
A q u a c u l tu re  R esea rch . 1 9 9 7 , 2 8 , 3 2 9 - 3 3 4

Vlaams Instituut voor de Zae
Flanders Marina Inntihita

G y n o g en esis  in th e  A frican ca tf ish , Clarias gariepinus 
(B urcheil, 1822). O ptim izing th e  in d u c tio n  of polar- 
body  g y n o g en es is  w ith  co m b in ed  p re s s u re  and  
te m p e ra tu re  sh o c k s

2 4 2  2 6
F A Volckaert, C Van den Haute, P H Galbusera & F OUevier
Katholieke Universiteit Leuven, Zoological Institute, Laboratory of Ecology and Aquaculture, Leuven, Belgium

C orrespondence: Dr Filip Volckaert, K.U.Leuven, Zoological Institute, N aam sestraat 59, B -3000 Leuven, Belgium 
(e-mail: filip.volckaert@bio.kuleuven.ac.be)

Äisstract

T h e  effect of a  s im u ltan eo u s  te m p e ra tu re  a n d  
h y d ro s ta tic  p re ssu re  shock  applied a  few  m in u te s  
a fte r  a c tiv a tio n  of th e  egg w as e v a lu a te d  by 
m o n ito r in g  th e  sh o rt- te rm  su rv iv a l ra te  o f p o lar- 
b o d y  g y n o g en e tic  em bryos of A frican  catfish , Clarias 

g ariep inus  (B urcheil, 1 8 2 2 ), T he a im  w as to  e v a lu a te  
th e  in te rd ep e n d e n ce  of tem p e ra tu re  a n d  p re ssu re  in  
re ta in in g  th e  second  p o lar body. T h e  te m p e ra tu re  
sh o c k  va ried  b e tw een  4°C  a n d  4 4 °C  in  in c re m e n ts  
of 4°C , w h ile  th e  p re ssu re  shock  varied  b e tw een  0 .1  
a n d  6 8 .8  M P a in  in c re m e n ts  of 1 3 .8  M Pa. H ig h est 
su rv iv a l ra te s  w ere  a tta in e d  a t  a p ressu re  b e tw een  
4 0  a n d  55  M Pa, regard less of th e  te m p e ra tu re  a t  
w h ic h  th e  shocks w ere  applied. O ptim al su rv iv a l 
ra te s  of sh o ck s  applied a t  low er tem p e ra tu re s  
re q u ire d  lo n g e r  d u ra tio n s . If re liab ility  to  in d u ce  
re te n tio n  o f th e  p o lar body is of p rim e  co n ce rn , 
h y d ro s ta tic  p re ssu re  shocks of 55 M Pa a t  ro o m  
te m p e ra tu re  a re  recom m ended .

D ntrodyction

P lo idy  m a n ip u la tio n  of te leo st em bryos is a  w ell- 
a ccep ted  m e th o d  in  experim en ta l re se a rc h  a n d  
c o m m erc ia l p ro d u c tio n  (C h o u rro u t 1 9 8 8 ; Ih ssen , 
M cKay, M cM illan & Phillips 1 9 9 0 ). A lth o u g h  
c o n d itio n s  a re  species-specific, th e  s tra teg y  to  in d u ce  
g y n o g en esis , an d ro g en esis , triploidy, te trap lo id y  o r 
a n y  form  o f po lyp lo id ization  com bines th e  irra d ia tio n  
o f sp e rm  o r  egg, a n d  th e  app lication  of a  ph y sica l

o r ch em ica l sh o ck  so m e tim e after a c tiv a tio n  of th e  
egg, P h y sica l shocks to  in d u ce  p lo idy  m an ip u la tio n  
in c lu d e  te m p e ra tu re  shocks (cold a n d  w arm ), 
h y d ro s ta tic  p re ssu re  shocks, ch em ica l shocks (ether, 
co lch ic ine, d e u te r iu m  oxide an d  specific enzym e 
in h ib ito rs), o r  co m b in a tio n s of th e  above  m en tio n ed . 
C om bined  shocks h a v e  b een  d o cu m en ted  in  ju s t  a 
few  cases. S treisinger, W alker, D ow er, K n a u b e r & 
S inger (1 9 8 1 )  successfu lly  co m b in ed  te m p e ra tu re  
a n d  ch em ica l shocks to in d u ce  hom ozygous 
g y n ogenesis in  zeb ra  fish, D aniodanio rerio 

(H am ilton ). T hey  d rew  a tte n tio n  to  th e  easy  
sc ree n in g  of hap lo id  a n d  hom o zy g o u s p ro g en y  of 
recessive  m u ta n ts . C om bined co ld  a n d  ch em ica l 
shocks h a v e  been  tes ted  w ith  success in  ra in b o w  
tro u t. O ncorhynchus m y k is s  (W albaum ) (Lou & 
P u rd o m  1 9 8 4 ; Shelton , M acd o n ald  & Jo h n s to n e  
1 9 8 6 )  a n d  A tlan tic  sa lm on , Salm o sa lar  L. 
(Jo h nstone , K nott, M acD onald  & W alsin g h am  
1 9 8 9 ) . T h e  o n ly  reco rd  of a  com bined  h y d ro sta tic  
p re ssu re  a n d  cold shock  to m a n ip u la te  th e  genom e, 
invo lves tilap ia , Oreochrom is m ossa m b icu s  (Peters) 
a n d  0 . n ilo ticu s  (L.) (M yers 1 9 8 6 ). B ecause  n e ith e r  
p re ssu re  n o r  tem p e ra tu re  shocks w ere  effective in  
in d u c in g  tetrap lo idy , tw o  com bined  co n d itio n s w ere  
tested: a  p re ssu re  of 52 M Pa a t a  te m p e ra tu re  of 
7 .5°C  a n d  a  suboptim al reg im e of 4 5  M Pa a n d  
6.5°C . T h e  fo rm er co n d ition  w as th e  m o st effective 
a lth o u g h  th e  tetraplo id  fish p roved  to  be  less v ita l 
th a n  th e ir  d iploid c o u n te rp a rts .

In  a  p rev io u s paper, w e  ev a lu a te d  th e  efficiency 
of e ith e r h y d ro s ta tic  p ressu re  shocks o r te m p e ra tu re  
sh o ck s to  in d u ce  m eiogynogenesis (Volckaert,
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G albusera, H e llem an s, Van den  H au te , V anstaen  & 
Ollevier 1 9 9 4 ). Cold a n d  p re ssu re  shocks w ere  th e  
m o st efficient in  te rm s of surv iva l ra te . A fu rth e r 
op tim ization  by co m b in in g  pressu re  an d  tem p era tu re  
shocks to  re ta in  th e  second  p o lar body in  fish, 
u n iq u e  to th e  l ite ra tu re , is th e  n e x t step. T he p re sen t 
stu d y  sy s tem atica lly  sc reen s th e  su rv iv a l ra te  of th e  
em bryo  of th e  A frican  catfish, Clarias gariepinus 

(Burchell, 1 8 2 2 ) , su b m itte d  to re te n tio n  of th e  p o lar 
body  w ith in  a  te m p e ra tu re  ra n g e  of 4^4 4 °C  a t a 
hy d ro sta tic  p re ssu re  less th a n  69 M Pa. We observe 
th a t  d ip lo id ization  is n e a r ly  in d ep en d en t of 
te m p e ra tu re  a t  a  p re ssu re  of 4 0 - 5 5  M Pa, b u t  is 
dep en d en t o n  th e  d u ra tio n  of th e  shock.

M ateria ls  a n d  m e th o d s

T he stock  o f A frican  catfish , th e  artificial fertilization, 
th e  UV irra d ia tio n  o f th e  sperm  a n d  th e  h a tc h in g  
p ro ced u re  h a v e  b e e n  d o c u m e n ted  in  Volckaert et al. 

(1 9 9 4 ). In  brief, eggs w ere  stripped  from  GnRH- 
trea ted  m a tu re  fem ales a n d  sperm  w as collected 
from  testes o p era tiv e ly  iso lated  from  m a tu re  fish. 
T he sperm  w as d ilu te d  in  ex ten d er an d  UV irrad iated . 
N orm ally  fertilized a n d  p re ssu re -trea ted  em bryos 
w ere  ra ised  a t  28°C ; su rv iv a l ra te s  w ere  scored in  
dup licate  a t  1 2 , 2 4  a n d  72  h  p o st trea tm e n t. All 
ex p erim en ts in c lu d e d  a n  in d irec t te s t of 
m an ip u la tio n  efficiency: th e  su rv iv a l ra te  of 
n o rm ally  fertilized em bryos (contro l). Only 
ex p erim en ts w ith  a 1 0 0 %  hap lo id  in d u ctio n  ra te  in  
th e  co n tro l e x p e rim e n t w ere  analysed . D irect tests 
of m a n ip u la tio n  efficiency by m ea n s  of p a te rn ity  
tes tin g  w ith  m u ltip le -lo cu s DNA fin g erp rin ting  w ere  
carried  o u t in  se lec ted  cases acco rd ing  to  Volckaert 
et al. (1 9 9 4 ). M ore a c c u ra te  tests of p a te rn ity  w ith  
m icrosa tellite  DN A fin g erp rin tin g , a lth o u g h  n o t 
explicitly re p o rte d  in  th is  paper, confirm ed th e  
efficiency of th e  UV tre a tm e n t (G albusera, Volckaert, 
H ellem ans & O llevier 1 9 9 6 ; G albusera  e ta l .  

u n p u b lish ed  d a ta ).
P rocedures d ifferen t from  th o se  in  th e  above- 

m en tio n ed  p a p e r  in c lu d e  th e  tem pera tu re-co n tro lled  
p ressu re  shocks a n d  th e  sta tis tica l analysis.

Temperature control o f pressure shocks

T he te m p e ra tu re  of a  h y d ro sta tic  p ressu re  vessel of 
0 .6 7  1 filled w ith  m in e ra l oil w as reg u la ted  w ith  a 
w a te r  jack e t s u r ro u n d in g  th e  p re ssu re  vessel, w h ich  
w as co n n ec ted  to  a  w a te r  b a th . T em p era tu re  could

be co n tro lled  b e tw een  0 °C  a n d  50°C  w ith  an  
ac c u ra c y  o f 1°C. E xperim en ts w ere  c a rr ie d  o u t a t  a 
te m p e ra tu re  b e tw een  4° C a n d  44°C  in  in c re m e n ts  
of 4°C, a n d  a  p re ssu re  b e tw een  0 .1  a n d  6 8 .8  M Pa 
in  in c re m e n ts  o f  13 .8  M P a (m egapascals; 1 a tm  =  
0 .1 0 1  M P a). Before a n d  a fte r  th e  exp erim en t, th e  
zygotes w ere  in cu b a ted  in  a  28°C  in c u b a tio n  tan k . 
D u rin g  th e  exp erim en t, th e  em bryos w ere  enclosed 
in  a  2 -m l syringe, w h ich  w a s  sealed off w ith  a needle 
a n d  a  ru b b e r  stopper, a n d  tran sfe rred  to  th e  p ressu re  
vessel. T h e  im p a c t of sh o rt- te rm  enc lo su re  o n  th e  
eggs w as neglig ib le (judged  by su rv iv a l r a te  of 
n o rm a l c o n tro ls  trea ted  in  a s ta n d a rd  w a te r  b a th  
a n d  c o n tro ls  im m ersed  in  a n  oil b a th  in  a  2 -ml 
syringe). All ex p erim en ts w e re  carried  o u t  e ith e r at 
3 o r 4  m in  a fte r a c tiv a tio n  of th e  egg  (tim e 0 
co rre sp o n d s to  th e  ad d itio n  of w a te r  to  a m ix tu re  of 
eggs a n d  sperm ) a n d  d u rin g  2, 10  o r  2 0  m in  
d ep en d in g  o n  th e  w a te r  tem p era tu re . P rev ious 
ex p erim en ts  rev ea led  th a t  trea tm e n t tim e w as 
in v erse ly  re la te d  to  te m p e ra tu re  (Volckaert et al. 

1 9 9 4 ).

Statistical analysis

D a ta  w e re  s tan d ard ized  to  re la tiv e  su rv iv a l ra te s  a t 
12 , 2 4  o r  72 h  p o st a c tiv a tio n  (i.e. p e r  c e n t  su rv iv a l 
of th e  tre a te d  em bryos expressed  re la tiv e  to  th e  
diploid co n tro l) to  reduce  th e  m a te rn a l effect a m o n g  
ex p erim en ts . T h e  re la tiv e  su rv iv a l ra te s  w ere  
n o rm alized  by  a rcs in  tran s fo rm a tio n  ( 0  =  a s in  Vp) 
(Sokal & R o h lf 1 9 9 4 ) . R ela tive  surv ival ra te s  h ig h er 
th a n  1 0 0 %  w e re  a rb itra rily  set a t  100% . A nalysis 
of v a r ia n ce , c o n tra s t  an alysis, co rre la tio n  analysis 
a n d  c o n to u r  p lo ttin g  of th e  d a ta  w as ca rried  o u t 
w ith  th e  s ta tis tica l p a ck ag e  S ta tistica  (release  4 .5 , 
S ta tSoft Inc ., USA).

R e su lts

T he re la tiv e  su rv iv a l ra te s  of m eiogynogenetic  
A frican  ca tfish  a t  72 h  differed considerab ly  a m o n g  
tre a tm e n ts . N o su rv iv a l w a s  observed a t  a tm o sp h e ric  
p re ssu re ; in c re a s in g  h y d ro sta tic  p ressures in d u ced  
b e tte r  su rv iv a ls . P ressu res  of 55 M Pa in d u ced  th e  
h ig h es t su rv iv a ls  w h ile  p re ssu re s  of 69 M Pa resu lted  
in  d ec reas in g  su rv iv a l ra te s  (Fig. 1). T h e  factors 
te m p e ra tu re , p re ssu re  o r th e  co m b in a tio n  of bo th  
in flu en ced  su rv iv a l a t  1 2 , 2 4  a n d  72 h  in  m o st 
co n d itio n s. H ow ever, n o  in te rac tio n  b e tw een
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F igure  1 Relative survival rate (mean (dark bars) and standard deviation (clear bars)) of Clarias gariepinus embryos which 
were pressure and tem perature shocked a t 4—44°C between 0.1 and 68.8 MPa during 2 min measured at 72 h 
post activation.

p re ssu re  a n d  te m p e ra tu re  in  affecting th e  surv iva l 
ra te s  w as observed  a t  2 4  h  (Table 1).

T h e  e x te n t of th e  effect of te m p e ra tu re  an d  
p re ssu re  o n  su rv iv a l ra te  w as stu d ied  in  c o n to u r  
p lo ts a n d  w ith  c o n tra s t  analysis. V isual inspection  
of a  th ree -d im e n sio n a l p lo t of th e  su rv iv a l ra te  a t  
72 h  sh o w s th a t  p re ssu re  app lied  a t  5 0 - 6 0  M P a a t

low er tem p era tu res  g ave  th e  best su rv iv a l ra te s  of 
m e io g y n o g en s (Fig. 2). A t h ig h e r  tem p e ra tu re s  a 
p re ssu re  of 4 0 - 5 0  M Pa gave  th e  b est survivals. 
R egard less o f  tem p era tu re , a  p re ssu re  of 5 5  M Pa 
in d u ced  th e  best su rv iv a l ra te s . E xponential 
reg re ss io n  analysis o f  th e  a rcsin -tran sfo rm ed  
su rv iv a l ra te  a t  12, 2 4  a n d  72  h  a t  a  shock  d u ra tio n
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Survival ra te  
a t

D uration
(min)

F a c to rs

T em pera tu re P re s su re Temp, and  
p re s su re

12 h 2 . .

10 .. *

20 ». ». *
24 h 2

10 * **

20 * ».

72  h 2 * . . • ».

10 *’ . .

20 ** .*
"

Table 1 Analysis of variance of the 
factors tem perature and pressure 
applied a t  various durations and 
affecting relative survival rates of 
m eiogynogenetic embryos of Clarias 
gariepinus. *, P <  0.05; **, P <  0.005

S u rfa c e  plot of relative survival ra te s  a t  7 2  h  (D t=2m in) indicates th a t 22 „c  ̂  38  M p a differentiate survival

a t 72 h  post a c tiv a tio n  (P <  0 .0 0 2 ).
A t low er tem p era tu res  (u p  to  16°C), shocks of 

lo n g er d u ra tio n  positively  in flu en ced  th e  in d u c tio n  
of m eiogynogenesis (Fig. 3 ) . A  cold shock of 1 0  m in  
in d u ced  th e  h ig h es t su rv iv a ls  a t  2 7 .5  M Pa, w h ile  a 
sh o ck  of 2 0  m in  in duced  h ig h e s t  surv ivals a t  a  low er 
p ressu re  of 13 .8  M Pa. T h e  h ig h es t su rv iva ls (44% ) 
w ere  observed a t  a  sh o ck  o f  2 0  m in  an d  a p ressu re  
of 13 .8  M Pa.

No analysis of v a r ia n c e  w as perform ed b ecause  
of th e  asy m m etry  of th e  d a ta  m atrix .

F ig u re  2 Contour plot (fifth-order polynomial 
interpolation) of relative survival rates of Clarias gariepinus 
embryos shocked between 4°C and 44°C and between 0.1 
and 68.8 MPa during 2 min m easured a t 72 h post 
activation.

of 2 m in  m odels respectively. 0% , 0%  a n d  29%  of 
th e  to ta l va rian ce . A t 72 h , su rv iv a l ra te  in teg ra te s  
te m p e ra tu re  an d  p re ssu re  in  th e  follow ing 
ex p o n en tia l m odel:

S U R  =  - 3 5 7 0  8 7 e 8-182344r4)'00023r£MP+0'000166PRES

w h ere  S U R  d en o tes  re la tiv e  su rv iv a l ra te  of a rcsin - 
tran sfo rm ed  d a ta  (%), T E M P  is te m p e ra tu re  (°C) an d  
P R E S  is p ressu re  (M Pa).

A  posteriori con trast analysis (anova) betw een 
h igh /low  tem perature and h igh /low  pressure

d isc u s s io n

W h en  app ly ing  te m p e ra tu re  a n d  p ressu re  shocks 
d u rin g  a  sh o rt period  to  p ro d u c e  m eiogynogenetic  
fish, p ressu re  seem s to  in flu en ce  surv ival r a te  m ore  
so th a n  tem p era tu re . O n average, th e  g rad ien ts  
crossed w ith  p ressu re  a re  m u c h  sh arp er th a n  th o se  
crossed w ith  tem p era tu re .

A t am b ie n t p ressu re , co ld  shocks tend  to  be  m o re  
efficient to  in d u ce  re te n tio n  of th e  second p o la r  body 
in  w a rm -w a te r  fish (su c h  as tilap ia  a n d  A frican  
catfish), w hile  h e a t  shocks a re  m o re  efficient in  cold- 
w a te r  fish (such  as sa lm on ids) (Ihssen  et al. 1 9 9 0 ). 
Cold an d  w a rm  a re  defined re la tiv e  to th e  n o rm a l 
b reed in g  te m p e ra tu re  of th e  species concerned . Also, 
w a rm -w a te r shocks seem  m o re  suitable  to  p rev en t 
th e  first m ito tic  d iv ision  (H ussain, P e n m an , 
M cA ndrew  & Jo h n s to n e  1 9 9 3 ) . A ccording to  th e  
lite ra tu re , p ressu re  shocks a re  in  general efficient in 
in d u c in g  re te n tio n  of th e  seco n d  po lar body be tw een  
4 0  an d  8 0  M Pa (S tre is inger e ta l .  1 9 8 1 ; L ou &

SURVIVAL.RATE,(%)RELATIVE

P R E S S U R E  (M Pa) T EM PER A TU R E (°C)
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S u r f a c e  p lo t o f re la tiv e  su rv ival r a te s  (D t= 10m in )

R E L . SURVIVAL RA TE (°/o) " '>

P R E S S U R E  (M P a) T E M P E R A T U R E  (°C )

S u r f a c e  p lo t o f re la tiv e  su rv iv a l r a te s  (D t= 2 0  m in)

c a n n o t  be c o m p a re d  b ecau se  th ey  w ere  applied a t 
different d u ra tio n s . T h e  p ressu re  shocks a t  ro o m  
te m p e ra tu re  (20°C) a r e  com parab le: 27% , 4 3 %  an d  
33%  (th is study) in  c o m p a r is o n  w ith  35% , 58%  an d  
34%  a t  4 1 , 55 a n d  69 M Pa. A h ig h  variab ility  
am o n g  rep lica tes w a s  observed  in  b o th  studies. 
M a te rn a l effects in c lu d in g  o v e rm a tu ra tio n , g en era l 
fitness a n d  e p ig e n e tic  effects m ig h t in te rfere  
(H ö rs tgen -S chw ark  1 9 9 3 ) .

T he physical s h o c k  co nd itions re su ltin g  in  v iable  
fry  com bine  facto rs ty p ic a l for n o rm a l d iploid fish 
a n d  facto rs specific t o  th e  re te n tio n  of th e  p o lar 
body. E m bryos of A fr ic a n  catfish  n o rm ally  h a tc h  
b e tw een  20°C  a n d  3 5 °C  a t a tm o sp h eric  p re ssu re  
a n d  h av e  a  low er th re s h o ld  te m p e ra tu re  of 1 4 .5°C  
(H aylor & M ollah  1 9 9 5 ) .  W ater of less th a n  1°C 
in d u ces d e v e lo p m en ta l a rre s t w hile  w a te r  w a rm e r 
th a n  4 4 °C  a t a tm o sp h e ric  p ressu re  irreversib ly  
dam ag es th e  zygote. P re ssu re s  above 70  M P a in d u ce  
irreversib le  cellu la r d a m a g e .

If re liab ility  is of p r im e  c o n ce rn  in  app lications, 
m eio gynogenesis s h o u ld  be induced  in  A frican  
catfish  w ith  a sh o r t p re ssu re  shock  of 55 M Pa a t 
ro o m  tem p e ra tu re . W o rk in g  a t ro o m  te m p e ra tu re  
avoids th e  n eed  for te m p e ra tu re  co n tro l. If a  p ress 
is n o t available, th e n  a  cold sh o ck  a t  5°C d u rin g  30  
to  4 0  m in  is reco m m en d ed .

F u tu re  re sea rc h  o n  th e  im p ac t of p re ssu re  a n d  
te m p e ra tu re  o n  th e  em b ry o n ic  developm en t of fish 
sh o u ld  co n ce n tra te  o n  th e  op tim ization  o f m ito tic  o r 
hom o zy g o u s g y n ogenesis . Surv iva l ra te s  a re  m u c h  
low er in  th is  case, m o s tly  d u e  to th e  expression  of 
recessive  le th a l m u ta n ts .

P R E S S U R E  (M P a) T E M P E R A T U R E  (°C)

F ig u re  3 Contour plot (fifth-order polynomial 
interpolation) of relative survival rates of Clarias gariepinus 
embryos shocked between 4°C and 16°C and between 0.1 
and 68.8 MPa during 10 min (Fig. 3a) and 20 m in (Fig. 
3b) m easured at 72 h  post activation.

P u rd o m  1 9 8 4 : H u ssa in  e ta l .  1 9 9 3 ). A p rev io u s 
s tu d y  by  V olckaert e t aí. (1 9 9 4 )  focused  o n  th e  
efficiency of e ith e r te m p e ra tu re  or p re ssu re  shocks 
to  in d u ce  m eiogynogenesis . Few  of th e ir  re su lts  a re  
co m p arab le  w ith  th o se  of th is  study. S im ila r low  
su rv iv a l ra te s  a t  4 0 °C  3 a n d  4  m in  p o st a c tiv a tio n  
w e re  observed  in  th e  p rev io u s study. T h e  cold shocks
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