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Abstract

In F rance, m arine  fish a n d  shellfish  fa rm ing  is b ased  m ain ly  o n  th e  
b reed in g  of w ild  species, w h o se  n a tu ra l p o p u la tio n s  a re  tra d itio n a lly  
ex p lo ited . R esearch  p ro g ram s a re  c o n d u c te d  b y  IFREM ER, in  co -o p era tio n  
w ith  IN RA  a n d  U niversities . F ren ch  research  p ro g ram s fo r th e  genetical 
im p ro v em en t o f m arine  fish  a n d  shellfish  co n cern  p rim arily  seab ass  
( Dicentrarchus labrax) a n d  o y s te rs  ( Ostrea edulis and Crassostrea gigas). T h e  
fo llow ing  p ro g ram s are  d ev e lo p ed :
•  T h e  know ledge  of w ild  a n d  fa rm ed  p o p u la tio n s . T h e  m o s t recen t 

p ro d jec ts  invo lve  th e  h ighly  v a ria b le  m ic ro sa te llite  m ark ers . S even  m a rk e rs  
a re  p re sen tly  ava ilab le  for seab ass  a n d  th e  w o rk  is n o w  in itia te d  on  
tu rb o t  ( Scophthalmus m axim us). In  m olluscs, m icro sa te llite  m a rk e rs  h av e  
b een  dev e lo p ed  for th e  E u ro p ean  fla t o y s te r  (O.edulis).

•  T h e  con tro l of sex -ra tio s. R esearch  p ro g ram s in p h y sio lo g y  a n d  
d ev e lo p m en ta l genetics a re  in itia te d  in o rd e r to  co n tro l sex -ra tio s  in 
seabass.

T h ese  p ro g ram s inc lu d e  th e  p ro d u c tio n  of gynogenetic  p ro g en ies  a n d  th e  
s tu d y  of th e  sex-ratios o f p ro g en ies  issued  from  th e  crossing  o f h o rm o n a lly  
fem in ised  o r m ascu lin ised  b re e d e rs  w ith  no rm al ones.

•  T h e  p ro d u c tio n  of p o lyp lo id s. T rip lo id  seab ass  h a v e  been  p ro d u c e d  using  
high p ressu re  a n d  th e rm a l sh o ck s. T h e  resu lts  a f te r  6  m o n th s  sh o w  a 
lo w er su rv iv a l an d  g ro w th  co m p ared  w ith  d ip lo id  co n tro ls . T rip lo id  
o y ste rs , p ro d u ced  using  chem ica l tre a tm e n ts  (c y to c h a la s in  B o r  6 -D M A P ), 
sh o w  b e tte r  p e rfo rm an ces  c o m p a re d  to  dop lo ids.

•  T h e  es tab lish m en t of b reed in g  p ro g ram s fo r tra its  o f  co m m erc ia l in te re s t. 
For m arin e  fish, se lec tion  p ro g ram s a re  in itia ted  b y  in d u s tr ie s  a n d  a re  
sc ien tifica lly  su p p o rte d  b y  resea rch  in s titu te s . T h e  tra n s fe r  to  th e  
in d u s tr ie s  is en su red  b y  SYSAAF, a specia lised  s tru c tu re  th a t  eases  th e
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a d a p ta tio n  o f th e  p ro fessiona l n e tw o rk  fo r th e  d e v e lo p m e n t of genetical 
im p ro v em en t p ro g ram s. In  th e  fla t o yste r, a b reed in g  p ro g ram  fo r th e  
re sis tan ce  ag a in s t Bonamia osteae  has- b een  in itia te d  in  1 9 8 5  b y  
IFREMER. R esu lts  sh o w  a b e tte r  su rv iv a l o f se lec ted  p o p u la tio n s  
co m p ared  w ith  w ild  con tro ls .

1. Fish Genetics

1.1 .  Introduction

Fish farming in France started  in the seventies when most effort w as devoted to doing

the spadework om larval rearing  techniques of several species. A m ong these the follwing

3 species of high commercial value are presently industrially produced:

• th e  sea bass, Dicentrarchus labrax,

• th e  sea bream , Sparus auratus,

• and  the  tu rb o t, Scophtalmus maximus.

In 1982, 3 farm s w ere  p ro ducing  about 3 to 400,000 fry and  40 to n s of com m ercial 

size fish. Today, 40 farm s p roduce  12 m illion fry and  rough ly  1,600 to n s of 

com m ercial size fish.

T h e  basic zootechny of th e se  species a re  p resen tly  co n sid e red  to  be m aste red  and  

re sea rch  efforts a re  now adays co n cen tra ted  on g en e tic  im p ro v em en t. T h re e  a im s a re  

being  developed  w hich are :

• th e  know ledge of w ild and farm ed  populations

• the  contro l of th e  sex -ra tio s

• and the  con tro l of sexual m atu ra tio n  th ro u g h  p ro duc tion  of triploids.

1 .2 . The K now ledge  of Wild and Farmed Populations

Up 1993. th e  broodstock  u tilised  for in d u stria l p roduction  of sea  bass, sea  b ream  

and  tu rb o t o rig inated  m ainly  from  dom estic  groups, ran d o m ly  chosen  o n ex te rn a l 

“beau ty  asp ec t” . D uring  th e  last 3 years, m ost farm s s ta r te d  d o m estica tio n  p rog ram s 

and  severa l re sea rch  in s titu te s  such  as IFR EM ER  (F re n c h  In s titu te  for E xp lo ita tion  

of th e  S ea), INRA (N ationa l In s titu te  for A gronom ic R e se a rc h ) , CN RS (N ational 

C en tre  for Scientific  R eaea rch ) and U n iversities developed  p ro g ram s to help  to 

acqu ire  som e know ledge of w ild and  dom estic  populations.

F lypervariable m a rk e rs  such  as m icro sa te llites  are , for exam ple , availab le for sea 

bass (G arcia De Leon et al„ 1995a) and  tu rb o t (u n p u b lish e d  re su lts )  and  th e se
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spec ies a re  undergo ing  s tu d ie s  on th e  variab ility  of w ild and  dom estical stocks. T he 

sam e k ind  of w ork is being done on sea b ream  in G reece and Italy.

Such m a rk e rs  are  not only useful for the  b roodstocks m anagem ent but also for 

te s tin g  in orig inal se lec tion  program s. T hey  allow ed, for exam ple, to  assess  the  

p a ren tag e  of all th e  individuals m ass-rea red  in th e  a single tank though  issued  from  

d iffe ren t p rogen ies ob tained  from  severa l couples. In th is  way, it w as possib le to 

rea lise  a g en e tic  analysis of quan tita tive  ch a ra c te rs  (su rv ival, body w eight, length  and 

body m alform ation, condition  coefficient) on larvae (G arc ia  De Leon et al., 1995b). 

M ale a n d /o r  fem ale effects could be po in ted  ou t in th e  very  early  life stage  w hich 

is {a f ir s t)  in th e  fish quan tita tive  gene tic  h istory .

1 .3  The Control of Sex-Ratio

T h e m ain  objective of th e  sex-ra tio  con tro l is to  p roduce monosexe populations 

w hen  th e  perfo rm ances of one  sex  is su p e rio r  to  th e  o th e r sex. A m ong th e  fish 

w hich in te re s t us, th e  fem ale sea  bass are  tw ice th e  w eight of th e  m ale sea  bass at 

3 y ea rs  old ( lk g  instead  of 0.5kg) (C hata in , u n p u b lish ed  re su lts ) .

U nfortunate ly , th e  sex -d e te rm in ism  of th e  sp ec ies  is unknow n, its caryotype 

d o e sn 't  show  any heterochrom osom e (C a tau d e lla  et al., 1973) and  th e  sex  ra tio  of 

re a re d  popu la tions is unbalanced: 70 to  100% of re a re d  sea  bass are  m ales (Pacalle t, 

1993). S uch  a unbalance cannot be exp la ined  by a sim ple he terogam etic  m odel such  

as XY o r ZW. T h e  m ajor aim  of th e  p rog ram  co ncern ing  the  sea  bass is th e re fo re  

devo ted  to  th e  u n d e rs tan d in g  of th e  sex  d e te rm in ism  processes by s tudy ing  th e  sex- 

ra tio  of gynogenetic  fish or th e  sex -ra tio  of p ro g en ies  issued  from  th e  crossing  of 

norm al w ith  hom onally inverted  b reed ers .

In o rd e r  to m asculin ised  or fem in ised  fishes, 17 a -m eth y lte s to ste ro n e  and 

oestrad io l tre a tm e n ts  have been  te s ted . T h e  b est tre a tm e n ts  show  100% 

m ascu lin isa tion  bu t in 10% of th e se  th e re  w as abnorm al te s tis  d eve lopm en t ( te s tis  

nod u les  a n d /o r  sperm iduct a tro p h y ). N ev e rth e le ss , te s tis  c ru sh in g  of su ch  fish 

allow ed fertilisa tion  ra tes  sim ilar to  con tro l fertilisa tion  rea lised  w ith  norm ally  

e jacu la ted  sperm . O estradiol tre a tm e n ts  en d e d  in 100% inversion  and  n e rv e r 

induced  any  ovary deform ity

21 c ro sse s  betw een  in v erted  b re e d e rs  and  no rm al on es w ere  d one  in 1994 and th e  

sex -ra tio s  of th e ir  p rogen ies are  aw aited  for beg inn ing  of 1997. R esu lts  canno t be 

o b ta ined  ea rlie r as th e  phenotypic  sex  can n o t be recognised  (e v e n u n d e r  histology



144 Pierre ßoudry , Béatrice Chatain. Yamama Naciri-Graven. Christophe Lem aire and A ndrérard

exam ination) before th e  fish reach  abou t lOO gnt w as ind eed  d e m o n s tra te d  th a t 30% 

of the  fish a re  still se x -u n d e rte rm in ed  at 5 0 g (C a u v in , 1993; Saillant, 1995).

E arly sex ing  m eth o d s a re  u n d e r  investigation  and som e hopeful re su lts  have 

recen tly  been ob tained  by m easu rin g  levels of 17 /3-oestradiol level in blood after 

stim ulation  w ith gonadochorion ic  horm one (S allan t, 1995). G onad echographic  

recognition w as te s ted  w ithou t su ccess  (Saillan t, 1995).

T he know ledge of th e  gynogenetic  fish sex -ra tio  is also aw aited  at beg inn ing  of 

1997. F ou r m eth o d s w ere  u tilised  to produce  such  fish :U .V .irrad iation  (8  m in) of 

hom ologous or he tero logus (se a  b ream ) spem  w ith re s to ra tio n  of d ip lo idy by high 

p re ssu re  or th e rm al shock (8 ,000psi d u rin g  2 m in, or 2°C d u rin g  20 m in, 6 m in after 

fertilisa tion). F ertilisa tion  ra te s  v aried  from  30 to 50% and  ha tch in g  ra te s , the  non

participation  of th e  pa te rn a l DNA is verified  w ith m icrosate llite  m ark e rs  (P e ru zz i et 

at., unpub lished  re su lts ) .

T he zootechnical p e rfo rm an ces of th e  6 gyongenetic  fish g ro u p s we a re  p resen tly  

rearing , a re  nearly  th e  sam e as th e ir  con tro ls  in th e  follow ing ways:

• significant d ec rea se  in su rv ival d u rin g  th e  larval re a rin g  and  n u rse ry

• no difference in growth (betw een-25 to + 5 4 % )  in 12 m onth old f is h (5 0 ~ 6 0 g )

An enorm ous variab ility  in th e  re su lts  is d u e  to  the  b e tw een -fem ales  variability .

1 .4  The Control o f  Sexual Maturation

In Salm on, s te rility  can be obtain  by trip lo id isation . It in d u ces  g row th  gain  and 

g rea tly  im proves flesh  quality  by su p p e rss in g  the gonad  m a tu ra tio n  a n d /o r  

developm ent (C h o u rro u t, 1980).

Such a re su lt is aw aited  for sea  bass w h ere  m eiotic tr ip lo id s  w ere  p ro d u ced  in 

1994 using, as for gynogenesis, h y p er p re s su re  or therm al shocks to doub le  th e  ovule 

DNA content. T h e  best ferilisa tion  ra te s  a re  ob tained  by p re s su re  shock and  are 

abou t 70% com pared  to  the  contro l. T h e  trip lo idv  ra tes, verified  by flux cytom etry , 

a re  always 100% (P eru zz i ct at., u n p u b lish ed  re su lts ) .

T he zootechnical p e rfo rm an ces of the  trip lo id  fish we a re  p re se n tly  re a rin g  a re  the  

following:

• a d rop  of of 4 to 12% in su rv ival d u rin g  th e  larval re a rin g

• no d ifference in surv ival d u rin g  n u rse ry

• and a 25% d ifference  in g row th  at 6 m o n th s  o l d ( l 0 ~ 2 5 g )

As for gynogenetic fish, variab ility  in th e  re su lts  is d u e  to  the  b e tw een -fem ales
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variability . It is expec ted  tha t, as  in Salm on, th e  g row th  delay  will be com pensated  

and  tran sfo rm ed  to gain a fte r  th e  first m atu ra tion .

2. Shellfish Genetics

In F rance, shellfish  farm ing  is an im p o rtan t activ ity  in te rm s  of econom ics and 

em ploym ent. It is m ainoy based  on th e  collection of w ild sp a t of tw o species:

• th e  flat oyster, Ostrea edulis, w hose p roduction  is s trong ly  red u ced  d u e  to two 

protozoan p a ras ite s  (M e u rio t and  G rizel, 1984) (p ro d u c tio n  in 1995 1 l,800 t).

• th e  cupped  oyster, Crassostrea gigas, in tro d u ced  in to  F ran ce  a fte r  m assive 

m ortality  of C. angulata  (G rize l and  H éral, 1991) (p ro d u c tio n  in 1995 1 150,000 

t) . T h e  two m ain s ite s  for spat collection a re  A rcachon and M arennes-O léron .

2.1 Production and Performance of Triploids

In th e  cupped  o y ste r C. gigas, as in m ost bivalves, th e  re so u rces  allocated th e  

rep ro d u ctio n  a re  know n to be very  high 1 6 0 ~ 5 6 %  of re so u rces  in 2-year old 

o y ste rs  (D eslou-Paoli and  H éral, 1983). As gonadogenesis  is s trong ly  red u ced  in 

trip lo id s (A llen  and  Dow ning, 1986), trip lo id  o y ste rs  a re  ex p ec ted  to  allocate 

re so u rc e s  tow ards grow th , th a t w ould o th erw ise  be  allocated to  rep ro d u c tio n . In  

m olluscs, ovocytes a re  expe lled  a t a e a r lie r  stage  th an  in fish (i.e. a t th e  en d  o r  the  

p ro p h ase  stage ot th e  beg inn ing  of th e  m etap h ase  of th e  fist m ito tic  d iv ision ). 

T here fo re , both first o r second  ploar body expu lsion  can be ta rg e te d  to produce  

trip lo id  m olluscs.

T h e  p roduction  of tr ip lo id s  hsa been  successfu lly  p erfo rm ed  in C. gigas (D esro s ie r  

et al., 1993; G éard  et al., 1994a), 0. edulis (G e n d re a u  and  G rizel, 1990, H aw kins et 

al., 1994), Ruditapes philippinarum  (D ufy an d  D iter, 1990) and  R. decussatus (G é ra rd  

et al., 1994b). A new  m ethod , based  on tre a tm e n t of ovocytes u sin g  6- 

D im ethy lam inopurine  (6-D M A P) has been developed  (G é ra rd  et al., 1994a). T h is  

m ethod  hasproved  to be ea s ie r  to use (6-D M A P is solved in sea  w ater, no DM SO 

is u se d ) , less  toxic and  equally  efficient as th e  one based  on C ytochalasine  B (C B ) 

(D ow ning and  Allen, 1987). P e rcen tag e  of tr ip lo id s am ong larvae  is a ssessed  

jsing im age-analysis  te ch n iq u es  (G é ra rd  et al., 1994c). T h is  te s t allow ed th e  

optim isation of trip lo id  production , the  trip lo id  p ercen tag e  being  u sua lly  above 80% .
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T h e  m ajor p a ra m e te rs  for trip lo id  in d uc tion  using  6-DM AP are  th e  tim ing, length , 

and  co n cen tra tio n  of th e  tre a tm e n t, as w ell' a s  te m p e ra tu re  of incubation.

In o rd e r  to  te s t th e  g row th  advan tage  of trip lo ids against diploid contro ls, a 

m u ltis ite  ex p erim en t was p erfo rm ed  from  Jan u a ry  1993 to Jan u ary  1995 (u n p u b lish ed  

d a ta ) . S ignificant d ifferences w ere  found  for total w eight, body w eight, condition  

index , glycogen and  lipid con ten t. A m ong th e  4 ex p erim en ta l sites, th e  largest 

d ifference  betw een  trip lo id  and  dipliod con tro ls  w as found in th e  w arm est habitat: 

th e  T h au  lagoon (M e d ite rra n ea n  S ea). U n d e r th e se  conditions, body w eight of 

trip lo id s  w as 38% h igher than  diplo ids. U n d e r th e  coolest trophic  cond itions 

(N o rm an d y ) th is value is equal to  20%

T h is  ex p erim en t d em o n stra te s  th a t trip lo id  o y ste rs  show  b e tte r  perfo rm ance  in 

te rm s  of g row th  and  quality  (i.e  giyicogen co n ten t)  in all sites. T ra n sfe r  to  in d u stry  

has been  in itia ted  for th e  com m ercial p ro d u c tio n  of trip lo id  oysters. T h is  could be 

of g rea t in te re s t for th e  deve lopm en t of h a tch ery  com pan ies p roducing  spat in 

F rance.

2 .2  Selection  for R esistance to Parasites

F arm in g  of the  flat o y ste r O.edulis had  recen tly  to face tw o successive  ep idem ics. 

In  th e  70 's, Martelia refringens affected  th e  e s tu a ry  p roduction  areas, lim iting  the  

fa rm ing  to  sub tidal areas. S ince th e  8 0 's , th is  p roduction  has been  affected  by 

Bonamia ostreae. T h ese  two p a ra s ite s  a re  d irec tly  responsib le  for a d ra s tic  d ro p  in 

th e  F ren ch  p roduction  of flat o y s te rs  from  20 ,000t/year in th e  7 0 's  dow n to  1800 t 

in 1995. In  1985, a p rog ram  w as in itia ted  in o rd e r  to  se lec t o y ste rs  re s is ta n t to  B. 

ostreae. Selection  for B. ostreae re s is tan ce  w as favoured over selection  for Martelia 

re s is tan ce  since th e  tech n iq u es  of isloation , purification  and  inoculation of B. ostreae 

w ere  available (M ia lhe  et al.. 1988; H erv io  et al., 1995), w hile exp erim en ta l 

inoculation of M. refringens is not yet available. T h e  artificial inoculation of the  

p a ra s ite  sh o rte n s  th e  sc reen in g  of re s is ta n t o y s te rs  from  3 ~ 4  y e a rs  dow n to  1 year, 

allow ing a genera tion  of se lec tion  in only  2 years.

Tw o d iffe ren t s tra in s  have been  dev e lo p ed  since  1985 (M a rtin  et al. 1993) T hey  

a re  now respectivel in th e ir  second and  th ird  g en era tio n  of selection . T h ey  show  

significant re s is tan ce  fot Bonamia  w hen  co m p ared  w ith con trlos, b o th  in th e  case of 

ex p e rim en ta l infection w ith  th e  p a ra s ite  an d  in field te s ts  in a re a s  w h e re  th e  p a ras ite  

occu rs na tu ra lly  (N ac iri-G raven  et al., in p re p ) . In a field ex p e rim en t th a t ra n  over
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22 m onths, th e  survival of th e  m ost advanced  s tra in  w as 59% , w hile surv ival in the  

contro l w as only 13% . T he firs t g en e ra tio n s  w ere  based  on m ass selection , bu t th e  

program  is now based  on b ip a ren ta l c ro sses  in o rd e r  to  op tim ise  th e  population 

effective size and  to  avoid in b reed in g  d ep ress io n . T h ese  full-sib fam ilies should  also 

provide an estim a te  of th e  gene tic  basis of th e  resistance . A dditionally, the  

m e a su re m e n t of th e  grow th of hyb rid s  am ong s tra in s  show s b e tte r  perfo rm ance  than  

th e  w ild control.

T he d ev e lopm en t of m icrosa te llite  m a rk e rs  has also been in itia ted  in o rd e r  to  

a sse ss  level of gene tic  variab ility  in th e  se lec ted  s tra in s  and, in a second step, to 

es tab lish  a linkage m ap and  to  iden tify  m a rk e rs  linked to  the  re sis tan ce . T he first 

3 loci (N aciri et al„ 1995) show  co n tras ted  levels of po lym orphism  1 from  5 to 48 

a lle les p e r locus at th e  w ith in  population  level (sam ple  size: 75 ind iv iduals). 

A dditional loci a re  u n d e r developm ent.

2 .3 .  Acclimation of N e w  S p e c ie s

Todsy, F ren ch  o y ste r farm iog is m ainly  based  on a single: spec ies C. gigas. Its  

in troduc tion  from  Japan  took place in 1996, w hile m assive m orta lity  of C. angulata 

w as occu rring  d u e  to  a v iral d isease . A gen eb an k  of cupped o y s te rs  of th e  genus 

Crassostrea has been  e stab lish ed  in o rd e r  to  te s t new  species th a t w ould be of 

in te re s t in case of developm ent of new  d iseaes  o u tb reak s in C gigas. T h e  m ain 

objectives a re  as follows:

• to  im port new  species and  new  s tra in s  of cupped  oysters,

• to  provide inform ation about th e ir  ab ility  to  be produced  in  F rance,

• to  s tu d y  in terspecific  hybrid ization ,

• to  develop m olecular m a rk e rs  to s tu d y  th e  genetic  d iffe ren tia tio n  w ith in  and

am ong species.

Up to now, five species have been  im ported  1 C. gigas, C. angulata, C. rivularis ( =  

C. ariakensis), C. sikamea and  C. virginica. All ex p e rim en ts  a re  p erfo rm ed  u n d e r 

s tric t q u a ran tin e  in ag reem en t w ith  local v e te rin a ry  au th o ritie s  and  in te rna tiona l 

recom m endations. W ithin and  am ong  spec ies c ro sse s  will be p erfo rm ed  in o rd e r  to 

com pare perfo rm an ces of th e  d iffe ren t sp ec ies  and hybrids.

T h e  first re su lts  concern  th e  d ev e lopm en t of spec ies specific m ark ers , based on 

PC R -R FLP tech n iq u es  on m itochondria l DNA. E ach  of th e  5 sp ec ies  show  specific 

re s tric tio n  profiles fot at least one  enzym e. T hos provides th e  first tool for
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d istin g u ish in g  betw een  popu lations of C. angulata  and  C. gigas, uaually co nsidered  

as conspecific (fo r rev iew  see G affney and  Allen, 1993).

3. Conclusion

In F rance, th e  situ a tio n  is ra th e r  co n tra s ted  betw een  m arin e  fish and  shellfish . 

W ith m arine fish, g en e tic  im pro v em en t is p erfo rm ed  by p riva te  in d u stry  w hile 

fundam enta l re sea rch  p rogram s (m ethodology , gene tic  m a rk e r s '” ) a re  done by public 

in s titu te s  (IFR E M E R , INRA, U n iv e rs itie s) . T he ro le  of SYSAAF is to e n su re  

techn ica l a ssistance  and  th e  tra n sfe r  of techno log ies from  public in s titu te s  to  

in d u strie s . W ith shellfish  how ever, both fundam en ta l s tu d ie s  and  selection  p ro g ram s 

a re  p erfo rm ed  by th e  public in s titu te  (IF R E M E R ). T h e  tra n sfe r  of genetically  

im proved  shellfish  to  in d u stry  will re q u ire  m ore  dev e lo p m en t of ha tcheries.
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