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Bau 3AT, Sma Il Xbal Xhol f1 Sall H-+=MEHEAMEN JIEHIT(Carassius aur-
aitus gibelio)  HMl(Carasss us auratus cuvieri)FIMY(Carassius auratus auratus) gLy
{4 DNA (mi DNA) #57H 8RR H R /A FRBIZSHRE X5 5 6 BRH M 10 B B g
B, 2B RERE AR, 4 AR R E&E D H AN, BB any mt DNA 43R/
J5IE4RRTY 15990 +90 TEAL AT (bp); FHIYY 16600 + 130 TR X (bp); 82y 15540 + 140 PAEERT
(op), 3 HArBUESL T HIESR 49, S0 R18) wb DNA oy Bam HI, Pst1, BEco RI Jt Xbal &
PU Tl ] 1 P Sy SRR I BE £D 8.

X3 Sk DNA REBISERWE, FERE, 28,8

etk DNA (mt DNA) B3I BR et DNADS, 45784 % 17000 BES
(op)t, HE A B R B WA R A +EU?, HARIEEET, T, mt DNA
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HRTAER. THEXERERREHER, TRAN K RELERI L RER L, BF
HEERL, BWEHRT —EZRERN. HAERFQBHMELREEHEWRT H
AP, 7 IEGRAD A = B A o A A M FL R SRR . E T (1988) MIREAOK
PHRHARBERBNWEHET T REBEANSECHARK S, 2XMGTEYER
B,E M mt DNA BN JIREA 3T 8RS 7 40, B AT AR5 22 5,

MR 5

—_ & W FEHEE(Carassius auratus gibelfo) AT FREITE: HEN Carassius auratus
cwvierd )= F F #; M( Carassius auratus auravus) KL VIR 75, SR8 1 T
Fre B 20 AT g,
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PRI Py VBT SR RS TR A TR,

=P % SREBRRECDFRIFE—SUE, BESRAT(E o CTET):

1 Bapdke R IEEIARIPDAESETR, M5 SR STEFRERR(10mM NaCl,
10mM Tris-HCI, 1ImM EDTA, 0,26M gfE, pH?.5), HakESER g w. 9% HA 1600
B 10 55, SRR, REFMK. LR 7000 g 2025 58, BEFK, KERE, BETR
Rl STE-ZAE B, 7§ 20000 xg 3025 5 Shlc A bk,

2 mtDNA g FAER TE-#& S8 rE (0OmM &4, 10mM EDTA, 26mM Trig-HCI,
PHS, 0) &% bk, A1 kB! SDS-3M:%(0.2M NaOH, 1%SDS)REIR &, /il 5—10 4080, N 1/3
HL 6M. ZBRENVKIS 6 48,2000 x @ B0 25 5>, B 1P 25 PR /48005 / FRAR(25/24./ 1) ik
By, BB R Z B SR, K B 20000 x ¢ #5080 44, lefl mt DNA, (T B R KE
K, B 4CHRAEET,

3 miDNA @B hAS WMEmTN, ZEHOEPNHEBENSE MR 160l 15 B mt DNA,
U5 IR P DB 2~3uD), REZ AR 1601, B et 5 VIR B KB B 3.5 4 B,
/i 10mg/ml i RNA B 201, A% 0.5 /N, 66°C7KIE 6 40 $pek LRIy, ESRFLIRS , MEI 23 mh o
A R R, FEENIA, R4 S ASEARH,

& mERMR LR ERKEN 0.7%, RILZERKEY 0.5ue/ml, i 0. 06ZMMEETH,
ARER Y 20ul, THLEIK, BIE 60 (R, BHE) 4—5 /B, HVKSE B, AMT T,

5 SwANA AL BRI Y Lambda-DNA,Hind III + Eco RI 5 Lambda-DNA/
Hind IIT 43084 T8, SR AR 285 R OANA TRL B R ER, BE 4wy
B EHH AR

& 28

-, FTIESR&H . BEIF0M B9 mt DNA Jovpbig

WX 75 TR, QA HE mt DNA B OWESE U R B EE5 00T, B2 7 B8,
B FIED G mt DNA H/h4+50% 15990 £ 90'bp, 16600 + 130 bp #1t 15540 + 140 bp, &
1000 bp #{¥4F 0.66 x 10° B, =FF 04 mt DNA 4-F 84 50(10.55 £ 0.06) x
10° GE/R R, (10.96 + 0.09) x 10° HRWHHI(10.26 £0.09) X 10° JB/R Y.

=, HERE W08 mt DNA SEE K RS

AR US, Hpa II, Msp I #i Sau 3AT RRBGRENFFIH, Hint T FHH|
ARBEM IR, EENBR NS B/, ERKEIE EHHE N, SRRy
o EHESITERE, FIEEM . AKAIEA mt DNA 23X B8IE, £R8kEEE
EHBERR D, EWET 7 IESRE mt DNA 2 Hpa 1T 15 0 B %, kR IR 2
F(E 2),

Eﬁ%ﬂﬁﬁ%ﬂ;\ﬁ%ﬁﬂgﬁqn Eco R], Dra I, Hind ITI, Pst I, Xba I#H] Sal I
e mt DNA 5,5 i E 8 E, §eHBESHmant DNA Lo
REBAHE, HAABREDLSCEMRE, MAESZ S Bam HI, Smal #iXho I §
niE, muﬂiﬂﬂi’wﬁﬁﬁ‘-(@ 1,% 1),

=. AESEH.g#508 mt DNA ﬁﬁﬁﬂl}#w‘rﬁﬁ
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Fig. 1 Agarose gel electrophoretic patterns of mt DNAs from &. auratus gibelio (A),
C. auratus cuvieri (B) and . aurstus quratus (C) obtained by single-enzyme
digestion (right: diagram)
aa, Lambda~DNA /Hind1II; a, Lambda-DNA /Eco RI + Hind ITT; b, mi DNA/Bam HI; ¢, mi
DXA/Eco RI; 4, mt DNA/Dra I; e, mt DNA/Hinf I; f, mt DNA/E4nd ITT; g, mt DNA/Hpa II;
h, ot DNA/MspI; i, mt DNA/Pst T; j, mt DNA/Seu 8AT; &, mt DNA/Sma I;1, mt DNA/Xba Ly
m, mt DNA/Xho I: n, mt DNA/Sal L
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B2 J5IE&E mt DNA § Hpa TT By 3K, HI5L a.b FA A

Fig. 2 Agarose gel elestrophoretic patterns of mt DNA from the £. auratus gibelio,

“a” and “b” represent two different patterns obtained with Hpa 1T digestion

%1 FEEW.AESH mt DNA KEEY L

Table 1l TFragments size of mt DNAs of C, auratus gibelio, C. auratus cuvieri and

C. auratus auratus obtained by single enzyme digestion

5 8 % WU 8 AN kD) i
A 6.,40+6.00+3.60 - 16.00
Bam HI B 13.00+ 3,60 16 60
c 12.00+ 3,50 15,50
A F.00+7.00+1,20+0.70 15,50
EcoRI B 7.80+7.80+1,20+0,60 16,40
C 7.00+7,00+ 1,10 +0,60 15,70
A 7.50+6.80+1,50+0.60 +15.90+9,60 +8,90 15,90
DPral B 9,00+ 6.00+ 110+ 0,60 15,70
C 8,40+ 5.20+1,30+0,50 15.40
A 9.80+2.70+1.70+1.10 +0.60 + 16,10 + 12,50 16.10
Hind 11T B 7.40+4,90+2 30+1,10+0.80+9.70+6,00+83.10 16.50
C 6‘80+4.80+2.20+1.00+D.BD+11.6(_)_+8.40+2.80 15,40
A 11,50 +4.40 15,50
Pst 1 B 11,50 +5.00 16,50
C 11,00+ 4,40 15.40
A 10,50+ 5.40 + 15,90 15.90
Sms 1 B 14,80+ 1.10+ 0,90 16.80
¢ 14.50+ 0,90 15.40
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EL #®
. 8 7 B i Aoh (k) & i

A 11.00+4.90 15,90

Xhbal B 1,50+5.20 16.70
C 11,00 +4,60 15,60

A 10,50 + 5.60 16,10

Xho I B 16,70 18.70
C 15.50 16,50

A 6,20 16.20

Sal I B 16,60 16.60
C 15,40 15.40

A 15.99+0.12

FigkE B 16.61+0.81
C 15.48+0,11

H: (1) ACHIESRE; B:a®; O
(2) ¥BPTHERSERFTT2BORE, A& T: 16,90=7.60+6,80+ 1,50 +0.60: 9.60=7,50+
1.50+0.60:6.90 =6.80+0.60516,10=9,80+2.70 + 1.70+1.30 + 0,60:12,50 = 9.80 + 2,70:4.70 =
7.40+2,8056.00=4.90+1,10;8,10=2.80+0.80; 11.60=6.80+ 4,807 3.40=6,80+1,00 +0.60;
2,80 =2.20+0.60;16.90 = 10,50 + 5,40

FRE, B RN 3 Mk 2,

0, 75ESRE .M mt DNA REBHEEHEYT

ERBT T AMEN TR, BEF S Smal, Xho I, Hind III 7 Sal I Sp#h
BN E B PR E, BHE. NESUERANBIEN PRI T LB
KB OLR 1,58 2), 4 BB T 7 EH# ., S8 A% mt DNA @ Eco RIT Bam HI,
Pst 1 fii Xba I SRR KRRTE B (E 1),

W

ARICHERITIERE, QEIAM mt DNA /NS EHHE A% mt DNA K/hiAiy
KR 3), 4% GRS mt DNA BFoiisk LS, B E 51980 RAGET
#14 wt DNA & Bam HI #1 Eco RI BIA BB A WEHOS ., DMHHILE, ©a
mt DNA /N 16210 bp, 524 el 44 mt DN A Jo/)h 15540 + 140 bp 8 8:3% , Beck-
witt fi Aayagi (1987) &M mt DNA /hy 16100+ 220 bp (8] H Billington
1 Hebort, 1988) , 520 3 45 AR A, 30 AT B 8 4 €0 J ) £ P 257 B B, Billing-
ton I Hebert (1988) % 3 Stizostedion vitreum [ mt DNA 4FHk /¥y 168600 + 160
bp, Wixfas THA22 # THA32 B R mt DNA J/p W 4+ $i 3% 18520+ 110 bp 5
18540 + 160 bp, ¥ B MATR A ZK &L ot DNA K/ LA 25, ‘

75 o BBk 3 % (1984)89 Bam HI 51 Eoo RI MESES I A0, Bam HI fymsiss 5
AR RER B, WEFA KSR R E, B Eco RI g RN 5430k
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B3 FIEEHA), HE(B)E(C)mt DNA SESERLD Mk E (G - BAE)
Fig. 3 Agarose gel electrophoretie patternd of mt DNAg from €. auratus
gibelio (A), €. auratus cuvieri (B) and 0. ouratus auratus (C) produced

by double—enzyme digestion (right: diagram)
&, Lambda~DNA /Eco RI + Hind I11 b, mt DNA /Bam HI + Eco RI ¢, o

DNA/Bam HI+ HindIII 4, mt DNA/Bam HI+Pat1 e, mt DNA/Bam

HI+Smal f, mt DNA/Bam HI+Xbal g, mt DNA/Bam HE+Xhol
h, mt DNA/Bam HI+8all i, mt DNA/Eco Rl + Pst I
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&2 AERE. BB 5@ mt DNA REEY LT
Table 2 Fragmen size of mt DNAs of C. auratus gibelio, C. auratus cuvieri and

C. auratus auratus obtained by double enzyme digestion

i3] Bt RmR (kb) =3 it

A 4,40 +8,60+2,90+ 2,60+ 1,20+ 0,70 + 0,60 16,00

Fam 111+ Eco RL B 7.80+8,70+8.10+1,20+0.70 + 0,60 16.60
C 7.00+8.50+2,70+1.10+0.,70+0.60 15.60

A 6.80+3.504+2.60+1.70+1.20+0.60 15.90

Bam HI + Hind II1 B 6.10+5,10+1.50+1.10+1,10+ 1,00 +0.80 16.50
C 6.70+4.70+1.20+1.10+1.00+ 0,60+ 11,50 + 1.80 15.80

A 6.20+4,00+ 2, 50+2.00+1,00 15.80

Bam HI +Pet 1 B 10.70+2,80+1,90+1.00+3.80 18.40
c 10,20+ 2,50+ 1.80+ 1,00 + 8.50 15.60

A G.70+3.80+2,60+1,40+1.00+0,90 16.00

Bam HI +8mal B 7.40+8,70+8,30+1.20+0,90 18.50
C 11.00 + 8,50 + 0.50 + 14.50 15.40

A 5.00+4,00+8.50+2_80+1.10+6.10 15.50

Bam HI+ Xbal B 5.40+5,20+3.50 + 2,40+ 7,60 16.50
C 5.40+4,60+38.60+ 2,10+ 11.00 + 8,90 15.60

A 6,20 +6.20 + 8,50 16.00

Bam Hd 4 Xha I B 13,10+ 8,60 16.70
C 12,00 + 8,50 15.50

A 6.80 +8.50 + 8,50 + 2,80 16.10

Bam HI+8al I B 10.00+ 8,60+ 2,80 16.40
c 9,50+ 8,50 + 2,50+ 12,00 15.50

A 6.60+4,00+8,00+1,20+0,70+0.40 15.50

Pst I+ Feo RI B 7.30+4.70+1,70+1,80+1,20+0,60+3,00+1.80 16.80
C 7.00+4.30+1.70+1.20+0.80 + 0.60 + 15.70 + 6. 15.70

A 16.95 + 0.09

FHHEE B 16.65+0.14

C 165.58+0.13

& (1) AVHESRE; B:EE; C:W
{(2) #IETHABAERTTESHWEE, &M T: 11.60=6.70 +4.70; 1.80=1.20+0.60; 3.80=
2.80 +1.00;3.50=2.50+1.00;14 .50 = 11.00 + 3.5076.10 =5.00 + 1.10;7.60 =5.20 + 2.40:11.00 =
8.90+2.10;8.90 =5.40 + 3.50;12.00 = .50 + 2.50:8.00 =1.70 + 1.30;1.80 = 1,20 + 0.60; 15.70 =
7.00+4.80+1.70+1.20 + 0.90+0.60;9.90 =7.00 + 1.70 + 1.20;8.50 =7.00 + 0.90 + 0.0,
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Fig, 4 Restriction maps of mt DNAs from C. auratus gibelio, C. quratus cuviert
and ., agratus auratus (outside, middle and inside cireules repregent mt DNAs of
C. auravus gibelie, U, auratus curieri and C. quratus auraiys separately)
#3 EREE% mt DNA HFRN
Table 3 Reported molecular lengthes for mt DN As in fish specles
# £ KA (bp) x

Lepomis macrochirus 16200 SR Ak
EKatsuwonus pelamis 16900 A a R
Oncorhynchus tshawytscha 16670
Salmoe gadrdneri 16670
Salmo trutis 16670
Salvelinus fontinalis 18670
Scorpacna gutlata 19500 + 300
Sehastes atrovirens 17300 400
Hebastes caurinus 17400 + 400
Sebastes melanostomus 17200 400
Sebustes mysitnus 16900 £ 400
Becomber japonicus 16700
Salmo salar 16500 £ 500
Oncorhynchus kiswich 18500 + 500
Oncorhynchus nerka 16500 + KOO
Oncorhynchus gorbuscha 16500 £ GO
Oncorhynchus kela 16500 + 500
Salmo gairdnert 16500 * 504
Carassius auratug 16100 £ 220
Salvelinus namaycush 16800 £ 200
Siizostedion canadense 16700 + 260
Stizostedion lucioperca 16700 = 280
Stigostedion vitreum 16860 + 160
Stizogtedion witreum (TH AZ2) 18620 + 110
SBtrzostedion vitrewm (TILA3Z) 18640 + 160
Carassius auratus 15210 BRAEZE(1984)
Cyprinus carpio 18990 %%f“?‘r(mﬂ)
Ophiccephalus argus 17200 SEPUEA, i £E(1991)
Carassius auratus gibelio 15990 + 90 AT
Carassius aurgtus cuviers 16600 % 180 FIGR
Carassiws auratus auratus 16540 + 140 AR
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COMPARATIVE STUDY ON RESTRICTION ENDONUCLEASE
DIGESTION OF mtDNAs FOR CARASSIUS AURATUS
GIBELIO,CARASSIUS AURATUS CUVIERI AND
CARASSIUS AURATUS AURATUS

Zhang Siming, Long Hua and Zhaug Xingzhong
(Yanglee River Fisheries Research Inslitute, Shashi 434000)

ABSTRACT The mitochondrial DN As (mtDNAs) of Carassius auratus gibelio,
Carassius auratus cuviert and Carassius auratus auratus were digested by thirteen
restriction endonucleases, viz. Bam HI, Heo RI, Dre [, Hinf 1, Hind 111, Hpe 11,Msp I,
Pst I, Sau 3AL, Sme I, Xba I, Xho I and Sal 1. The double enzyme digestions were
conducted by using Bam HI, Fco RI, Hind 111, Smae I, Xba I, Sal I and Pst 1. The
fragments were obtained and their molecular sizes were estimated by agarose gel
electrophoresis. The size of mtDNAs for O. auratus gibelio, C. auratus cuviers and .
anraius euratus are 15990 4 90bp, 16600 + 130bp and 15540 1 148bp respectively. The
experimental resulis demonstrated that the electrophoretic patterns of mtDNAs
for C. auratusgibelio, C. auratus cuvieri and C. aurafus aureius obtained by either
single or double enzyme digestion were gignificantly different, and the patterns
of C. auratus gibelio were cbviously different among individuals by using Hpe II.
Besides, the resiriction maps of mtDN As from above species were constructed by
using Bem HI, Pst I, Eco RI and Xba 1. -

KEYWORDS mitochondrial DN A, restriction endonuclease, Caraessius auraius
gibelio, Carassius auratus cuvieri, Carassius auratus auratus



