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Abstract

Sequences of mitochondrial D-loop and Cyt b gene of 24 individuals of Hypophthalmichthys moli-
trix which were sampled from three populations in Hongshui River were determined. Using PCR
amplification and sequencing, 820 bp of D-loop partial sequences and 1117 bp of Cyt b partial se-
quences were obtained. In D-loop sequences, a total of 74 polymorphic sites were defined; 20 dis-
tinct haplotypes, 19 transitions, 3 transversions and 52 insert/lacuna loci were found. In Cyt b se-
quences, 48 polymorphic sites and 9 haplotypes were defined; 13 transitions, 1 transversion and
34 insert/lacuna loci were found. Two-sequence analysis showed that, within groups and between
groups, the genetic distance is small, and the genetic variation of molecular variation level is not
significant. Upper, middle and lower reaches are shared haplotypes, and the genetic differentia-
tion among three populations is little.
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B T 47K B £ % Hypophthalmichthys molitrix L% W30 R 34N 244 B S 4435 11| X
(D-loop) FZHf A ED (Cyt b)ZEFF5, EEPCRY ¥ S5NF, 2-HFKE T KE H820 bpA1117 bpk
D-loopICyt bEHF B. 1R, D-loop/FFldte L 720N, FETINEH[AR, REEHR
193K B3Ik A /BRR521K. Cyt bfFFI3tE X T oOMEAER, FFEASN BB A, REFKHR3
K BRI BN /RE34IR. TFFISITERRH, SRR EAREERR/D, #ERRNST
BREFARE. b, . TIHFHEALR, 3N ERBEIMUEAK.

XA
i, 4L7K3, D-Loop, Cytb, HIEZER

1. 518

i (Hypophthalmichthys molitrix) @/ H, @R, GEWEL, SEjm. X424 Ea6E, Bkig, 6. R0,
Twm, BY7EY, SRR, Hve. W/, Sk, RERAG, EHARK. SEERRIEY), EKHE
JEPR. FREE, R RO ARSI A R R . FEKEEE, AR S HUN RIFE KR
LIRS B, AN RIRAKERA . RRERTFIEAEY AL, 38 RSz R 8 28R a5 /KIERIELL,
KNG, HIRaER . AFNZ/b5), &b E /KRN 23°C~32°C. SETEIETEIR, BBk,
Bim L.

2Rk D-34[X (displacement loop region, D-loop), #&Z&kifk DNA ) — B AE4mAS X, £7F tRNA Pro
HTtRNA Phe BE K 2 [1], J2 22 KA DNA J7 51| 1K FE AR S fe R IR DX 8K, A 2R A 5 R o kA B PR )30 4
&R T REE K Z 3 R, ta] R R A [1]-[3]. 4H 2 b JE[K (Cytochrome b gene, Cyt b)J& 2k
Fifd DNA ERJE A gD EE, Ha b &, & SRR 2 R kil 28R 0 P A A% 43
AOREEE () R AFARIC[4] [5]. XEEZRIA DNA BT 2 W T KUDiiek,  anss R & Ky i Y R K
A btk DNA ZFEMEREAT 14047 [6] . 5K DY B A KT A i SO FHIRVL 7K 22 % AN 5L £8 B4 (1) mtDNA 18 6748
FHEAT TR EERIE AR 7] A H VX B LE VL B DU R K A Z AR VEREAT T WFFE[8]. BRVLVSR, JUH)™
PO A DX 380 R W AH DGR Fedi I, A SORHZL /KT AIEk 3 AN AH 43 Bl [0 S A A 1 A7 3804 22 RE PR DU RN A4
LG S8, LKA ) 2 AEVE R AP SR (it 06 B (1) 183 4% 15 S5 BRI S HF

2. HNS %
21, HHY

REE 3 AMEEEAIL 27 2%, 70D il MK AR (shang) il 71 R REZK 2 2 45 (zhong) AT 9l R 5
XL B A (xia), = ANHEACRFE XA KN B, RIS i,  FTA SRR R o B et B
AMEHL0.1 g WL EERE b, T K SR ORAT
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22. WFF*

T8I VR B | SRR A HUIE TR, (i AR R B R SR 52, 75 RNA BRIIERTT,
B AR RNA, 154005 55 = 119 DNA A §: 97312847 PCR Ml T . D-loop 514741 4: DL1 (5'-ACCCCTGGCTCCCAA
AGC-3'), DH2 (5'-ATCTTAGCATCTTCAGTG-3') [9]. Cyt b 51 #1541 4: L14724 (5'--GACTTGAAAAACC
ACCGTTG-3"), H15915 (5'--CTCCGATCTCCGGATTACAAG AC-3") [5]. [ M 4AFA 50 uL, Hr 10 x Taq
Buffer 5 uL, Taq Polymer-ase 0.5 uL (5 U-uL™), dNTPs (2.5 mmol-L™) 4 uL, Mg®* (25 mmol-L™%) 2.5 uL,
514 1 F1 2 (10 umol-L ™) %% uL, 4 DNA 50 ng, J&E F#E4l/K 35.5 L. ¥ #4104 4: 94°CHIAEME 2 min
J&, FHET 35 AMEIR, B fEFFHS: 94°C 45s, 58°C 45s, 72°C 1min; fa 72°CHEMH 7 min. BEK
PCR JX M35 A & B DNA (175 EIXT R . 97387~ W = 1.5% TBE I lEHi&EIR ik 70 25, EB Jufh,
MG TR, .

2.3. SA*E

f# ] SeqMan 1l FAEPFHEIRAS 513 N TR, I CLUSTAL-X #2/7 LkX}, DAMBE &iit #5751
ARLEQUIN S i+ #1535 45 35 71 22 1 (Haplotype diversity, H)F1A% 7R 2 FE% (Nucleotide diversity,
), BEARIAI 74 3R 2 (F-statistics, Fg) [10], FEAEALAE R0 70177 20 T (AMOVA) [11]. B 8] ) 5 K]
WHA Ny = [(UFg) — 11/2 [12]iH 5451, RA MEGA4.1 B E40 1T DNA 8 FIRRE 41 R[13], % /8
e, FENIERIA SEL, TR, LS B ML B PRI AAR (] (R84 AR S 2R A Kimura
MSHIER . H NIVEEAT R, M SRR A . FIFH Network4610 H ) B A5 R I 265G 31
K.

3. &R
3.1. D-Loop # Cyt b EEFFIEE

H# 1 AL, 7E 27 4> 820 bp ) D-loop 2 K /7 41 Hp 2L I tH 20 SRR 2 . AU E] 4 AN R RARNT AT,
70 NMELEEALEEL TE 74 DR S BT 19 A, WAL A 3 A, FENRLL M 52 AN, #
Horm T, FEFEFBH, A+ THEEG7.3%)WE 5T C+ G M (32.7%). 29 4~ 1117 bp [ Cyt b
BRI PP 5 R AEA I Y O SRR A, A INE] 1 ASFRRARN AT, 47 MELME BALAG TR 48 AN TR A
HAAL A 134, BURAL A LA, SRAERRAL AT 34 4, A+ T & 5(58.3%) T C + G [ 7 (41.6%).
X5 L 23 HT AT %0 : Cyt b B ARAT L 22 A7 5 1 20 LU AN AT 2045 ST 55 1 20 B 20 591 4.30%..4.21% 411 0.09%,
/T D-loop, JE# 434 9.02%, 8.54%71 0.48%.

3.2. D-Loop # Cyt b EEFIIRRETF O

B 2 W[ W, D-loop FF %1, ZI7KiH] 3 AMEERE A4 A e 4% #5943 7l 9 0.0322. 0.0246 A1 0.0150. |
TR S Hr AR R L PR B9 0.0284, U EFIR S T IERHA RS L BE BT 0.0246, HiEREAAFN N T
AR A R 852 0.0199., Cytb FE[K 741 o, BEAA P 8 4% B 25 43731 4 0.0164. 0.0111. 0.0036. Fii#fia
5 iR (IS G BE B0 0.0137,  RIFBEAS T IERFAAR ISR BE RS 0.0107,  HJie A4 AN I Ui 4 ) g
FERE BN 0.0074. PR BIIEFAAR N BAL BE B 250 L o, AR e 1 R Ui

3 ANEEA D-loop AT Cyt b 51 [ S5 B 2 REME HL PRI RS 8 K A R 2 R o I 3,
NUFEERK D-loop A1 Cyt b 8 B A5 2 REME iR T LU AR, TR SRR RIRE D, K2
A RERD A G, AT DMERBRERE, HoPIRERE R K R 2 A o 18T RiER iz,
X}k D-loop #1 Cyt b J741, D-loop [V 3% 78 R AL IR 2 FEIEAE b W R IEIm T Cytb JF51.
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Table 1. Composition and variability of the analyzed mtDNA of H. molitrix
2 1. #ELRIR D-loop & Cyt b lEE R KR E R ST

Pk A MAGERMRAE  RRRMAH .

FEH 751 HLETY A+T/% C+G/%

7 1% (EL151/%) (EL451/%) (Et451/%) BN
D-loop 20 820 74 (9.02%) 70 (8.54%) 4(0.48%) 19/3 67.3 32.7
Cyth 9 1117 48 (4.30%) 47 (4.21%) 1 (0.09%) 13/1 58.3 416

Table 2. The intrapopulation, interpopulation and overall mean genetic distances of H. molitrix in Hongshui River based on
D-loop and Cyt b gene

Z% 2. #I7K;a%E D-loop #0 Cyt b EFE FHIEHARAMELKE)RIEES

045 B _E % (Shang) rh13%(Zhong) T (Xia)
i 0.0322
(Shang) 0.0164
s 0.0284 0.0246
(hong) 0.0137 0.0111
i 0.0246 0.0199 0.0150
(Xia) 0.0107 0.0074 0.0036

. BT D-loop, TFHIAIFREE Cytb (FHE).

Table 3. Indexes of genetic diversity in the 3 populations of H. molitrix

3% 3 3 MEERHA M RIE R SRR

FEELLN =N EZ A= PRI AR Z M H SEIZATERAS R K BHBRZ M

i 72 13 0.9890 24.9670 0.0309
14

(Shang) 48 7 0.8791 17.7252 0.0159

e 66 8 0.9556 19.2889 0.0238
Zf‘”?“ 10

(Zhong) 46 5 0.8444 12.1333 0.0109

e 18 3 1.0000 12.0000 0.0148
f(f”* 3

(Xia) 6 3 1.0000 4.0000 0.0036

T2 AFNLE 5 43 5 F H FEAA AT 1) P N AEL AR A4 P B A ] R84 28 S 1R 20 18 7 55 90 40 iT (AMOVA),
M3 BT 45 ST WL, 3 /N HEA4 ] D-loop FT Cyt b J7 41| 18 4% 22 J7: 35 A I 2 (F = —0.01379 55-0.03160, p > 0.05).
33. B FRGH

A% D-loop F1 Cyt b ZEH P HI 4N, I NIRRT ARG, HIRh a0l 10 T, 3 AN
AR TE—E, BHARRRIHRE LR,

4. WHig

BRI Z AR (H) . ~PIA% T IR 22 5 B (K) FIAZ T R 22 FE M (m) A2 SR IR b 8 45 38 SR K1) 3 AN RS
B, 3 ML Z R ERAR, BHANBL IR RIN B s T, s T N, BHMEE RN
Oy TAS AR T A RN AN B3 . 24 NREAT D-loop FEF143 )@ 20 M EAfERL, T Cyt b 5514 )& 9
A, b oy NIRRT, NI RGEMEEIR 3 MAIFRRERN M) BT ERA
DNA NEFRIfE, —ARRAEM, £H 3 AMRHAAEE AR,
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Table 4. Three population pairwise Fg and N, values
7 4. 3 NEEREAKIB)AY Fo R N,
_E ¥ (Shang) h13i%(Zhong) T E(Xia)
0.0322
_L¥j#(Shang)
0.0164
N 0.0284 0.0246
i (Zhong)
0.0137 0.0111
N 0.0246 0.0199 0.0150
R (Xia)
0.0107 0.0074 0.0036
Table 5. Analysis of molecular variance (AMOVA) of 3 populations
= 5. 3N AEMNIREERN S FEFFRII(AMOVA)
AR e AU BB df ~FI A J7 My A 5 5 % F Guit= P fE
A ) 2 22.140 —0.16859 Va -1.38 -0.01379 0.46823
2 11.001 —0.22186 Va -3.16 —-0.03160 0.50635
FEAR A 24 297.452 12.39385 Vb 101.38
24 173.814 7.24226 Vb 103.16
JERVN 26 319.593 12.22526
26 184.815 7.02040
D254 Tshang 64 C69 shang
D365 ]zhong {678 Jzhong
D357 Jshang C267 Jzhong
D401 ]xia C254
D250 shang C88 :|shang
67 D255 C365 Jzhong
D69 TJshang C401 xia
—97|:DG78 TJzhong o C354 TJshang
D354 shang C255 TJshang
L o Jue -
T e
D267 zhong 66 C357
—95:0331 Jshang C403 Jxia
e ]mg oo ]mg
67 D375 61 ———0377
D377 Jzhong C375 Jzhong
—96|:D402 Ixia C402 TJxia
55 455|:D226 ]shang 7 C225 TJshang
D330 C364 Jzhong
98 D364 zhong C367 Jzhong
o D225 Tshang % C376 Jzhong
D367 C226
n 2hong o e
D376 ] 68 €330
88 D203 Jzhong C224 TJshang
—|:D353 Jshang C203 Jzhong
100 D224 100 C269
—|: ]shang :|shang
89 D269 C353

Figure 1. The molecular phylogenetic tree of H. molitrix in Hongshui River by NJ method based on D-loop (left) and

Cyt b (right)
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ST A R R SRS ORI R T 9 A R AR SR B, KA 4 K35 5
FEYE, SRR R X RKTLBOO S, SRR, Rl R P BRI M 2, 76X DR H
BIGH AR BESAE[14], 3ET4ER, FE0F=IERE 09 £ 2K VR R 1 1 A, % HAIBORE K 19 R T B4Rk
FOESD, BT AL N T H AR AR AR, FASRAAR S, UK R R 5 T
S HBTHCR AT 900 LA L i i T He A M B P, 7 KR A A K R A B SR T
PR, FERIRROR BT 5 E R, TR A A O A TR R BB R SR ) R . B0 3 AN R A 4
ARK, ARG RTINS AL = 20 A, JEUARTE B A W R 7= 2R g st o0k . AT A
S HBIE TR A E SRR, AR AEE, AR O REIA T BRI R, D85 R
BRI, F Tk 2 20K B Z AT, B8 2 REVE AT O, TEm A T RD S R S 8. 48
5 FITLE (RIF 5 [ SO 207K VTS o J 5 A A D 25 SO TR I (1038 4 2 RE MR BL 4007, AR 217K
VA% 2 REVEASAE T FRALEE
5. B4

XL AIAT B A fi E 3 | AL i 3 NEEA IR 24 AN ) D-loop F1 Cyt b B[R 41 43 #r % B, D-loop
FEHIR AR 2 503U T Cyt b T4 L0 /KIR] SEREAAR 1R RIRE (A PN 04 PR B /N, 1B AR SR 1 4y
TARERARE. b Py NIRSEILERER, 3 MEHARMEBAE A K. AT B8R A 18 1 Ak
oy B WA AR R AR Ak, BT BE AR SR FE G AR I B R R CLA B T B AR AR

E&WE

fh2x o ai i 7000 H (CXIF-2014-006);  H 6 X ELJ& 2w R e By JE AR Y 55 I8t & 00 H (9 5 -
GXIF-2014-006).
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