ORI BHEETE T o REER 2 5 R 2
V Bk AR BRSO

2 LA K ER AT

(1997 £ 6 H 11 HES)

LURIAR S & SR B 2 BRI B ) B B S 8 B & B R TE 2 R &

R

FIF 10 EIRGESUIE 5 EEEEHE RIA (BRRI A - BRERTA - EHUE
- R RIAR AL QRIA) REBTEI RS S SIS TR - &
REF Bl T ~ Hind M ~ Pst1 ~ Acc 1] Aval % 5 FEIRHIESUIEIRTS < ERE - BHAfES
AN NI WERSEAIRIZH - e REDL Accl & Aval YJEIFHSZ B » 77
F AR EARE > J  EESER A S AUBBEE - FEACHEZ mt DNA J)EI|BlRE 48
HHERARRE > BURBAREME Rl mMIGRIBAMEERERI AL mt DNA ZERE
AR PLIEA] RALE R AR EERR I A A R AUMARE - bt 5 BEAFH 6
R ELEFREHIRS (6-base pair recognized restriction enzyme) HFEEREER S 17140 EEER
BB REARAIE R SR  (SEEE O REAR 0.234 - ipEHEAEY
£5 0.246 - {HREA 22 SARME - ShENSE R A8 R 30 A R RS A AR RS RUE -
b AW AERRAF R G E BRI Rl A SEE RIS, 2 AT R SRR R

A EESEERURSEEEERH -

REE - BEA o MERHE  RREBASONSE  IREE - 58

EAE  Rems [HERvAE - JiL - SfEZRERIR
BIARRBIENHAIEN - LRI A S AR
SRR o M2 PRETSREI AR - WETERETE
R AR S e T PR s - BRI AR EE b
o B R

AT EFEEEER - R 8 BEFLL
B 0 FIZRAIRIR R RE - R IBPERASZINR
BB FERE O - HOUERE 2 ESE" B
FBkSIT (Allozyme) HIFERIKHEIRI L2 £
B WA HKE S R ELRTY o AEEERTEIRIT
BT R RREY B E » SRR ERE
(Allele frequency) el kS RERHBEZ M - BHEK
FE (Locus) ZTUMEMEBCRRE @ & Lo LR S S H 4341
TERER RS - NI FENUR BRI A R I TE
RS - AR R AR AR AT A
RS BE S R HMERR AR — RS -
mt DNA (ki #R#5 Z 8B EE) < R F 88

NN, BREEEE, RIEHE, B (1997) DUN#Ee = EMBELRE
Z [RHIASY S REL & S BRI R E. REMYE, 50):1-10.

(Restriction endonuclease) YJE|EFLEEE AR E
RFBEAEE - AL - ARG R BUAERARY i
[ - mt DNA i B R BIk AT B G REEE 2= 2
P ERERE mt DNA ERETHRILIR/KBE L B 5L > 73
Mg LUERS SR - M HEAEEMENY - AiEER
MR AR - A - mt DNA Z ik 2 itz
DNA (Nuclear DNA) B S 5-10 2010 £ » FFH
M TEREHS A REEER (Recombination) &7 H
BRFEE (Maternal inheritance)®®® » Kt - HIE
HAEMEWERE » e SRz AR - mt
DNA NMEfEEMEEYME AR RN - EAEnER
TREAERAZ B » TR mt DNA 3R MEHTT
EREBLERNEBEERAR  HEFREHEIEESE
R o IRATEES SRS PR B AR 102

ARG FEHST G EE ER R EER A e
R - BOFIRER AN~ BEEDURSNA ~ B=IEWER
I RAL BRI AE K A E .2 mt DNA [REIREY)
I 8 3 2 R A H O A s R A B RE
(Ability) e
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M7 A
— -~ AT

RBEAABREESBAKERBFTREESFZ
EBBRINMA Oreochromis niloticus (LT LA N 45
Z) - BRREERER S O. aureus LI TIAA RFEZ) - &

RSN O. hornorum (LLUFRLHAFERZ) - E=1h
ﬁé@ﬁﬁa O. mossambicus (LA FLAM REEZ) » R H
HETHED  JERER I A XEFEERIA (N X A) >
B RRIBAXEHERIA M X N) - JEfERE
AXEZRERINE (N X M) KA ERETR
(Red hybrid tilapia) % - BB fa A& RITEBRNR =
3.0X50x06m F&3.0X50X1.2mkjeide

» fiARfE DNA 7K
AT AR EE DNA BT AR R £ 2R &

Gonzalez-Villasenor et al."®} White and Densmore
N7 Fk o GRBRIRF RS A SR = TR T B
AETEAR B IS 2 #0ES - DA1:5 (wiy) Z EEBIDA TEK
(Tris-HCl 50mM » EDTA 10 Mm » KCl 1.5% » PH

) AR W > LLE B EE & (Poltter-Elvehjem
homogenizer) FEW#  HABBTRBIEEIASH
15% Sucrose YA¥RIIHBE LA TR - L 500 X g 7E 4
CTHEeL 10 4088 > EWBYEELL 1,500 X g BEL—
Ko MHRERE EBWEL 23,000 X g fE 4 C L
20 3§ VTEYILL TEK RERNRIHYER  LL 0.7 mI TEK
ARBETWIE RN Triton-100 885 1% R AWAE
ERTIE 10 788% » LL 12,500 X g B 20 5
> FEWIAEREZE (Phenol)» PH MY 7.5 -
8.0 M - HEYEIXK > LL Choloform: isoamyl
alcohol (24:1) % phenol » EFERINA 2 %2 95%
TERSTE 20 °C thETTT » BFATEEL 12,500 X g 7E 4
C B 40 5388 - TTEBILL 70% BEkEH BB R A
WK BRI 100 w2 TEK AR - AR LL
EcoR 1 ~ HindTl ~ Pst 1T ~ Hinf1 ~ Ava 1 - Bgl
I Acc 1 ~ BamH | ~ Sau3Al jz Msp 1 ZERHIEE
(Toyobo Co. LTD.) - f£ 37 °C TH#ETIER 1 /N>
ALL 0.8% PEZEIBH LA 100 v #EFTEIKAT kLl
Ethidium bromide #:ft#% > Ll Polaroid HEAH#EE UV
SET A 1 BENS BT B KU - BUKELL A
DNA #& Hind Il FRr)iz B R R/ IMEHE

R

10 FEAYIREHIES (EcoR T ~ Hind Il ~ Pst T ~
Acc 1 ~ Aval ~ Bglll ~ BamHT1T ~ Hinfl ~ Msp
I~ K Sau 3AD YIEIERIEGE BRI RIHER) mt
DNA HEITHHTHSE - Table 1 Bh 5 BMEF 6
{iE s FL % (Six base recognition) HIFR&HIES (Hind
I~ Pst 1+~ Acc 1 ~ Ava 1 J Bgl 1) YJZIfigfq
Bz KA - VAR S EBECRIEYN mt
DNA K/MEES 17,140 + 850 @keRfE » HLELIEM
AR (Tilapiine cichlid fish) B2 Z RE 17,300
bp AEEAL® i B ER EA RS0 SRR S R AR
LU o AFRFRLL B 6 A HHIRHIER YA
FRGEEEREILEER] 71 EARFE - HITRER 426
bp (Base pair) {52 mt DNA &2 2.5% -

B EcoR 1 K. BamH 1 [RHIESEFHBEIRIER -
DA FEEZ BRI HL mt DNA BT RIEEKR
/N — BT 0 FTRERIE E RN AR mt DNA FIREETR
B —tEERIIHS - MHEIRGES Bgl T FrSHIEZL ™
DB ERa A - BOF R A R E = tE R0 A
FATRIA AR mt DNA FrEE - {HEFEDSR
R BRI B A B AR/ Y AT EEEI
3 S £ BEELAM SRR 2 PR (Fig. 1) 2 HY Pst T Fry)
15 EFEhEF SR AES—FE BRI AN
BN AR ERE = AR AN B =R
EB@EU%@JwHﬂ%_fITHji/J\EI’J}#Ex FrLARI{E
B R o MR B A B B = P T B B R N L A R P
ZH (Fig. 2) -

B4 Hindlll ~ Acc T B Aval YJE[Z mt DNA
[BEtR - 4 FE R IRE S BE N R EE
AIER & fn R L HIBIER - Hh Acc T R Aval Z
UIEERE - RS AMCERERAZFE BS990
o B B2 B - FTRRPIBIE S EE
T BEf o Hinf 1} Sau3Al ~ Msp T S3RIBIR
i 5 R 4 {EReEEZIRGIEE - AEEIRGIERYIE]
% o R% Fr Bl NEEARE) - B RE AR E
FEREZ mt DNA @3 - M X N #EEEE =L
wRIAAEEAMERZERE TN X AKN XM
A EM R ERI A AF R R EER
2 B BT (R IR B0 (e i R ST F AT T 2 e
EEME"Y > i LB R BRI A mt DNA SBRREE
ZHER (Fig. 1 - 4) - EHEIHS mt DNA YIEIR FrEz &
T AEEiEY RIS RERRIEN—E R AN
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Table 1. Fragment sizes (base pair) produced by restriction endonuclease
digestion of mt DNA isolated from Taiwan farmed tilapias.

N A M H
EcoR 1
18150 18150 18150 18150
z : 18150 18150 18150 18150
Hind I
13700 6500 11300 13700
4240 4820 4100 4400
2800 2800
1100
1000
by 17940 16220 18200 18100
Acc 1
7430 6560 9420 13390
3810 3470 5780 1870
3000 2150 1030 1330
1330 1230 880
1030
880
z 15570 15320 17110 16590
Ava 1
4900 5900 4900 6690
4200 5220 4200 5900
3740 4860 2750 3910
1790 1500 1500 1240
1390 1390
1240 1240
1120
z 17260 17480 17100 17740
Bgl 1
7700 7700 7700 11500
5500 5500 5500 5500
3800 3800 3800
z 17000 17000 17000 17000
Pst 1
9600 18280 7640 9600
4710 5410 4710
2950 4200 2950
2 17260 18280 17250 17260

N = O. niloticus M = O. mossambicus

H = O. hornorum A = O. aureus
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b op
P - 23130
9416
—23130 6557
9416 4361
6557
1
436 2322
2027
— 2332
— 2027
564
564
Fig. 1.  Fragment sizes produced by Bg! Il digestion Fig. 3.  Fragment sizes produced by Acc I digestion
of mt DNA isolated from four Taiwan farmed tilapias of mt DNA isolated from five Taiwan farmed tilapias.
and their hybrids. From left to right are N, A, M, H, Bl, Rand A/ Hind TI
From left to right are H, A, M, N, Bl, Rand 1/ Hind Tl DNA size marker. Abbreviated of species are the same
DNA size marker. Bl and R are represented the black as shown in Fig. 1.
and red offspring of red hybrid tilapia. H, A, M, N are
represented the same tilapia stocks as shown in Table
1.
bp
—23130
9416
6557
4361
2332
2027
564
Fig. 2. .Fragment sizes Pro?'f‘ced by Pst I d'iges.tion of Fig. 4.  Fragment sizes produced by Ava I digestion
;Et F)Elll.sglated from four Taiwan farmed Tilapias and of mt DNA isolated from five Taiwan farmed tilapias.
eir nybnas. From left to rightare N ~ A ~ M ~ H ~ and Bl the lasted
From left to right are A, N-A, N, M, H-M, H and 4/ one is A/ Hind T DNA size marker. Abbreviated of

Hind T DNA size marker. A, N, M, H are represented
the same tilapia stocks as shown in Table 1.

N-A: Hybrid of O. niloticus female and O. aureus male.
H-M: Hybrid of O. hornorum female and O.
mossambicus male.

species are the same as shown in Fig. 1.
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By - [FRF - AL REZ IEFIRRYEIER Y =R E
— GRS K (Gain or lose) ZAER1 - TUFEREN
BEERE SN E&ZE R ZERE (Nucleotide
diversity)®"d] 0.138 = 0.357 5455 0.234 - &{AY]
FM BB ZEETFES (Number of nucleotide
substitution per site)*’Hg 0.172 % 0.383 > FHE
0.246 -

Figure 7 ZLL Table 1 FHEFTEZEMERE
(Genetic distance) il Midpoint-rooted neighbor-
joining LW BIRL Y BKE - HASREUREERTZ
ES TR - BIEE IR AR = LE L R
ZBEIERE R T B O R AR - Table 2 §§
TRPUTE T SR TER I A E A E mt DNA 2 BEEEA
(Haplotype) » [Kiit » FIH#ERIE R REATRER A
TRKZ R - M AXEETER mt DNA ZERFA
(Genotype) -

TEASREET » mt DNA B - R AETERR L - 39
RSB A2 mt DNA -MERS, B0 —ig 8 87F 0.12g
% 0.3g M FriiEle mt DNA & - Skt 2y
FEHIER AT - R - BRI ATEIRG E - LHRE
FERRHHSZ mt DNA 2 S B TR Pl & i -

o @

AW 5 R o [MEsEEHrIREETIE S
By mt DNA [BIFY - B SHEEZHERER  TH5
0.234 (Table 2) » FFFIZER T3 (Percent sequence
difference) £ 3.76% - 5 mt DNA 2 EBHR{E
REAMBIE AL > BIEAVILE (Rainbow trout) £
0.423%% 4T85 (Red drum) BEEES 0.943%, KRk
BESR(E > BBI4E (Haddock) £ 0.87%% » BRI &
(European eel) Z FFFlREAEE 0.8% » &
(Horseshoe crab)fs 2.0%%” - W] RAN[F i@ B R A
BEERECHMEZRER - —RIERARERET » (0K
chih ¥ SR » #ERY (Interspecific) Z BT AA
Sk - H mt DNA ZEREE T EE (Genetic

divergence) FHEIEHE 20 - [ » BEZIREIEE

T IR 55« St - HAEM S E 2 BIEAE T
(Similarity) @#E"" - SEEEC RIPEIIEBENS|
PR HEYS e BEAR - Jt » PRk — i
W IE (Bottleneck effects) » 541 » RIES[RI—MEE B AT
Az E—HtEE - EEMHERE mt DNA 73] - EEERTE
Z R ARG E % - AN RIFEE K
1T AT EFEACHD - BRIt SRR S 2 FRRE - B AR

ENTRE) (Gene flow) STR2AFELE > AR S &R AE
M (Intraspecific) B - HLEREEFEE DT
DEABRIUIE » EfERRMAREGERE (Mass

564

" Fig. 5. Fragment sizes produced by Acc I digestion
of mt DNA isolated from three tilapias and their
hybrids farmed in Taiwan. From left to right are A, N-
A, N-A (salt water), N, M-N, N-M, M and A/ Hind T
DNA size marker. A, N-A, N, M are represented the
same as shown in Fig. 1. M-N: Hybrid of O.
mossambicus female and O. niloticus male. N-M:
Hybrid of O. niloticus female and O. mossambicus
male

bp

'R 23130

— 9416
— 6557

— 4361

— 2322
— 2027

— 564

Fig. 6.  Fragment sizes produced by Ava I digestion
of mt DNA isolated from three Taiwan farmed tilapias
and their hybrids. From left to right are A ~ N-A -
N+ M-N - N-M ~ M and A/ Hind TI DNA size
marker. Abbreviated of species are the same as shown
in Fig. 5.
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selection) YRR EIRHEHCY - EEEIE S B0
BRI (Interspecific) #ERIAERT 24% () H K%
SROKHE o [P R P 6 ] R 2 B A B i o BT R
FIRFERE R —ER - R A RSN A R A B

KA TSR A T BRRFT R « i
A S T BRI BTERE 7357 A
WiZess BEUREY mt DNA (ISR E R 2 BIf
OB R B RS - B RNEES

N 4.000

A 3.000

M 2.000

1 L | L

H
! i ]

1 ' I i

4.000 3.600 3.200 2.800

t ; — Level
2.400 2.000 1.600

Genetic distance

Fig. 7. Phenogram of mt DNA genetic distances among four farmed tilapia
in Taiwan by midpoint-rooted neighbor-joining method.

N-A-M-

Table 2.

H are represented the same tilapia stock as shown in Table 1.

Description of mt DNA composite digestion patterns (haplotype)

in five farmed tilapia species in Taiwan. Composites represent the following

order of enzyme: Accl - Aval -

Hind 111 ~ BglIl ~ Pstl.

No. of
Species fish AcclI  Aval HindII Bglll  Pst]
O. niloticus 17 A A A A A
O. aureus 13 B B B A B
O. mossambicus 16 C C C A C
O. hornorum 15 D D D B A

Note: A capitai letter (A, B, C, etc.) denotes a particular fragment pattern
obtained with a given restriction enzyme. The same letter for different enzymes

are not related.

Table 3.  Estimated genetic distance (above diagonal)
and numbers of shared restriction sites (below diagonal)
between mt DNA haplotypes in four farmed tilapias in
Taiwan.

N A M H
N - 0.227 0.172 0.141
A 0.218 - 0.176 0.337
M 0.166 0.171 - 0.383
H 0.138 0.352 0.357 -

G A S EHIIRE DNA PR HAREC 7 -
RItE o AP REE L 100 Bl S A EE
ARG F S B REEE [ RIREEAEE Y » HHIEER
R 200 RAAIIB AT REMR IR T BiE 2D
ERE 25 % [EIRF R NHERE o fe fRr LSRR Y T fy
67 BRATEERE HEJSTEENREE -

Figure 7 L Table 3 MY RIATIGRNIREHRE -
HERBE RIUBR AR EEERDE =t R
PR R IR IR B R  E BRI A
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B BoR - IS RESRRTEYE B MR B IR TR
RO BEBERERABRECRIBEZT
HEREAMHEREESE  HEARAEZR
B AR FREETENRAR P EN R
BIRCEA HHEENE -

mt DNA RS IRFIRGUTEI T [BlzY - BUREGE
BiEC RA G EGHERENEHSRTE  LPh—
L6 IRt i ) 81 T 15 2 [EI 3% 7T T 8% A A AL R R A1
Bl - LHZ Accl B Aval Frtlis 2 [BRE - JHES M
ARSI CIRNTTRERE AN OS] )i L WN: e
ERRTLUMRE ZRURHIE] - (Rt - mt DNA [REHERYIE]
B 3% 7T AR R — T B A R S P B Tk
17389 [E]IE - A AR RE AR -
@ Y mt DNA FUR B HIREREE - B AR T H
HIFRE. » ANEE — DI R R (AR S HE LRI
HEITRINEZ DNA Z s RN 2 RS -
BHEFHIRR -

A
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Identification of Farmed Tilapia Stocked in Taiwan by Mitochondrial DNA
Restriction Fragment Length Polymorphism

Abstract

Restriction endonuclease analysis of mitochondrial DNA (mt DNA) from five stocks of Taiwan farmed tilapia
Oreochromis niloticus, O. aureus, O. hornorum, O. mossambicus and red hybrid tilapia and their crossed
hybrids revealed a clear polymorphism. Four different restriction fragment patterns were observed with each
enzymes of Ava | and Acc 1. Other enzymes such as Pst I, Bgl I and Hind III showed only two restriction
fragment patterns , and EcoR I and BamH 1 gave only one cut site. The nucleotide diversity from the analysis of
five b-base pair recognized restriction enzyme within sample was estimated to be 0.234, and the base pair
substitution rate was 0.246. No heterogeneity was detected within species indicating that the farmed tilapia in
Taiwan were affected by the bottleneck effects. The restriction enzyme patterns of red hybrid tilapia showed all
of the patterns same as Nile fish, demonstrating that the origin was from hybridized Nile female fish. The study
revealed several mitochondrial genotypes variant which may have potential for use as stock identification and

genetic marker of farmed tilapia stocked in Taiwan.

Key words: Tilapia, Red tilapia hybrid, Mitochondrial DNA, Restriction endonuclease, Nucleotide
diversity, Taiwan
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