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ABSTRACT 

Mork, J., Solemdal, P. and Sundnes, G.,1984. Biochemical 
genetic identification and population genetic studies of 
marine fish eggs. In: E. Dahl, D.S. Danielssen, E. Moks- 
ness and P. Solemdal (Editors), The Propagation of Cod 
Gadus morhua L. Flqjdevigen rapportser., 1, 1984: 713-719. 

The visually indistinguishable eggs of various fish 
species may be identified by species-specific zymograms. 
Polymorphic loci in identified eggs permit estimation of 
allele-frequencies for use in population structure analyses. 
General principles and practical procedures in such work are 
described, with references to results from recent applica- 

'tions. Potential applications in cod aquaculture are con- 
sidered. 

INTRODUCTION 

Traditionally, identifications of marine fish eggs are 

based on visual characteristics like size, texture, shape, 

peri-vitelline space, oil-drops, and embryo pigmentation 

(Russell, 1976) . 

*Contribution No. 222, Biological Station, N-7001 Trondheim, 
Norway 



E a r l y  development s t a g e  eggs  of  s e v e r a l  Norwegian gadoids  

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

e x t e n s i v e l y  between s p e c i e s  ( R u s s e l l ,  1976; Mork e t  a l . ,  

1983. 

R e c e n t l y ,  methods were d e s c r i b e d  by which p e l a g i c  f i s h  

e g g s  cou ld  be i d e n t i f i e d  by means of  s p e c i e s - s p e c i f i c  

t i s s u e  enzyme zymograms which were d i a g n o s t i c  i n  t h e  i n -  

v e s t i g a t e d  s p e c i e s ;  11 gadoids  and 6  f l a t f i s h e s  commonly 

o c c u r r i n g  i n  Norwegian w a t e r s  (Mork e t  a l . ,  1 9 8 3 ) .  

The a n a l y t i c a l  methods used;  i s o e l e c t r i c  f o c u s i n g  and 

s p e c i f i c  h i s t o c h e m i c a l  s t a i n i n g ,  proved v e r y  s e n s i t i v e  

and r e q u i r e d  minimal amounts o f  p r o t e i n  f o r  egg i d e n t i f i -  

c a t i o n s .  T h i s  a l lowed t h e  s c o r i n g  o f  enzymes a d d i t i o n a l  

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

f i e d  e g g s ,  and was u t i l i z e d  i n  a  p o p u l a t i o n  g e n e t i c  s t u d y  

o f  t h r e e  gadoid  s p e c i e s  by Mork and Sundnes ( 1 9 8 3 ) .  The 

p r e s e n t  r e p o r t  g i v e s  a  summary o f  t h e  g e n e r a l  p r i n c i p l e s  

f o r  and t e c h n i q u e s  used  i n  such  work, w i t h  r e f e r e n c e s  t o  

some p r a c t i c a l  r e s u l t s  and s u g g e s t i o n s  f o r  a d d i t i o n a l  a r e a s  

o f  a p p l i c a t i o n .  

MATERIALS A N D  METHODS 

Egg c o l l e c t i o n ,  p r e s e r v a t i o n  and p r e p a r a t i o n  

Live  eggs  c o l l e c t e d  w i t h  p l a n k t o n  n e t s  o r  pumps a r e  

a d e q u a t e  f o r  enzyme a n a l y s e s .  I t  i s  e s s e n t i a l ,  i n  o r d e r  

t o  p r e v e n t  enzyme i n a c t i v a t i o n ,  t o  a v o i d  exposure  t o  h i g h  

t e m p e r a t u r e s .  T h i s  a p p l i e s  t o  a l l  s t a g e s  o f  egg  h a n d l i n g .  

Immediate submersion and s t o r a g e  i n  l i q u i d  n i t r o g e n  ( - 1 9 6 ~ ~ )  

pending  t h e  e l e c t r o p h o r e t i c  a n a l y s e s  i s  recommended. A 

few minutes  b e f o r e  a n a l y s e s ,  t h e  eggs a r e  thawed a t  0 - 4 ' ~  

and macerated i n  20-50 ~1 o f  c o l d  d i s t i l l e d  w a t e r  o r  a  1% 

aquous s o l u t i o n  o f  t h e  c a r r i e r  ampholyte t o  be  used i n  t h e  

f o c u s i n g  g e l .  C e n t r i f u g a t i o n  i s  n o t  n e c e s s a r y .  Only p a r t  



of the egg extract should be used for identification, 

leaving spare extract available for analyses of additional 

enzymes. 

Analytical procedures 

The choice of the electrophoretic method is important 

when dealing with the small quantities of proteins present 

in most marine fish eggs. We have found that isoelectric 

focusing in polyacryleamide gel (IFPAG) is superior to 

starch gel electrophoresis with respect to ease of proce- 

dural standardization, band -resolution and -sharpness, 

and sensitivity. For isozyme detection, it is recommended 

that high concentrations of substrate and CO-factors in 

the incubation solutions shouldbe used. More detailed in- 

formation on procedures in IFPAG and histochemical detec- 

tion of various enzymes are given in Mork et al. (1983), 

Mork and Heggberget ( 1984 ) , and Mork and Sundnes (1  983) . 

Diagnostic enzymes 

The first step in establishing a diagnostic key to egg 

species will be an investigation of the zymogrammatic ex- 

pression of various enzymes in tissues from adult speci- 

mens in the relevant species. A wide range of enzymes 

can be detected by histochemical methods (c£, e.g., Harris 

and Hopkinson, 1976, for specific staining recipes). Since 

some species, particularly those which are closely related, 

may display identical zymograms for some enzymes, it may 

sometimes be necessary to study more than one enzyme in 

order to identify all eggs in a particular sample. This 

is one reason for not using all of the individual egg ex- 

tracts in the initial analyses. 

The next step will be to check which of the candidate 

enzymes are sufficiently expressed in eggs in early develop- 

mental stages to be detected zymogrammatically. This test 



i s  performed on eggs of known o r i g i n ,  p r e f e r a b l y  from con- 

t r o l l e d  c ros s ings  i n  t h e  r e l e v a n t  s p e c i e s ,  which a l s o  

a l lows simultaneous checks on t h e  p o s s i b l e  occurrence of 

unique embryonic enzyme l o c i ,  and t h e  g e n e t i c  c o n t r o l  of 

t h e  c h a r a c t e r i s t i c s  under s tudy.  

RESULTS 

Egg i d e n t i f i c a t i o n s  

A s tudy on t h e  zymogrammatic exp res s ion  of LDH (Enzyme 

Commission No. 1.1.1.27) i n  a  t o t a l  of 17 r e l e v a n t  gadoid 

and f l a t f i s h  spec i e s  from Norwegian c o a s t a l  waters  showed 

t h a t  t h e  whi te  s k e l e t a l  muscle predominating locus ,  which 

was s u f f i c i e n t l y  expressed i n  eggs a t  a l l  s t a g e s ,  was diag- 

n o s t i c .  Egg LDH analyses  t h u s  s u c c e s s f u l l y  solved t h e  

t r a d i t i o n a l  i d e n t i f i c a t i o n  problems i n  r o u t i n e  pe l ag i c  

egg samples t aken  i n  no r the rn  Norway c o a s t a l  waters  du r ing  

and s h o r t l y  a f t e r  t h e  spawning of t h e  Arcto-Norwegian cod 

s t o c k  (Mork e t  a l . ,  1983).  A t o t a l  of seven spec i e s  were 

r ep re sen ted  by t h e i r  eggs i n  t h e  samples i n v e s t i g a t e d .  

I n  o rde r  of t h e i r  r e l a t i v e  abundance they  were; cod, Norway 

pout ,  haddock, c o a l f i s h ,  p l a i c e ,  dab ,  and long rough dab. 

By s t r a t i f i e d  sampling wi th  p lankton  pumps a  marked d i f f e r -  

ence i n  t h e  v e r t i c a l  d i s t r i b u t i o n  of eggs from some s p e c i e s  

(e .g .  cod and Norway pout )  could be demonstrated.  There 

was a l s o  a  geographica l  v a r i a t i o n  i n  t h e  r e l a t i v e  abundance 

of eggs  from d i f f e r e n t  s p e c i e s  (Mork e t  a l . ,  1983).  

Popula t ion  gene t i c  s t u d i e s  of p e l a g i c  eggs 

When t h e  enzyme locus  used f o r  i d e n t i f i c a t i o n  purposes 

is  polymorphic, which occurs  n o t  i n f r e q u e n t l y ,  eggs geno- 

typed i n  t h e  i d e n t i f i c a t i o n  process  may simultaneously 

form a  b a s i s  f o r  t h e  e s t ima t ion  of popula t ion  a l l e l e  f r e -  



quencies .  Mork and Sundnes (1983) u t i l i z e d  polymorphisms 

a t  t h e  " i d e n t i f i c a t i o n "  LDH locus  i n  eggs from Norway pout 

and haddock f o r  such purposes.  They a l s o  scored  genotypes 

a t  a  polymorphic I D H  (E.C. 1.1.1.42) l ocus ,  by us ing  spa re  

e x t r a c t s  from i d e n t i f i e d  cod eggs ,  and compared a l l e l e  

f r equenc ie s  i n  samples from d i f f e r e n t  l o c a t i o n s .  

DISCUSSION 

Egg i d e n t i f i c a t i o n s  

The p r e s e n t  r e p e r t o i r e  of  spec i e s  whose eggs can be re- 

cognized by LDH zymograms is  no t  q u i t e  complete f o r  use 

i n  Norwegian wa te r s ,  a l though it i s  probably s u f f i c i e n t  

f o r  most p r a c t i c a l  purposes.  The s p e c i e s  l i s t  can probably 

be s i g n i f i c a n t l y  extended wi th  only  l i m i t e d  e f f o r t .  By t h e  

use of s e v e r a l  l o c i  it might be p o s s i b l e  t o  c o n s t r u c t  a  

complete biochemical  g e n e t i c  key t o  t h e  s p e c i e s  i d e n t i t y  

of  p e l a g i c  f i s h  eggs. However, we s e e  no immediate need 

f o r  a  change of methods i n  ca ses  where v i s u a l  i d e n t i f i c a -  

t i o n s  work we l l .  Rather ,  biochemical  i d e n t i f i c a t i o n  pro- 

v i d e s  a  va luab le  a l t e r n a t i v e  i n  s p e c i a l  c a s e s ,  f o r  i n s t ance  

t h e  no to r ious ly  d i f f i c u l t  v i s u a l  d i s c r imina t ion  between 

eggs from cod and haddock, and t o  a  c e r t a i n  degree  some 

o t h e r  gadoids and f l a t f i s h e s  i n  Norwegian waters .  I n  com- 

b i n a t i o n  wi th  d iameter  measurements, t h e  biochemical  iden- 

t i f i c a t i o n  may a l s o  be used t o  update t h e  s p e c i e s  egg d i a -  

meter d i s t r i b u t i o n s  c u r r e n t l y  i n  use f o r  v i s u a l  i d e n t i f i -  

c a t i o n .  There i s  reason t o  suspec t  t h a t  t h e s e  d i s t r i b u t i o n s ,  

which may be based on a  l imi t ed  number of measurements, o r  

measurements i n  eggs from a  l i m i t e d  number of p a r e n t s ,  may 

not  be s u f f i c i e n t l y  r e p r e s e n t a t i v e  f o r  t h e i r  own popula t ion ,  

and d e f i n i t i v e l y  not  f o r  o t h e r  popula t ions .  



718 

P o p u l a t i o n  g e n e t i c  s t u d i e s  of  p e l a g i c  f i s h  eggs 

Each f e r t i l i z e d  egg i s  a  member o f  t h e  p o p u l a t i o n ,  and 

egg samples may p r o v i d e  r e l i a b l e  e s t i m a t e s  of g e n e t i c  

p o p u l a t i o n  p a r a m e t e r s .  However, a s  d i s c u s s e d  by Mork and 

Sundnes ( 1 9 8 3 ) ,  s p e c i a l  c a r e  should  be t a k e n  t o  check t h a t  

t h e  egg  sample i s  r e p r e s e n t a t i v e  o f  t h e  p o p u l a t i o n  a s  a  

whole; under  c e r t a i n  c i r c u m s t a n c e s  t h e r e  i s  an obvious  

r i s k  t h a t  eggs  from o n l y  a  few females  a r e  c o l l e c t e d  i n  a  

b a t c h ,  f o r  i n s t a n c e  d u r i n g  f i x e d  d e p t h  sampling ( p l a n k t o n  

pump) d u r i n g  o r  s h o r t l y  a f t e r  egg r e l e a s e .  

When p l a n k t o n i c  egg samples can  be  c o n s i d e r e d  a s  r e p r e -  

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

method of  c o l l e c t i n g  and p r o c e s s i n g  l a r g e  numbers of  i n d i -  

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

Due t o  t h e  l i m i t e d  amounts of  p r o t e i n s  a v a i l a b l e  i n  e g g s ,  

t h e  number of  l o c i  which c a n  be s c o r e d  i n  e a c h  i n d i v i d u a l  

w i l l  be  lower t h a n  i n  more developed specimens.  D e t a i l e d  

s t u d i e s  have y e t  n o t  been performed on t h i s  a s p e c t ,  b u t  i n  

p i l o t  exper iments  we have s c o r e d  f i v e  d i f f e r e n t  enzymes 

( t o t a l l i n g  seven l o c i ,  o f  which f o u r  were polymorphic)  i n  

i n d i v i d u a l  cod eggs .  Thus, t h e r e  seem t o  be  a  p o t e n t i a l  

f o r  r o u t i n e  use  of  p e l a g i c  f i s h  eggs  i n  p o p u l a t i o n  g e n e t i c  

s t u d i e s .  

A p p l i c a t i o n s  i n  cod a q u a c u l t u r e  

A s  shown by Mork e t  a l .  ( 1 9 8 3 ) ,  egg  zymogram t e c h n i q u e s  
l 

a r e  a  r a p i d  way of c o n t r o l l i n g  t h e  h e r e d i t y  o f  p o s s i b l e  

g e n e t i c  markers  by a n a l y s e s  of  egg  b a t c h e s  from c o n t r o l l e d  

c r o s s i n g .  I n  t h i s  way t h e  t ime  needed t o  g e t  t h e  d e s i r e d  

i n f o r m a t i o n  from t h e  c r o s s i n g  i s  minimized.  Presumably, 

a  cod a q u a c u l t u r e  i n d u s t r y  would imply a  l a r g e  s c a l e  p ro-  

d u c t i o n  of f r y  f o r  use  i n  p r o p a g a t i o n .  P o s s i b l y  a l s o ,  

s e l e c t i o n  programs w i l l  b e  a p p l i e d  i n  o r d e r  t o  i n c r e a s e  

i n d i v i d u a l  p r o d u c t i o n  r a t e s .  I n  t h i s  s i t u a t i o n  t h e r e  i s  



a  danger of unwanted inbreeding  and t h u s  l o s s  of  gene t i c  

v a r i a t i o n .  The importance of mainta in ing  s u f f i c i e n t l y  h igh  

l e v e l s  of g e n e t i c  v a r i a t i o n  i n  ha tchery  popu la t ions  has 

been s t r e s s e d  by s e v e r a l  au tho r s  ( c f ,  e . g . ,  Hynes e t  a l . ,  

1981, and r e f e rences  t h e r e i n ) .  The most d i r e c t  measures 

of l e v e l s  of g e n e t i c  v a r i a b i l i t y  a r e  obta ined  by e l e c t r o -  

p h o r e t i c  methods, which t h u s  a l low a  monitoring of t h e  i n -  

breeding  s t a t u s  of l abo ra to ry  s tocks .  For obvious reasons  

i s  would be d e s i r a b l e  t o  perform such measurements a s  e a r l y  

a s  p o s s i b l e  a f t e r  t h e  c r e a t i o n  of a  f i l i a l  gene ra t ion .  

Here mul t i - locus  ana lyses  of  eggs may provide  a  nea r ly  i n -  

s t a n t  c o n t r o l  of  t h e  amount of g e n e t i c  v a r i a t i o n  i n  o f f -  

s p r i n g  ba tches .  
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