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Study on the Genetic Improvement of Red Tilapia-

The Characteristi¢c Variation of Red Tilapia Hybrids

Ho Kuo and Tian-Tsair Tsay

.The morpllometric meristic measurement and polyacrylamide gel electrophoresis were
performed on serum esterase, haemoglobins and transferrins in red tilapia, brown tilapia
and the hybrids of (S. aurea X white) and (red X S hornorum) for providing the basic
information of the variance of purebred and hybrids.

The overlap were showed from the meristic data, whereas the morphometric measure- '

ment revealed the tend of body type of different hybrids. Specific characters were showed -
| in the pattern' of gel electrophoresis of serum esterase, haemoglobin and t_ransferrins of
purebred.. The characters of hormones treated fish were also discussed in this paper.
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Table 3 Comparison of morphometric measurements of red

tilapia hybrids as ratio of head length.

Species SL/HL ED/HL DS/HL - IW/HL

(R® x W3 ) sex reversed black2x RS  0.3441 0.1955 0.1164  0.3885
: h (0.0329) (0.0343) (0.0174) (0.0356)

(A2 x W3 ) brown®x (R®x HS) 0.3028 0.2173 0.1449 0.3813
black & - (0.0313) (0.0239) (0.0412) (0.0306)
(A% x W3 ) brown? x brown 3 0.3450 0.1963 0.1255  0.4066
(0.0416) (0.0350) (0.0182) (0.0263)

[ R2x ( N2x AB )] iR x R3 0.3259 0.2079 0.1332 0.4083
(0.0327) (0-0120) (0.0129) (0.0183)

R¢ x R 3 (black abdomen) : 0.3625 0.2060 0.1326 0.3964
{0.0421) (0.0208) (0.0282) {0.0428)

R2x (Wex W38 ) sex reversed white 0.3382 0.2153 0.1829  0.4076
& (sex reversed to male ) (0.0282) (0.0114) (0.0384) (0.0204)
R% x R 3 (black abdomen) 0.3361 0.2126 0.1343 0.3904
- (0.0404) (0.0257)  (0.0305) (0.0298)

AR x A} 0.3158 0.2107 0.1196 . 0.3761
) : (0.0369) (0-0099) (0-0240)' (0.0355)

R xR3 .0.3171 0.2097 0.1398 0.4133
(0.0235) (0.0140) (0.0347) (0.0348)

H® x H3J 0.3831 0.2149 0.1420 0.3510
(0.0458) (0.0299) (0-0501) (0.0244)

(R2 x H3 ) sex reversed brown ¢ x 0.3484 0.2125 0.1405  0.3763
w3 (0.0345) (0.0101) (0.0258) (0.0203)
(A? x W3 ) brown x {(R® x H3) 0.3192 0.2122 0.1292 0.3808
brown 3 (0.0557)  (0.0315) (0.0172) (0.0219)
Rex (W®x W3) sex reversed white 3 0.3362 0.2159 0.1472 0.3926
(0.0318) (0.0172) (0.0282) (0.0273)

. HL : Head length

ED : Eye diameter IW : Intérorbital width

( ) : Standard devxatxon

DS : Length of 1st dorsal spine

OHL /BLELEREAGERER0.4137 » HAERKHMANBEREMLS 0.3485 - Ll Gré
< ( JERE Rt x BRFITERE )] F, AL i <RI B BEEBRIER 0.3165 » H KR C BOFI ik x 56

D Bt < BEAaRs 0.3238 -

(EPL /B LM (AL GHEx S EE2 AEB ke ) @858 0.374] » LR GES 0.3677 -
T AR A R 03179 » HKRE (AL B < B35 Ik ) B AR MHHE x AL BKEES 0.3194
@D S,/ B L ELUL it x FEa 2 i EB i S0 A BREEERES 0.0625 XARKREHEE
BB 0.0509 o T C AL x WELINHE ) BEB I x AT BHRARES 0.0381 » AKX

FIEhfE 0.0391 o

BHCD, / BLELK G x BBy lEREER 0.1640 » ﬁxﬁﬁrﬁﬁﬁ%ﬁﬁﬂ;mﬁ
0.1616 o TILAZ BEEVE SR 0.1332 » HKEBKFITEAESS 0.1437 o



Species DF rays AF rays GR
AT 1. —rr1 11 SRR 1YAREEAARA]
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(R x W3) sex reversed black®x R3

.

(A% x W38) Brown®?x (R2xR3) black §

(A® x W8) Brown®x Brm'»v.n 3 » : _—

[R9x (N¥x A8)] Fy R2x RS
R® x RS (black abdomen) -

Rex ( WRx W&) sex reversed -
white & (sex reversed to male )
R?x R (black abdomen) .

AQ x AD

R? x R3S

H® x HS

(RR x HB ) sex reversed browngx. w3

(AQ x W3 ) brownQ x (Rﬁlx HS)

brownd
Re x ( W8 x W3 ) sex reversed whited

Bl MSRSRTEZY S REREREER
Fig. 1 Range and mean of dorsal and anal fin rays and gill ranker numbers

of red tilapia hybrids.
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W) B x ( RLEHE x R INEE ) Bk ARER 0.3026 - HKXREFAZER 0.3158
(©)E D/ H L1l CBKFIE e x (sl ) W x (LM x FEERE) REEARKS 0.2173 -
R S x a2 s BRI 0.2159 o T Ll C BRI EEkE < F1 6K ) R x RER
@ BERS 0.1963 » HAR (AL G x KB ) VM ttik x AL BHEEAR 0.1955 -
-@DS/HL@uﬂé&xegﬁzaeﬁﬁm&mﬁgﬁﬂmﬁgﬁmmm,jxﬁﬁﬁﬂﬁﬁ
RIS 0.1472 o TOLA C AT 56 x BEE 0 ) BEM Ut < LBREMARER 0.1164 » XXR
BRFIEERE R 0.1196 © '
W IW,/HLEMMEERRR 0.4133 » HXE (LB x ( BB faf x BKFIEERE ) ] Fi ALEHE
« 4T E5RE AL 0.4083 o T USSR [NABUES 0.3510 » HXERKAZAR 0.3761 o |
i A5 ST LUE & @ RIS ~ 948 ~ (URMIR BRN $5OBHRER L RS » MR
LB 1 e K5 UG e SIH > SREE 2R RAR o (45~ #1085 ~ 1986 ) o HERDE
TE@P L/ BLDS/BLEIW/HLESE » MEHEMEA SL/HL~ IW/HL B DS/
BL~CD,/BL [ #{{S - BSAT S8R B)/BL~ SL/HL @R[ ED/HL R - HFE & BD
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/BL>PL/BL~CD/BL E IW/HL E#SREESL HLASEHELZ T - L GH xaGalsy
€8 ¥Ht 4 BD/BL~PL/BL~DS/BL~CD/BL R ED/BL~DS/BL {H¥%R%& > MLk
R BEEARR 0 AADS/BLREEZE » HAXENBHEREL 2D SHERERK (I
£1986) o (BUFIERME x I E3KE D) B B x (AL < HHE 0 ) EarMAXBD/BL HL,/BLs
CD/BL R SL/HL fE¥{E>{HED/HL Rk DS/HL EREE - MKX2RE3 o ptiafim
b2 @RSDALIASEN 2 KE » LEEEHRE - BEE S BEX ~ USRS -~ BED -
BERAR -HENENRRE - KR EENGERICExAEERAEEL - BRI RESS
HEER -

. =EIKHR

SMiEEEE ( Serum esterase )
KRM%E 4 RE 2 TR o

1 C AL fSHE < REEO0HE ) BB M x AL Sk ~ LB FRILEE RE BiE: R E » BETA
BHEE RE, - BGTFRAAHEE, B E;s o

2 CBRFITE e x Fafsie ) Bl x (AL i x BB ) Baks » BEFAMBEE & - %
BEFRAEEE RE RE; o -

3 CERFIEHE x Pifale ) BEH x BEE A6 FRHBE R E, EMHEE: - BETFALE

"E:. RE; > BWHEE, &- '

4 GL&H x CEmAME «BAGEED) Fu ALGH XLGH  TETRURAEMS - BETFRS
HIEE, 8o

5. BISAT 6% » ALETAMAE, R E, =8 BEREXIIIE, 7 @HLEE RE, =8
» LN B RE RS R ETRAMEE: R E: =% » T8 GREXH 4B E, BE,
-

6ALEHE x IEE2 G EBERE L AT RMBE: RE R E. —% - AEERGTAR LN
BE, RE, 2% - LA ETEERER AT GTFRAKEEE, & E, =& - A &TFA
RIHBRE, 8> BWHEE, RE, —%.

TECFEE S B E, 78 o

BAEHZABTFRMRE RE, =8 » BUARE: & E =% - MO GTAMMRE, B,
ﬁﬂ'ﬁtﬂﬁEl & Es 'ﬂ—‘% °

9. MEE I S HBLE, W EETHAHRE, & E, RE: B E, =@

10: (AL &4 x HBEINME ) Bt x 3kt » BWEBTRMBRE, R E, B E, 8 » fL&TAM
BE: R Es =%« BEFRMHEE, R E, & Es =& o

1L CEKFIEEHE x ke ) BEHE x (AL EHE < B & ) Bal ERAETRHEBE, RE, &
E: & Ea _‘% %é&%@?ﬁiﬁlﬁﬁ& )4 Es -—-% °

HETH BHEERXAEGL FREBEEAAZEGH - BANGHIE, & ; LaEH

BE WHREFIERMER  (F~%1985 ~ 1986 ) « KEESBEHE, 3 » BEPH

ARHBE: R E: & E: “HBTRAHEFRE - BT GEZIETFAKEE RE, SWHkA

BMZAEEHAC (%1984 ) o ( BFIZM x 6 ) BEE x (RLEE x B mE) =

BHEZTFREHUR E R B 28 o (B CERFIEME x G ) BEHE x (IEH < KN 8

R BERBETRGHRAE, RE, 28 o ERHFF AR AT LIS MR & L > 8 o

(¥~ %1985 ) o MAEUMBER SR ERAREAENFIEG 2 SEWAEL» AOEEH

BEr 2R o ($~%1986 ) o

OneaRES C Haemoglobin ) :
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Table 4 A comparison of serum esterase pattern in 5.5%.

polyacrylamide gels of red tilapia hybrids Esterase Band

Species

color 1 2 3
( R% x H3 ) sex reversed black@ . red p o+ P
x Rg _ brown - - + +
black . + - +
( A9x W38 ) brown®x (Rg x H3S) brown - : + - +
black & » black brown T+ - p
white P p
brown P - +
[ R2x (N2x A38) ] MR2x R3S ‘red + - -
: , black + - -
R 2 x R3 (black abdomen) - white . p + -
o red + +
R%x ( W& x W& ) sex reversed red + +
white 8 (sex reversed to male) white - + p
R ¢ x R 3 (black abdomen sex red + ¥
reversed to female ) : white + + -
o + - - +
A2 x AS + - -
Rg x R3 red + - p
white + p P
H? x H3 . o P p +
(Rg2 x Hg) sex reversed brown2x W3 white P . + +
brown o} - +
red + - +
( A% x W8) brown?2x ( R2x H3) brown p - + p
brown 3 : white P + P
: : . black P +. -
R2x ( W®x W3) sex reversed red p + -
white § ' white + + -
o brown T+ + -
R : Red species + : apparent in all individual
H : hornorum ' - ! not present
W : white species p : present in some individual
A : aurea B : brown species
N : nilotica
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xﬁﬁ%ﬁ ) %@ﬁﬁﬁXﬁéﬂ G IRD)
QX S, hornorumd ) sex reversed black @ X Redd ( red ) .

ﬂéﬁxﬁﬁgﬁ)%éﬁﬁﬁxﬂéﬁ(ﬁ@)
X S. hornorumd ) sex reversed black® X Redd (brown)

ed@
LM X EESR)) Ball X6 (B6)
Red® X S. hornorumd ) sex reversed black® X Red3 ( black )

. C
¢
(EBFIEEME X ABR)) el X (e KHEER) Bar (#Ha )

Eé aurea ? X white 3 ) brown 2 X (Red X S. hornorum 3 ) black 3( brown )
C

.

S
-

FIEMEX Okt ) BEMEX (HaM X EESH) B (BE6)
S. aurea @ X white 3 ) brown 2 X ( Red & X S. hornorum & )black8 (black brown )

B FIEE X ) BEEXBEE(BE)
( S. aurea 2 X white 3 ) brown 2 X brown % (white)
7. (BRFIEEHE X S B KE ) WM X BERE (BB D
( S. aurea @ X white 3 ).brown 2 X brown 3 ( brown )
8 Bk FIEE M X BEFU SR RE C BEH: D
( S. aurea $ X S. aurea § )( male ) -
9.k i X kL BBE (K168 )
( Red 2 X Red 8 )( red )

Y Y e AA=E=D)

( Red 2 X Red & )( white )
ll.[ﬂéﬂ(iﬁﬁ Rt X BRFIOERE D JﬁéﬁXﬂéﬁ(ﬂ@)

( Red @ X  S. nilotica $ X S. aurea & ))Red sexReda('red);
12 ﬂéi&x C FEAE Rt X BXFIGRHE ) ) kLM X AL BB (B )
Red @ X ( S. nilotica @ X S. aurea $ )]} Red 2 X Red 3 (black)

BERLCaH XBELGaRE (L6

Red ¢ X Red. 3 ( black abdomen )( red ) _
Wil EEX (BEHEXEEEH ) BB HE RETTBEEE) ( IR

Red 2 X ( white 2 X white 8§ ) sex reversed 8§ ( treated with estrogens )( red )
ISEGHEX (AR BEl) SEBEE (EETBERER) (Afl)

11304
Red § X (white @ X white & ) sex reversed § (treated with estrogens X whlte D
IS X WS (D

S. hornorum 9 X S. hornorum & ( female )
NEEHEEX BEaal (EHTERER)) (A6)

Red X Red 8 ( black abdomen )( treated with androgen J( red )
BEEOAHEXBRIaE (HETRERERE ) (A6B)

Red 9 X Red & ( black abdomen )( treated with androgen ] whlte b}

19.8 FUEE i X BRFUERBE (MM D
S. aurea 2 X S. aurea 5 ( female )

20 ( BRFIEEME X Kt ) REHE X (KA X /RS ) ?E@ﬂ (]R8 )
S. aurea @ X white & ) brown £ X ( Red § X S. hornorum 3 ) brown 3 ( brown )

2L (BRI X Bl ) BEX (AalXBEEAK) BeE (BlEins)
(S.aurea X whited) brown2X(Red QXS hornorumd ) brownd ('black abdnmen)( white )

2 (BXHEHE x e ) Bl X (et X EESRE)) BEk (Ba)
( S. aurea @ X white & ) brown@ X-( Red® X S. hormorumd ) browng (black )

B (AEEXEREESE) ROBHS X G (BE)

(Red ¢ X' S. hornorum® ) sex reversed brownQ X white 3 ( brown )
24.( ﬂ@w Xﬁ%@ﬁ )BEEEEXAEE (AR )
(R hornorumd ) sex reversed brownQ X white § ( white ) -

E(ﬂé%XEﬁéﬁ)@@§@&XE@$(ﬁ@)
(Red ¢ X 8. hornorumd ) sex reversed brown® X white 3 ( red )

XA EHEX (AGHEXEEH ) AEBER (A68)
Red @ X ( white @ Xwhite 3 ) sex reversed white 3 ( red )

5T EEX (ABHEXHEHE ) QB (BE )
Red @ X ( white X white § ) sex reversed white & ( brown )

RETEMEX (ARIEXBBHE) Se#tr (86 )
- Red 2 X ( white @ X white & ) sex reversed white &

B2 BkmiEERE > AEELESHR
Fig. 2 Electrophoretic patterns of red tilapia hybrids in 7.0 % polyacrylamide gel
of serum esterase. Individual illustrated ( from left to right ) are:



I REARYGE ROE 3 RE 4778 - ER2ZEHEOE 20 8L BREEH > HPH 9
EE 1 REREEM FBRBIRZ EHSHEBRE A AR EFARABEGZTRER ZEH K
TR - |
L CAL i x HAE M ) BOBGIE <AL BHE  fIATREF4>56~7>9 10~ 11 »

121315~ 16 ~ 17R 18 %167 - BETRASKALETRDE 7 I8 - BETRAUBRLL
EFROEL 5 OB 10 SEH » AHHP 14GH - WE4 21~ 283 > .

2. CERFIEEHE < R ) BB x (LB Xﬁ%ﬂﬁ)ﬂékﬁ BETRBHAELI ~ 4~ 5
691011121314~ 1516 ~ 7T R 18 56w - BRETRAUVLEIRSE
10S=HIE 2w B THTRES RRZER - NE4 24 K5 -

3. CEKFIE < B ) B x WEHE > HETREHFF I~ 12513 > 14 > 1516 ~
17 B 18 S8 o BETRHSIME 3 ~ 45~ 6 B 8 SRR KEH - M4 26K 7 o
A ECRIEAE > RT3 ~ 456811~ 125 B V14~ 15~ 16 ¥ 17 R 185
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Fig. 3 Photogram of haemoglobin of red tilapia hybrids in 5.0%

polyacrylamide gel: individual illustrated ( from left to

right ) afe same as fig. 2.
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¥ig. 5 Electrophoretic patterns of red tilapia hybrids in 7.5 %
polyacrylamide gel of serum transferrins. Individual

illustrated ( from left to right) are same as fig. 2.
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