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WE AR RATHH EKE S SMAFLP) S FAR R, Ukt ey 7 5514, sk 8 %M
BT 8y 30 219 )1 24 48 f (Schizothorax kolzovi) Yy it t4 45 fn % FE M AT 04T, S5 R B R, 7 x5
Yk Ay 38 BB o 5~73, 3 A LK ESEE Y 69~500 bp, EA AL E 856 . HE, £
AALE 796 A, HY B EAEBN 92.99%. RS 30 NEEEA, HWMEFELEE N, AR
AL HE F #(Ne) . Nei % FF M 45%0(H). Shannon 15 &.45 2 ()F #41E 27| 4 1.933 6. 1.3388, 0.2122
F10.338 7, MEAZ A EEE B A 0.169 1~0.531 9, FH K 0306 8, RIEELIER, % F UPGMA
B NI EARE T HIAEMADE 30 MR AGHR, ZEAME 2 M4k, HP, MK L
H=MnF, THE29NMBERI G M. BIW)IHE s HELARE ENEE SN,
IRT, ZoKMIEEI, FMT LR s RN, ZHEITX SN, BERERD, A T4

SZBIRE, FEITRXM G W) ZHE & 503 R R IR RS

KA

PESEE S931  XHEEFRIRAD A

SAE 1 2SI Ty 00 24 i I R D R T T 40 Ak
TR — A~ SRR, 06 5L T 61 75 7 o i B 40830
XA . WA R, 2000; E 244145, 2016), M
JI1 2418 £f1 (Schizothorax kolzovi) 4 #ii T & & K 7T K &
SUPIT . BV YT i DL BR VT K R AL BT 5%
(L, 1989; ‘Rii¥F, 2000),

WAL Z PR TR A NS R Z ] B AR R
(RN A 9 52 4% 728 S SR st A% 2 e MR A RS 1 7Y
SEhtlh, FRRESAE SRS R R R, YR
A ) 3 N R T A, AR ) A K Okt 5 A
1990), A= Yy Ahie it 4% A48 S 19 R /N 5 L b TR B IE

BT, W)K& FAE; AFLP; tth £ FF it
XEHS 2095-9869(2021)04-0039-07

F, 38 354 22 REPE AT AT LSRR W Rh SRR ) R 1L
Dy, dLRE Ky itk — 25 43t HE AT ) R R Az 4 1t
BERH(Soltis, 1991). WFFERM, At . B |
A REAL . N TS — R A D R AT s e P
s AE AT, AR5 14 20 M 1) B A 23 5 iy JHL i
B RE, R 0 R A Ry 3 K A [ AU (Fourtune et al,
2016; Bertin et al, 2017),

P4 B B 2 5 M (amplified fragment length
polymorphism, AFLP)FRICIE T 4F 3k K i E >k i) —F
W LE MRS Z R BOR , A R R | &
=R SNEEYSh e AN NS ST XYY e SN

* [EZ HRBL#FE4:(30760189; 30960297)%5 B [This work was supported by National Natural Science Foundation of
China (30760189; 30960297)]. ZJ}F}, E-mail: 2479277157@qq.com

@ WIiRIEE . NS, #4%, E-mail: daiygui@163.com

Weks HIY: 2019-12-31, WeEeicks H #1: 2020-04-26



40 ook B

2 R 42 4%

G5 B LA B 5t A R S XORD e M s A5 A5 00 A (AR 4k
5, 2005; MHTAE, 2017) 0B AR A G 4 A Y aT
Rl ) K 8 28005, R FEENBLER, B
HEH4H DNA R AROE, e ZH T4
sl ZREPERFSY . Sharifi 2£(2015)FFH 7 %} AFLP
7| Wy ki 0 75 1 68 (Parastromateus  niger)i#E (T T AL
ZFEMEAESY, il I BT L s | A A 2R s R B PR
[ S MEEF LTS AN P S s i o s e L B il
K 73.61%. 91.30%F1 84.78%., M T°%:(2017)%F ;LA
TR T HF (Litopenaeus vannamei) 5| JE B 1A 5 57 5l BE A
WG ZFEVER) AFLP 20 Freh, FHTRE G 7 X5 5] 3k
T T 90 NN, 2N A S
ik 85.71%

LENAN VAR B\ B o IR SR AN b1 53 = S N B
T, WURTEZER, MR E T, 2010), MM
JN 240 0 Ry BT i B A e g a2k, 124, Ak
DU SR f0 i 5 32 B AR rh e X AR AR AR L 2R
YIFRRIE . AR BEDH SOk DL R T2k 1A DNA
JF BRI I8 A5 2 FE M A 0 TN (PR 54, 2010; 5K
&5 2011; 22 % 2015; He et al, 2016; fi] 55 R4,
2017; Dai et al, 2018), Tii>kH AFLP 7 FFricd 3t T4
FE PR 2HL A 51 D ) 1| 2R 1 o B s A% 235 4 S 22 A P 0T
I8 M A WLARIE o ARBEFE R AFLP AR 2T BN
PRTAT IO 1] 245 £ o B A A7 88 A2 235 ) S 22 A At A T
AT, BTETR AR /R HAVEE S G Z R R Bk,
FREECR AP LA KR T 98 6 0 T & R FH AR LR 22 4l

1 S %
11 HmXRE

2010 F ST FJE SRS i S s . K. 4E
B ERERERE(E 1), FRIR SRR DY) 2L ff
EABU B 7. 8. 10, 5, 3t 30 B I EOH:
TERALRIRE S, FWRS [, i [ 3256 %= F-20°C vk
FEPRAT o
1.2 #&1% DNA #=ZE

KA R A AL R A R wl $2 4 i sl P 4
21 DNA 42 B0 & SO 42 B I 240 DNAL 1%
1) B AR 5 I H K AG ) DN [ e 2 fnalifiE . FH G
HRGEK IR, 4 CIRATR .

1.3 AFLP &#F

AFLP Z3#r i RG4S g | 9 i B TA T
PR ARM S A IRA TS . AFLP S256 i P40 45 B A
20 DNA W] (EcorR | #1 Mse 1), g4 45—k

11, HIEHF=Y M TG S2 00 Y 58 Mk £EvE Y 18 2
No WY HEROWARZR Ry 25 pL, &HHR DNA 2 uL,

Pre-Amp Mix 1 pL, dNTPs 1 pL, 10xPCR buffer
2.5 uL, Taq DNA polymerase 0.5 pL, H,O 18 uL.
DR, H PCR RN FEF: 94°C7AEME 2 min, 94°CAF
Tk 30 s, 56 CHEME 30s, 72°CHEM 80 s, 72°CHEff
5min, fEF 30 58, LY 1G5 50 01 5% IV B0 W 4%
WGBS GG WG, X 30 )1 28 Ak
BEATIRBEME 1 B TRY R 1 20 B BE, BN
PEREMEY 1Y RO B A . ERETEY I ROV AR R A
25 uL, EFWY WM BEFESS 2 ul, 10xPCR buffer
2.5uL, dNTPS 0.5 uL, EcoR [ 51# 1 uL, Msel 7l
¥ 1uL, Taq @ 0.5 uL, H,O 17.5 uL, B4, B4k
b, PCR W FEF: 94°C 30s, 65C 30s, 72°C 80s
(EHPE IR B 0.7°C, 124), 94°C 30s, 55C
30s, 72°C 80 s, fEFF 23 %, PCR =¥ 4°CIRAE
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Fig.1

K L5 2 2R RE 2y |l CEQS000 it 1% 43 A1 &
85, 35 HPEChRICH AR M B4 ik oy B R, il
PCR =1 B T HIK 8, DI 9k 4R
ACTTI N A T SRR L RTIES WA R [P R 21 9L AR
1R, RAE T Excel F% LI 4b B

1.4 HIENERITE

JH Popgene 1.32 BAFGEIH USE. 200
B, RIS FE DR (NG) A7 28055 57 PR (NG)
Nei ZFEPEFEE(H) . Shannon {5 BAG SN AT 5,
e (PPL) 4535t 1% 24 FI I NTSYS 2.10 # i3 HHA
IR IPE R L S, SRAIARK D=1-SitH s L iR
2, JF 1 MEGA 6.0 83 st A% BE 25 A A~ AR ] 1Y)



554 G FHPF . FET AFLP 430710 12 VT 00 1| 2406 £ Bl 4 45 A S 22 REMERIF 5T 41
UPGMA . NJ Z4i#, H 796 A, AN AT BA S ER B 92.99%

(R Do 2 7 X513 0 BOUE 5~73 Z 18], FB

2 #R KK 69~500 bp, SA7SECH 84~155, L7 S %L

b 83~141 4>, LIBIHI4HE E-AGG/M-CTA P 3 %
DA ERZ, 151554 ; 514 A E-AAC/M-CAC ¥~

2.1 AR AFLPS|¥AEHI EER
L T SRR O, ARAR T IR YR & A 250 D, L83 4.

H RS 7 M SIEE D I T W51 HIZe 1 AT, ZREART 7 0GR Y B P 2
Xt 30 FEVU I N LN 240 DNA BEATSEBEEY 38 8BS RSN, 5% 30, RISEFRXT5I9EA1
JI T AT I ) R DK AR SR (] 2) PRE 1 o Pk P 5 FAl AR A AR ], 6] 30 2

75 30 RPN, 17 X513ty s )2 A Z [0 7E DNA 58 Efefeze s, JFH

856 B, U 856 DY HEAi . Mo, AL HIEXS S REAG I A A 2 a) fr) g AL 22 5+

*1 SIMIRESME 7519 8RR ZSHIER

Tab.l Polymorphic indices of amplification fragment with 7 primer pairs for S. kolzovi population in the Wujiang River

L) L2 BE P iv: ¥ T X
A T}Lia H“Elﬁ #ia HE’X{YE Agﬁfﬁfﬁﬁ g/m\{i,ﬁxﬁ g/m\/fi".]—:_'; LKW’J %ﬂﬁ
FIH A Number of Length of Number of Percentage of
. . . . Total number . > . Number of
Primer pair amplified amplified of loci polymorphic polymorphic loci enOtyDes
fragment fragment /bp loci 1% genotyp
E-AAC/M-CAC 5~39 70~447 84 83 98.81 30
E-AAG/M-CAG 14~55 69~498 95 89 93.68 30
E-AGC/M-CAA 41~70 71~460 134 122 91.04 30
E-AGC/M-CTG 12~69 71~492 136 129 94.85 30
E-AGG/M-CAC 16~68 72~499 124 117 94.35 30
E-AGG/M-CAG 19~66 69~498 128 115 89.84 30
E-AGG/M-CTA 42~73 70~500 155 141 90.97 30
St Total - - 856 796 92.99 30
P - - 122422 114+19 9343 30
Mean+SD
30M
= 500 22 BiINIIRE&EFMERSEESHE
FT 30 VU1 RAR Y HE (1 856 4~ AFLP fi ki,
o 400 WETEHNTIWASY MR EZHEESHGEE 2).
- T AT L A I S B PRI RO (NG) AT 38055 a7
- EU PHEL(Ne) . Nei ZHEE 455 (H) A Shannon {75 835 %4(1)

1 ER 23 BIIMIREEMEFEEENRBESNT

IR ST HOB A BB F 2 1 30 R DU f N
Bla 00 S B AFLP 1% UPGMA RGN, ik 2 450 S H .
Fig.2 Results of AFLP amplification of S. kolzovi Horp, ME 1 h—03, mHA 29 MR NS
population from the Wujiang River AN (A 3)

FIYH A E-AGG/M-CTA, 1~30 F/RFER 40T ; A
M & DNA marker 3 Fj’ e
Primer pair E-AGG/M-CTA. 1~30 represent sample

SEME AR 1.933 6. 1.338 8, 0.212 2 F10.338 7,

‘ T 7 XI5 Y0P aE R, 30 BREAANEAZ
| ] (AL R 2 0.169 1~0.531 9, HI{H 4 0.306 8.

numbers, and M represents DNA marker 60 R0 BF Ay A 4 P 35 AL AR S B ZREVE ) 4 1
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PR EEA W —RKEBERERMT, LR
21 DNA MY 38 AR B ) DNA BB, 4
VKA R e e B, dE i A s s 20605 O3
— RN RE N 1R E DNA R BEgb A7 E ey, &
HOREE I A S, HET DNA §7 88 BOK B L2 280k
15> FARiCH R RAPD, RFLP, AFLP LIK SSR
LRAR(SHMEEE, 2011), HAd, AFLP 4 FHric iR
M RFLP £ AR EHEEPER PCR A i (8 P b 4

JXIFETF 4, 2017), AFLP A7 FL Sk g H 1
4 2 (O IS 2010), 5 AR 45(2007) %
AFLP .RAPD FI Cytb &¢bric %2} i 7 5 (Cynoglossus
semilaevis)BE R RAEAE S P 5T £ W], DL AFLP FRic st
e Vi T R AR () 35 A% 25 S 0 R e ok R, ARBIF ST
o, 7 X513k T AFLP 43 Fhric, LR 2| 2T
PO 2405 o B 856 AN, Hirh, 2L 796 1
(F 1), MRS M e T BRI 35 4% 54 9 B 1%

M, HE R T RFLP £ R &2 22 Fil RAPD F& e P4 2= ) i

MREA B R B BB LR 5

®2 SIIMIREEMEEESHEESH

Tab.2 Parameters of genetic diversity for S. kolzovi population in the Wujiang River

PN PURIIEZ VR ESE e AR P KL Nei ZHEPEFREL Shannon {55 B 484X
IS : L . .
Primer pair Observed number Effective number Nei diversity Shannon information
P of alleles (N,) of alleles (Ne) index (H) index (1)
E-AAC/M-CAC 1.988 1 1.279 6 0.180 3 0.299 6
E-AAG/M-CAG 1.936 8 1.384 7 0.2349 0.368 3
E-AGC/M-CAA 1.910 4 1.348 1 0.218 5 0.347 1
E-AGC/M-CTG 1.948 5 1.3273 0.204 7 0.327 4
E-AGG/M-CAC 1.943 5 1.3279 0.208 1 0.3340
E-AGG/M-CAG 1.898 4 1.3315 0.210 8 0.3370
E-AGG/M-CTA 1.909 7 1.372 2 0.228 2 0.3577
PR 1.933 6+0.028 0 1.338 8+0.031 0 0.212 2+0.016 0 0.338 7+0.020 0
Mean+SD
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distance between the 30 individuals of S. kolzovi from the Wujiang River
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FFPFAE: BT AFLP 4307110 5 V10U )1 B 0 R et 1% 454 B 2 FEMERIT AT 43

B BB AL 2R R W R LA A N
AT | BECE BRK  EATE RE LA S B 1 & R
FNEAL R B9 7, MIRNEESE 2 it i ZRETE N 25 45
WP AEAE | A0 B S U ) AR R RS R A R 5
Ml (ZEAERAE, 1999), Z AN LEI(PPL) . A RS
FEEI(Ne) . Nei ZHPEFEEHE%U(H) . Shannon {5 2
FEE() A R R AL Z W A8 bs . ANESR
W, YT G AR PPL. Ne. H AT I SEX(E
5331 93.36% . 1.338 8. 0.212 2 F10.338 7 (¥ 2),
5 1% §1 K 2L f4,(Schizothorax  biddul phi)3% £ /R T
TR (PPL=90.62% . H=0.376 2. 1=0.544 3) (1% K
25 2012)F15F 0 2205 1 (Schizothorax prenanti) T A Fi
HE(PPL=87.28%) CRHIH, 20054k F [Fl—/KF-, =T
ELIE S i (% Z AR A IR 1) 7 A= 95 2 £ (Hucho  taime)
NPIDI] | i | FEk L U BEIAR(PPL=43.6%~55.64% .
Ne=1.254 1~1.335 3. H=0.148 0~0.195 3. 1=0.221 5~
0.2913) (f&)7 34, 2009). K VLA VLVL B 4 I fig
(Procypris rabaudi) ' 7 (PPL=46.89%) (K & %,
2005). AFLP #Ric st f& A7 & i /K (R AR 4k 5,
2005; 55, 2017), KB, 7EEES TR LAY
AL TN SER L, 1 ARG R B A S LA
BIMZAMAR R IE AL, AT, 36T 30 MAME,
F 7 %5183 345 T 2T g | S R 30 3k
HAEI(FR 1), BRI EA & F e SR A,
PR, 709 )1 2406 fa A LA 5 E & 1 e 24
PE. B& AFLP #ricsh, Zekifk DNA FFric s A
T PR 5 AL Z AR5 (R AR SR AR, 2007; XIUESE,
2013; BT, 2019), R0 555(2010)3EF mtDNA
FEIIX 464 bp AN 5E 4 F 5 B FE 45 F 40T 1T 5y
I 240 fa P L 2R, 25 R WNIZAN I BLAL 2 RF
PEAIAIG o X P REARAL T 557100 1] 24 £ b B 8t 4% 2
PERIKE o AT UL, ASWFSER A AFLP FRic bR FHZRE
K DNA 2> FARic kI T i fh e o = & B s e A8 5+
T FEME . SYT00 )1 208 fa Rl R 3 & A B G ZREMER
BH, O] 240 o 7E VT U K AR B LA 5 9 3 7
REJI . A AERe I RIEARYE T, S0 )1 2 A iR
A B B B B U A

VU248 AE VTR R AL T ST (L,
1989), SIT _LUEN AL T AL 3L AT Ll S VT B,
FEAA S S 2 A Hidr, aSeiar A
Gy BEOAWE TR R IR 2RI . = BT R R
A X GRIRTE, 2004) (B 1), ZHEW 75 4L K H4E
VR, WA ZRRIRIZ , AR R BB L IR
LR U N MRS, . BT ZEE £ & K 3R,
SEEFHOK B TF LM EE I, Sy RS

FRMEEE T S il . 517U . SRR R
IXUER 2 AR XUEF L, & 2005 4R B AR &K (3
HalkaE 2010; JiliT, 2003) (K 1), XA E
2, U TR B K S B, R I B AR
SR EFK, BT AR RS, REGZIR
H I I R IR ) - 3 2R A X 4N . B AT, 1
JN B8 f0 3253 A 3k G0 H s R L1 A 7S ol
B (A SRS, 2009). 7 —J7 1, L4y
i YA BRSPS Y S Al B8 9% S 0 v U 1 4 R A
AR, AR S I S AR A Y R AT (2
45 2015), AT UL, A2 KT YL oK Rl AR i B A
BiAE R, DU S0 A TE ST RS A X EL 46/,
PRI D, A FASZERE, Wik, R85
AN Y R ERE RV e s s S B (P A o N [E]
AT 55 TF Xk 5 100 ) 1| 45 e e S B U A PR

T2, #E4T DNA ¥ 38 B Belk B 2 5 i
W, YRR AL Z AR T R A AN DT 30
i, T AN AR A B AR AT A EAR G0 1 2R S 8
E R AR B FEGIE, 2017), ABF5EH, Sy
NG PP REREAR R 30, HIMEERFEBEE R 4 4
SRAESE T T ST RS vhie] (g 3 B, SRR Y
JN B4R R AR AR R R . L, AP RIS
LU )1 0 R R AL ZHEME SRS R B A B m
AERE . SR, AR ANT4s 4 DNA I FE 33 AR F
PR BREZESHESEA, EFETTEEE LR
FER, IR KRR SR 2110 DU 1| 2405 fa 4~ 14
HEEEAR, PR — MR T, LA N4
TR T i S 7100 ) 1| 408 R I 3 A5 15 5t | sl 2
¥4 Je Zo R, Ry S0 1| 2R o o 9 U %) I e R
R R 2Rk 5

£ % X M
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AFLPAnalysis of Genetic Structure and Diversity in Population
of Schizothorax kolzovi from the Wujiang River

AN Dandan', DAI Yinggui'?", ZOU Xijun'

(1. College of Animal Sciences, Guizhou University, Guiyang, Guizhou 550025, China;
2. Special Fisheries Research Ingtitute, Guizhou University, Guiyang, Guizhou 550025, China)

Abstract Schizothorax kolzovi, which belongs to Cypriniformes, Cyprinidae and Schizothoracinae, is
a wild fish species of high economic value, distributed in the Jinsha, Yalong, and upper Wujiang Rivers of
the Yangtze River system and the Beipan River in the Pearl River system in China. To assess the genetic
diversity and germplasm resources of S. kolzovi in the Wujiang River, Guizhou, the genetic structure and
diversity were analyzed in the 30 individuals of the species from the river by the methods of amplified
fragment length polymorphism (AFLP). With 7 pairs of selected primers through the pre-experiment,
5~73 DNA fragments were amplified in the 30 individuals, ranging from 69 to 500 bp. A total of 856 loci
were detected, including 796 polymorphic loci accounting for 92.99% of the total. The population
contained 30 genotypes, and the mean values of the observed number of alleles (N,), effective number of
alleles (Ng), Nei diversity index (H), and Shannon information index (I) were 1.933 6, 1.338 8, 0.212 2,
and 0.338 7, respectively. The genetic distance between individuals ranged from 0.169 1 to 0.531 9, with
an average of 0.306 8. The unweighted pair group method with arithmetic mean (UPGMA) and
neighbor-joining (NJ) phylogenetic trees of the 30 individuals contained 2 branches and had the similar
topological structure. The S kolzovi population in the Wujiang River contained rich genetic diversity.
However, hydropower station dams, river pollution, and overfishing have reduced the distribution of
S kolzovi, and its population size has declined. Therefore, this species is ecologically threatened, and the
population and germplasm resources of S kolzovi in the Wujiang River needs to be protected.
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