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ARHRBEZERL A D-loop AT Cyt b J& M e Sl % bb 23 B

MmER, ReE, 2FT, A m', R
(1. HREXFHMFFFR, & )M 510642;
2. PILKFRAZHFIMRITET FEREZHFHHRAEFTEELRET, & 7N 510275)

W OE. W57 R ITRIER I AE R IR Squaliobarbus curriculus 3£ 4 NFEK 24 KR ZRARTE FI X ( D-loop)
A2 b (Cyt b) FFFF, it PCR P ST, 4333545 TR 598 bp F1 752 bp [ D-loop 1 Cyt b
HEH R B, TR B, D-loop P8 e SUT 18 AN FAARRL, f77E 34 DRIAME BN, 67 MRS, KA
40 YR, Hide 15 ¥k, FHA/EE 14k, AL T, C. GEWERBSIHN33.7% ., 35. 1% 17.5%  13.7% , Cyt b
FFHE ST 18 AR, f7AE 68 NE LG BALR, T2 28N s, B 60 Ik, Wik 15 K, TiEA/
B, AL T, C. G FIERIMH 29.3% | 26.4% | 29.8% . 14.5% , Cyt b R H 415 B LS T 40 KT
D-loop 4, Z2 20 5 43 OB AR A7 5 H 43 L% /T D-loop, UEHH D-loop BAT B (L 3 . D-loop J7 371 (1)
PMERIZAEE (H) . P TRZERE (K) . BHBREE () 4301 0.963 8, 16.543 5 #10.028 4, Cyt b (1)
H, KFl o435 0.971 0, 31.855 1 F10.042 6, W/naRiREEEA &ML ZHEMKE, Hitfe R F27E
FREARNE] . 43 HrREAR ] B AL BB A Fo fE, D-loop Fl Cyt b #—2E0 . K ITFIERIT K & [ FE7E W B (03845 )
1k, RGEWMSFASERSNT (AMOVA) thFERX—M A, F—KRZBR A5 22 580N, Cyt b W/
KR BRI AE2ZE TR, Cyt b MR, e, Cyt b 2 “/RUEE/N, RN WA i HIR
K, 7IEES D-loop I Cyt b Ak H R VIHH X
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Abstract: Sequences of mitochondrial D-loop and Cyt b gene of 24 individuals of Squaliobarbus curricu-
lus which were sampled from four populations in Yangtze River and Pearl River were determined. Using
PCR amplification and sequencing, 598bp of D-loop partial sequences and 752 bp of Cyt b partial
sequences were obtained. In D-loop sequences, a total of 67 polymorphic sites defined 18 distinct haplo-
types. And 34 parsim-info, 40 transition, 15 transversion and 14 insert/lacuna loci were found. The

average content of A, T, C and G was 33.7% , 35. 1%, 17.5% and 13. 7% , respectively. In Cyt b
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sequences, 72 polymorphic sites and 18 haplotypes were defined, and 68 parsim-info, 60 transition, 15
transversion and no insert/lacuna loci were found. The average content of A, T, C and G was 29.3% ,
26.4% , 29.8% and 14.5% , respectively. The mean haplotype diversity (H), the average number of
nucleotide difference (K) and nucleotide diversity (7r) for D-loop sequences were 0. 9638, 16. 543 5
and 0. 0284, respectively. Accordingly, the values for Cyt b were 0. 971 0, 31.855 1 and 0. 042 6, re-
spectively. The results suggested that both D-loop and Cyt b genes showed high genetic diversity in S.
curriculus , among which the majority existed within populations. Based on population pairwise genetic
distances and F; there were obvious genetic differences between Yangtze River and Pearl River for
S. curriculus. Molecular phylogenetic tree and analysis of molecular variance (AMOVA) also supported
this result. The interpopulation genetic distances of Cyt b in the same water system were less than D-loop;
while those in the different water system were more than D-loop. So for Cyt b, the more interpopulation
genetic diversity was, the smaller genetic distances and Fg,were; the less interpopulation genetic diversity
was, the larger genetic distances and Fg,were, which might be closely related to difference of evolutionary
rate between D-loop and Cyt b gene.

Key words: Squaliobarbus curriculus; mitochondrial; D-loop; Cyt b; genetic diversity; comparison
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IR 8 Squaliobarbus curriculus J& #75} Cyprini-
dae, MEF M H} Leuciscinae, FRHREYJE Squaliobar-
bus, fAPRLLARFE, Hymifa, Zfa, 2 fihEE
UK FRIEFAE 25 026 o N 60 DR1 o 20 0
DRIEEESE, HAPUR IR, BMER, A RKEIRAER
H, BORREEEG ALK —, HET, X5k
R G5 F- 248 v TR IRARAL . JERRAE Y 2= . 57
FEALN TSR "7, Wi TH At 5 5
R 2 4 M T 58 00 B A5 4l 8, {2008 4E 4 KA
4170 J RAPD Fil ISSR 5 AR X PR MUK, 5
WIANAENS ) 3 H PRRHATEAT T 38t tL Z R0 AT .

2 Rif& DNA ( Mitochondrial DNA, mtDNA) H
A EEEAL . SR EE R B R R AR A
M, T R A W2 RO R s % 4 i 5T 1
FBAEARIE o miDNA [ 20 3 AS T Y X Jsl s
R AR 22 57, 38 B A RUKCF R SR 5E . 7E
mtDNA |, {7 tRNAPro I tRNAPhe %t [X 2 [a] i1
D #ii X (D-loop) A mtDNA |7 51 Fil K J&E
AR BRI IRt 2ok A I R v 0t Ak Y
TR, A5 TR AKCE 22 S0k, ] AR ]
SYATT L Cyt b SER R LR DNA LR 1
et RED, Hb b b, & SRR 225
ARG, SRR b )RR 384 A AR BE 1Y R 2P A
e ARBRSIT R T BRTIK R A ITK BRI
JKIR IR AR5 mtDNA D-loop Fl Cyt b FEPK ¥ 51 A% LE
G3HT, BTERFSEIX PIRNE L hR 100 AR IR 55 14 22 4
PEARDL FVRE 1A 38 4% 2540 19 22 55, 83 miDNA D-
loop 1 Cyt b HEPRXF T HEAIE L 22 FEE 53 B 13 00

&, BEMEREXEAR R R, AFEBFE R, &
PENE BB 4R I BOR 98 S, 1S 45ie T
FMEAL
L BRIk
1.1 8

AR BEAE 5L T 2005 4F 6 H 23 5k AR ITK &R
MR EFRIULE (450 YC BER. WH REK) ,
BRUOK ZRE M FUE £ (i WZ BER. XF
PR . YCHARAEEEARENEED, BT
KA BT AR R s WH BRI 3 iR B
WILEL, J& THRILHIEKE; WZ BERR XF R4
SRR T BRITOK R PEIL ARV ik, it 24
AR, BUREFAEREAR, 1E ARGS9 526 % 5 B BB
WLPR I TR vkA ,  BURE S A R MR 8 AR R 5
MR 28 DRAF o
1.2 Ak

FERZH DNA IS % (40 F 5o b SL B 4
F) Y AT R Nk k. PCR )W AF Biometra PCR
A 347, D-loop #11 Cyt b 54 H Invitrogen A= #)+%
ARA BR 2\ 4 8, D-loop 51 ¥ /¥ %) 41 K. DLI:
52ACCCCTGGCTCCCAAAGC-3%, DH2; 5 <ATCTTAG-
CATCTTCAGTG-3*") Cyt b B|¥FHIUNT ;. L14724.
5 “GACTTGAAAAACCACCGTTG-3 -, HI15915;: 5 <
CTCCGATCTCCGGATTACAAGAC-3 *' 0 7 i ja fk
FL50 wL, Hr 10 x Taq Buffer 5 pl., Taq Polymer-
ase 0.5 wL (5 U-pL™"), dNTPs (2.5 mmol-L™")
4 pL, Mg®" (25 mmol-L™") 2.5 pL, 541 F12
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051 %

(10 umol-L_l) £ 2 pL, 54 DNA 50 ng, LB T
Wik 35.5 wh, $ &0k 94 CHAEHE 2 min
Ja, AT 35 NMER, B—ERaLE: 94 C 45
s, 58 C45s, 72 °C 1 min; )5 72 C $E{H 7 min,
B PCR S B F AR DNA B 25 IR 4
P4 w = 1. 5% TBE By 5 WHEE I FEL 3k 43 55, EB
geft, LHMIETIRI., R,
1.3 MFESHES

FERAAL AT 1 LSRR A F] (Gene
core Co. ) SR, 8 1 XL a) il 7 3R A5 745 HR 65 D-loop
F1 Cyt b JE31, %% SeqManIl ( DNASTAR 1Inc) #f4:
PHETFR T N TAXT 5, F CLUSTAL-X 27 XF i
AR FE AT ) SR %4 DAMBE 4¢3
PAAERIIFVEIR, Rolledt . B ik, fEA
()35t 1% ZREEFE bR S B Z A6 % (Haplotype diver-
sity, H) FIZFIRZHANE (Nucleotide diversity, 7r)
1 ARLEQUIN'" Gg it 45 £ 3+ 445, Al (4 43
bFe %L ( F-statistics, FST)[IXJ AT E7E ARLEQUIN
HoE R, BEAEBERE AR N, = [ (17
Fo) -1] 723185 H, BHRBEZERN ST
25T (AMOVA) ™' ¥E ARLEQUIN w5 i, R il
MEGA4. 1 44 Gi i1 DNA 31 i s SE 41, %
o/ Eife . TR/ BRI, AR, AR
SO SRR et/ B 8 I Kimura XUS 4R
RG] BRI RIRE AR A L A2 5, H
NJ AT IR0, RIS EW

2 45 R

2.1 D-loop #1 Cyt b EEFF{E R

H K fF DAMBE i+ RI%1: 7E 24 /> 598 bp [
D-loop J& [A J37 4] v e 46 0 (1 18 A4S B A% AL,
MEGA4. 1 #A4EXF D-loop K&K P4 #4773 Hr, #a Il
B 18 NFASAEN A, 34 DM LAMFE RN S TR 67
AGRAF g A A5 40 S, EAR A AT 15
(A 2 M B A A T 364, OB T fie ) ,
A/ BRRAL T 14 4>, S W] & Tk, P4
it e A AR R A 3. 192, 24 ASMA D-loop
WHEH, T, C. A, G BEM-F & &5 0h
35.1%, 17.5%, 33.7%, 13.7%, Hh, A +T
)& & (68.8%) Bl & F C+ G &
(31.2% ), [FI#E, 7E24 > 752 bp ) Cyt b FEH T
G LA 18 A AE AL, KN R 4 S FRSEAR S
&L, 68 ANTRTZYME BB 7E 72 AN SEAR LS
EEHRA A 60 A, HIRA 15 AN (AT 3 A7 A5
BRGAE T84, MO T HidR) , JoHfi A/ AL
R, B T, P X R s A R AR
ey 4.636, T, C. A, G V-8 &5 50
26.4% , 29.8% , 29.3%, 14.5% , Htf, A +T
WEE (55.7%) & T C + G B &
(44.3% ) o XTECAFHTRI D Cyt b BR 1R 2915 B A 5
H 53R T D-loop &b, Z 287 5 43 L AR
BLRE S HB/NT D-loop (5R1)

# 1 FRIRMELK AR D-loop & Cyt b BRIELH K78 S Hr

Table 1  Composition and variability of the analyzed mtDNA of S. curriculus
LU AR fRi 215 B AL GA K LN TE 3
SRS M ﬂ)ﬂé% EZOYNNY i Ifﬂ” AfE B FRGABA K HL & AT Cac
(AR Kot HEA I Kt LMAE T/T,
D-loop 18 598 67(11.20% ) 34(5.69% ) 18(3.01% ) 40/15(3.192)  66.8%  31.2%
Cyt b 18 747 72(9.63% ) 68(9.10% ) 4(0.54% ) 60/15(4.636)  55.7% 44.3%

2.2 D-loop # Cyt b EEFIIMBET RO
8 MEGA4. 1 Giit Bk & 4 4[] 7k 5k
I HIR 054 [0 (1 2 A6/ B B B0 S 3 A 78 S %6, D-
loop JFHH, AR 50 0 ~ 24, Hilf
PR 0 ~8, YN R F ik, WRKR 44
ANTRTREAARAN 1A 18] 7 352 15 28 557 38 4E 0 ~ 5. 93% Z ],
IR HR BB AN [F] A~ 5 5 i 1 35 1528 53 % 7F 19. 09% ~
20.43% Z [i], 4 DA [FBEAR DR IR 6 (WZ, XF,
WH 1 YC) R P i 5845 BB B85 43 51 J& 0.012 0,
0.016 2, 0.009 9 F10.004 8, HEAA a] i 5 14 iH B
57 0.007 0 ~0.049 1, 1 E-HEfEHEES R 0. 029

3 (AEHMEE) o Cyt b JPEH, AR A) Y 5 B o7
M0 ~51, BN 0 ~ 13, ¥4
e, PIRIKFR 4 D ARRIFERA AR 8428 56 7E
0 ~8.78% Z[u], fij 2 MR SAS [A] A4 5 5 £ (1) 35t 4%
AR AL 11.61% ~12.48% Z[a], 4 DRFEIBER AR
IR (WZ., XF, WH F1 YC) BEMK P 04 i 4% BE B
435142 0.010 9, 0.007 3, 0.003 8 f10.005 2, Bf
PR IE] AL HE B (E A 0. 004 3 ~0.082 7, 7355
fEIEE R 0.045 5 CREIMEE) (£2),

4 DREA D-loop 1 Cyt b 751 1 FAASE AL Z2
P (H) . PHHRERE (K+SD) | BHIRE
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FEPE (7)) W3R 3. 4 DHHRERY Fo B N, (H W3
4o MNFRATFRIE Y SOUHR S B F AR S AR M
FERR IR 25 3, EE AR S R AR N
FEARR AL 22 5 2%, Rl — K RN A R A 22
FAEE . AL 4 DR — BT L 23

TARAFR I (AMOVA)
AVE D-loop, i Cyt b, HEURRIERAF 75 35k
{6255 (Fy =0.689 77 5 0.871 94, P =0.000 0

<0.05),

x2

(%£4), 45REKY:

Wi RIK 5 4 AR K AR RS D-loop Fil
Cyt b JEHFFIIRERN (XL L) | BERIAD (XIFAZT)
DURCB (BRJGAT) sl

Table 2 The intrapopulation (on triangle) , interpopulation

(lower triangle) and overall mean (the last line) genetic

distances of S. curriculusfrom four different water areas in

Yangtze River and Pear]l River based on D-loop and Cyt b gene

R HM(WZ) FHE(XF) ®BU(WH) HA(YC)

W) 0.012 0
" 0.010 9
2 (XF) 0.0130 0.0162
? 0.0093  0.007 3
0.0491 0.0473  0.0099
I (WH)
0.0827 0.0801  0.0038
. 0.0463 0.0444 0.0070  0.0048
HE(YC)
0.0818 0.0794  0.0043  0.0052
By 0.029 3
WAL B 0. 0455 (FIAEHME)

1) b D-loop, T Cyt b

3 A ITRIRBEREANDCEE 2R bR

Table 3  Indexes of genetic diversity in the four
populations of S. curriculus
Pk B RSN PORERERE BHRENE
Hin H K+SD ™
M 6 0.93330£0.121 7 6.93333+3.800 585 0.011 87 £0.007 515
(WZ) 1.000 00 £0.09 2 8.066 67 £4.369 338 0.010 80 +0. 006 754
wE 6 0.93330 £0.121 7 9.266 67 £4.971 027  0.015 87 £0.009 829
(XF) 0.93330 £0.121 7 5.400 00 £3.029 851 0.007 23 +0. 004 683
R 6 0.93330+0.1217 5.666 67 £3.164 034 0.009 70 £0. 006 256
(WH) 0.93330£0.1217 2.80000£1.714 643 0.003 75 +0. 002 650
HE 6 0.93330£0.1217 2.80000£1.714 643 0.004 79 +0. 003 384
(YC) 0.93330+0.1217 3.866 67 £2.256 349 0.005 18 £0. 003 488
- 0.963 80 £0.0253 16.543 48 £7.634 385 0.028 38 +£0.014 598
it M

0.971 00 £0.0208 31.855 07 £14. 404 958 0.042 64 £0.021 497

1) L D-loop, TFHIFIFLE Cyt b

F4 BHAMEM Fo HAZLTIN) MN, G )r)"
Table 4  Population pairwise Fg; (below diagonal) and

N,, (above diagonal) values

—_ K& i #HIX "HE
(WZ) (XF) (WH) (YC)
FE 21.33406 0.143 037 0. 111 247
(WZ) - ~6.203 86 0.048 655 0.054 576
wE 0.02290" 0.189227  0.154 664
(XF) -0.087 66" 0.037 011  0.042 641
MW 0.77756°  0.72545° “11.733 4
(WH) 0.91132° 0.931 08" B ~9.893 2
TE 0.81800° 0.76375° —0.044 51"
(YC) 0.90159° 0.92142° —0.053 23""
1) EmACEE D-loop, THEIACE Cyt b, = RmnERFBFE,
ns. RRERANEE

5 OBHARIB RIS BT R EH T (AMOVA)Y
Table 5  Analysis of molecular variance (AMOVA)

A Jix  ERAn F-%

A5 i I s W it P
a3 134.498 6.951 09Va 68.98% 0.689 77 0.000 00 *
316.000 17.136 11Va 87.19% 0.871 94 0. 000 00 *
\ 62.526 3.126 28Vb 31.02%
Fifkr 20 50.333 2.516 67Vb 12.81%
197.024 10.077 37
Mk 23

366.333  19.652 78
1) B D-loop, MHIEIIUEK Cyt b, * FmER i E

2.3 HFRLER

VI i Mylopharyngodon piceus D-loop A1 Cyt b
SR H A, HI MEGA4. 1 iy “NJ” kgt
SRR, HAFhgit LK 1, ] Bootstrap 1000
A EERE, Sk 100, AN 17, WK
IKFR 4 AR K A R 6l 24 A AR 22 SR B .
IYRWISE s BRVL 12 DAMAR N —32, KIC12 A
WER 7 —3, BRMABEREEE, S RKREN
AIAS TR AR B R AR A AR — 7
39 ik
D-loop #1 Cyt b Xt 7R AR 6152 7= 55 #E 14 B 53 47
PAETIZAEYE (H) . PR ERZE R (K
+SD) MR ZHNE (7) 2R B Fh it 4 28
SRR 3 NEESEL, ARIRER D-loop il Cyt b #Y
H, K Fl o {551 0.963 8., 16.543 48 0.028
38 F110.971 0, 31.855 07, 0.042 6, S#H[EFHAR

3.1
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wz3 XF3
8618 wz4 ]WZ XF6 ]XF
A 621 xF5 IXF B Wz TWZ
XF3 IXF 23| Wz51Iwz
Dlwz1 wz 011 XF4 IXF
XF2 JXF 36| —wz2 1wz
WZ21WZ XF2 JXF
XF6 JXF 99| WZ1 ]Wz
XF1 JXF 100 WZ4
]WZ ﬁ wz3 IWZ
70 “XF5 1XF
XF4 JXF XF1 1XF
e o i i
YC6 1YC YC1 1YC
YC3 1YC 8- wWH5 JWH
3o WHS JWH 100 YC6 1YC
offl YC5IYC WH4 JWH
WH4 JWH WHI1
WH6 JWH 38 wH3 ]WH
yYC1 Jyc YCs 1YC
YC21YC 17|~ WH2 JwWH
WH1 JWH 29| —WH6 IWH
YCc4Jyc 56—yc2 1ycC
M.piceus M.piceus
0.02 o1

& 1

PIRIKZR 4 DAFKIARIREE D-loop (A) H1 Cyt b (B) FENFFIIAY NI 205 RGEM

(EfEFER 1 000 REE MR E 4 IL)

Fig. 1

he molecular phylogenetic tree of S. curriculus from four water areas in Yangtze River and

Pearl River by NJ method (numbers indicated bootstrap values of 1 000 replicates) based on D-loop (A) and Cyt b (B)

XHEE SRR 0P R A R A L (K 5), AHE
FEHR IR ARG A A SR SRR = . Si4h, R
B A A S, 2R AR 8 5 A A Y A B
B (B . Z2800TAS I (B0 UARAER
SLE A (B0 270 BTk, JER 2 D-loop,
2 Cyt b, P HRAR AR b A5 ) 2 AR A 4 7y
WL Z RV BE TR 45 R . B T W) Fh R 1Y 5t 1L 45
Mg ordRHAL . ARSI MR ROR L K SRR IR AT
WOTTHANE], AR B T Z 7E5 15 31k
KV FAEE 2, A BiRIER, 7E—a R LREM
(1] 422 Sz et i B B0 11 35 44 Z2 REPRIR L

—ORUL, WIRh IS AL 22 R Y e 1S HE I RE
T AAFRE AT I OG, 8L 7 AT
HLARIE 7 R BE AR b i B 45 2 AR R IR 1
BABRRRAE ZHEEKF, Hilig 2, 4 TTLE
H, D-loop il Cyt b 1R —EIZRH . KILMERITAK
FRIEAFAER] WAL A8 5, AT [a)—sK R N TEA ) 1Y
AL ML Z Rt Pl . TR
i (AMOVA) Z5R IR 4 ASBEAR S 8% 5
ALFEEH 0. 689 77 F10.871 94 (P <0.001), Hrf
68.98% . 87. 19% (&7 % SAFTE THEARIE], FEARN

35 178 S R X B IS A S TRk /o TR, 7
[Fl—/K R NEE, oA HR A 35 14 ZAE PR BT A 0
SR, s BUA BEIR BB B . A

RBORER/N . B AL Z R R AR AR 5 2R 5%
TR

3.2 D-loop #0 Cyt b EEM TR LR

TE T 58 9 A [R] 7K 35k 2 AR 64> {& D-loop J5 471
HREI T 67 AS5AR 1, 223 1Y HL B R s
11.2% , ff—WHAE T D-loop J3 41 Y e FE AL 2
Horb i A/ R R 14 A, FERIN ) Cyt b gl
AR N/ BIAL LT, TEHA BT IR T
B X FEREM T Gyt b T RS EA
BT, WAHE A/ B R AR Z IR 5 1 D-loop
FEBORAE SR, EE AR RN EE
X, ANZEAYIRE L0 B = AR % 1 i BRI
T LA A/ 728 5 LA B AR B . #E D-loop
F1 Cyt b {978 S i v, 2 e FIVEG 46 LU AL 53 53] R
3.192 Fi14.636, it K DAMBE 4341 i 15 19 5%
P, HAGT AL R B E T A D-loop A1 Cyt b %%
P AR EORAT IR B B0V, BIA A 2Rk
A, VMG A iR e T RS, T8 e
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Table 6  Indexes comparison of genetic diversity for different species

Gene Species H/Sy H K +SD T
IRHREE Squaliobarbus curriculus 18/24 0.963 8 16. 543 48 0.028 38
D-Joop FA Plecoglossus altivelis 5/31 0.8107 5 1.703 23 0. 001 99
YGJEZLE ff Schizothorax lissolabiatus 10/40 0.733 1. 301 0.002 7
AR EE Pampus argenteus 11/24 0. 89 2.57 0. 007
TRIRES S. curriculus 18/24 0.971 0 31.855 07 0.042 64
Cyt b At P. altivelis 2/31 0. 32300 0.322 58 0. 000 28
S A1 1] Oplegnathus fasciatus 11/30 0.770 4. 025 0.003 54
B A B Epinephelus coioides 3/36 0.118 8 1.621 21 0.003 82

1) Sy -kehnkl, Hy - P58, H - SARRIZREE, (K+SD) - FIRHMESRL, SD -fElRZE, = - iRtk

HERWAA ARG AT EXDY, W LR A R
MR SRl 9 (345 23T o GETH RS R T R 22 [0 B
£ VL G 5 I R 2 /3 Nl T/
Gerlach 25" pIFFE SR AESE TI% M, HR A
AR, TEE—58, 1€ D-loop Fl Cyt b 3
A, A+T HRYETC+6 &®m, H
D-loop AP A + T S EZEEFH Cyt b I 11. 1%,
X5 HAB RIS A3
3.3 D-loop #1 Cyt b EERYFH L L5

LRI DR 20 P RE I 2 © O A A P il
BB R D EE W Fhnic. BT, R
ZIJE Cyt b, 12S rRNA| 16S rRNA, CO I JEPE Al
D-loop 8[22—26,30,34—35] N 7]?6}1:94{'1}3 , E'/EE@ D—loop %ﬂ
Cyt b AR —F0H) 2 B K VT RN ER V1K 2 % R 8 77 1 B
BARAL 1k, (AE—7K Z P REAR ] A 3545 A8 57
AFE, H D-loop F1 Cyt b K&K Z [0 A7 1E 25 57
A AEARIR] AL HE BN Fof (2 K 4) W]
DIFH, X F R —KR#ERE (40 WZ-XF, YC-
WH) st 22 80/, Cyt b BT/, X T[]
KZBEMRE] (I WZ-YC fi1 WH, XF-YC f1 WH)
BB TR, Cyt b TR, ZILH /N
AN, KGR % aFr R, vfigs D-
loop 1 Cyt b b E YA

AR R, SR AR ) I K ) 2E b A
253 D-loop K i FAMIGE M, 25k
JE SN, BTRAHEAH B et Cyt b LR
THmiLRR AR b A, HiF bl S,
AR ANEIRE LSRN REL T XR, I
AR N TR, RN RERE .
USRI BT AN, A
LRRLR AR (0 R b SER T HNAEFT NS AN AR S
BLEEORE B2 1R 26 R A AR AR (R
FEONTE A SRR ] A AR R R IR 25 7, UP-

GMA R G T L) 100% 1 B BE A 44 B £
AR XA TF, AT, Cyt b 3R EA 4
SERVE SRR . RSP TR A E S
YU B TP P 5 A A S o5 (R AR S (A%
FPLE S TR E KRR e . 25 iy
Wgeh, WP EF A S H AR AN Cyt b BH LR
Ja, AR AT, Ui Cyt b JEP 7R B f
PN EAS AR/ N, BT DAEE A HANE AR AR
WAL HTEIBRIE . T AE D-loop X % 17 ANAE A
A, VLIt 5 H A A Bh ) — R 2R i D-loop
X 0 e i A e

PEICHT, AT LN . Cy b 7538 AL 7%
WE (SEa el ) kA SRR, o
AN LA 1B T R G HE AL AT, T D-loop 7E
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