm stage which give r i s e  to a pa r t i cu l a r  imagina l  
d i sc  and not at the deve lopmenta l  s tage at which r e s t r i c t i o n  of the pool of ce l l s  which wil l  form this  imagina l  
d i sc  o c c u r s .  Despi te  the i r  methodological  d i f fe rences  the e s t i ma t e s  obtained f rom this  method and f rom other  
approaches  a re  of the s a m e  o rde r  of magni tude and thus provide fur ther  suppor t  to the c u r r e n t l y  ava i lab le  e s t i -  
ma te s  and to the notion that r e s t r i c t i o n  of whole imagina l  d i scs  occurs  at the b l a s tode rm s t age .  The proposed 
method a l so  provides  a quant i ta t ive  approx imat ion  of the n o n - l i n e a r  r e l a t ionsh ip  that ex is t s  between the f r e -  
quenc ies  of m o s a i c i s m  of di f ferent  imag ina l  d i scs  and the number  of ce l l s  which c o m p r i s e  these  d i scs  ~ 

In t roduct ion  

The imagina l  d i scs  of Orosophila r e su l t  f rom p r o l i f e r a -  

t ion  of c l u s t e r s  of ce l l s  which a r e  set  as ide ea r l y  in 

e m b r y o g e n e s i s  ( s e e  U r s p r u n g  and NSthiger,  1972, for 

a r e v i e w ) .  It is of cons ide rab le  in t e re s t  to d e t e r m i n e  

the number  of b l a s tode rm cel l s  f rom which p a r t i c u l a r  

imagina l  or  l a rva l  s t r u c t u r e s  a r i s e .  Unfor tunate ly ,  

s ince  at the b l a s tode rm s tage  the ce l l s  which give r i s e  

to the va r ious  imag ina l  d i scs  a r e  cytological ly  ind i s t -  

inguishable  from the su r round ing  ce l l s ,  no d i r ec t  

method ex is t s  to de t e rmine  the i r  n u m b e r  (Gehr ing  

and NSthiger 1973).  The only ava i lab le  r e l evan t  in for -  

marion is based on ind i rec t  e s t i m a t e s  which a re  de-  

r ived  from s tud ies  of genet ic  m o s a i c s .  

In genet ic  mosa i c s  which a r e  the r e s u l t  of X - c h r o -  

mosome  e l imina t ion  ( g y n a n d r o m o r p h s ) ,  it is found 

that a c e r t a i n  body par t  which a r i s e s  f rom a s ing le  

imag ina l  d i sc  may i t se l f  be occas iona l ly  mosa i c ;  i . e . ,  

it is const i tu ted of two populat ions of ce l l s  of unl ike  

genet ic  cons t i tu t ion  (S tur tevant  1929).  In gynandro-  

morphs ,  where  e l imina t ion  of an X - c h r o m o s o m e  

usua l ly  occur s  dur ing  the ea r l y  c leavage d iv i s ions  

(S tur tevant  1929; G a r c i a - B e l l i d o  and M e r r i a m  1969; 

Hotta and Benze r  1972), this  m o s a i c i s m  can be in-  

t e r p r e t e d  by a s suming  that at the t ime  these  imagina l  

d i sc  p r e c u r s o r s  become de l inea ted  f rom other  ep ide r -  

mal  ce l l s ,  they a l r eady  cons i s t  of a gene t ica l ly  mixed 

populat ion of ce l l s  (S t e rn  1940).  

Methods exis t  that make it poss ib le  to e s t ima te  

the n u m b e r  of p r i m i t i ve  ce l l s  whose descendan t s  form 

a p a r t i c u l a r  adult body s t r u c t u r e ,  i . e . ,  the number  

of ce l l s  at the s tage of embryon ic  development  when 

r e s t r i c t i o n  (o r  a l locat ion)  of the pool of ce l l s  which 

wil l  form the body s t r u c t u r e  o c c u r s .  These methods 

a r e  based on m e a s u r e m e n t s  of the s m a l l e s t  f rac t ion  

of a comple te  mosa ic  s t r u c t u r e  of one genotype in a 

s igni f icant  number  of gyna nd r omor phs .  If it is a s -  

sumed  that the s m a l l e s t  f rac t ion  co r r e sponds  to the 

de r iva t ives  of a s ing le  p r imi t i ve  ce l l ,  then the r e -  

c ip roca l  of this  f rac t ion  provides  an e s t i m a t e  of the 

number  of p r i m i t i ve  ce l l s  (S t e rn  1940).  Thus, S t em ' s  

data cons is ted  of 26 gynandromorphs  with a mosa ic  

m e s o n o t u m .  In 11 out of these  26 gynandromorphs ,  

1/8 of the mesonota l  su r face  a r e a  cons is ted  of ce l l s  

of one genet ic  cons t i tu t ion  (XO or  XX) and 7/8  of 

the mesonota l  su r f ace  a r e a  cons is ted  of ce l l s  of the 

other  genet ic  cons t i tu t ion .  He concluded the re fo re  

that the m i n i m a l  number  of p r i m i t i ve  nucle i  which 

in i t ia te  the mesonotum is 8.  The accu racy  of such 

e s t i m a t e s  r e s t s  upon va r ious  s impl i fy ing  a s s u m p -  

t ions  ( s ee  Gehr ing  and NSthiger 1973, p .  219, for a 

r e v i e w ) .  Hence,  as S te rn  h i m s e l f  r ea l i zed ,  the meth-  
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od g ives  only an e s t i m a t e  of the o r d e r  of magni tude 

involved .  

In o r d e r  to c i r c u m v e n t  s o m e  of the d i f f icu l t i es  in- 

he ren t  in Stern 's  p r o c e d u r e ,  o ther  approaches  have  

been u sed .  G a r c i a - B e l l i d o  and M e r r i a m  (1969) based 

t he i r  e s t i m a t e s  on s c o r i n g  def ini te  cu t i cu l a r  land-  

m a r k s  in the adult ( r a t h e r  than total  s u r f a c e  a r e a ) .  

Pos t l e thwai t  and Schne ide rman  (1971) e s t i m a t e d  the 

number  of ce l l s  giving r i s e  to the antennal  d i sc  by a 

modi f ica t ion  of  Nance 's  (1964) method.  These th ree  

approaches  a r e  based on the a s sumpt ion  that al l  the 

ce l l s  which in i t ia te  an imagina l  d i sc  have s i m i l a r  

d iv i s ion  r a t e s ,  and hence  that t he i r  descendan ts  a r e  

equal ly  r e p r e s e n t e d  in the adult cu t i cu la r  s u r f a c e .  

E v i d e n c e  e~:ists, however ,  which indica tes  that  dif-  

fe ren t  r eg ions  of a d isc  may have d i f ferent  p r o l i f e r a -  

t ion r a t e s  (Gehr ing  and N6thiger  1973; Pos t le thwai t  

and Schne ide rman  1971).  All  t h r e e  approaches  a lso  

encounte r  the t echn ica l  di f f icul ty  of  de t e rmin ing  ac -  

cu ra t e ly  in each c a s e  what f rac t ion  of the p a r t i c u l a r  

m o s a i c  s t r u c t u r e  is of each genotype .  

In addit ion to the d i f f icu l t ies  inherent  in t he se  

f rac t iona l  methods  they provide  no in format ion  r e -  

garding the deve lopmen ta l  s t age  at which r e s t r i c t i o n  

of the pool of  ce l l s  which wil l  fo rm a p a r t i c u l a r  i m a -  

ginal  d i sc  o c c u r s .  The f rac t iona l  approach shows,  for  

example ,  that the min ima l  number  of ce l l s  which ini-  

t ia te  the fourth h a l f - t e r g i t e  is 8 but it does not show 

at what s t age  this  in i t ia t ion,  i . e . ,  r e s t r i c t i o n  f rom 

fur ther  supply of c e l l s ,  o c c u r s .  The mos t  l ikely  s tage  

at which r e s t r i c t i o n  occu r s  is  the b l a s t o d e r m  s tage  

( e . g .  Bryant  and Schne ide rman  1969), but c r i t i c a l  

e x p e r i m e n t a l  ev idence  is yet  l ack ing .  It s e e m s  d e s i r -  

able  t h e r e f o r e  to d e v i s e  a method that u ses  the f r e -  

quency of  m o s a i c i s m  of a d i sc  as its s t a r t i ng  point 

r a t h e r  than the f rac t ion  of  gene t i ca l ly  marked  ce l l s  

and that d e t e r m i n e s  the number  of b l a s tode rm ce l l s  

which g ive  r i s e  to a p a r t i c u l a r  imagina l  d i sc  r a t h e r  

than the number  of c e l l s  at the deve lopmen ta l  s t age  

at which r e s t r i c t i o n  o c c u r s .  In addit ion to provid ing  

a d i r e c t  e s t i m a t e  of  the number  of b l a s tode rm c e l l s ,  

such a method may provide  s o m e  insight concern ing  

the deve lopmenta l  s t age  at which r e s t r i c t i o n  o c c u r s  

and concern ing  the a c c u r a c y  of ava i lab le  e s t i m a t e s  

of  the number  of  p r i m i t i v e  c e l l s .  

S tur tevant  (1929) r e c o r d e d  f r equenc i e s  of  mo-  

s a i c i s m  of va r i ous  cu t i cu la r  s t r u c t u r e s  in Drosophila 

s~rt~lans gynandromorphs  and sugges ted  that the ob-  

s e r v e d  f requency  d i f f e r ences  a r e  probably  a function 

of the number s  of b l a s t o d e r m  ce l l s  f rom which the 

pa r t i cu l a r  imagina l  d i sc s  a r e  d e r i v e d .  Thus, the 

m e s o t h o r a c i c  d i sc  " is  most  often mixed .  This p r e -  

sumably  means  that it c o m e s  f rom a l a r g e r  number  

of  b l a s t o d e r m  ce l l s  than do the o ther  d i s c s " ( S t u r t e -  

vant 1929).  It is the purpose  of this  note to give a 

m o r e  quant i ta t ive  e x p r e s s i o n  to Stur tevant ' s  o r ig ina l  

ins igh t .  

The Method 

1. The r e l a t i onsh ip  be tween b l a s t o d e r m  ce l l  number  

and m o s a i c  f requency  

It is  c l e a r  that the l a r g e r  the number  (N) of  b las to -  

d e r m  ce l l s  which g ive  r i s e  to a g iven r eg ion  in the 

adult ,  the g r e a t e r  the probabi l i ty  (P)  that  th is  r eg ion  

wil l  contain ce l l s  of  unl ike cons t i tu t ion .  Now, P is 

an e x p e r i m e n t a l  da tum;  for  ins tance ,  the r igh t  o r  

left  fourth h a l f - t e r g i t e s  w e r e  m o s a i c  in 15 out of  a 

to ta l  of 94 gynandromorphs  s c o r e d  ( G a r c i a - B e l l i d o  

and M e r r i a m  1971).  Since the fly is b i l a t e r a l l y  s y m -  

m e t r i c a l ,  it may be approx ima ted  that the probabi l i ty  

that a gynandromorph  wil l  have a m o s a i c  r ight  hal f -  

t e r g i t e i s  1 5 / 2 •  or  P = 0 . 0 8 .  Note that P is 

roughly  equal  to the f requency  of m o s a i c i s m  of a c e r -  

ta in  r e g i o n  but that it is d e r i v e d  in a d i f fe ren t  manne r ;  

one is i n t e r e s t ed  h e r e  in comput ing the probabi l i ty  

that one b i l a t e r a l  r eg ion  is m o s a i c .  

The purpose  of this  paper  is to obtain a function 

which wi l l  make it poss ib l e  to compute  the number  

(N) of  b l a s t o d e r m  ce l l s  which g ive  r i s e  to a p a r t i c -  

u l a r  adult body r e g i o n  f rom a given P .  An ind i rec t  

approach  to th is  p rob l em  is  made  if it is a s s u m e d  that : 

1. At the end of b l a s t o d e r m  fo rma t ion ,  the ce l l s  

on the b l a s tode rm  occupy all  the ava i l ab le  space  in 

the c o r t i c a l  l aye r  and a r e  evenly  spaced  (Sonnenblick 

1950). 
2. There  a r e  at th is  s tage  s o m e  3400 c e l l s  on the 

b l a s t o d e r m  s u r f a c e  (Sonnenbl ick 1950).  

3 .  The b l a s t o d e r m  s u r f a c e  may be idea l i zed  as  a 

s p h e r e  on which "g rea t  c i r c l e s "  ( m o s a i c  boundar ies)  

a r e  drawn at r andom and each  such drawing event  is 

independent of the o the r s  ( P a r k s  1936 ; G a r e i a - B e l l i -  

do and M e r r i a m  1969; Hotta and B e n z e r  1972).  

4 .  The g rea t  m a j o r i t y  of  gynandromorphs  a r e  the 

r e su l t  of X - c h r o m o s o m e  loss  dur ing the f i r s t  m i to t i c  
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d i v i s i o n  s o  t h a t  t h e  m o s a i c  p a t t e r n s  o b s e r v e d  m a y  b e  

r e g a r d e d  a s  t h e  " r e s u l t "  of  d r a w i n g  g r e a t  c i r c l e s  o n  

a s p h e r e  ( H o t t a  a n d  B e n z e r  1972) . 

5 .  The  c e l l s  w h i c h  g i v e  r i s e  to  a g i v e n  p o s t - e m -  

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

b l a s t o d e r m  s u r f a c e .  

6 .  W h e n  t h e  g r e a t  c i r c l e  ( m o s a i c  b o u n d a r y )  i n -  

t e r s e c t s  a r e g i o n ,  t h i s  r e s u l t s  i n  c e l l s  of  u n l i k e  c o n -  

s t i t u t i o n ,  i . e . ,  a m o s a i c  s t r u c t u r e .  

S i n c e  t h e  c e l l s  o n  t h e  b l a s t o d e r m  s u r f a c e  a r e  e v e n -  

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

r e c t  : 

s u r f a c e  a r e a  o f  r e g i o n  of  
b l a s t o d e r m  w h i c h  g i v e s  r i s e  
to  a c e r t a i n  i m a g i n a l  d i s c  

t o t a l  s u r f a c e  a r e a  o f  b l a s t o -  
d e r m  

N ( n u m b e r  o f  b l a s t o -  
d e r m  c e l l s  in  t h i s  
r e g i o n )  

3 4 0 0 ( t o t a l  n u m b e r  o f  
c e l l s  o n  b l a s t o d e r m  
s u r f a c e )  

It  f o l l o w s  t h a t  in  o r d e r  to  o b t a i n  a n  e s t i m a t e  o f  N,  

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

a r e a  w h i c h  w i l l  g i v e  r i s e  to  a s i n g l e  u n i l a t e r a l  r e g i o n  

to  t h e  t o t a l  s u r f a c e  a r e a  of  t h e  e g g ,  g i v e n  t h e  p r o b a b i -  

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

t h i s  r e g i o n .  The  f o l l o w i n g  s e c t i o n  w i l l  p r e s e n t  a m a t h -  

e m a t i c a l  s o l u t i o n  to  t h i s  p r o b l e m .  

2 .  D e r i v a t i o n  o f  t h e  f u n c t i o n  r e l a t i n g  d i s c  s i z e  a n d  

m o s a i c  f r e q u e n c y  

G i v e n  a s p h e r e  o f  r a d i u s  lq a n d  a c i r c u l a r  r e g i o n  o n  

t h e  s p h e r e ,  w e  w i s h  to f ind  t h e  p r o b a b i l i t y  P t h a t  a 

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

c i r c u l a r  r e g i o n .  The  r e l a t i o n  o b t a i n e d  b e t w e e n  P and  

t h e  a r e a  o f  t h e  c i r c u l a r  r e g i o n  w i l l  e n a b l e  u s  to  f ind  

t h e  a r e a ,  g i v e n  P .  

The  f o l l o w i n g  d e f i n i t i o n s  a n d  c o n v e n t i o n s  w i l l  b e  

used: 

A "great circle" is any circle drawn on the sur- 

face of the sphere which divides the sphere exactly 

in half. The center of each such circle is the center 

of the sphere, the radius is R, and the circumference 

i s  2rrR u n i t s .  

When we say a great circle is drawn"at random" 

on the surface of the sphere, we mean that each such 

circle is as likely as any other to be the one drawn. 

From now on, all points we talk about will lie on 

the surface of the sphere. The distance between two 

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

t h e  p o i n t s .  

In  t h e  c o n t e x t  o f  p o i n t s  a n d  d i s t a n c e s  o n  t h e  s u r -  

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

a s  t h e  s e t  o f  p o i n t s  a d i s t a n c e  ~ R / 2  u n i t s  f r o m  s o m e  

f ixed  p o i n t  o n  t h e  s p h e r e .  W e  s h a l l  a l s o  b e  c o n s i d e r -  

ing  s m a l l e r  c i r c l e s  o n  t h e  s u r f a c e  o f  t h e  s p h e r e .  A 

" c i r c l e  o f  r a d i u s  r "  i s  t h e  s e t  of  a l l  p o i n t s  a d i s t a n c e  

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

" c e n t e r "  of  t h e  c i r c l e .  A " c i r c u l a r  r e g i o n "  of  r a d i u s  

r i s  t h e  i n t e r i o r  o f  s u c h  a c i r c l e ;  t h a t  i s ,  t h e  s e t  o f  

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

center c. 

Let A be a circular region of radius r < Nlq/2. We 

are interested in the probability P that a randomly 

drawn great circle intersects A. 

Remark : We make the restriction r < uR/2 in 

order to make A smaller than a hemisphere. If A 

were a hemisphere or a larger region, then the prob- 

ability would be I that a randomly drawn great circle 

would intersect A. 

The probability F is the same as the probability 

that a randomly drawn circle of radius r intersects 

a fixed great circle. Selecting a circle of radius r 

at random is equivalent to selecting the center of 

such a circle at random. This is of use to us, since 

w e  k n o w  t h e  p r o b a b i l i t i e s  a s s o c i a t e d  w i t h  p i c k i n g  a 

p o i n t  a t  r a n d o m .  The  p r o b a b i l i t y  t h a t  a r a n d o m l y  

c h o s e n  po in t  l i e s  w i t h i n  a g i v e n  r e g i o n  i s  t h e  r a t i o  of  

t h e  a r e a  of  t h e  r e g i o n  to  t h e  a r e a  o f  t h e  s p h e r e .  

Let  T b e  t h e  s e t  o f  p o i n t s  w h i c h  a r e  c e n t e r s  o f  

c i r c l e s  o f  r a d i u s  r i n t e r s e c t i n g  a g i v e n  g r e a t  c i r c l e .  

T h e n  T i s  t h e  s e t  of  p o i n t s  a d i s t a n c e  l e s s  t h a n  r 

u n i t s  f r o m  t h e  f ixed  g r e a t  c i r c l e .  It c a n  b e  p i c t u r e d  

a s  a b a n d  o f  w i d t h  2 r  a b o u t  t h e  g r e a t  c i r c l e .  A s  w e  

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

p o i n t  l i e s  in  T .  H e n c e ,  P = a r e a  of  T / a r e a  o f  t h e  

s p h e r e  = a r e a  o f  T/4rrR 2 .  

S i n c e  T i s  a b a n d  a b o u t  t h e  s p h e r e ,  t h e  p a r t  o f  t h e  

s p h e r e  not  c o n t a i n e d  in  T c o n s i s t s  o f  two  " c a p s " :  

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

e a c h  o f  r a d i u s  ~ R / 2  - r .  

The  s u r f a c e  a r e a  o f  a c i r c u l a r  r e g i o n  o f  r a d i u s  

a on  a s p h e r e  o f  r a d i u s  R i s  2 u R 2 ( 1 -  c o s  a / l q )  . ( S e e ,  

f o r  e x a m p l e ,  t h e  CRC H a n d b o o k  o f  T a b l e s  f o r  M a t h e -  

m a t i c s ,  1975 ,  p . 1 7 . )  Thus  t h e  a r e a  o f  T i s  4rrR 2 - 

2C2, R2(1- - : 2 
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Table 1. C o m p a r i s o n  of Independently Obtained P a i r s  of E s t i m a t e s  for  the Number  of  P r i m i t i v e  
and B l a s t o d e r m  Cel l s  

Region P Number  of  Authors  Number  of 
( f requency  of  p r i m i t i v e  b l a s t o d e r m  
m o s a l c i s m  in ce l l s  obtained ce l l s  obtained 
this  region)  by f rac t iona l  by E q .  (2) 

methods  

Wing 

Mesonotum 

Meso tho rac i c  
d i s c  
Four th  
h a l f - t e r g i t e  

Antenna 

Eye-antennal 
disc 

0.180 30 Ripoll  28 
1971 

0.  115 17 Ripol l  I I  
1971 

0 . 1 9  a 40 Ripol l  31 
1971 

0.08 8 G a r c i a -  5 
Bel l ido  
and 
M e r r i a m  
1971 

O. 180 8 Pos t l e thwai t  28 
a n d  
Schne ide rm an  
1971 

0.238 23 G a r c i a -  49 
Bel l ido  
and 
M e r r i a m  
1969 

a The published value of 0 .294 is an e r r o r  ( R i p o l l ;  

s in  r / R .  Then s ince  P = a r e a  of T/4~R 2, we have 

P = s i n r / R .  

Our a im was  to find a r e l a t i on  be tween P and the 

ra t io  of the a r e a  of the g iven c i r c u l a r  r eg ion  A to the 

a r e a  of t h e s p h e r e .  T h e a r e a  of  A is 2~R2( l - c o s  r / R ) .  

Since P = s i n r / R ,  we have c o s r / R  = n / 1 - - ~ .  Thus 

3. C o m p a r i s o n  of  e s t i m a t e s  of  p r i m i t v e  ce l l  numbers  

obtained by f rac t iona l  methods  to e s t i m a t e s  of  b l a s to -  

d e r m  ce l l  numbers  obtained by the m o s a i c  f r eqvency  

method 

It fol lows f rom the p reced ing  ana lys i s  that the number  

of b l a s t o d e r m  ce l l s  (N) which give r i s e  to a p a r t i c u l a r  

r e g i o n  may be e s t ima ted  f rom the following equat ion:  

o r  

Table 1 p rov ides  a c o m p a r i s o n  of  the e s t i m a t e s  of  

b l a s t o d e r m  ce l l s  obtained by means  of  E q . ( 2 )  to e s -  

t i m a t e s  of  p r i m i t i v e  ce l l s  obtained by f rac t iona l  ap-  

p r o a c h e s .  The value  of  G a r c i a - B e l l i d o  and M e r r i a m  

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

(1969) is based on Drosophila simulans gynandro-  

m o r p h s ;  the r e m a i n i n g  e s t i m a t e s  a r e  based on gy-  

nandromorphs  of  the s ib l ing  s p e c i e s  P.melanogaster .  

Given  the fact  that  both types  of  app roaches  r e s t  upon 

i m p r e c i s e  a s s u m p t i o n s ,  the gene ra l  a g r e e m e n t  between 

any pa i r  of e s t i m a t e s  lends suppor t  to the notion that 

the number  of  p r i m i t i v e  ce l l s  is equal  to the number  

of b l a s t o d e r m  ce l l s  which g ive  r i s e  to the s a m e  r e -  

gion and hence  that r e s t r i c t i o n  indeed o c c u r s  at th is  

s t a g e .  It appea r s  then that  N va lues  of  the s a m e  o r -  

de r  of magni tude  a r e  obtained with e i the r  approach .  

The only s igni f icant  d i f f e r e n c e s  involve e s t i m a t e s  of  

the antenna and eye -an t enna l  d i s c .  As we sha l l  s e e  in 

the fol lowing d i s c u s s i o n ,  t hese  d i f f e r e n c e s  may be 

expla ined e i t he r  by the a s sumpt ion  that r e s t r i c t i o n  

does  not o c c u r  at the b l a s t o d e r m  s tage  o r  by the m o r e  

p laus ib le  a s sumpt ion  that t hese  d i f f e r e n c e s  a r e  due to 

the inherent  i n a c c u r a c i e s  of both the m o s a i c  f r equen-  

cy method and the f rac t iona l  me thod .  

D is cuss ion 

It is  obvious that the mosaic frequencymethod is 

based upon idealizations of biological realities ; the 

egg, for instance, is not a sphere. Another example 

concerns the assumption that the mosaic boundary is 



Moti N i s san i  and C a r l a  Lipow: A Method fo r  E s t i m a t i n g  the Number  o f  B l a s t o d e r m  Ce l l s  7 

a s t r a igh t  l ine ;  the ac tua l  boundary is a l m o s t  c e r t a i n -  

ly qui te  convolu ted .  Also ,  s o m e  mixing of  nucle i  p r o -  

bably o c c u r s  be fo re  b l a s t o d e r m  fo rma t ion ;  th is  may  

r e s u l t  in a wiggly  boundary on the b l a s t o d e r m  s u r f a c e  

and would tend to i n c r e a s e  the f requency  of  i n t r ad i sc  

m o s a i c i s m .  We be l i eve ,  howeve r ,  that mos t  of  the 

under ly ing  expl ic i t  o r  impl i c i t  a s sumpt ions  made 

throughout  the deve lopment  of th is  method a r e  not 

c r u c i a l  to i ts  va l i d i t y .  Two a s sumpt ions  a r e  c o n t r o v e r -  

s i a l  and involve s o m e  u n c e r t a i n t i e s  and mus t  t h e r e -  

fo re  be cons ide r ed  h e r e :  

(a)  Although the method p rov ides  a r e l i a b l e  e s -  

t i m a t e  of  the f r ac t ion  o f  the b l a s t o d e r m  which is 

des t ined  to produce  a p a r t i c u l a r  d i sc ,  the c o n v e r -  

s ion  of  th is  f r ac t ion  into ce l l  number  depends  on an 

a c c u r a t e  e s t i m a t e  of  the to ta l  b l a s t o d e r m  ce l l  num- 

b e r .  Throughout th is  r e p o r t  it was  a s s u m e d  that this  

number  is roughly  equal  to 3400 (Sonnenbl ick 1950).  

Recen t ly  howeve r ,  Z a l o k a r  (1975) has c l a i m e d  that  

the to ta l  ce l l  number  at the t i m e  of  b l a s t o d e r m  fo r -  

mat ion  may  be as  high as  6400.  The e s t i m a t e s  de -  

r i ved  f rom Eq  (2) should be r e g a r d e d  t h e r e f o r e  as  

t en t a t ive  and should be modi f ied  if  Sonnenblick 's  wide-  

ly accep ted  e s t i m a t e  of  the to ta l  ce l l  number  is too 

low.  It should be s t r e s s e d  that  the impor t an t  f ea tu re  

of  the m o s a i c  f r equency  method is that it enab les  one 

to e s t i m a t e  the number  of  c e l l s  that c o m p r i s e  the 

b l a s t o d e r m  p r e c u r s o r s  of  a g iven  imag ina l  d i sc ,  g iven 

the e x p e r i m e n t a l l y  a s c e r t a i n a b l e  v a l u e s  of  the f r equen-  

cy  of  m o s a i c i s m  of th is  d i sc  and of the total  b l a s t o d e r m  

ce l l  n u m b e r .  

(b) The m o s a i c  f r equency  method r e f e r s  e x c l u s i v e -  

ly to the b l a s t o d e r m  e m b r y o n i c  s t age ;  m o r e o v e r ,  this  

is the only s tage  to which it can be meaningfu l ly  ap-  

p l i ed .  It should be s t rong ly  e m p h a s i z e d ,  howeve r ,  

that  th is  method is not c o m m i t t e d  to the c o n t r o v e r s i a l  

sugges t i on  ( c f . ,  Bryan t  and Schne ide rman ,  p .  285 

1969; Wieschaus  and Gehr ing  1975) that  d e t e r m i n a t i o n  

( o r  even  r e s t r i c t i o n )  of  a p a r t i c u l a r  group of  adjacent  

c e l l s  to f o r m  a p a r t i c u l a r  imag ina l  d i sc  o c c u r s  at th is  

s t a g e .  All  that  is  needed for  the method  to work  is  

that  a c o r r e l a t i o n  ex i s t s  be tween the pos i t ion  of  a 

g roup  of  c e l l s  on the b l a s t o d e r m  s u r f a c e  and the  pos i -  

t ion  of  t h e i r  descendan t s  in the adult and that  no s i g -  

nif icant  mixing of  nucle i  o c c u r s  a f t e r  the b l a s t o d e r m  

s t a g e .  The method  m e r e l y  p r o v i d e s  e s t i m a t e s  of  the 

a v e r a g e  number  of  ad jacent  c e l l s  on the b l a s t o d e r m  

s u r f a c e  whose  descendan t s  wi l l  fo rm one p a r t i c u l a r  

d i s c .  Thus fo r  e x a m p l e ,  the method ind ica tes  that  i f  

the f r equency  of  m o s a i c i s m  of the fourth h a l f - t e r g i t e  

i s  0 .08 and if the to ta l  ce l l  number  on the b l a s t o d e r m  

s u r f a c e  is 3400, then the a v e r a g e  number  of  ce l l s  

which wi l l  take par t  in the fo rma t ion  of  the adult 

fourth h a l f - t e r g i t e  is a p p r o x i m a t e l y  5.  If the total  

ce l l  number  is 6400, then the  number  is approx i -  

ma te ly  9.  Both methods  say  nothing about the t i m e  

in deve lopment  at which d e t e r m i n a t i o n  of  whole d i s c s  

o c c u r ,  i . e . ,  the t i m e  at which a ce l l  is i r r e v e r s i b l y  

e s t ab l i shed  to become  an i nde t e rm ina t e  par t  of a 

s p e c i f i c  d i s c .  The m o s a i c  f requency  method approx-  

i m a t e s  the a v e r a g e  number  of  b l a s t o d e r m  ce l l s  that  

wi l l  b e c o m e  involved in the fo rma t ion  of  the d i s c ;  the 

f r ac t iona l  approaches  app rox ima te  the number  of  

c e l l s  at the deve lopmen ta l  s t age  at which the p r e c u r -  

s o r s  of  the imagina l  d i sc s  a r e  i so la ted  f rom fu r the r  

supply of  c e l l s .  It fol lows that the e s t i m a t e s  of  the 

two approaches  a r e  c o m p a r a b l e  only inso fa r  as  

t he se  two s t a g e s  of deve lopment  a r e  i den t i ca l .  If 

they a r e  not ident ica l  then the two app roaches  e s t i -  

ma te  the number  of  c e l l s  which g ive  r i s e  to a p a r t i -  

cu la r  imag ina l  d i sc  at two d i f fe ren t  s t ages  of  e m b r y -  

onic deve lopment  and hence  each approach  may be 

va l id  and yet a r r i v e  at a diffe~rent e s t i m a t e .  Since  

r e s t r i c t i o n  of  the pool of ce l l s  which wil l  fo rm a 

p a r t i c u l a r  d i s c  probably  does  occu r  at the b l a s t o d e r m  

s t age ,  a c o m p a r i s o n  of  pa i r s  of  va lues  obtained by 

t he se  two approaches  was a t t empted  (Table 1) .  The 

fact  that  the va lues  d e r i v e d  f rom the m o s a i c  f r equen-  

cy method a r e  s i m i l a r  to the va lues  de r i ved  f rom 

f rac t iona l  approaches  sugges t s  that these  two d e v e l -  

opmenta l  s t ages  may be iden t i ca l .  Howeve r ,  the 

r e a d e r  should b e a r  in mind that ,  s t r i c t l y  s p e a k -  

ing,  the p roposed  method only a t t empts  to e s t i m a t e  

the number  of  b l a s t o d e r m  ce l l s  which g ive  r i s e  to 

p a r t i c u l a r  d i s c s  and that equat ing this  number  with 

the number  of  ce l l s  at the deve lopmen ta l  s t age  at 

which r e s t r i c t i o n  o c c u r s  must  await  fu r the r  e x p e r i -  

men ta t ion .  

The correspondence between values obtained by 

means of the mosaic frequency method to values ob- 

tained by means of fractional methods lends support 

to the notion that P is an important parameter in de- 

terminir~ the number of primitive cells and should 

not be ignored. When there is a discrepancy between 
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these  methods ,  a r e e x a m i n a t i o n  of the r epor ted  va lues  

may be n e c e s s a r y .  Fo r  in s t ance ,  the r epor t ed  f re -  

quenc ies  of m o s a i c i s m  for the wing and an tenna  a r e  

equal (Table 1) .  This fact sugges ts  that they or ig ina te  

f rom a s i m i l a r  number  of c e l l s .  Neve r the l e s s ,  the 

an tenna  anlage was es t ima ted  to cons i s t  of 9 ce l l s  

and the wing anlage of 30. We feel that the f o r m e r  

e s t ima te  is probably  m a r r e d  by the technica l  diff icul-  

t i es  involved in de t e rmin ing  the r e l a t ive  s i ze  of the 

two gene t ica l ly  marked  ce l l  populat ions in  the an tenna  

and hence ,  that it should be r e v i s e d .  

The mosa ic  f requency method makes  poss ib le  a 

quant i ta t ive  d e t e r m i n a t i o n  of the r e l a t i ve  n u m b e r s  of 

b l a s tode rm cel l s  which give r i s e  to di f ferent  imagina l  

d i s c s .  G a r c i a - B e l l i d o  and M e r r i a m ' s  (1969) modi f ica-  

t ion of S tem ' s  method,  for example ,  led them to the 

conc lus ion  that the number  of ce l l s  in the mesonota l  

anlage and the eye -an t enna l  anlage is roughly equa l .  

These worke r s  felt that this  was in con t rad ic t ion  with 

the i r  data that the e y e - a n t e n n a l  d isc  is mosa ic  ap- 

p rox imate ly  twice as often as the meso thorac ic  d i s c .  

They suggested the re fo re  that the eye -an t enna l  anlage 

conta ins  twice as many ce l l s  as the meso tho rac i c  

an lage .  Our a l t e rna t ive  approach sugges ts  that the 

f requency of m o s a i c i s m  of a s t r u c t u r e  is indeed r e -  

lated to the number  of b l a s tode rm c e l l s .  Moreover ,  

the mosa ic  f requency method shows that the r e l a t i on -  

ship between the f requency of m o s a i c i s m  and the num-  

ber  of b l a s tode rm cel l s  is not a s imple  l i n e a r  r e l a t i o n -  

ship (Ga rc i a -Be l l i do  and M e r r i a m  1969), but r a t h e r ,  

a more  compl ica ted  r e l a t ionsh ip  which is probably  

approximated  by E q . ( 2 )  above.  
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