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R - BRAREE - BRRSER - BIEDE
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AT E FIBE R IGIE 2 R M L AR (RAPD) B & Thndigh e — BRI 8 By %
Bt (PCR-RFLP) AEYJEAirE RIA R LS BERL AR (Oreochromis sp.) A0Tr ~ CO3r R
CO7r R » WA TS iR L E B RETE - DU iSRS TR - 551 il A07r B72 -
CO3r {42 » JeltfE CO3r Bl CO7r FAs .z BfEiEs - DItE— kiR -

FEIREE/RTE RAPD J5TH » OPA 07 FEfss [ 7RI AR CO3r B CO7r 5% 5 OPA 15 [iEtks [ 7-HIl
AT AO7r B CO7r (5% < £ PCR-RFLP J51H » mtDNA D-loop fv B2 WIEINL R UIE Bt - W LA
& CO3r BAH'E —5h%R (A07r~CO7r) &A1 T H A07r~CO03r Jz CO7r 5432 N2 BLE S5 (haplotype
diversity) ¥5% 0, B~ HEERREZIIHEK -

BRERESERE TSR TR a6 IRENAM A% - A07r B CO3r fiRE AL
PEAL B RS T e R i I MR 7= (p > 0.05)-CO03r ik () B2 CO7r iR (M)
AR AL T RELBE TR S R E NS ZE (p > 0.05); HHEG (BEMARER
2h) FRER GRS R B R ERET —E T (p < 0.05) - FHRAHERHH A AR T
RELEBE T2 BRI 225 > H BB Rz BB A eI T RE R R B

LR EAKFEL -

FES | OEIAERIR  WENRESIE « RAPD » PCR-RFLP « 5E{EH#E

T

Hij

JF AR SRR e R SR “RL R B
fRRE ORIt ~ BRALE ~ ARALEL ~ B - B
Stk H BB R A (Wohlfarth et al,
1990; Mather et al., 2001 ) » I {0 R I{ i 2R
518 (Popma and Masser, 1999) ; 2k ~ DI
JEHRE REAREFEMBAE AR &SR
(Avtalion and Reich, 1989; Popma and Masser, 1999;
Hilsdorf et al., 2002) - E.ih » 15862 B —fEZesd N,
o plan
(Angela et al., 2005) B¢ Florida Red O. mossambicus

Red-Stirling Oreochromis niloticus
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(Hilsdorf, et al., 2002) ; 5 LEHIEZe@fHEL H &R
AR SR BRS¢ BRI B SR FR AR
(Oreochromis sp.) (5[, 1979; F[EAZX, 1984, 1990) -

[EEiE AL EIR R T2 1968 AR HEBR R
MEEt =85 RE0 A (0. mossambicus) 52
ST Y AR | K EE BRI EERE ST P (OF
HRULZHTE) WTEA B H BRI K e RS
Fhfa (0. niloticus) | AEFEITHEAZ B - HA
HER Rt (HARDEIMA) < fa A G 30% Lo
T HEREAAE (55 1979) - LR gt
(Y TR TSI A B R > 1 LTI i A FR
o FHEBRLE -~ PRl - MR 1Bt -
B LEHBEARTAR - A IR N F LR
B RGBT ZEREG M (selective breeding) » &
1977 4 » REER skl B S B MELEESREE T Fy
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A5 #1986 4 - RIS FEPAEIEES - T HEA
—LERERL A L (5, 2004) - 42K - =
£, B 2 e AR R A8 T SR A AL (L LR SR AR BR T 45
T~ BIEAN - o R B EALL ~ WOFnE (FRELER,
1984) KJEsk (FREAZE, 1990) ELAFPAEITHER
BHEERRE - Bl » SRl AR AR
FRE LB —  HLEERE S B R bRl B 5 A LE
B E R Rl iR BIDBIRES A
SefE B/ Nt SRR - 534 - AR e 24—k
IS EAS Rk v i A

W& B b s 2 A1 K AL BE L L (random
amplified polymorphic DNA; RAPD) ¥R
DABERS /5 =i AL K#E DNA (genomic DNA) Fr
Bt - KR [FEIGLTEZ DNA Ry FTZ2SE » ArigiEs
DNA FrBetHE @ a2 2 (polymorphism) » 7
FEGET - BUE BT SR B A Ry 2
EAEAED - R E U R E - A8 s
(FREE, 1999) K UEZf# (Bardakci and Skibinski,
1994) % o

T T s — PR T ) B 2 A
(polymerase chain reaction-restriction fragment
length polymorphism; PCR-RFLP) {2 tgiE
ZFiE DNA FrERFFREHITE (restriction enzyme)
Y& AHR] PR TSE AN F i fE DNA FrBr 2 YA
BUTE B P A% o SIS - I
Bl A EAHERSE 1 e E DNA P3| DU
FHTRREN—HG [ RS B E ARG
5| FHZEEHAS]F (universal primer) &% 5%
o R DNA (mitochondrial DNA ; f&f% mtDNA)
Fs B R RSP (highly conserved) &% [K#H
i HALH Ry AR B R - R - 1E
Aili S R ] o S B R (Rafael et
al., 1995) - mtDNA 2 FHA&AEEL R Fr B Ak, - H
th > D-loop HRf7 & K. IEMRIEE (non-coding
region) J£%1 s fE mtDNA st FL K (Menezes,
et al., 2006) - T LUFEF PCR-RFLP i/t iE
BRI A A mtDNA D-loop Jv B Z YJHE]
R UIE Fr Be B E - DU At Bl LR 8 i Al o
JE{H# % (Romana-Eguia et al., 2004; Menezes et
al., 2006) -
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(—) RAPD K2 PCR-RFLP 234
1. DNA ZEHY

BYHY A07r~CO3r Jz CO7r S iih Bl (&
HH\R) i EEEMR - 735 MasterPure
DNA Purification Kit (EPICENTRE) Z£HY genomic
DNA %%’ L GeneQuant pro (Amersham Biosciences)

R AT R IR R IR AFIR -20 "CUkAS -
2. Genomic DNA Z RAPD ) :

DA RAFRIEE CRER 10 [HZREF5
(10-mer) [ RAPD F&#E | F OPAO1 ~ OPA20 (3
t145) o3 RlELEEEfZ genomic DNA 1T PCR [
JE - I EEME A+ genomic DNA (25 ng/ul) 1 ul
10 mM dNTP 1 pl ~ 10 pM primer 1 pl ~ reaction
buffer (10X) 5 pl ~ Supertherm Tag (5U/ul) 0.2 ul
HERRZK 41.8 ul > JERSHE 50 ul - PCR SEREAY R,
MyCycler thermal cycler (Bio-Rad) - H4iliE 57 JE {5
4 : 84 (denaturation) 94 °C ~ 2 mins ; FEZEHET
45 {E{EERATEE 94 °C ~1 min; B4 (annealing) 36
C ~ 1 min J4EE (extension) 72 C ~ 2 mins ; £x{%
FHR 72 CAER 7 mins % - [ 4 °C #UESE -

3. mtDNA D-loop Fi B2 PCR-RFLP (% :
SEE—¥5 [ LN20: 5°-ACCACTAGCACCC

AAAGCTA-3’ (Forward) Ll HN20: 5’-GTGTTA

TGCTTTAGTTAAGC-3’ (Reverse) (Agnése et al.,

1997; Bernatchez and Danzmann, 1993; Romana-



RAPD J¢ PCR-RFLP EFIFES L L f LB R 31

Eguia et al., 2004) Ed genomic DNA 31T PCR &2
J& - DIbiE mtDNA D-loop £ JE#T 1 kb (B -
S EER IR ELFE © genomic DNA (25 ng/ul) 1 ul ~ 10
mM dNTP 1 pl ~ 10 uM LN20 1 pd ~ 10 uM HN20 1
pl ~ reaction buffer (10X) 5 pl ~ SuperTaq (5U/ul) 0.2
ul S AEER 7K 40.8 pl - HEHSHE SO ul - PCR [ RN
B MyCycler thermal cycler (Bio-Rad) - $41iE sz FEf5¢
F Ry © 8 94 °C ~ 2 mins 5 BEEHETT 30 {ETEERAY
B0k 94 °C ~ 1 min; A 55 °C 1 min RAER 72°C
1 min; fRf& PR 72 CAER: 7 mins £ (£ 4 C #&
1EBZJE -

4. PEZIBHEEEVK (agarose gel electrophoresis) Eil
AR 2R

Ui 1.5% FEREBRENRASE 05 x TAE
buffer 7 KRBk (Bioer GE-100) > # RAPD 14
R EEYI AR E TR P e B e LA - ERE 100
V o Bk R %GBS L Ethidium bromide ¥eff
B 25 R B 2 4% PHOTO-PRINT (VILBER
LOVRMAT) #1753 M7 K R R -

Bt mtDNA D-loop i Be BB 5 IIREZ=A1
EFF% 0 F MegAlign™ 7.1 &4E#k#% (DNASTAR)
A1 SR8 e 51 B PR 43 FEAH R (percent
identity) » PG Fr B35 Asn 1, Hinf 1, Rsa 1, Ava 11,
Msp 1, Taq 1257 FEPYIRR T OE] Fr B R UTE]
fii (Agnése et al., 1997; Romana-Eguia et al., 2004)
HII43 AL SeqBuilder™ 7.1 Z45##% (DNASTAR)
HEFTAIAT » DAL B T R SR o TR A8 5
1B - 5381 #&o3MTiRBRE A0Tr~ CO3r B CO7r
mis A AR [EY)E B Ava 11 e Msp 1Y)
PRI FLUERREI TR vk bR - 7RI 4ug
ZYEiE D-loop FrBEesrilEd 1ul Ava 11 B Msp 1
(New England Biolabs) PIYJIRHIT S tHRRAREK
B ERAI/R SRR G - BN 37 T/ B IE
% » AN 7 =R AT S BIEERS R -

(D BE

HRTR A H AV BT R SR
LRE I TR - 43Ry AOTr HAS (HES B~ I
4 B)~CO3r 455 (M 15 BB~ 1t 8 &) - IfE CO3r (12
Fe) Bt CO7r (12 ) HEA HAREENH - MR fa e

EHHERE] 400 ~ 510 g MR fAHE EE IR 605 ~ 800 g >
TR G A RS

BIARE IR ZESMKIER (6.0 x 3.5 x 1.0 m)
RS - BRI TR DBIRRERI  fark
FBRIAMEA R - R ROHE & A ARG T
Rz - BRI - DU S L Rk
RAR A L SR BEE AT
FAL -

(=) #REtD

Hr et AR Ui R KR T
test (—FHEFEOT(X) T one-way F test (=FEfE(
T F test KRBT - A —5 ST Tukey
test » DU i — MRS (0% L 22 5 1 - Bk e
¥k p=0.05-

R

JEFR A VIR AO7r ~ CO3r Jz CO7r S5
R OHER ORI - /£ RAPD JjH > —3L
T 20 {EbERS |1 - Hp o ¥ OPA 07 517 ()
FEFF51 © GAAACGGGTG) ifis ° CO7r iRz
HERUR HH — 8t - SRR ERI T (9 3,000
bp) » CO3r R I #8 AT AR G R Fr Bt (Fig.
1) » A07r SR BGRB8l (RESRAREUR) |
Sigh ¥ OPA 15 B F (R4 ) W FE S -
TTCCGAACCC) 5 * COTr fii (R —
M A SR ERI B (]9 1,500 bp) > A07r
mn L (RS PR SR B (Fig. 2) 0 CO3r iR
ARSI B (RS RAFER) - /£ PCR-RFLP
JITH g2 mtDNA KT 1kb D-loop JrEf -
e > CO3r BUEE R (COTr B AOTr) K%T|
Fe¥lliz B 53 EEAHR R 89.9% » COTr Jz AOTr 7%
IERTRTESE 100% -

4387 CO3r ~ CO7r 2 A07r %2 D-loop Fr
B B Asn 1, Hinf I, Rsa 1, Ava I, Msp 1, Tag 1 55
A YIRS YJE Fri S UIEIR - BURARA
CRBTEE—F > 2 RAAE -HEER
(haplotype) » EEZEfE#4 5 (haplotype diversity) E{{H
2% 0 (Tables 1 & 2) - ZEHUHE “FEAELIEFrEes
Ava 11 J¢ Msp 1 BREMEEVKIIAT » ATLAERBRTR
CO3r G A B E AR 5 3 Ava 1 RIS
IME » CO3r iR RARYJE » HE iR R U] {1
Frig » #f Msp TIRSHITSIE - CO3r dioR Ry YT —AA
FrBE S PRI = B (Figs. 3 & 4)-
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Fig. 1 RAPD patterns of amplified genomic
DNA, for CO3r and CO7r strains, by using
primer OPA 07. Arrow indicating the
strain-specific marker. Lane 1~4: CO3r, 5~8:
CO7r; M: 100bp DNA ladder marker.
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Fig. 2 RAPD patterns of amplified genomic
DNA, for CO7r and AO7r strains, by using
primer OPA 15. Arrow indicating the strain
-specific marker. Lane 1~4: CO7r ,5~8: AO7r;
M: 100 bp DNA ladder marker.
Table 1 Fragments produced by restriction enzyme digestions of amplified mtDNA D-loop region
Enzyme Asn | Hinf | Rsal Avall Msp | Taq |
Haplotype A A A A B A B A
Fragment size 898 898 615 898 506 779 480 441
5 242 392 19 296 430
(bp) 112

n =8 for AO7r, CO3r and CO7r, respectively.
Fragments smaller than 50 bp were not shown.
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bp

-3,000

ju ——
Fig. 3 Cleavage, with Ava Il, of the amplified mitochondrial D-loop segment of red tilapia. 1~4: CO3r; 5~8: CO7r;

9~12: AO7r ; 4, 8, 12: controls (without digestions). M: 100bp DNA ladder marker.
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Fig. 4 Cleavage, with Msp |, of the amplified mitochondrial D-loop segment of red tilapia. 1~4: CO3r; 5~8: CO7r;
9~12: AO7r ; 4, 8, 12: controls (without digestions). M: 100bp DNA ladder marker.

BT RAEREVIHE AT R TE
Atk > —IHBRRL ~ ALOEDEREL ~ FiH
H O E RSN AL B Al (Fig. 5) » FURGEE
£ 20 BELAA) - FZ SRR 2 ARHESR
AT LSS ARAL o AGBRMEIRAE [F] — KT T H AR E

FETAE > FRFAS [FIRE 2 A e SRR ] b Bl
AAHIE - i IAERCRHIE RS - S PR A —H#H 7K
AFfE AR EAREE (Table 3)° AO7r fis%
H A AMIRL RAL L R T Rl
SRR 13 Bl 14 B (FRLELERER LB,
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Fig. 5 Coloration of progeny. A: Pure red; B: Blotched red; C: White; Upper: %, Lower: §.

102 1.1) - Ffel 7AYo i e E SRR e
5L (p>0.05)° CO3r fifs% H R EEEMAKLSAL L H A
B BERE R 674 R 222 R (Kl 3.0
1.0) Wiy~ URy PR B BB B IR M 22 28 (p
> 0.05) ; CO3r ik (M) B CO7r 5% (M) FHER
FEERAL ~ AL AR RA TR BEKFR
417 ~ 320 fz 182 F& (bbfky 2.3 1 1.8 1 1.0) » Hrfp
AL Bz ALt BB T R P e R B G R
2SR (p>0.05)  HETRAMGRE IR
A B AP (KR AT 2T (p <0.05) »

Table 2  Haplotype diversity of mtDNA D-loop
regions, amplified from A07r, CO3r and CO7r strains,
respectively

Haplotype AO7r  CO3r  CO7r
AAAAAA 1.0

AAABBA 1.0 1.0
No. of haplotype 1 1 1
Haplotype diversity (h) 0 0 0

Sample size for each strain is 8.
h = (1-X X n/n-1, X is the frequency of a haplotype and
n is the sample size

AR B — R E R AWl Lhi G
ALEIRBIFA RIS - Hrb > 15 A07r ~ CO3r
Fe COTr S =Ff515% » DL OPAO7 Jz OPAILS Fks |
FhdiE. 2 RAPD BEykE » ATLL3HEH CO3r ~ CO7r
misR e A0Tr ~ COTr fiisR R EMEFrEY -

£ A07r ~ CO3r % CO7r mtDNA D-loop FriZ
ST > A0Tr Bil CO7r 5% D-loop #3156 4

p={7113

FHIE] - CO3r R BAMRAIEY - K mtDNA Ly
REREE BTl CO3r iR BLHEAt — R 22 L FE
=B A FERREREE ARG - B4
PCR-RFLP 7341 mtDNA D-loop FrE% » m] DUKIFRE]
TYJE FrEe s AN > BAEHE T CO3r i 5 thn]
LU RAPD [ RAEHAIHY A07r ~ CO3r iR T
DI&sy -

A07r~ CO3r Jz CO7r fhr 8RR —THEEER -
SE B EIS M E K - Romana-Eguia ef al . (2004) 43
MLt Szl fa Tl SR mtDNA D-loop Jr ¢ - %
A RS - HERSREHEE
£ 0.183 ~ 0.499 [ » EEZ R AL IR ER
SR ET N B A - T~ KR ey RO
FRREIN - SR AU AR R (effective
population size) ZEIFRT] G0 TG A
e —REAT U A TREM: -

AL R A B ATE R R R R R
REIH (breed true) » JRE[] : RIARIGLyitlikl (pure
red) HYBIAC - H OB 7 A0 I 4 R 2 HRL
(Wohlfarth et al., 1990; Hussain, 1994; Gardufio-
Lugo et al., 2004) ; 5340 » {EGIFa ARG SR M1
e R —EMERHEAL - Bl REE R
PEecE R - KOB LR - AL EAT
(ENSIa AN S ST A WS SRSk ST B
FHA - GERLEORE G T B = L Bl e
SRR > REE (1997) (ZABEE RN G118

Fo R Z 1O R 2k 5 FERR S B0 SOR LR 2 5%
Rigs Kz o BRI HIERRKHE = R s
FFE RN E AT - AREET - SHHALE T
RELER T Ve E iR I T
AIREE KR RIGE A R T RO R A D RS
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Table 3 Mean body weight, body length and numbers in different patterns of crossbreeding progeny

Progeny

Crossbreeding Mean body weight (g)

Mean body length (cm)

Pure Blotched

Pure  Blotched

No. of pure red/ blotched
red /white ( ratio)

H * H *
red red White red red White
AO07r x AO7r 183.0° 201.5?2 16.2°2 16.3° 13/14 (1.0:1.1)
CO3r x CO3r 27.22 30.7¢ 8.5 8.9? 674 /222 (3.0:1.0)
CO3r x CO7r 65.5% 64.9° 36.0° 11.92 11.42 9.7° 417/320/182 (2.3:1.8:1.0)

The sample size for measurement was 15, except group of A07r x A07r (13 for pure red and 14 for blotched red).
Same superscripts in the measurement per cross indicated no significant difference ( p>0.05).

*Including blotched white

Bh o AR SNBER . T ELAIALESE - (KL -
W LB BRI T REZE AKX -

=RH BB AR L CO3r x CO3r HAS T
AR Bl e » B A > CO3r x COTr 531
RZHRLELBIRIEAR - A By BB H
F2) RS R B S HE 2 R I B R B - AUEGEARL A
& - B4 - RS RS - E@H
FEMERCEAETRIZE LS » IHLEL Wohlfarth ef al. (1990) &
F FAHIA] -

RLtR B AR T BEE - JREL  (blotch) [
SEEBEHI RS2 (McAndrew et al., 1988) o A,
B A% MG T REAL L E AR R T A R
McAndrew et al. (1988) J Hilsdorf ef al. (2002) %
T BREREE N KA HER 24.6% ZALOREHE
J& blotched type ; Hussain (1994) RIZE R AR IEF
10% KRSy blotched type » F5{KIRLLASHE » ASHfF
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10% » HF IR R ARl e ZhAa -
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LABHZE 18 RO i S g sl ta bR 2l s Bk K %
BRIE -

ARFFEAR G /K BRI e L R R R 4

JEIRE) B SRAR R SE A AR S B R E B )
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W

% 3k
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Application of RAPD and PCR-RFLP on the Selective Breeding
of Taiwanese Red Tilapia (Oreochromis sp.)

Yuon-Chuan Chang’, Rong-Hwa Chen, Ke-Chuan Chang and Fu-Guang Liu

Freshwater Aquaculture Research Center, Fisheries Research Institute

ABSTRACT

The A07r, CO03r and CO7r strains of Taiwanese red tilapia (Oreochromis sp.) stocked at Freshwater
Aquaculture Research Center were discriminated and their genetic variations were analyzed by using RAPD and
PCR-RFLP. Besides, breeding of A07r x A07r, CO3r x C03r and CO3r x CO7r was carried out to obtain the pure
red strain.

In regard of RAPD analysis, CO3r strain could be distinguished from C07r strain by using OPA 07 random
primer, and CO7r strain could be distinguished from AQ7r strain by using OPA 15 random primer. In the use of
PCR-RFLP analysis on the mtDNA D-loop region, CO3r strain could be distinguished from A07r and CO7r
strains. Haplotype diversity of the mtDNA D-Loop region in A07r, CO3r and CO7r strains was 0, demonstrating
a very low genetic variation within the strain.

In breeding, all fry were white. Their color changed as they grew up. After five-month growing period, the
crosses of AO7r x A07r yielded two types of progeny-pure red and blotched red patterns, but their mean body
weight and body length were not significantly different (p > 0.05). There was a similar result in the crosses of
CO03r x CO03r. However, the crosses of C03r x CO7r yielded three types of progeny as pure red, blotched red and
white ones. The mean body weight and body length between pure red and blotched red types was not
significantly different (p > 0.05), while white-type progeny had lower mean body weight and body length as
compared to pure red and blotched red types (p < 0.05). Since the growth of pure and blotched red progeny was
not significantly different within each breeding group, and the blotched red type had only a few blotches, it was

speculated that there was little difference of genetic factors between these two types.
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