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ABSTRACT

ABSTRACT

Population genetic diversity and pedigree management of Chinese
sucker (Myxocyprinus asiaticus)
By Cheng Weiwei
Directed by Wei Qiwei

Chinese sucker (Myxocyprinus asiaticus) is a class II state-protected species in
China. It is also as an endemic freshwater fish in China and the only representative of
the Catostomidae family in Asia. Historically, M. asiaticus distributed in the Yangtze
River and Minjiang River (Fujian Province), and was an important economical fish.
However, due to over-fishing, water pollution, and dam construction, the numbers of M.
asiaticus have declined sharply in nature in past few years. Fortunately, M. asiaticus has
been artificially propagated successfully and juveniles were released in the Yangtze
River to enhance the local stock recently.

The conservation management of endangered species contains ensuring the extant
populations and increasing their abundance and distribution, and it requires the
knowledge of the behavior and ecology of this species, but also involves assessing
genetic diversity of the populations, which can limit the adaptive potential of the species.
Small or isolated populations represent limited genetic diversity due to the loss of
alleles more susceptible at risk of extinction. Genetic variation is essential for securing
the evolutionary potential of a species. Our study used Mitochondrial DNA (d-loop and
cyt-b) and Microsatellite loci to assess population genetic diversity and pedigree
management of M. asiaticus.

1. We developed twenty-three polymorphic microsatellite loci in M. asiaticus. The
observed and expected heterozygosity ranged from 0.292 to 0.958 and 0.423 to 0.900,
respectively. The polymorphic information content ranged from 0.356 to 0.869, with a
mean of 0.710. These microsatellite loci were expected to be useful for further studies
of genetic diversity, population genetic structure, and assessments of the artificial
propagation release effect of M. asiaticus.

2. We used 17 mcrosatellite loci to establish paternity test technology, and marked

two commonly used fluorescent labeled primers (5-HEX and 5-FAM) in F-primer.
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Thirty younger fish (offspring) and thirty parent fish were used to establish paternity
test technology. The combined non-exclusion probability (first parent) was 0.98746106;
the combined non-exclusion probability (second parent) was 0.99971843; the combined
non-exclusion probability (parent pair) was 0.9999988. All the offspring was correctly
find their parents. And we also developed a mullet paternity test kit of M. asiaticus.

3. The sequences of mitochondrial DNA control region (d-loop) and cytochrome b
gene (cyt-b) were identified to evaluate its genetic diversity and population structure
from five fish farms. One hundred and ninty-nine specimens were collected and 2047
base pairs were surveyed. Eighty-eight polymorphic nucleotide positions were found,
and 33 haplotypes were identified. High levels of haplotype diversity (0.916) were
detected, with nucleotide diversity of 0.01234 (P<0.05). The median network analysis
and neighbor-joining tree showed three clearly distinguishable clades, each of which
were present in multiple populations and not limited to a single farm or region. Analysis
of molecular variance indicated that 9.28% of the genetic variance occurred among
populations, while 90.72% was contained within populations (P<0.01).

We screened 11 microsatellite loci to assess potential genetic differentiation
between wild and culture populations based on 214 individuals. We found the wild
population had higher number of alleles compare to the culture population (13-7.3), and
high levels of genetic diversity expressed as heterozygosity (Ho=0.771, HE=0.748) both
in wild and cultured population. Significant differentiation was among wild and culture
population (global Fst=0.028, P < 0.001). The Structure analyze and Neighbor-Joining
tree assignment models revealed three primary genetic clusters with moderate
divergence between the clusters: the wild Yangtze population was a separate cluster,
Sichuan cultured population was another cluster, the rest cultured population was the
third cluster. Our analyses also revealed that 22 wild samples from Yangtze River were
assigned to the cultured population, which proves the rearing and release of artificially
propagated fish was the approachable way to avoid sharp reduction of M. asiaticus
resources. Overall, these genetic data support the endangered status of M. asiaticus and
suggest the future conservation management planning.

4. Small populations are vulnerable to the consequences of breeding within closed
groups, because the loss of genetic variability can lead to inbreeding depression. In this

study, we used eleven microsatellite loci to establish the pedigree of all the cultured
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population in five M. asiaticus farms, and evaluated the genetic differentiation and
genetic relationship in the all individuals. We also using UPGMA method to map the
different farms and individuals. To avoid inbreeding, we established thirty-nine familys.
5. In this study, one hundred and forty-nine breeding parents and 65 recaptured
fishes of M. asiaticus were collected, and 11 polymorphic microsatellite loci were used
to assess the parentage relationship between them. A total of 140 alleles were obtained
and the mean observed and expected heterozygosity was 0.771 and 0.759, respectively.
The range of the non-exclusion probability was 0.356 to 0.890 and the combined
non-exclusion probability (first parent) of 11 loci was 99.9983%. Eleven from 65
recaptured fishes were assessed as offsprings of breeding parents (4 from 26 samples in
2011, 3 from 16 samples in 2012, 4 from 23 samples in 2013). It indicated that the total
contribution of the enhancement to natural population of M. asiaticus was 16.92% in the

Yangtze River.

Keywords: genetic diversity, pedigree management, paternity test, Myxocyprinus

asiaticus
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SFRRIE) , DNA 48 Fhric e T e BB BRI — Rk R ek bR —H R s
— B! DNA B4, BRI LLE— MY i B o QAN e, il LUE —BLhghs
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AP OME R R I, AR RRIE 5 (1 1)

B) ZAFEAEGER, BT, mAEANEERA, AFEES MGG Sk

C) REHUI FARd AL B, BBAE % Jx & gl A 35 K Y (Ganal et al,
1989) , AL EHEAIIAL(E B

D) KEZHUFFheidh “ridEbric” , AL5 BRI IR RS

E) WA LA BN A AR

F) ARG Befa oy e, Gl ORBON D K35, 1999; 7 EAA, 2001) .

S FRRICIR SR B T IV N RIERL, BRI HES) T AR IR R .
W5 7 TRV IR B, A FARC ORI AR B R I Rk R, )2
T A ZRETE BT BIOTCSRIR I 0 A . B E R, SRR R it &
WA SERRE A WIRPSR SO R S RO R s B S5 U7 1R, RS T HAMRR I £
P (BARSE, 1999; f&SCreFB N A, 20005 Sakamoto et al, 20005 L%, 2003;
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H# i, 2006; #lei[A, 2012; Ben Naceuretal, 2012) . HRiLEK ™ st
FUHR I LUERE > FhRid iR 2, A SCU DA bRid A2 R A br id A/ DA TR ZEEIA

12 I EMRICHF R RERIERE

(D) S A ARd R
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R A LA R R A DX 3 i P DR ST 20 S G 2L A, AN [ 6 T AT R R A A
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A Tl D EARIC R AR A e i, LRI, BRARAF X 2Rl TR
e, DR DA 3600 I LU SR AR S AR R R B Sk X 4 B A T ARFI A AR,
TESR LK ZR 73 A LA ORI Pl T2 B0 2 1 R G S B T S (/M s, 2012) 6
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14 5~10 kbp J7 5 T AFAE— AN HE )P4, Hamada 55 (1982) 4F R FLAZ L) 5
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Hla

O WMIEZA S HERFE, — MR SR R E AT R BoR A
(AR . — e TR O P A I E SR s, SRR H g2, 2840
b B (Maetal, 1996) , RN F-T-#)Riist L 2 BEE 23 A AL DR 25 5
W2 (Patricia et al, 2012)

D) i BAEG IR, T XIS P 51 AN R b R s
ws EGWIR AR BETE T, DR PR R IC AR bl R 2 T LU (3
4, 20005 GEEE, 2013) .

E) Ry idibradt . fa e, Gl A H B PCR Tk St pl e e i vk Bk |
SR A s T 5 e PRI B 0 5 P K S5 g Ve I S A B R R /M. (o — B, 2009)
FRS B AG . AR bRl . RS

A Sy P ARl AR R B A b I AR S A 2 o HLER b i B 2 A PR
LR MR R, Bz N B RS R SR B ST
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NIF 13

(2) FREUM PR bR g

TR P FI BRI S PR AR M EEAR TR, H Ar SR T A Arad 2 LA
N3 it

A NATLEE FERISCHR b Ay £ A b i

GenBank. DDBJ (DNA Data Bank of Japan) . EMBL (European Molecular
Biology Laboratory) 5542 % DNA £l g tp A5 5 o A Ah ik LALF 51, 51490 EST
5, DNA J751, Al LLEHE NPk sl st i R 5 19): seAh, N C R RISk
e Pk B AL RUERS 1), X IR I LA R LU B . REEM NS, (A%
B e B g B, AT 2 EE AR R S DAY R S .

B) ‘AL

REHEYTENFEDI A DNA ikt DR bR, RUEE SRR SR T R
T IIHE o & B N0 5 A (primer extension) « 2448 #%15: (hybridization
selection) F FIASCO (fast isolation by AFLP of sequences containing repeats) % 3
Flr, ot FIASCO WM %, 1ZJ7VEN AFLP HR R BRI SE &, R
5 AFLP J BUh & A7 (M DR P AU AT 2448, SRR 3RAG IR Tl TR PP ) R 2 A8
BATSEBE JG I e CORINITRIE T 2R 2 M LR L,  Wdifa iy
Hefid | TA AT . IR R 2% (5KIYRI4E, 2000; Cheng et al, 2013; Zhang et al, 2013) .

C) LTI AL XY 1

R FH I S Pl 1) 3 FH P 5 | 0 0 e SRAS A T A b, BRI TR A0
S DX R P 0 £ 53 DX PP SR AT e b EAT v BE R Sy PR KRR A, AT Gy i R sy X
BEVH A S 100 H ¥ DNA 473 DRI A bad o 1207 LReR PR v HAT 2L 3R
M RN, JF XAy A 2R b A3 B kB 2 1Y H - (Lima et al,
2009; Pickles etal, 2009; Luoetal, 2013) .

T TR > Fhmd Ho 20 SO BRI AT 5%, )2 N T & A AR 2
Firp, KRS BN BRI AL 25 RGOSR K HAMR T sk
(IR A0 2 B T il B P A 5 T
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1.3 Zehifk DNA FRiCHI &S S R

(1) ZEhifhk DNA (1) &45 6 FIRE
i kifk DNA (Mitochondrial DNA, mtDNA) j&—Fi LM ] & R XU DNA
(Avise et al, 1987) , REMEMNZHOGEAT IR 5%, & H AT O mE— Rk R g

fE4%4h DNA 43 TFric. (Claytoo, 1982)

Chen (2013) X IH i fa 2 ik DNA AFEPIALHEAT T 90 AL R FHE, R R fa
RRREE IR 2.1, MR LRk 4K 16,636 bp, ARG 13 AN (g iddE
(Cytb . COI. COII. COIIl. NDI. ND2. ND3. ND4. ND4L. ND5. ND6.
ATPase6. ATPase8) . 22 /> tRNA. 2 > rRNA JE[A (12S rRNA. 16S rRNA) Al
—ANKE N 944 bp (15X AL T tRNAP™ T RNAP™ 22 Ji]

Origine de replecaton du brin H

125 rRNA

Val
165 rRNA '

Leu
(UUR)

ND1

His,Ser { AGY)
Leu|CUN})

: ‘ collu-'l \

replecaton coll ATPaseb,8
du brin L

& 2.1 ARt Zhiik DNA g5t &
Fig 2.1 The structure of Chinese sucker Mitochondrial DNA
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mtDNA BEAL ) BRI AR AR R b, B DI ek 1, 20X
(d-loop) HEALBER, HIREMBEEE b (eyt-b) , HEAFM tRNA JEH, rRNA
B CREES, 20065 4%, 2011) o KRR ITS 0 )R (0 P o ) 51 2
KEMBAL AR, —BOE PR 1) d-loop F cyt-b KA

(2) ZEhifk DNA (1)L

A) FERK I RER G

128 mtDNA — 2 B R, BOREA SRR, AR T2 G0 4
HRS T AT 100 /AT mtDNA #5010, N4 A #1547 10°~10° AL
mtDNA 7374 UL, [RIE Rl LAt SR 2 Ak DNA J& -7 4% 10 BE SR 4

B) L4 ZUERPE (Fransisco, 1979; Avise and Saunders, 1984)

C) A

ST RANRA 15.7~19.5 kb, A& TBRBIPEN UIREREVIVEIHE N, Zono i B 4 45
W, WARRXMES TS, i prdm, wmisxASNE T

D) # %z

BN AT 1000~10000 95 UL, 2550 WAL 7, B4

E) b4k IE LR HAN ] X 3 A 1 R AN [F)

M DNA AR Y], mtDNA FJREE A 5 P8 DU R 2wy 5~10 fi%
(Borwn etal, 1979) ; AN IBUHEHE /A2 R, AVFERA R X I ET
AN ) RO AL 0B R 57, 19905 H sUAsKIE, 2000)

F) G20

AR 2] DNA AL, mtDNA ERSERFETIRILSE %, H LN & T

H il mtDNA 7EK =S R, A DNA 437 7K ARSI [ (g b o
AME SRS, R PR 4 PCR 988 SN BUK R B, Kl DNA X
Ik 22 Ak I BB AR B AL RRAE . FIBEMELL M E G R, TR OK 7 3Pk
G, el R, RAKRE . BHERE 2R IEERARAS . RS E
AR SRR 1) T BT 1
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2 FTEEREBEREHAREA
21 FTFEERBRAME

ST Y (Parentage identification) JRFRERSEE, 1F DNA 70 TR H 4
TG, W) R S B R A I WER A S AR A M2 ¢ & (Kashi et
al, 19900 , RI5GUERAS A Ak (5] BRE PR R B AR AR i 2 15 A7 PSR OO0 R o 1A IR i3
A RUAT 1 G ORI DR JRE 0 A 1 e (O R T T TR S DR ZH A A =

SRT RN ARGRE LN LA T MRS I E s MEA BRI S A
AR AEREIIE s EFEAESS AERE RN E . SRS e ARR N T
RRSE U, BEE A ITEARMERE, SRS INEERRE, PR
sy, IR R bRL, RIS G TV, B R ) A B A A KT
A T A TR R DR AT SR AU R e, T4 T /K P AHE DNA 431
BHATIRRE e (RS, 2004; SRHG5E, 2004) .

2.2 FFEERERE

IR 2 bl oA B AR S RN e B R 1A 2 e, A RE DA AEAT AT Y
MR B AT RE—FE (R GEXUERRSN) e LA T A& RG]
o A I EE 2 A TR AR YU IR GO AR 3 e T T T SRS T
Bo

MM DR R TR B2 D REMFE, BREAZEEN, JFA
HHRIREE I 4] DNA; 2) ik & i LR ZaAVES 1, & BS65 19 Jax et tr
PCR ¥ 38, SRJGHEATHERBIK AT, 3D XU 45 RakAT /i, Sl REAT X,
KRG R AR AT T IF e o



2.3 EFLEERIMNA

(1) SETFHEEER R E IR

HAT, 87 %¥EMUEIERE S EARR BRI E, i HAEsh st it & 7 5 20
AU T ARG s E R eh WA 2] T T2 N o BEAT SR AR s R ST I A
R, EIARERY LY M2 ) B b O R AR BT, R WA A b e T
VNN S 3 g %2 11191 Y B HAIUE NN 9 GO o E R M 41 N T
S Re i B B

TEAKP=FRIA DI, SR HEEART 2N T RAER . RGBS . 58
2 K FREE B AR TN 2 0 18 A TRV IR 26 500 R LA SRS IE A I K R i
FRRURMHHR . IEA0I 5 RS RN 5 LAAT R S sy DI A, DA Ik B 5
WoREFEIRING, XTImO E MR A = S R Lo AR
R BT AT KRR S, e e X TSP B e/ (1 AL ) ol L v £
i, BT MR . R SR % IR B AN TR . MER RS RS,
Ml B B, 3 SE AR T T BEAEAE IR SR RS IS, AR R NEEAAR N (I S AT
PRI AAE S T, DT Gl A RE IR FIEAL 2RI E

Kellogg 55 (1995) A LA ICHFTZ AR 26 R/ IN &I, i [F]—Hit
A IR B E AR EAE O M AAEE — MR B gk &, R AESEg ik
W B8 BN ) S AR SO 7 S ANFJ R HfEfE . Herbinger 25 (1995) X Kk T
ANTFFRAE A [R)— 2R 38 R AR ZR 7 100 JRALES (Oncorhynchus mykiss) 4@ L 4 4
LR, RS E T 1% M GO R . ARIESE (19990 FIHT 4 Xl i 1142
S AN LA A FEA RS 1 DNA FREURIE, (7RI, i fe 8RS REXT 1999
ERAF I PARESE A FEAR AT A NI 4, B P AL 5 [ 1 380 1) 45 07
R 2, FEAMERRIL R S ) 22880k, JF T H T 5 N T8 e /A 5
SRETEAMA . TR (2010) J@LE 7 X5 DAL, TP A LR TE
SERERIA . 5K T %€ B8 ) S RIE SR AR NI G R AE T HFIC.

XIEHEEAE (2002) FIFF 8 /Mt P22 DNA #xid (Crooijmanset atal, 1997)
X NERER (Cyprinus carpiol.) [ZLE . KIEFIREFD 3 ANASE SR TR 4 A
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AR THEROR B X R 10 20 RAMERET PCR 9738, 8T T 1 RN THEZ R,
HRX R NGB MARB Ao FeA R ILZEE, PraiAs N CHERZ K & i J5 221
RN LEITT TR G T B E R SR B . Jerry 55 (2006) BT XS UF
(Penaeus monodon) 2 JF (1) LA bxid h ki th 2 A Pk & B m ity 7 M, Rt
13 D FRBAT TRBUEE, G R R 480 A ARA AT LLAERA £k 2UAH MY 1 2K &R
o M ESEAE (2008) L RIEENEFOITH . 2006 A2 HER 3 SR,
R AT BT, S TR B HIF R R RN R, W i B
A, ARV T 123 PMKR, HPhEERRZLFEMER 374, AP KHEIN:
[ LR [ o K R T AR o« RAAARAE (20100 BI85 iy it B AR RN
TIRTEAEA N R, AL TR R R R 18 4, RAFZR R M AT SO 6hs
WA TBHE RN EAT BRI, SRR R R A KH 25 B2, Tk
ARPEMER 24, ERBROER 44, EKEE - BROEXR 124, BUX
R J7 kAT LA L A PR . Ui s BRI R L R R, Ik 20
Hlig s PURIE R SRR B IR OUET I ECR T B . Wang 25 (2010) #|J1] 16 # PCR
B RN ARG (Crassostrea virginica) #HT T35 74 @097, 455K
160 AR R LA DI R B IEA I X R

(2) SRTHEAE N LI THTBCR RO VEAL Y

YV 3G FETBOAT S T 3 ) RAR KBt . R, L DUAER AL ) LL
A B ST G iy BRI RO M B IR R H K RSO S R, 2001)
20 2l 50 FFARLAK,  F 75— LLl i R v R DT 2 1 RS | ORI 5 2 Ao
M EIRETE R ES GRATAIEE, 2012) o i JLHFERES D, Kk sk
N B R JEAR R, ANEFEI KR M, 6, 25 FE R T, Wt aRsh
b, IRIRES . WM. A R AR AR SRR A R N TR, X A v R U
BTN R BT ORI (0 B R It

K TR Y B YR 2 — 5 IS 1A) 9 58 J5 AT IR, [l AR SO0
AMEEC ORI 22, (904 2 ) DAYRERf B0 IR S e N IS BR B0 BUR. (XS e
MPESH, 2001) o H AT 2 ok R H R e gevt pr s [l 22, RITRR P 7%
PUANEF AR B LU A SBR[ %, W) BEE bR 85 i BY R B8 B R,

10
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PG RS YN ER IR VU A S ORI A T f . e B EATFRd (ZEARE,
2012) , wFE KA AT EERC (VIE) R4 Ers (CWT)  (MiRisss,
2013) , XECTIVEHRAEER, WSS, HAREAED IR, A S X 5 e
BPAAE CRYERRT-RAL, 2007) , SNSRI FRERR, A5 1E AT
BRI, SRS AN E NS, AR TR, SETE BT,
M JESC [ e (R A B

R A5y AR A 56 1 28 X ARIE,  BEATJRCH Rl 2 IRRG A A 51
JRER 2 R A K R A AR nTRAI AR SRS, B AN BORA A
FALE GIREL, 2013) o HARMOLR AT DR RIS THRGIEEE BE, XA
FEABUGRB NIRRT, S5 BB T —MRIRA W WL <9 uhRid”
TEARAF BN AMA S 3t mT LR AR PR PR I H X FARF IR 1K) 9 b o X b
WAE “othmid” Bt DA bR, BAT LU RRR 5

A “FOURRIL” RIBURAME B S P, IR A BT I bR,
WEAS S TBORAN AR IE BAT AT 155, AN R0 “ bR AMEAE ), HAE
TBCAR 5 BOR AR bR IE AN 2 B 2R

B) 3 FAREFT G d iR G e, AR ML B L SRR, KT
JECR AN 75 ZERAG TR “ AR 7 K RIEEAREAG R, B mlfE, H PCR 1
S5 DR G 2R 1 g 2 R T DR TSR PIAR MR

C) MAEFVEEFET A, “APR” AR LU, e N LB 2
IR K

D) % LA ThRId B SRR R bl af oAz, BAX 0 A
FEARBEAR, DO S “ AR AT % E

BE) JRCAUXAN bR ANMA, ANGRTET AR BRI ) 45 R T BN, AT ORAIE T i
NS O EIES o4 Y 4

HHT, A ARG T AR 1058 7558 AR N LG58 IR BOR P E R AT
ZIIRIE , ARSI 32 FE AR f 5 TS e N T3 BTG I g £ R0 5T ik
FFNIBAL SR T T EAT TRl Ok b5, 2013)

11
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3 MEREZHETREA
3.1 MEREZHMEEN

LA EEARIAE AN R IR BIIRR AR Bt 2R B RG R
FEVERTSERZAEE (H 7, 1993) o WM 2R A ZFEPER L, a2
FEVEZ PR 2 FEPE LAY, ARG 2 PR e R DR Z AL RAE. )3
[RIit A% 2 PR R TR ER P A0ty (Rt AL (5 BN R AN, i R SR a4 2 Ak
JRFRFE DR 22 B AR Rl N FE DA AR 4k, A ] — A A AN ) A A B A )k N AR [R]
R 18] [ AL AR 5 A

At 22 FEPE I R R E L Al AR AR PR D, (HAB L AR 57 )
Ak Jm, RUBRARI AL S . A SRR R B ORI, H™ A th Fni
HREANR BRI A AR, AR R R B T DNA B Ehs . e
SRR L R, T 3 B [FIRE S (VAL AR 5 o Wi B A TR e A 22 A 1R /o
KIREE =1, AL GEND MR (L) BHTEE (Sotis etal, 1991)
AERR (R A A R SRR AR R, A R I fE
WU, A5 L A AT SR A

3.2 ZRIfk DNA M D EK R ESE XMEEETRPHEZA

(1) ZRifk DNA fE BRI TT K N

Wil Z R B R — A EA RS > R i) —
WA BRI E AL 2 FEVE,  ORIFIM RIS FLE A 7, Bl bS5 R A
PRI EAA, R R AT SR AL BE DA (R 2% . mtDNA £E 70 A 8 2RI A% S5 H AT
BRI, SR eYRt—FE, mtDNA W T8 SRR 4544 e e o Sk ]
21 B FE DR BEAT BRABITE A B 22350 M (RFLP) , H T 2R A DNA il
BARXS mtDNA {13850 P41, andasl DXFe 41 sl il g 6 2% b BEAT P81 o0 #r

12
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HARAE (2001) S5 EERifR 16S IRNA FI Cyt b FERIBIFFT T 88 () 3 A5 Fl,
5 KIL, {F 859bp ¥ DNA J@aiH 3 AN RG22 5, R E 3 AN SRR o] e et
PRSI Y32, I B K. Zhang % (2003) H mtDNA (1) d-loop J¥%1 43 H7
Hh AR B AR R R AR AL 22 FEIE S ROMEPE IR RN, U ARt Z R =,
H BEHED h AR AE Py S R R AR, AT 1995 — 1999 4 AT B ) 2%
BEVEREAAR /N 2500 — 3000 F8 . sFPHEAE (2008) dHRDXS A EFT S 3 KR R
L cyt-b LR FF1 34T, B (I B 0] Be A7 AE 2 S MU BERPE . R 24155
(2009) i mtDNA d-loop /7412 AR 3 B [F 671 RGHH R, W54
RAW], Ay G £ SR [ 21 B R 5™ TULVa A, H 2 Rl dg A7) 2 g ST B
f £ v 3 S A €A S A T R

(2) TR ARICTE M SRS AL B 5 (1 B H

TR AR RRICE AR E RN 46T 20 tH40 90 4E40H] (Goffetal, 1992)
AR DNA BAT d iRt AL B S 3L WV IR, AR AR AR AT AN )
(] DNA BfFEHEFIN, 3XFl DNA 7377 5 I T AN FAMAR IR 8L 5, i 1
FRARAC i 5 22 AN R0 6 A1 2R ) Al F e A O 9 et A2 25 R 1) AT 0 17 R
(281, 2006) o RUARHEZ AL s AEAS RIRER i A5 A7 JE R 4, 4547 R D
PR, ARG R WG B RhBRE AL R B (B B 5, SR VP AL PR
Tt 2 REVERIRI G A5 S5/ BT, A db A I se R 0y, AN S0 i fa
A YR H A B AR it

Liu ¢ (2009) KH 10 X 28 P AERC R 5 AN AERAR 4 ANFRIEFEAAK
(Ve PR AL A M AN A 2 FEVEREAT THF9T, S5 R RBIRIEN) 5 DNEFAF 3 57
BRI 35 i st A 2 R, T 5 SR G X — /N R A AR ) 2 IR I g A% 2
FEE, AMOVA 43145 W /R B 2R BE AR FR B AR A7 A S 5 (Wit o 4k, HLAFY
25 AT LAk F e (o ol R AR A . Hulak 45 (20100 R 10 a1
FERRICRT 13 AN AR 0 A B AR 1) 5 4% 2 FEPERN G AL S0 AR EREATBFT, &5 2R
TR AL 7R N AR SRS A0 B AR (1 18 2 AR R AT B AR N B
ATHCAE A TR

13
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4 PRARS & BT FHER

HWJIEfA (Chinese sueker, Myxocyprinus asiaticus) , fEfa28502 @ T ifig fa
44 (Osteichthyes) . #fZH (Cypriniformes) . JWfifaf}l (Catostomidae) , [
F P HE LR ZH (HERSC, 1979 .

K 2.2 iRt %

Fig 2.2 Juvenile of Chinese sucker

& 2.3 Ml
Fig 2.3 Adult of Chinese sucker

14
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%

4.1 PRRE & KRt MFEMR

TRRE AR R, Sk 5 130 R ke, B Al i A T BB Ao SRR, W [
Oz, ROER, BRIE, &R IR _EA, T N, AT, Y
M, ACUEE, B2 iR BB R, IR, BWAlK, REEX
s MZeses; BERE.

R G A0 &5 B R IR AE SR AT AR “ B a2 B R, AE R (AR Ky
B, HARRL RO ZE SRR K. EREAIN, A E sk A0 CnE
2.2) ¢ FHK, HOWKME, JERDIAREARE, RS AR, HR, ik
AR, UM, A EBERHRRE, Su REIRA GEETRE (K 2.3) (5
KA, 19935 ZEAESC, 1999a; 4430, 1999b; kAR, 2000; #FES, 2001;
JIFAR, 2004; FRJE, 2005) .

4.2 fRER& FRIR

WA RHE A 24T 14 J&, 32 80 Flr, K2 HorAn TIbseM (RS, 1998) .
TENEYHANAT IV 146 (Catostomus catostomus) FIR G234, IR Fa AN 53 A T 3R [
KITAIYE, At F.

Pgivt, 1958 FMH A 5 URTT SR E Y 13% LA 1 GBI KA Ak 5 i,
1976) ; 20 el 70 AR, MR MBI E C2THAW R TR, 83 2% A4 (1
N KT BHE A2, 19750 5 20 tE2 80 4E4X, WG KT _Bigfsk ) &
LA 1%, fiPid s HBELLR N SALTHEL,  Hop ol 2 TRV 3 SR I £ B8 A= e J LT
WM, S AR CE AT AR £0 7T B8 A2 A7 A i £ X i — R A A (PEAR, 1998) &
W CHRAE (2003) F5 M R e SRR T BRI R R E 2 S A S B K. KB
I T BT . RAUKA TR IR . KA RANTI RAZE R R A K,
Ffd N IS TR0 A Wk S AT A R 2 58 5 ) 22 T B

15
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43 EE&E ATEERR

APt AR K IR K RRIA B 1 m, BT ARG, KA R, — &SR
MEVE SR R PE GRS S 6 Y, MEF 5 WELL b CGBIR A K REEIUAT, 19805 X
HEE, 1987) , AREHL 10 kg Zidvo B 2 1A CGRZKITHTRG ), MERREE e
skt 2L EWIE BE, T 3-5 AR 5.

R 7K TAE FLAE 20 4l 70 FEAEITAR AR fi 4 N BT RIEIT T4k,
1972 4, B SR IFIRIANE N DB BRI ST, TR B AR A KIL
AR AR AT N LA o R, FR 2 B AEvBdE . KR AT IR . M
AKPEREFUI A 1973 RIS, SRR AT TRk, Bow T R IR K50
TR W ARSI EE 2 0 5, JFT 1979 VIR R B BRI IR IR f kAT
NP IFR ST 1994 4T3 PHAK ™ ek HIBSE e i) AR Fh, B B ReRf,
BEATHE S, DR T AR, OO T IRIR A e N T EE (AR,
1999) o FAREEH MY RGNS RPFIFRFIA, 148 T S ME AR
TRIE.

4.4 EREEE S FEMFRAR

20 2 80 FEARTT4h, 1A #B AL T AW 7 A R AT, 2SR
S5 (1983) XA [ HARFAZ Y IAT THFSE; BE)S, REAIRSE (1985) X [E W AR

ML (2001) SRAIEREE ST PCR I8, P45 21 T K 111 A i £ 4okt
& DNA #HIIX 11751, i tesrar, HpaaKh 920bp, I H il 1
ZIEPHIX (nt, 1~235 40D« I RSFEIX (nt, 236~566 4b) FILRSEFHIX (nt, 567~920
aby o, IFEERE]T £GP ETAS LU RSE D (CBS-D) HIf 5§ 741 CSBI,
CSB2, CSB3.

PAEASE (2002) FJH PCR 41 1K A-KILE S VLBCRNE LN 8 &b I g
i 25 ki ik DNA EIX 4241, #3211 958 bp MIBFE 75, Al 32 2 &t
B RAS 07 05, 2 AL A BRI 0.033, MAMIAEFAE 0~1.36%2 [7], FRILHIEE

16
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RIMARZ AT ZE R, IF HLR I A R 8 g e 1) b A4 i DX (1 A S doe T 56 [ I
FHL1) 0.016.

PAERLE (2003) R RAPD F1 PCR-RFLP $AR, 4087 7KL A3t i 4 g
fFERI AL A5, AR, EE . A CUBEAR P AN PR 2 T (K138 AR ADLEE 40 331
0.9274, 0.9313, HEAAZ ML R 0.9000, 253 W, KILHFPAN NG A
BEARIGHAE SRR N o —, R TR T35 B W Ist A% 04k o

Sun % (2004) RJUZRIA DNA 7087 TRIT 4 MTE CRs. JiML i,
BLED B AR AL AR, 45 RS B GR AR I X A KR A 920 bp, 70
AFEARTIFE] 223 NZEBM SIEE X T 39 MAERL, 4 DR AR R
534K

M5 (20060 SKH PCR-RFLP WKV H (5 A i £ A4 (1 1 4% 73 A0 3047 T
G0, AT TRIT By R E SR, M. B BRI AT 4 ANTE b E R A
BEARM AL 5. SRR, KVLE SVLB o E G fa ik 5 5ot 3 BEA =4
TR IS, KU R AR B Ag it v T L e Ak, b IR £
TEAR A AL G5 LU B, CREAR IR A% 2 FEPERE AT IR K ] R

BEhaE (20100 18 T EE - FhRicdaH Kyt R 80 B THGFHSUA
T AR AL Z R RN R B AL G HEAT T 08 . A5 18 MM IR AL pih Herp
5 MGIMEIMZENE, FAENEENR 2~8 4 Z2HFEEETE 0.2957~0.8038;
Shannon # FEPEFEEL 0.5466~1.8840; MM 245 0.3056~0.7222; JHEH A &
0.3658~0.8381; Hard-Weinberg 1%l 2454 (D) - 0.1818~0.4287, 45R&H], I
it N ET800 1 — ARAL T m iR 2 ARV KT (RAR DR A7) 52 B N5 3
(152 o

SRINANZE (2011 52 T 3 AR gl ez b JEKP 41, Jf454 GenBank
b5 R D RHE R AN RS —JE 0T . M RGER B R, Sk I
J& (Xyrauchen texanus) F1W )& (Moxostoma robustum) g% 1 57, HRAG )=
(Myxocyprinus) . K15V 11 J@ (Cycleptus elongatus) F1Z& g J& (lctiobus)
Py 14y 3

17
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HPYLIEAE (20120 FEWE T IANE BB F RS cDNA 21K 912 bp, &5 R WoR
FIREIE ) (78465 mRNA KPR 2 AR I E A O ik, AR Efa
IR A5 T Bt — AN 1 2 R R = SR R R I S e i
Cheng %5 (2013) F Li 55 (2013) 35l R HREER & 4R 1EFN 454 W P01 AR
fetafg At bid, 45BN, X DAL RS AL s R, W E
AT IR A b i T R AR A 54 22 AR RS 145 T

PUAMESE (2013) SRAIRPIILEESE « FROKAL 2 35 A4 SR 40 e o)
ST TR (Myxiocyprinus asiaticus) YA AARZ A Ag-NORs &7, FFLUIK
B L A0 M A, 3940 il DNA 7 &8 4 baiE (2.50 pg) » HHt R4t B el 7
IR A5 42 1% DNA & &,

i
Jige

BH A

4.5 FRAREHM A EFAR

M AERAT KMt FIWF I A AR TR RS FR i ok (GE B8, 2011 ARARZRL, 2012,
Linetal, 2013; 5K25%%, 2013; Yuetal, 2013; Chuetal, 2014; Liuetal, 2014;
Yuetal, 2014) . #hf A H (K5, 2002; Livetal, 2013; fA/NEFE,
2013) . B (ZEIERKFITRATE, 2001; 5RATVAAEIERK, 2001; Britlsd, 2002;
H K 2RSS, 2013) LUSUr o B8 S LM A 520 (Liu et al, 2013; XM, 2013) 4%
JiTl

5 ZAMRBIEXIE AR

WG £ 7E 028 R GE o RN BN Wb B 2 A WA B, R AE VTR [
LAz, RERRKEHFNE, EJL- TR E SR TR, SR
DRAP AR A JE o N3 T 7K PR 0 R o B0 08 Ut 3 A 22 REVE I KT R PR E R
VIR AT RERS, ST AR, SR R AR R . R
P IRIE A G R RSB AL 204k, BB L 2 RE SR IR R, AT SR EDUAH B PR PR 0 36
A SOKs DL 5T 2R 8 28 R 8 ---- Il s £ (Myxocyprinus asiaticus) A 5T 51 4,
KNG TR AT AR e A, AR JUASJ7 THIREAT A 5T

18
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(1) LA ARG 5 1A DNA & 8 50%,  Jiiik 2 & i A b id HY
TEZHE R T8E . ZAREHU RN THBORBCR ML CGE=%) .

(2) MR R 2 A PEM AR & 6519, SRR AR T2 4%
AFRA & G .

(3) e A AT AR AR bt 0 IR R AT A i i (0 el 3 % 22 15
BEAT 34T, i e FE A P AN 8 SO AR L DA B A Pl A% 79 5t (56
HE)

(4) MDA BN ARG 1 5 R 1% R ST, M TR SR 4 N
FIH, BRI S R RE EIR CGRANTD .

(5) b N TR B ARG S8R PP AL, Al oE FUBGR sk, Ot LU e il A
KT IR bt A 15 57, SEDUIRAE fa BE R IO S OR P R BFD

19



WA IG R AL 2 AT R R BT

BRI 2 -

B fis &A% AR R

]
i 4 DNA 28

e \
WEEERISE

A% EHHE *TER
SR EHER ’_ﬁ?ﬁﬁtﬁﬁ.ﬁiﬁﬂv
B e & 8935 7 5 R 4

&l 2.4 PR S AT REE AL 2 REVE R X RS BT EOR B £ K
Fig 2.4 Technical route for Population genetic diversity and pedigree management

of Chinese sucker
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S ARG EASIL TR

F=ZF HEANIDERICHAL
=]

t B (microsatellite) & JFUZ AW R 0% AR 435 R 2 Hh 8 i A7 R 1) 1~6 A%
TR fA] B R I A 741 (Zane et al, 2002) , 1ERH A% Fhsid M2 &
By RO TEE . BEetEr . SRS I PR S, AR R B P
I 2% 5% 75 Dk o

FZE W) 2 M G ER & 4295 (FIASCO) 43 Bt LA 4 Fhmic /i — Rl iy o i 2k
(K155 WEER B SE30 0 S /e AR i AR b i i IR E R 74 (GAD n.
(CT) n MIEEFI 4 DNA &A1 DAEFS v BoRss, FIR#ER - ap e om
# (Streptavidin) HEREF B EYI RS &, WRLR) ¥ P i L2 DNA 7
B B9t ke, AR S R G ) 2 CL A AS R ER B rh 43 B H Ok, B il A st A
TV (R IR ik T BB B B ok, a2 0 5 RV A8 T A 4 4
NRCBEFH (B3 .

MEPEE (20090 FIF AR s BEER & A gt 17 18 MR fa ik WAL SCE, JER
PR IRX L DR AR Ic T LIS 7 — AR st AL 2 R 9T, o 5 %
I EIZ AN, Chen 55 (20100 FJH (CA) nFl (GA) n PIFMREF AL 14 A
Bt TR SO

I T 27238 [T 90 5 R R P A 0 2 R s B R S R 1 1 T S )
STRIATH, IR H— BT T AR R SO, R e T A i B AR
Ji A AN . PRI A SO R S AR OBT IR EE (CT) n F1 (AC) n FH TH
A DRSO, DA IX e ST (0 2 A0 TR 51T IRIR f R pAst A% 2 e 4y
By SETFREMIL. FKARWGREL SR SR AL ST
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OO0 The Power—Select
ﬂmmcfxxmc For SSR
DO000 . . A S A
0000G 0000C . + [ f § o *’}‘_‘;"k WV
000G DO00C LU l : -"
-
- &1
m TJF m L1 -'I Maugrnltic boads
ﬂ’ﬁ?m*"ﬂ?’h + THTLR

0000C JO0Q

—
ﬂﬂﬂgfﬁiggn =00 '&aﬁ%&&if::::.

aloopr OO0

Uipteoumid DNA Fragmenis Foukh Honds
@] Bt lan

AV A VIV AV W m—“i’: | Sequencing |

VAV ola Ve Ve

B 3.1 FISACO &k i TLE Fric i AE & JR 2 B
Fig 3.1 The method of FISACO for microsatellite DNA isolation

2 MEMTE

2.1 KEHH

2010 4 2 H~2013 £ 9 H, ARKILH R TRATLEAED . U, Wit
X 5 ANFEE N CREHE A7 PG £ 38 PR 0 3 2 0 i P AL R A7) SRR IR G £

BEFAEA 214 B, PrAREARYHITC K ZEERM T 4 CORRRH IR 25 ]
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2.2 EE%H DNA BJEE

K2 iy &% (Sambrook et al, 1989) HEHUWAR f LA ZHDNA, H4A#H:
VEJFEWTE

(1) BYHLO.Sg/r A BB A ZR, WK UEEE S ok B PR, I T TESR
MY (2mM Tris-HCL PH=8.0, 1mM EDTA PH=8.0) "HiZifd1-2 hlL 754} & #2241
WA PR »

(2) KRG A FREAE T 1.5mlE LB T, 433600 ul STEZ M
(5.85mM NaCl, IM Tris-HCL PH=8.0, 2mM EDTA PH=8.0) , 40ul 10% SDS,
10ul 20mg/mlE FEEK, 7807851, T-50°C~54°CREFR6 P 1kah, WAL FE P2 5%
BLLE3~4IR, HBIAZUHN A R

(3) MINZEARIR Tristy-S 05 -5 ol CERRLER25: 24: 1D, HLREEE RS
204351, 10000rpm&-Lr10min (4°C) , WEH s, TEEZFE K,

(4) IMNZARFVE A -5 . (AR ER24:1) , BUBRZZIE IR 420441, 10000rpm
B0 10min (4°C) , WHL E3E W

CSOTE_ VWA AT TE K £ (-20°C Tl ) 4 C #4712 hJ510000rpm
B0 10min (4°C) , X B, BEUTE TEOEIF TR T

(6) IIASOuLRZE /KSR, T4 CIRIEH

23 WIEEENXErRE

JIA TG f 0 TR s SR A Ry 2 AR W) 3R K ' 470 FIASCO  (Fast Isolation

by ALFP of Sequences Containing repeats) (Zane et al, 2002)
(1) VA4l DNA [HgY)

N TR SRR Z2 e, KA ) R R () I £ DNA VR4 Ji5 #4121 ik
TR ICPE, HERIZH DNA A FH BRI 9 DIE Mse T RED), B4 30 ul, B4 150ng
TR E N4 DNA, 5U Mse I i1 V)RS (New England Biolabs, J¢lE) , 1xBSA

(New England Biolabs, #<[E) F1 1xNBE Buffer, 37°CH§1J) 4 h, 1% Bi/la ik
oIl D) 5OR
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(2) Mse I HekHVE R W
BRI 2 S 1R Mse 1423k, H P04 5 - GACGATGAGTCCTGAG
-3’; 3’ - TACTCAGGACTCAT - 5°, 200 uM 1%k %% 100 ul T~ 94°C &4 3min,
U 30 min £ FERE SN RSARFR R 30 ul, €145 3 ul 1xligation buffer, 1 U T4 DNA
EF:NS (New England Biolabs, JE[E) , 20 ul Mse I B§Y17=47, 20 uM Mse I 23k,
I ZEKA 30ul, 16°CIER: 12h, 4 CIRAZEH.
(3) PCR 438 Ko =4 i
KH Mse 1§ 354 5° - GATGAGTCCTGAGTAA - 3°, [rlif4 1% 8 & 25 ul
Ik 24145 1xPCR buffer, 200 uM dNTPs, 0.5 uM Mse I 5[4, 1.5 mM MgCl,,
0.5 U DNA Taq i, PCR &1 F: 94°C 30s, 53°C 1 min, 72°C 1 min, 204
FEER; 72°CHEAH 10 mine 28 1% IRk AL HKAG I 57 48 7= 42
(4) 1= 5 E Y FZIRET AL
SSR TREF N AEMFEARIC I FAL TR, K 38 PCR 4 95°C/K¥ AL 5 min,
TN 25 uL 55°C T ZLAT ZE 1 (20xSSC, 10%SDS) Fl 5 ul W sbric er
CEAETAY TERARA G , SRR 100 uL 2248 R NAA R, 15 PCR X
H1 58°CA%AC 5 min, PG, HEAHR=R (L 1h) .
(5) BEMRIEE SEEY Z R S 6 s &
7840 #E5] Streptavidin MagneSphere®4 7 55 M Z i 2k (Promega) , JIA 1 mL
TEN oo W5 YERAER 2 min, BEMIESEHEPL) 1 min, RITAWERIOEE, 7 1;
FA YU 3 KGN 40 uL TEN oo A VFHAEE: im0 G REER 5 2258 = Wi &34
AJE N 300 ul TEN oo, FHCE 30 min, M) AIBT AR RIS HEER, BiIEDTGE.
(6) Fa i PEBEE AT D
Pt PEpEd: H 400 ul TEN 100 T2 i FYERHEEK 3 K, BEIK 5 min, B
FEWATIEAY) . 3 UEE G 400 ul i E 55°CHY TEN 1000 WRBER 1 1K
FEHEMEYRES: F 400 ul YEATR (0.2xSSC, 0.1%SDS) T# il FybisktiEk 3
K, B S min, ABESIERFTIRA Y. FIRE D) 2L 2 ik, B LPEisii.
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(7) ‘#4 DNA F BLHISE
Wi Vel G ERE T T 50 ul TE Z2eir, RS iR v IR A 1 2R 7T BT
T 100°C/KHA 5 min HHIEANI IS AR R IRST, e REBR TR I,  F W) BL1H
SEMLERSG, Wl FIEWT EP &, WRAET 4CHRH.
(8) PCR 4 v Bemalifh,
KRS 19 DNA F B T PCR § ST SRS BRI EL, & 34 R R AT
IR 3, A E S T DNA JPARREE R RE 141 DNA F B, A PCR 4lifkik i)
(TakaRa) %f PCR /74 (200 - 800 bp M) )7 B MEAT I 2lif . [l zlifh HAx A
2% TakaRa (AHAKARFEA UL o Sk 1% 5 B aE A [l

B>\

%

L

.

(9) PCR 414 v B (14 5 b 1 BH 1k e W 1) i 2k
B DNA B 5 pMD18-T Vector 244 (Promega, 5[ HHTiER:, &
PERONAKZ A 10 ul, Hr 4l 50 ng pMD18-T vector, 1xligation buffer, 3 uL (%
100 ng) [[FI =4, 3 U T4 DNA #%#:M (New England Biolabs, #i[E) . 15°C
HEHE 8 b, SRJE WAL KIAT B SZ S A i, 75 I AR RE IR AP I B3RS S7 12 he PRI
PIL_E S TS AR ST HE RPN LB WA RIS, #ATY KRR, PCR
RO DBA PR e, S AT 4 v B HR/ME 150 - 800 bp FBHH: 50 RVBGE I Fr 2
EIR/)A
(10D JFH0E5 A>T KA B 51 Bt KOs
FH#AF: Chromas M€ U6, % pMDI8 - T 24k K& Mse 1 #2374, H
A SSRHunter ik HEFIAICTFH, HANLKX, Wk ERSRIERZ . WriE
I HUHE S XA 3R BT 2 KR A
i %A Primer Premier 5 (Vinay etal, 1998) ¥l 5|4, 51K ELE 18 - 25
bp 2], GC & (GC%) {1 50~70% 1], 1B KIEETE 45~68°C 2 ], F 14 v Bt
KREAE 150~500 bp 2 (Ao A58 T M5 197 511 48 g T Wl & B
LTI PCR 41F M. 94°CHIAEE 5 min; 94°CAEME 45 sec, Bl MEHIRE T
V45 sec, 72°CHEM 1 min, 3L 30 MEIF; )5 72°CLEM 10 min, 4°CIRAF. I
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0G4 R0 AE BOIR B PR I 7 AR B T /N AR AT (R84 s EL A A%y Bl e
TSR 151 o

2.4 BKSHT

R Y SRR s Rt IR i DA Z &g — DR H 2 &
PEEAT I, BN BT INFRERE R 24 AR RR 4 (1) DNA FEAE Sy #idR, A
W 2 A1 5 AT 38, 7 1% 1B e I P b ARG WU 5 R AT 8 %% P 28 A s Ik
[l e Fa Uk, PAGE G TV SOV B, DR ARG B RS 20K 5 (2010) il
TENLIE L.

2.5 ERBAESEHIRS T

FHEENR AR 73 B RGN SR WG Iz el (PAGED) EIBEATHRIE, JFEH B 14K
fF JUNYI Gel-Analysis, 280 PAGE IR 4545l BoR I, PR A&y SRR 2, Il
PR IEFER Y . R A Pop-gen32 155 A7 FE DR B, ISR UL 2% 45 5 DA M
FE A 25 06 4 S S F-45 - (Hardy-Weinberg equilibrium) 252 %, 4 PIC_CALC
HHZEEEE®E (PIO) .
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3 F#R
3.1 fABE & E FH4H DNA AR EY

K I8 i (R SRR R i T A IR F 5k D 4 DN, ik PR 2 BAT 3L 1R 5 4
PEANER R B HOG R % il 3.2) 5 IR e il 1A SO PR IR ARG R B0 T ik
filfo

8
-

&l 3.2 Mg 4 DNA
M: DL2000 bp DNA Marker; 1-8: A[FHEAgfEANE DNA
Fig. 3.2 The extracted total genomic DNA from Chinese sucker

M: DL2000 bp DNA Marker; 1 — 8: The extracted total genomic DNA from

Chinese sucker

3.2 EsYI R BRER KBRS

AN [) b B P 1) B i £ BE 6 2H DNA YRS )5, 7E Mse T W DIREAE A R g U) 5 B
NEFEEER UK Wos (8 3.3) , DNA 7 BAE 150 — 800 bp 2 [0, 74 i 44 i3 ik g
i DR ST 2
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2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

K 3.3 ARtz 4 DNA Mse | BEt45 3
M: DL2000 bp DNA Marker; 1-4: Mse | E§]Jj5 DNA F Bt
Fig. 3.3 Restriction fragments from genomic DNA digested with restriction enzyme
Mse I
M: DL2000 bp DNA Marker; 1 — 4: Restriction DNA fragments digested with

restriction enzyme Mse |

3.3 Ei& PCR [R5 B & 5148 it

M TR & SO TR Bkt 558 AN TTE LR A LB 55 7R3k KR 9%,
PLRBCA AR PCR 9738 , 1% 35 FEFEAS N A I &2 F BEK/INAE 150 — 800 bp 2 [A] (K]
3.4) , PRIk 100 ANBHM: AT B AR T .
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800 bp

150 bp

K 3.4 PCR ¥ g5 BH P 72 B
M: DL2000 bp DNA Marker;

Fig. 3.4 Examination of positive clones by PCR
M: DL2000 bp DNA Marker;

FFH A SSRHunter 244 TR E P41, il B 1 5 e v 88% & At TLAL
Jeg, il 3.5 Bt — AN AR SRS s BT, e S — A
GT WL E R 15 KA GA WilIEER 7 ) OrfEFT~) , HH FJERTF it
HEKT 200 bp, W HIT ARG RS I8t

TG Ao AL T TTTO A TCACRACGTTOTAARACEACOGCCAGTOO AT TTCCATCCC TR GG TCACCATTRATGAGTCCTRACT ARGTGTCCA
AT ACCT T ToG A AT Te T T AT A ACAC T O TG T TAT AT AT O AN A AN ARG CCR T e AL ATCACCCCATC TTTATTCACTT TG AGCATTATGTATTT
A AT AT T AT AT AT AT AT AT A TG T TG T TTATTOT TG T TR TG TR TCTG TR TG TR TG T TOTG TR TRAGGACGRACCCACACARAAT
BT oA T T G AT ACAT A A AT TGC O CCAGAGARTA T UL ARTG LU b AL AAAL LG TCARTERORTCTRCCCETTT
AR TG TCTCCRCT T T ACGAT ACTTARGACAAAGTTAGCT TTATCACGAAGTTATCTACTAGTCAAAAATGTOTGCARGARTCTTTRTGAGGOGTCCG
TOTGTOTGOTTAGTACLAGACAGACAGAGART ARAGTOACGECACCAAMGCCOGTTTCRCGATORTOO0ACAGARAGCAGCTOTTAGTT TATCACTCAGAGACGE
GO AT O AT T ATEE TC T TGG TTCTTTACTCAGGACTCATCAATCTCT AG AGGATCCCCRGETACCEAGUTCOARTTCRTAATCATGRTCA
TG TGAAAT T T TAT G T AT AT TOCAC A AACAT AR AC LG AAGCAT AN TE T AAGCTOAGCTGCCTAATOARTGAGCTARCTE

& 3.5 SR K TERFS

Fig. 3.5 A typical microsatellite sequence
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3.4 ZAS51M5HIE R T EHRICHHE

51956 -t Primer Premier 5.0 B34 69 X, K bifi e t MR A €151 4 LA
4 ANFI M BRI S 1 DNA W BIREEAT 22 38 PEIAIE, 45 R By 23 MRl rl B
RAFROE R PR S8 78, Hy 40 KN S USR8 982 RN
W B Bt I FL UK IR L e e 0 Sl (o0 A, AR s e e b HE AN () 2% i 7 BB A o
AL, W 3.6 B 6 DANFEIRC LR SIIAE 4 SIS L DNA 358 1K) 58 9 )45 1t
ez s FELk B o

1234M12341234M1234M12341234

& 3.6 6 Mg B RN STE 4 Mg AMEY 18 BT
M: DNA Marker; 1-4: RFEIEfEE/Mk DNA
Fig. 3.6 Amplification pattern of 6 microsatellite locus in 4 individuals of Chinese

sucker
M: DNA Marker; 1 —4: The extracted total genomic DNA from Chinese

h T RE P IR ORI 34 X TR 5 I IR A E 1 B & A TR bR ad (R R
fiE, XL AL G 1PIAE 24 A J7 NI RE F A AT 3R A AR I e st e PRk AIZEA T
RZ AW, L5280 Hr o 23 MR A E MW 1, H2 80w, K 3.7
TR AL Mas10 T
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12 3 4M5 6 78 9101112131415161718192021222324

& 3.7 s LEAL i Mas10 7 24 AMAAE fMad 1 K
M: DNA Marker; 1-24: R[FFAE# A& DNA
Fig. 3.7 Amplification pattern of microsatellite locus M10 in 24 individuals of
Chinese sucker
M: DNA Marker; 1 —24: The extracted total genomic DNA from Chinese

K 23 X LR BRI IR G A8 N 24 DMAMRZEAT T 384% Z AR BT,
FIFH %A Popgen 32 1 PIC_CALC Z347T 23 M LR ARICHERE, 45 0k 3.1 iR,
SR FEIBLH O 3~12 4 MINZR AT 0.292~0.958; WML A1 0.423~0.900; £
FEPEFE%L 0.356~0.869, i AL ARIC Mas2, Masl6, Masl7, Mas18 il Mas20
B R B SO (P<0.01) o AR A A o) B T IR AR fs L 2 AR el
JIE s S kPRI SN LS4 BB A R DA
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F 3.1 23 N Fe f i B E AR ic e

Table 3.1 Characterization of 23 polymorphic microsatellite loci in the Chinese sucker

prid Elk7 2 B FrBOEHME SRR AR WG ARG WMESCRE
Locus Primer sequence (5'-3') Tm (°C) Size range Na PIC Ho He P-HWE
Ko (bp)

Accession no.

Masl CCGACATGGAATGGATAGA 45 180-210 7 0.685 0.500 0.745 0.505
JX855137 TAGCTCCTCCTCACTGGAC

Mas2 ATTCCGAACATAGCCAGAG 42 350-400 6 0.759 0.542 0.808 0.001
JX855138 AAGGACAGAGCGTCTACCA

Mas3 AGACCAGACCCACCTTTAC 50 249-280 12 0.869 0.750 0.900 0.941
JX855139 GAACTGCTGAATCACCCTC

Mas4 CCGACTTACAGCTACAAA 51 220-250 3 0.581 0.750 0.669 0.244
JX855140 GTCAAATAACGCGGGACT

Mas5 GAAGTGAATAGTAGCAGGTG 50 140-160 8 0.742 0.542 0.786 0.037
JX855141 AAGCAAGATAAATGGAGA

Mas6 CTGCCAGGAAACTCTAAA 45 100-120 8 0.818 0.833 0.856 0.299
JX855142 TTCTTACTGCATAGTCTTTA

Mas7 TAGCGTCTGCCCATTTAGC 52 230-300 9 0.812 0.875 0.851 0.019
JX855143 TACGAGCCGTTCACCACTT

Mas8 ACAATGAAAGCCCACAGAG 51 205-260 7 0.723 0.875 0.769 0.554

JX855144

TGGTAGTTACAAGGCAGAATA
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Mas9 GAGTAATAACAAGGAGGGC 50 165-220 7 0.692 0.875 0.745 0.048
JX855145 TGTAAGTGGCAACATCTAA

Mas10 CCTGAGTAACTGATGCCCTAA 50 230-270 10 0.858 0.833 0.890 0.456
JX855146 ATGTAGCCGTCTGAAGCAA

Mas11 AACCACCAGACTCAAACA 49 240-270 9 0.806 0.833 0.846 0.074
JX855147 GGTTATGCCCTCCTGAAA

Mas12 GCAGCCATTGAACAAGTAC 59 450-500 4 0.541 0.667 0.618 0.623
JX855148 AATCGTGCCAGGGTTAGAC

Mas13 ATGAATAGTTTGACAAGCAG 50 190-275 11 0.846 0.917 0.879 0.823
JX855149 GGGGAAACAATAACAATAA

Mas14 ACTTCTAACTTCCAACTACA 50 200-250 5 0.749 0.958 0.801 0.073
JX855150 TCTGGCCTGAAACCTCAT

Mas15 AGACATTTGTGCCGAAGT 49 285-370 6 0.659 0.708 0.723 0.766
JX855151 TCAGTGGAAAGAGGGAAG

Mas16 AAAATGGAAGAGGGAGAT 51 270-300 3 0.356 0.458 0.423 0.005
JX855152 ACCGAGGTGGTACTAAAA

Mas17 GTTATCGTACAAGCGGAGAC 51 290-340 5 0.706 0.292 0.762 0.000
JX855153 TATGCAACCACAAGAGGG

Mas18 ATCCCAAAGACCACAATG 50 380-410 4 0.617 0.792 0.684 0.000
JX855154 TTCCGGGTTCAATACAAG

Mas19 ATCAACGCACCAAATACA 49 270-285 4 0.493 0.625 0.566 0.553
JX855155 TGGAAGGCAGCATAAGTC

Mas20 GTTAGGTTTAGGAGTAGGGTTA 42 200-250 7 0.631 0.458 0.681 0.007
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JX855156
Mas21
JX855157
Mas22
JX855154
Mas23
JX855158

CCTGAATGTGGAGGGTAG
GAGTAACTGATGCCCTAA 50
AGCCGTCTGAAGCAATAT
AAATCCCAAAGACCACAA 51
GTCGTATTACCACGCACA
GAGTAACAGCACAGGAAC 50
ATCACAGAAACGGTCATC

220-270

230-270

200-250

10

0.763

0.838

0.781

0.750

0.882

0.824

0.810

0.879

0.831

0.438

0.881

0.834
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4 Vg

4.1 DNA BYIRE 5 iR$TiEE

BRAG i T AR N 2 DNA S S50 s I EA, R FH I G024 U I £ 3 [
ZH DNA, TEW AR b N BT SE TR AT A0 2 18 K 78 23 A FH 1T 440 1A s £ 66 2% v
Woear, M BRI Z4 DNA 1 E K%, $#5 DNA [ BRI . 7340 STE 2%
PIVBCAE A AT 2R PH (Y, R AN B AT 2 DNA P2 A2 Befil, 50 i 82010
WU s TR B IRB e e FRL VKA DI W DNA 73 7t K. GRefil . AEAE
Ho R L% 1) DNA FH TIRRsess, [WnF, A7 DU R A J LA A [F] B (1
JIE G £ DNA PSR A i 22 25 P S e (R 1 T A A

AR 2 -3 M HRER A EZ, W (AT) nv (GA) nfll (GAA) n
45, Toth %5 (2000) XF 9 ANMIFPIY) SSR MEAT T 5E5:, 45 B IR SSR F B4 A4
SMEF . NSRRI X, o DRI E S R E, i (AC) n.
(AT) n. (AG) n @& TR, ikt i RS XREE R, &m0k i L
S5 1) 2 A PE S G e i B IR 2, ARSI i FE (AC) n fl (CT)
n X AR EE BT IR £ s BRSO A A

42 WIBEMNSHZ Y

W 3.1 Fron, Bfidk i 23 ANl L2 2 300 s i A A e O £ 3 N LE,
Hrb Mas3. Mas10 Al Mas13 JY7E 10 DL L BLIN2% 5 R I B 1) 2% 5 1 AE A
AL R EE B, TR R R & TAE RN R (1 B9 Ay ST 24
XL KT Rl A AL 57 (i b, e Pt A5 R n] LS R ZE WA (1 5
Pz e BRI, B2 AR, ZAECEIR BOBOCR IR A B e sy, 2
RYIBER I AL 2 FEPERE R, XL EAR 1 (R e TR et A% — SRR
Ry, R WNZAAR L — BB, St 2 PR, Wk 3.1 Pros, 1X 23
AMRAE f st AR ARG IR B B v Rt A 22 AR
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ZAEREE (PIC) iRt DA A AR TR, fEFTIREIER 13 A7 A
H1, Bk Mas16 il Mas19 Ik B 22840 (0.25 <PIC<0.5) L4, LRI
BT R I N B2 A (PIC>0.5)

ABIFI R R T I T el AL ST, o6 T I RE ARG il DA BIFIE AT+
oy BB S o SR B AR A LAFESRTGHI 23 S0 I i 122 5 [ M
i 1t S ) R 0 B R IR B LA 0, AT ORI i, N o 4 B A 4
3T LA B 5% R R L S ST
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FHNE MHIEA SSR RARFICF FEERABE L RIXF
ERFE

[

1 B

jilll:

It 5 A T e B AR R U T B, B AN A A AR CAH UG, O IR
SeWR AN AS 2T K A, AT N LR AN FAR IR AP — R 2 ik
1, SR RIZRGA TR A G fa A N DA TAE, T 1991 451 ORI,
B, A WA 0 SR 5 3 18 0 S WA T e A N 0, I FLIERE N TG et 1
A DU D0 A i e ¥ 2 05 6, SEBIUMR A £ (0 3 58 5 AR o AR 5N SR 3 5l A
ER R /D, B IR M A I R B S, R B ] 3K
BIHR . APER T, JEAIE R RS BRAG X0 R F 1HKHT )9k (Pante et
al, 2001; Arkushetal, 2002) LAKIET-H [T,

B33 1A G TR I WAL SR ASIE, R A G 7 AT =AU A S B0
SRASHCI IR, i g R ok % R, X FRAE I A IR G e A AR T o1
KRYE, LSRRG (0 R, I FLSCHE AT R0 10 A% 85 B 5 € LA SR R P
TRAT-FRIH 7 WA N Ee B A T35t A 22 R T B CRAIE N T 38 B JC 11 A P £ AN 5 i
VISP AE IR MG AR PR et A 50, A IR I A0 S BB R VA 32 LA

TSR S S — N R R I 7 FARid N TR e HOR,
JE BT AE T BGIC 40 ST S BSORT (10 287 DR G 23 25, 43 SIE N 45 19 PO 4 M
KONGRS TG AR, AR AN EE BRI — Aok B BEAR, — AR A LA, T
VEAE R AN SE AL RE R ohr, — AR B REA, — Ak ARAK, HIRAS ARG
BRI, WIAHERRAF SR T O0 R I I 12 A 8O I, 55
REFRAE 1A AFER BEATF & SR B, WHEBRE T X R,

W ESE TR e L IL B R TR i, LA DNA FRid A G m . £
AVERFSEAR A 1T HAERE SRR — R AR HE 7 T SE A 7 (8, . 2R, B
VA BAR B MRORAFFE i A A S AR IR B AR (B4, 2003) o [R] IS PR |
P ARAE HANSZ AR ARG A5 R 3R IR 50, 65 AR IS 2 0t b Y AN AU
FSEFHE I, B R HEMR LR A () — AR I v GRS, 2003) o HiEZ
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P2 N ARV B 2 508 K AR S e A TR B SR S R B FG B R e 1) 3R
A E CRIESE, 1999; sk TG4, 2003; 5K&EMIZE, 2003; Thitaram et al,
2008; Tianetal, 2008; L%, 2009) .

SIS 30 41 ARG RN IRf, @i i LR AR @ R IR Aok T
SR BRI AR SR T R R T B S ) 2 A s i LR S 1),
SRIG RN R MM BREHE BRAGEEFEARIER L] DNA, & A
[ B P A 5 ehm i IR AR AR c, B G 7E & 1E IR K B R 4T PCR 738,
FE A A HE DR /M, 5 J KRR 45 SR 2 A e FNHERR S 1 0 R R A
JH e 5% 7 58 s R R A T o HLPT

2 MEIMAEE
2.1 REEHH

2011 4 2 F MW AG e SR, A2 T MK RS BIrRE 1 ALIRAR f 2R A 52
A BN A7 (0] S 56 = 00 Sl EA T ARIEAL , HH A 15 4 KR 2 2 em KINFER 30 2 T TEK
LEEIE . S3APBTHN 30 B BT R A 68 5 [RIAE F 07K Ll 4°CURFR DR A4

2.2 EF4A DNA BYREX

FEAZH DNA FHEECR &4 iy s (Sambrook et al, 1989) , HARSZES

by
LIRS MR =55 2.2 WS DI

W\
I

2.3 B EFRICHTFERNS R EIRIC

LEVEE M 17 SHIRNS i BAL 1Y) (13 %k A5 = = BHA S M E 2 i P A2
ZAMRRC, 4 6HE A Li 2 (2013) @ 454 MPE R AR 5 45
fE F IE 51 AR iR b 2 B -2 6519 (5-HEX #1 5-FAM) (g4 T
ERD .
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2.4 PCR ¥ t@fn4am)

PCR #" 34 [ NiAA R W T 4.1, PCR & H9FE 7 94 CTALE Smin; 94°CAZ 1
45s, 7645 H 5 IHE KT FIB K 45s, 72°CHEM 90s, 35 MEHR; 72°C HIEH
10 min, 4°C{#£4F PCR P24, SRIGE 1% IRMHEER ik W5, K 2 %t
51U 11K PCR = YIRA 2 S5 4E ABI 3730 W P3G ER 2507 FE R o

#* 4.1 PCR RMNAAR
Table 4.1 The reaction systems of PCR
N4 (Reactant) AR (UL)Volume
10xPCR Buffer (15 mM Mg*") 3.0
Mg*" (25 mmol/L) 0.5
dNTPs (10 mM) 1.0
Primer (F.R) #0.5
rTaq Enzyme (5 U/uL) 0.4
Template (1000 ng/uL) 1.0
ddH,0O 18.1
Total 25

2.5 FFLEESH

FIF A+ GeneMarker V1.5 (David etal, 1998) {52HR &7 3 KK /M, 1§
Cervus 3.0 (Kalinowski et al, 2007) #AFGeit AR K. 245 (Hod + 3]
HREE (Hp) « 2REESE (PIC)  THHEERME. LK BB,
T SR TR T E R R

39



JIE Hi e o T A 22 R PE R K RS BT 5

3 £R

3.1 iz RO I 2 FRICHFHE

TS A Popgene 32 T TR AR B FAL (KD, W% E& FE (Ho)
WA (Hp) , i PIC - CALC UMHEZBEE S = (PIC) o ik 17 Xt
R AG A t EAR Il TSR o TR e R R, S AR IC R IR A 3R 4.2,

F 4.2 17 X PHRR A TS T E bR R AE

Table 4.2 Polymorphic parameters for the 17 microsatellite loci of Chinese

sucker
brid SIFHIG -3Y Bk AB 2RME S MW e
Locus Primer sequence (5'-3') mEE M BEE MEE RGH
R Tm  Size PIC Ho He
Accession no. range
Masl CCGACATGGAATGGATAGA 45  180-210  0.685 0.500 0.745
IX855137 TAGCTCCTCCTCACTGGAC
Mas2 ATTCCGAACATAGCCAGAG 42 350-400  0.759 0.542 0.808
JX855138 AAGGACAGAGCGTCTACCA
Mas3 AGACCAGACCCACCTTTAC 50  249-280  0.869 0.750 0.900
JX855139 GAACTGCTGAATCACCCTC
Mas10 CCTGAGTAACTGATGCCCTAA 50  230-270  0.858 0.833 0.890
IX855146 ATGTAGCCGTCTGAAGCAA
Mas11 AACCACCAGACTCAAACA 49 240-270  0.806 0.833 0.846
IX855147 GGTTATGCCCTCCTGAAA
Mas13 ATGAATAGTTTGACAAGCAG 50  190-275  0.846 0917 0.879
JX855149 GGGGAAACAATAACAATAA
Mas14 ACTTCTAACTTCCAACTACA 50  200-250  0.749 0.958 0.801
JX855150 TCTGGCCTGAAACCTCAT
Masl5 AGACATTTGTGCCGAAGT 49 285-370  0.659 0.708 0.723
IX855151 TCAGTGGAAAGAGGGAAG
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Mas20 GTTAGGTTTAGGAGTAGGGTTA 42  200-250  0.631 0.458 0.681

JX855156 CCTGAATGTGGAGGGTAG
Mas21 GAGTAACTGATGCCCTAA 50  220-270  0.763 0.750 0.810
JX855157 AGCCGTCTGAAGCAATAT
Mas22 AAATCCCAAAGACCACAA 51 230-270  0.838 0.882 0.879
JX855154 GTCGTATTACCACGCACA
Mas23 GAGTAACAGCACAGGAAC 50  200-250  0.781 0.824 0.831
JX855158 ATCACAGAAACGGTCATC
Mas9 TCTTCATTCAAGCCTTCC 50  170-210  0.732 0.801 0.822
JX855160 AAACATCTGATGTGCCTA
M5 AGCACCCTGACAATCCTTC 54 200-240  0.740 0.600 0.780
KC012952 ATCAAGTCCAGAGGCGAG
M1l TGGACAAGGAGCCCAGAAG 52 210-250  0.790 0.880 0.830
KC012954 CCTGTCACTGTTTCTCCCAT
M23 CTGGCATTTCAGAACACCTCC 53  200-220 0.800 0.750 0.830

KC012959 GTTTCCAGTCGTTTCCACGT

M46 ACGCTGTAACAATGCTGGC 52 190-210  0.780 0.740 0.820

KC012966 TGCCTATTGTCCTTGGTCG

3.2 RAMICRILEETFLEEER

] Cervus 3.0 #AFGE AT LS. 245 % (Ho) « W24 % (He) .
ZEEREE (PIC)  FHHEBSRMER A B HER MR UL 4.3, #B05 FA
K& 4.1014.9.
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®A43 HBEFCRETERSH

Table 4.3 Parameters for the 17 microsatellite loci in paternity test

. s W W A SRR REARE SRS
A
b M AN ROUE BAR R HRER HgRmx
Locus

k Ho He PIC NE-1P NE-2P NE-PP
Masl 3 0.700 0.562 0.456 0.846 0.743 0.615
Mas2 3 1.000 0.531 0411 0.863 0.781 0.670
Mas3 6 1.000 0.747 0.696 0.666 0.490 0.303
Masl10 6 0.900 0.644 0.565 0.784 0.638 0.474
Masl11 4 1.000 0.66 0.594 0.769 0.607 0.435
Masl13 7 0.667 0.527 0.464 0.856 0.716 0.559
Mas14 5 0.925 0.648 0.578 0.777 0.621 0.451
Masl15 7 0.538 0.603 0.520 0.810 0.675 0.517
Mas20 4 0.650 0.556 0.491 0.846 0.702 0.548
Mas21 6 0.975 0.646 0.57 0.781 0.632 0.466
Mas22 4 0.700 0.640 0.556 0.796 0.654 0.502
Mas23 4 0.650 0.636 0.554 0.799 0.656 0.503
Mas9 7 0.975 0.723 0.664 0.704 0.533 0.355
M5 5 0.632 0.630 0.551 0.796 0.651 0.49
Ml11 7 0.775 0.680 0.634 0.73 0.55 0.354
M23 9 0.697 0.695 0.643 0.721 0.544 0.353
M46 10 0.650 0.709 0.649 0.714 0.545 0.363
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240 260 280 240 260 280 240 260 280
|255.7| [253 6] [255 6]
259 6 255 7 259 5

& 4.1 5% Masl P B (BIKAZRA 5487, JE3RA 5478, T4 Z1)
Fig 4.1 Genotype of microsatellite loci Masl (parent 5487, non-parent 5478,

offspring Z1)

210 220 230 210 220 230 210 220 230
[222 9] [222 g [212.2] [222.7] [230.
225 () 225 1 224 8

B 4.2: 319 Mas2 flF B (RIKKSEA 5487, FE3RA 5478, T4 ZD)
Fig 4.2 Genotype of microsatellite loci Mas2 (parent 5487, non-parent 5478,

offspring Z1)
210 220 230 210 220 230 210 220 230
1217.2] [224 2| [217 2] |229_2|{ [217 2] [230.2

B 4.3: 514 Mas10 JFE (IR AZRA 5487, FEFKA 5478, TAR Z1)
Fig 4.3 Genotype of microsatellite loci Mas10 (parent 5487, non-parent 5478,
offspring Z1)
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a0

|245 2]
[231.8] [242.3] [245 4] [242 2|

B 4.4: 514 Mas20 TFE (IR AZRA 5487, FEFKA 5478, TR Z1)
Fig 4.4 Genotype of microsatellite loci Mas20 (parent 5487, non-parent 5478,
offspring Z1)

180 190 200 180 190 200 180 190 200

[185.9]
[185.9] [193.8] 1918 [185.9] [193.7]

B 4.5: 5% Mas21 JUFFE (RIRARA 5487, JE3K7 5478, T4 Z1)
Fig 4.5 Genotype of microsatellite loci Mas21 (parent 5487, non-parent 5478,

offspring Z1)

I

Izus 3| |2ns 3
[206 5] [218.8] 210 3 210 4

B 4.6: 514 M5 FE (RIKZRA 5487, JF3RA 5478, T4 Z1)
Fig 4.6 Genotype of microsatellite loci M5 (parent 5487, non-parent 5478,

offspring Z1)
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220 230 240 220 230 240 220 230 240
[216.2] [224.6] [237.1]
[224 6| [241.3] 228.8 [224 5| [237.0|

B 47: 519 MLL PR (RICHSRA 5487, R4 5478, 74K Z1)
Fig 4.7 Genotype of microsatellite loci M11 (parent 5487, non-parent 5478,
offspring Z1)

200 210 220 200 210 220 200 210 220
[202.9] [219.2] 20100  [2123] 202.8| [219.0

K 4.8: 5% M23 JUFPE (KIKASEA 5487, FE5RA 5478, T4 Z1D
Fig 4.8 Genotype of microsatellite loci M23 (parent 5487, non-parent 5478,
offspring Z1)

190 200 210 190 200 210 190 200 210
|195 6l 189.6]  [198 8] [205 2|
155 7 [195.6| [201.8] [208.2|

& 4.9: 5% M46 B (RIKDGFEA 5487, JE3RA 5478, TR Z1)
Fig 4.9 Genotype of microsatellite loci M46 (parent 5487, non-parent 5478,
offspring Z1)
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LA 30 AN R FAEER, BB 30 JRAEIESRAINIX 30 ASFARMAMNISE
A, FIRE I 17 AR Mt TR TSR 758, Bk 10000 7, BLACBE
A EJAFNEAT AT, R I O AR B A 30 AR A ot S A ] 14
SESRTUE R AR, A DAREAEALA CUAN . ATREARSE U AR A REAR S A A g AR 1k
TR TR, PP A REIR, TEXCERMN, 17 MR SRR A
0.98746106, {EXCEZ —CANIMEDOL R, 17 M7l BN 0.99971843,
TERCRH CANIIIE DL 17 ML BB 0.9999988. 30 A FARAMAL
HEMRARBSE A, HoRFRm af Rk 4.4 s,

K440 BTRIBEERTHESR
Table 4.4 Paternity test of 30 Chinese sucker offspring

TRID g ks BWAHCEC mrmmsps R HUE 1
Offspring First Candidate Number of Pair loci Pair LOD Pair

D Mother ID test loci mismatching score confidence
Z1 5487 17 0 2.85E-01 +

72 5487 17 0 8.34E-01 +

73 5487 17 0 1.91E+00 *

74 5487 17 0 6.93E-01 *

z5 5487 17 0 2.60E+00 *

76 5487 17 0 7.23E-01 +

77 5487 17 0 6.87E-01 +

78 5487 17 0 2.06E+00 *

79 5487 17 0 2.57E+00 *

710 5487 17 0 1.24E+00 +
Z11 5487 17 0 1.66E+00 *
712 5487 17 0 7.07E-01 +
713 5487 17 0 4.69E-01 +
Z14 5487 17 0 1.08E+00 +
Z15 5487 17 0 2.77E+00 *
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716 5487 17 0 5.66E-01 .
z17 5487 17 0 3.49E-01 .
Z18 5487 17 0 1.28E+00 *
Z19 5487 17 0 2.79E+00 *
720 5487 17 0 8.05E-01 .
721 5487 17 0 2.13E+00 *
722 5487 17 0 1.70E+00 *
723 5487 17 0 2.79E+00 *
724 5487 17 0 2.05E+00 *
725 5487 17 0 2.21E+00 *
726 5487 17 0 3.51E+00 *
727 5487 17 0 4.17E-01 n
728 5487 17 0 6.11E-01 +
729 5487 17 0 6.90E-01 "
730 5487 17 0 2.59E+00 *

Eik 30 MMEE TSRS RINE 44 P, HP LOD % TR
(paternity index) X, LOD KT 0 MR g, SAERCEAMLEL, Rk
Ai ARG IR, AR B X N AT R, EiR g R R 30 A4
ANMARIIUERI B T B IISEA 5487, LA B A BT 45 FAESX 17 IR A g A2
bric F TR fh 557 5 e 2 T AT I

33 &R TEERAE

RSN 17 AN AR AR ] v PAEE S I s TR e BRI
X 17 AR AR B AR bRl s TR £ o T e il . IR & (100 )
R WHE—TNRAA W 4.5,
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® 4.5 MR TR ERA&
Table 4.5 Paternity test kit of Chinese sucker

Type Concentrations Dose (ul)
E WE FE (ub)
10xPCR Buffer 10mM/L 300
MgCI2 25 mmol/L 50
dNTPs 10 mM/L 100
1740 BARRIE (F.RD 10 mM/L 50
rTaq Enzyme 5 U/uL 40
ddH20 2000

A% b TR TR R G 1R 2% 40 20 3R TR SR 2 SR i A8 1 2 R
A RO ARG f 304 T HE A DR (1) 251 55 20 AT LA

4 11Hig

4.1 FFEFEAEMRMENIEM S

fEsEFS T, A BREEEHERZE (CPE) &5 iA S — & AR R i 2
AU FHE e, BOEHS (1988) & SER % & b RBAR G HERR R A4
99.73% M LA b, s AT LN EAFAESR TR A7 BAAESRHIBREAE 99%-99.73%It
WATREA R TR AR BPARERHEEREAE 95%-99%M, A HEA K TRA;
4 BRAESEHEBR AT 80% M LU N AR € A58 T KR, 7 ik — Bt TR Il 4y
Hro AR3C, BT 17 ASIRAR AP AT s RBAESEHEBR %0 99.99988%,
P FRAT AT BL E AR AR SR TR R

FAIRIF cervus #EHH i) Parentage analysis BEHA I T 30 ARG fa A4
55 30 MATBERAZ MR T AR, GRS IUROARTRE—I, i 7%
AMAIILE 95% B A5 X 7] PN LOD {E KT 0 H.3#A AL ANTLAC (I BL%: (LOD {H K,
BOR] e ELSE AL READ , BHERIHR R T B oA, 5Pt —80 ik
A AT X 17 Mg EFR G R H T @ I ok 748 R R
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FHE MBE&SRESHEMERMR

[

1 B

jilll:

JIR P E ) s M s AE AR TE AR (O EAF AR ORZE 57, W HOE A AR R,
BRI T AR I ASWRR AR T (AT iy, H TR — SR B2 I G £
AN R Rof Dy e [ 2 MR A ol AR SR AR G0 AN B W B 5 EAT R
HLE WO E . IR 08 AT BT A ) 2 B A, JFH BRI &, i
TR IR K G g KR DR B A AN R IR, SRR SR
B, R — SR AT R R IR P L 4308, RV K 3R 2R AR M A UL G 4.1
B30, YT AR AR fn] BE 2 DA (¥ (AR At ME— RO BF 2R RRRE, 1998 47 A i 4.4
FUNFRIH iR B A sh W 2o, IF0E 0 K LRI E R 3h Y GREBFIESE,
2000) .

P Ord 2 H IR SR e K] BEYE Sl N 388 A% A2 7 K- AR BEAL T 7, ol
PHR N ORI B DRI R A% 2R, e 2 REE R, Rl BRI
e s, IR R, BT B TR IR AR, S
i AN I SO KA o ORI IR i F0X— WG Sh W) (R S B2 DRI Rl R i A% 2
FEME, T8 V) SE A R8T DR A7 SRS AN-HE it A0 200 STAE R I ) 3 A 22 R /K-
PR AL SR 78 00 1 AR RO BE o ] ARSI i B OR3P 5 A% 22 A0 1 AR 252 T
MIBFIUA T AL, Bz REEMEM RN, JUHE S I L KIS
HRHRE IR AR A2 S D

ZRi A DNA M AR ARC IR & ML S AE bt A 2 EAT BRI EL, ok
2 1t e ] it 2 R R DA AR R e A% G5 R O RIE ST o ASBIE SR s
DNA B R R EHIX (d-loop) MZAMI{AER b (eyt-b) LA CIHIER 11
XHIRAR f it AR ARAC, XATT AR Bdiy 5 AN G 8 7R S YT R A 10 B A R A 4
PEARTEAT A% 22 AR PRI AL 25 R 20 17, DA JIA i £ O 77 30 % SO R O 77 7 BG4 2
RS RS = S
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2 MEIEE

2.1 SLIABIFRES S

I I £ S B8 R AR 7 D KA R AR A NIZRIE I R AR A, AT FEACSK B KL
BT B (Gl 5.0, FREFEACK BT B 5 MIRARTREY (Al
5.0, BHPEAMIAEALILER 5.1, FroarEAR K L 4 CUKFE DA -

35°0'0"N

<o 30°0'0"N

105°0'0"E 110°0'0"E 115°0'0"E 120°0'0"E

B 5.1 A fig F R 15 0 A 1
Fig 5.1. Map of the sampling sites of Myxocyprinus asiaticus
*: WiearmEgiE;: ¥ PREAKIIRER
%: The position of the Chinese sucker farm; ¥: the monitoring sites of Chinese

sucker in the Yangtze River
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K51 MAEEREHEAER

Table 5.1 Information of samples in Chinese sucker

Kb R A g IA s LRtk DNA  fCEA R
Sample location Number Latitude/longitude FEAEL FEAEL
Samples of Samples of
mt-DNA SSR

V47K =BT SC 28°44'21.91"/104°35'02.08" 14 14
BBUK 5 A WH  30°28'47.96"/114°19'44.70" 28 28
JT MK =W W4 30°52'42.81"/108°25'17.75" 85 85

H MK LR 5 ) YB 28°45'23.97"/104°40'40.23" 13 13
HE =YL A BR A YC 30°42'27.53"/111°17'34.62" 9 9
KT R B YZ 50 65
It 199 214

2.2 EFA4LH DNA $2EWF0 PCR ¥ 1%

FENZH DNA 3R ICK 2 L 0% (Sambrook et al, 1989) , HARSLLE
LIRS IR =% 2.2 NS IR .
PCR ¥ ¥4 519K Rl 70T FRic e pifk DNA (#5311X d-loop FI4I M (L35 b
FEH cyt-b) Arid M LR TARIC A TS 1 .
(1) ZEkifk DNA brid: Zikifk DNA $#46X d-loop § #5144 MitDL - F
(5'-CACCCYTRRCTCCCAAAGCYA-3") #1 MitDL-R

\)

(5’-GGTGCGGRKACTTGCATGTRTAA-3") (GHKIREE, 2009) , 4IEthz b
FEA cyt-b § 8951410 L14724 (5'-GACTTGAAAAACCACCGTTG-3") Al H15915
(5'-CTCCGATCTCCGGATTACAAGAC-3") (Xiaoetal, 2001) . %M1 NIk
AR (£ 5.2) HATPCRY M. B RMIEAWINAN KB OE T, o Taq K&
AR ORI AES R IONEE, . B, JHEAEIN PCR AT, B
TP W N . P HFERE: 94 CTIARYE Smin; 94°CAETE 30s, SO°CIE KR Nk
30s, 72°CHEfH 90s, 35 MEH; 72°CFHIEMH 5 min, 4°C{RAE PCR .
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F 5.2PCR ¥ AR

Table 5.2 PCR system

SN AR (uD
Reactant Volume
ddH,0 #hIK 50
10xbuffer (Mg>") 5
dNTPs (10 mM) 1.0
Primer (F, R) (10 uM) %1
Taq Enzyme (2.5 U) 0.2
Template 1
st 50

(2) fh DEFRL: AR A AR 11 X 2 &V m IR B 20l

(FAM F1 HEX) f# T & #7ic (Cheng et al, 2013: Mas3, Masl1, Masl3, Masl5,

Mas21, Mas22, Mas23; Pengetal, 2013: M5, M11, M23, M46) , PCR Jx
N AR MY SR S U = 2.3,

2.3 PRI FNELE S 4R

(1) Zkifk DNA Frid

PCR 7" & 2l IR RG24k J5 , 75 A 371 ABI 3730XL I 145741
W AEL, M LA kAT B 23 A -

A AFFEAF Seqman PHEIFH, BAMFKE, BREFELFBUEN 2 By
BGHAT P, A Lasergene (Megalign) HXT /541 (Thompson, 1994) ;

B) %M MEGA 5.1 (Tamura et al, 2007) ZEiIBEFE4IR, A8 A7 2550
LS 22 250 RV AL RN L

C) F|H DNASP v5 (Rozas, 2009) HEATFIRE A PR, SAEHU7E & B
WA, VHE SR T AR (number of haplotypes) « TR Z 4
PEFESL (nucleotide diversity)  HAET ZFEEFE 2L (haplotype diversity) S5£(#;
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D) FIH %At MEGA 5.1 3£ T Kimura 2-Parameter (K-2P) XS %Rl {1447
IR R B LA TR i) ot B, R FH NV A R AT SR 2 BT (1000 705

E) {§if] Arlequin 3.5 (Excoffier et al, 2010) F&JFHE{To 1A 7 22000
(AMOVA) , FHBHANRIEAL MEIRE (Fsp) » JFRGIN For (MR35 0E (ALK
$h 1000 )

F) fliJf] Network 4.6 (Bandelt et al, 1999) F& Kyt sfE AL W g sE R I, %o}
FAHAEBIEAT R R R AT

(2) WA

FIF DNA W74 (ABI 3730XL) X &3k B b UKW K I PCR =4k
AT RGN VK, 18 3 Genemapper v.4.0 LL2> T I FR Rox-500 1352 HR 2547 FE PR ,
U B R A AT 24t

A) i #AF GenAIEx v6.4 (Peakall and Smouse, 2006) 4t Ik K%
(Allele) « MMZERE (Ho)  MIBILEKE (Hp) « ZHEREE (PIC) 4
U LEAER T IE

B) i H7E£ 41 Genepop 4.0.10 (Raymond and Rousset, 2003) X4
TR AT VAR 1 B RS 00 A e B A - R AFTRSSPT (Hardy - Weinberg
equilibrium, HWE) (Guo and Thompson, 1992) Hli% 4 A1 (Linkage
disequilibrium, LD) ¥l (Barton and Slatkin, 1986) ;

C) f# I #F Microchecker ver. 2.2.  (Van Oosterhout et al, 2004) i B2 %
P AT TR IE N (Null alleles) 275 A77E

D) f#I#AF Arlequin 3.5 THESMREZ 1022107 200 (AMOVA)D
(Analysis of Molecular Variance) (Weir and Cockerham, 1984) F17 J§ i)
[Rras AL AL FEIE Fst (Weir et al, 1984) , I 10000 YUK Fer {1 535
P, RN T RROIE (R 8% AR S 43 A LA SRR P R ) 10 A e R

E) {§ifH#AF Structure 2.3.2 (Falush et al, 2007) 3T REAREAL 45 k) %14y,
AT DA DU AR 28 Ay A B — AN HEWT RN K CRTREFFIEHE RIS ) R
1247 Structure FEFF 10 X, tHEE&A K {H 10 KFEX LoP (D) K°F4ME, LA InP
(D) (+SD) X FIFH AN KA (2—6) , MEAIZRHARERESL (Falush et al,
2003)
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F) %44 Geneclass (Piry et al, 2004) 43AfrAr i FR e ) 36 K, A I
7 462 28 Sy JE Al T A3 A A AN A4 7K A BE AT AN 44 9 8 i 4> AT (Rannala and
Mountain, 1997) .

G) FJH # A} Poptree 2 (Naoko et al, 2010) [FJ48#%7% (Neighor-joining, NJ)
BT Nei’s AL ER S IH @ BL S I 5 AN BRI EBE T SRR A MR 2K 18 2
il o

H) %1} Bottleneck (Cornuet and Luikart, 1997) i el ik i 15 0t 5
RAL - ARG, MRS Ty, Mg 2R AR SMM (the
more conservative stepwise mutation model) F1JGFRZEA7FERIEINY TAM (the less
conservative infinite allele model) (Luikart and Cornuet 1998; Maudet et al, 2002)
KM AIZLEE (Hod fi B 5RAE - FERBHLI WA TE (P=0.05), Mifi A rft
HESE A A DL o

3 FR

3.1 BT 4Nk DNA ZHER R BERZ HFESH

2 b e} 5 15 2R i fa 2k /& DNA (d-loop Al cyt-b) &Kk 2047 bp, )
T. C. A. G WEEDHNHN 28.3%. 26.2%. 28.4%. 17.1%, A+T & (56.7%)
BT GHC & E:(43.3%).

15 199 R FfaZehifk DNA P Il 88 MRS i (R 53) , EXT
33 ANIAGAREY, SR 2R PR R O AZ 17 IR 2 FEPEFR B0 0 0.916 A
0.01234, MR FATAT LAG BT R AR TG 18 2 P05 1 2 R PR Fe B A 1 1R
LREESREUOIC T 5 AN IR B
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5.3 At 6 MEARZORIE DNA B L 2 H It

Table 5.3 Genetic diversity analysis for Chinese sucker in six populations

based on mt-DNA

RS FEAR EZIOASE AR BRERZHNE AR

Population Samples size Polymorphic size  Haploid Pi Hd

Vg (sCH 14 70 7 0.01012 0.846
A (WHD 28 80 14 0.00904 0.939
JIM (WZ) 85 85 20 0.01461 0.844
HIE (YB) 13 70 7 0.01283 0.872
HE (YO 9 74 6 0.00966 0.917
KIT (YZ) 50 80 17 0.00779 0.844

HitrEE 199 88 33 0.01234 0.916

FRAE T AT AR A PR AP AT LR 5.4, JErb 45% 1) B AE AR T A VR & B A
W, 56 28% FATARTL N JT IMFEFEEEAR (WZ) A, 16% 1 PR KT
KAEREAR (YZ) Fiifi; Hap 9 F1 Hap 15 ¥4 6 PNHBRAPREIL 5,

3R 5.4 A5 1 SRR R 73 A AR

Table 5.4 Haplotype frequency of Chinese sucker

BT AR KAT Ji M HE 2 w)'d ERC va i SIES
Haplotypes YZ wz WH YB SC Frequency
Hap 1 3 11 3 1 0.1005
Hap 2 1 0.0050
Hap 3 5 1 2 0.0402
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Hap 4 18 2 1 1 0.1106
Hap 5 1 0.0050
Hap 6 1 2 3 4 3 0.0653
Hap 7 7 18 1 2 0.1407
Hap 8 1 6 1 0.0402
Hap 9 2 26 1 1 1 2 0.1658
Hap 10 1 1 0.0101
Hap 11 2 0.0101
Hap 12 1 0.0050
Hap 13 1 1 0.0101
Hap 14 1 0.0050
Hap 15 2 3 2 1 3 5 0.0804
Hap 16 2 3 0.0252
Hap 17 2 5 2 0.0452
Hap 18 3 1 2 0.0302
Hap 19 2 0.0101
Hap 20 1 0.0050
Hap 21 1 0.0050
Hap 22 1 0.0050
Hap 23 1 0.0050
Hap 24 1 0.0050
Hap 25 1 1 0.0101
Hap 26 1 0.0050
Hap 27 1 0.0050
Hap 28 2 2 1 0.0252
Hap 29 1 0.0050
Hap 30 1 0.0050
Hap 31 1 0.0050
Hap 32 1 0.0050
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Hap 33 1 0.0050

Total 50 85 9 28 13 14 1.0000

3.2 ETHIEfRCHEEESHIES

11 AN TEFRIERT 6 NASF - ERFIHEE 214 ASHAHNE 0 MAET 804 2 FEE5)
s JERTINAS 3 215 NEEALIER],  REANEAR T A RSO SRR 5 6.7~13.0 AN4E,
ML E 0.738~0.804, HIEHILGE 0.714~0.767, N3 5.5 PR, KITRE
PR SN IR R (13.00 BE & T 5 ADNFRERHA (7.3) , (HAMZ A E T
FRAEBEAAAC.

R 5.5 [0 R A AR 1% S5 A 12 HUar iUl

Table 5.5 Genetic diversity analysis for Chinese sucker

L FEAKL ST BRI I e 5 i e
Population N Na Ho Hg
a)i (sco 14 7.0 0.769 0.726
HiX (WHD 28 10.1 0.766 0.767
JIM (WZ) 85 11.5 0.784 0.758
HE (YB) 13 8.5 0.804 0.767
HE (YO 9 6.7 0.768 0.714
“F-#5(culture) 31 7.3 0.783 0.730
KT (YZ) 59 13.0 0.738 0.758

S 353 9.5 0.771 0.748

3.3 AE#E: DNA 2 F 5007

(1) JETFLhifk DNA 5 1728 550 Hr

il AMOVA 7347 o, A2k ik DNA (42 ORI (538 b Hhisife
A5 EEORYE T RAR A EEN (90.72%) (3£ 5.6) , 9.28%isifLAr 7ok 42 T-Fh
FEMR], 10 B A T f B AR TR AA AT — i (R sA% 434
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% 5.6 st A8 L2 R T Z 0 (AMOVA)

Table 5.6 Results of analysis of molecular variance testing genetic structure

(AMOVA) of Chinese sucker

5K e[ B E S P i
Source of variation d.f. Percentage of variation P-value
AL 5 9.28 0.0000
HEAARA 193 90.72
SEil 198

BE— XA PR LL RS (3R 570, RS DAL A i 2R KTTR AR
FEAFIT INIRIEREAR, TUREER AR S5 A THAYT B3 DU )1 B SR PN IR IR AR
FAAE R Z WAL A, 05 Ab T R DU L B TR AR A AN 2 7
TRVHRERER T 5 B IR R ANAEAE B2 A 5 TR AR A AL B 2
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R 5.7 MAREAFAB M For B (F) M Fsr AR PHE (1D

Table 5.7 Pairwise Fst (below) and P-values (above) among populations of

Chinese sucker

)il (scy W (WHY JiM (Wz) HE (YB) HE (YO KT (YD

DIl (SC) 0.38739 0.09009 0.82883 0.57658 0.07207
+-0.0490 +0.0271 +-0.0354 +0.0411 +-0.0227
M (WH)  -0.01232 0.01802 0.29730 0.81081 0.15315
+0.01218  +-0.0333 +-0.0429 +-0.0385
T (Wz) 0.07248 0.11725 0.19820 0.11712 0.00000
+0.0521 +-0.0194 +-0.0000
B3 (YB) -0.05570 0.00867 0.02075 0.36937 0.03604
+-0.0515 +0.0148
HE (YC) -0.03405 -0.04907 0.07448 -0.01266 0.18919
+0.0163

KT (YZ) 0.05385 0.02491 0.15078 0.08691 0.03417

(2) FEFHBAEC) TR0
T ANIE A TR A A DRI o I A fa AR (R i AR A R P, st AR AR ¢
BRUE T IRAg R EN (97.67%) (£ 5.8) , 2.33%fEA8 5ok & TR
# 5.8 s B AL R T Z 5T (AMOVA)

Table 5.8 Results of analysis of molecular variance testing genetic structure

(AMOVA) of Chinese sucker

25 KU 1 e A5 E I P fti
Source of variation d.f. Percentage of variation P-value
S 5 2.33 0.0000
HEAR A 208 97.67
AN 213
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RERIEI PPN LI (3R 5.9)  ARZIUATWIR S A AR 18] e 28 Wl 2 A et A% 04

5.9 AR FAB PN For B (F) M Fsr AR PHE (1D

Table 5.9 Pairwise Fst (below) and P-values (above) among populations of

Chinese sucker

VU (SC) i (WH) HM (WzZ) HE (YB) HE (YO KIT (YZ)
—— 0.03604 0.00000 0.10811 0.00000 0.00000
+0.0148  +0.0000  +-0.0297  +-0.0000  +-0.0000
. 0.01598 0.00000 0.19820 0.02703 0.00000
B (WH) +0.0000  +-0.0297  +-0.0139  +-0.0000
0.02200 0.01261 0.03604 0.24324 0.00000
JIM (W2 +0.0148  +0.0305  +-0.0000
o oy, 001144 0.00434 0.00896 0.06306 0.00000
H= +-0.0237 +-0.0000
0.03918 0.01578 0.00140 0.01635 0.00000
ey
BHE (YO +-0.0000
\ 0.02626 0.02476 0.03432 0.03133 0.04706
KL (YZ)

3.4 TRk DNA BERI MK EIE

Network 284585347 33 ANFASAREI 5> 0 2 DL ITC: Clusters 1 Fll
Clusters 2, FLrf 8 AR
AN FAEARIY 155 MAMERA R T ARG Clusters 2, Jf HIX S8 oo I A HE
— AR M ER R P AT (B 5.2) .

Clusters 2

44 ML T B TS Clusters 1, 534h 25

Clusters 1

44

YZ

H23
4

H33
H10  H22
H9
. HZBGSG " o—eo

H19(5—o
3 H27
WZ WH YC YB sC

& 5.2 Il g B4R RS network P94% 4514 &

KICREFREAE (YZO , TiMFeEsEAE, RIGRERE, HEFHEME, HRF
SEHAA, VUDIFRERE, DRHAE, "E, BHE, &6, RENREE
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7~ AEDRRRHRBER BEER, BFRERZLDE
Fig 5.2. Median joining network of all the Chinese sucker haplotypes.
Samples from Yangtze river (YZ) population and WZ culture population, WH

culture population and YC culture population, YB culture population and
SC culture population are shown in red, yellow, blue, green, pink and black,
respectively. Red dots represent a potential mutation site. Numbers are the

mutation step.

3.5 T T EFRiC Sturcture BE ST

AT BE B RS TR ) I SRR LS B, A Sturcture JEAT 544% 454
b, AR, M K=2 W, SRE MR s, B 6 NEEIR 214 MM
WA RIS, T83%IMAKTT R AL AT H 85— KK Clusters 1, 5340 5 N Frbl
WAL I KRB Ry 75— Clusters 2 (£.5.10; 9 5.3) 5 24 K=3 I}, DY)l
FE B FRIERFEAAZE A Clusters 1, I J7MNWAE SEIRIEFEAATE S Clusters 2, 1
KA RAE BRI 2 BAER N Clusters 3 (325105 K]5.3) &

% 5.10 HE A R AR R B LLAI
Table 5.10 Proportion of membership of each pre-defined population in each of

the clusters of Chinese sucker

K=2 K=3

Clusters 1 Clusters 2 Clusters 1 Clusters 2 Clusters 3
P4l (SC>  0.468 0.532 0.414 0.305 0.281
HX (WH) 0326 0.674 0.329 0.453 0.218
T (WZ)  0.248 0.752 0.420 0.455 0.125
HIE (YB)  0.243 0.757 0.313 0.516 0.171
HE (YC) 0175 0.825 0.595 0.355 0.050

KL (YZ)  0.783 0.217 0.176 0.160 0.664
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_mj,uh'luﬂ -,...--..-‘.".‘-:'-..-.'-_'1'-.1__,4*a-.l..-.].l}m

& 5.3 BT MM FEERMED BT (K=2 2 K=6)
ARKBERRARFRERH (KE , SMEIRAEMA-IMEERR, &
2 IR AR H A 0 B B %2R A K EL 5]
Fig 5.3 Individual Bayesian assignment probabilities for K=2 to k=5
Each individual snail is represented by a single vertical bar divided into K
colours, where K is the number of clusters assumed. Each colour represents
one cluster, and the length of the coloured segment shows the individual’s

estimated proportion of membership in that cluster.
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3.6 T ERICHEEMESE S

12 FH Geneclass HCP11E) DU A 28 B IR IR (M b a GE At A CRIAMA
WA IR ER AN O IAMEEIEAT 0. AR AT 214 SR AN A,
A 92 MM S NIT B ME (R 5.11) o 5 AFEBEHA R ZHONITREAMA

(5 Ak B NSRIEREER, 15 DAMEK B uUDGRIEREA, 34 DMEKR BT
MIFRFEREAR, 12 DN B FRIARAA, BB IR T AME) K
TR AEAEAE A AR VA s s 15753

K 5.11 FT T Bt AR 2210 I AR f R BN A 10 3 BL 43 A
Table 5.11 Results of assignment tests (self-classification) based on the Bayesian

method of Chinese sucker individuals

e an Ve
Assigned to

population

PNl (scy i WH) M (WzZ) HIE (YB) HE (YC) KT (YZ)

Pa (scH 9 1 2 0 0 2
K (WH) 2 19 6 2 3 2
T (WZ) 4 10 52 5 10 4
‘HE (YB) 0 3 2 5 2 1
HE (YO 0 3 6 0 0 0
KT (YZ) 5 6 4 5 2 37
Correctly

0.64 0.59 0.61 0.39 0 0.63
assigned (%)

3.7 ET T E#RIE Poptree B HHT

FIH Poptree B A4 AR HEVEFE T Nei’s 1AL HH B0t IR fR f8 5 AN PE (PR 25H
B FET A PREHAT R (B 5.4) o SR EoR, 5 ANHBBERRRETT Ak =
KESBE, VUNFRIEREAR A — N2, Hre. BRI MIFERRHAR AN S — N2k

63



JIR TR A 22 A R K R A BT 5

T VORI — > R SR

SC
32 Wz
36| L WH
¥B
YC
52 ¥YZ
1

Kl 5.4 RES 6 NHUEEMEER NI (Neighbour-Joining)
Fig. 5.4 Neighbor-Joining tree of 6 populations of Chinese sucker

YB: HEZHBEKERIEYBIFET:; WZ: ERT I MNEAK=H5EH; SC:

PU)IAEKP=RESURT CEE) 3 WH: RBUK=5I#L; YC: HEE=I0M
WHBAF; YZ: KILREMEE
YB: Yibin Rare Aquatic Animal Research Institute; WZ: Wanzhou Fisheries

Research Institute; SC: Sichuan Fisheries Research Institute (Yibin); WH:
Wuhan Aquatic Restocking Center; YC: Yichang Sanjiang Fisheries Co,

Ltd; YZ: Yangtze River population

3.8 BT I E/RICARIRHARI 571

FET PR LA (TAMD | XUn) KA (TPM) NIE D AR5 A
(SMM) 3 FhRABA IR 6 NEFARETT Wilcoxon FF5RkIKAE: (W3R
5.12) o 8RR, VUL BEAE B IRAALE BRI (T.P.M) Kl
HOR AR “IMBRON.” Tk B 82K
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R =M (CRGARERRR, N RBREME LR TH
e AR T VAR A
Table 5.12 BOTTLENECK tests in 6 Chinese sucker populations under the
infinite allele models (LA.M), two phase models (T.RM) and stepwise
mutation models (S.M.M)

BE1K R A R B 58 AR AT BR AL
Population Samples size LAM. T.P.M. S.M.M.
Py (scH 14 0.026 0.019 0.001
HIX (WHD 28 0.148 0.104 0.003
JiM (WZ) 85 0.230 0.173 0.004
‘HE (YB) 13 0.000 0.000 0.000
HE (YC) 9 0.000 0.000 0.000
KL (Y2 65 0.074 0.518 0.000
4 g

4.1 FERE & EfE B RS

(1) ZZRifk DNA Frid

AR Z PRI (PD FURATRLZFEPE (H) SR f iR P 18 4% A8 S fE i
e R R b, HAEBOR, BiL 2R ROBOC, X — ARk, it 2
PEIERR S, UL AR A PRI AR A = A= (38 1 6 i, SRR IR ok . A%
SZH I NN RERIZ IR 2 FEVESR B0E 0.00779~0.01461 S A, BAfE 7 FEETE
HAE 0.844~0.939 YU N, HA KRR /2 PifHIE 2 HA EHACT 5 4
FERAIA AR, VAL A P fhist A5 22 REPEAR T35 3% 4 IR TE I A IR TG £ g 15 22
FEME, —J7 T AR R KRR AR R MR, EREARAE R, 28RS K
TEHR 15 em~20 em,  FRATIHEN X L6 0 AR 1A T fe b A TSGR I R IR fs S5 4k
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—J710, HENCR R IR A O, IR T e A TR
WE RS GREDGEE, 20000 , F30CTKILHHAR i db T AR IKEL 2 FEE.

(2) T DA

— N, AeE REBE, SRR E, YR SRR, A
PREEIE N VR e R, A7 FEPI B0 (Na) N2 Al 2 i i b A% 2 bt
Pk 2 ANRUF (K FEbR . Na @BFFUIs L AR s A, S50 BRI H 1 2 /b Rk T
PIPIEAZIX S AR S R, 1T 22 AN B TR A A P A S5 155 100 e S IR 1 R kst A
AR S 7K, AR A e PR SR DR /N — 2 Y8 T A 2 52 BIREAS 5 /NI S ), TR A
T TR AL 2 REVE I F I b SN BRI AR A S AR I 7 30 AR DLE (TR AIR4E:,
2004) ; AEFIEH 6 ANIEAR AT AT 3 AR IRIEYS (SCL YBL YO [#
FEARBEAL 30 B, HHSEAEEREORR 20 SIS IS HaE A
SEREARBCR MM, DA R S VP AR B AL AR S K G S 4, A4 e 4G
IR RLR DNA 45 R —30, R KRR R 8 J A BT 5
NI o

ZAEESE (PIC) 27 HEK B2 SR HAR bR, 24 PIC>0.5
W, AmEZASN; 025 <PIC<0.5 B, KHFEZAMA; PIC<0.25 1, MK
FEZ AR AT 11 AN EAT SRS BEAR T PIC #OK T 0.5, B LR
X 9 AL RUHAL T B 2 A KY, AT LAHMER FH T A G 035 4% 2 REPEDRAG .

4.2 FARE & FRIBHAEE MLINIRIE Y

Pyt AN [ Ao 1) PR32 A 20 A0 AR RE B2 5 A% o A Fi5 i Fst SRABEAT R0, iR
Fst < 0.05, WIZRIREEARN]JLF-BAT B4L 046 @i 0.05 < Fst < 0.15, WZRoRHE
PRIAI AR B A% 47 0.15 < Fst < 0.25, MIZRIREERIE N R BE4r1E; 47 Fst>
0.25 If, REIBEAAN] AL EIR S (Wright, 1965) o ASSZEGZR KK DNA F1i%
TR bR S5 R WoR IR AR S E R AR EAMAN, R ki iA DNA 25585y
BTSN PRI AE R AR P A5 434k (Fst=0.0928, P<0.001) , f B Albricgs #
RS REARN] LB 8% 040 (Fst=0.0233, P <0.001) , XA AEL X HiFl4>
FHRC I F A TR AN [ | 7R PR PR 32 A (R AR 0T 66 PR S AR A AN ] Jon)
SRIEPR I NN, — UL T, mt-DNA LLL% U DNA A Rt
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(o, PR, 75 MM M SRR I (938 4% 23 T 8 A

Network 944 45 KB Structure. Poptree JE 4047 45 L84 | rix 6 /MRS o
FIRERE S 2 NI TS, DU JIZRRREA A — AL T, 53 4b 5 AP — A
HEAL TG, 33t Geneclass TATTE R BL—F LL_EROASMRASIE TAEAAE, ZEM0
0 R SRS R, B0 S B AR SO AT 0L, AL S B i A
e M AT ST, 5t S EUA AT Network 945 45 Ky i 4 — AN
B TEHRAR T e R R — SRR TR P T A (SR A 5 4 K TR b
AT 22 MR 54 5 AT, SARAT T A A3k [ TSR i
LR AT

TERBER RS T, T TR AR BIRE (LAM.) RAE 74 IR
MO SR, TR TR K h A2 R R R R BT IS b, 1 S %
TR RS 098 RS R A B A S B (SMUML) , [, LT 25 L
BR B A SR (TPM.) , AR 2 LU TR 4 TA i s
A G AT B S AR o B A TSR (125 5L AR T S0t 2 B e
ASRER RIS 60 6 ANFRESA TSN A0 HT . 45 5 3 AP BE (SC. YB. YC)
HBLRSTRN, 7E3% 3 NI RIS A B b, I HL RO A e, I
G 2 AT LR 35K S S 0 17 R 0

4.3 3t LTI BF 4 R AR 1B 1% B A LI RIB R S5 4

Sun &5 (2004) FFHZ R DNA X (d-loop) XHIT CEEE. M. H
Erv iU SREEN 70 RETA IR G f 35t 4% 2 ARk Sost AL 450 oy B, FRATTam s ke
0T d-loop KIN, TEBRMIRAEN 199 A NG b AR S BRI B A5 AR BB Iz /)N
T Sun &§ (2004) - HrIEAERIE M (R 5.13) 5 FIAHFRAT] d-loop X 1521 21
ARG AT Sun 8% AMOVA 3 B A IAFAE B2 itA% 7046 (Fst=0.3081, P <
0.005) , NJ REHUEE R Sun FFHEALHTT Clusters B CH I AERHA) 1Rk
IR FER A I3 I (B 5.5) , BRI AR A S AL 3 AN A AR 7E
WAL, JF Hastl Z AR RAR, BT S AL P (0 S A ST 4 L 5 B3
B Clusters B BEALFIT 193 2 LA S HAh R AT B8 PR TR 17 2K
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# 5.13Sun %% (2004) FIASZINS Hgs B
Table 5.13 Compare with Sun et al (2004) and our result

KEEFEA (d-loop) Sun®¥, 2004
Sample (d-loop) Sun et al, 2004
FEALL 199 70
AR SR A 86 223
LR RS 21 39
ot 1) 2 7.81 60.29
AT Clusters A Clusters A and Clusters B
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sar Hap 3

17l sunhap3
Hap 5

512 Hap 15

64 Hap 4

- sunhap22

Hap 8

34 Hap 12

sunhap18

s | Hap 10
18| 53| Hap 6
51l sunhapt

— sunhap39

F Hap 14
5;ﬁ1sunhap11

Hap 1 by DnaSP Ver
Pl sunhap30
sunhap34
— sunhap29
5] Hap 7

28 sunhap35
— sunhap38
Hap 13
Hap 17

18 | Hap 20

=d Hap 2

b sunhap12
S|~ sunbhap19
43 L sunhap20
qsunhapaﬁ

=1
o7

sunhap37
_{ Hap 18
28 | sunhap21

Hap 21
i H 11
oz ap
88 sunhap7
100 78! sunhapz3

sunhap28

sunhap33
oo Hap 19
gz || Hap ©
75L Hap 18

sunhap®

100 sunhap8

) sunhap10
97 | sunhap13

Ictiobus cyprinellus

002

[ 5.5 Sun 4§ 2004 ] 39 M EELAEARBIRIFRATIN 21 AR NI RETHALEL
B B B4 AR Sun (2004) 4 (sunhap 1-sunhap 39)F1ZRATTH 21 A Hfi 4 &Y
(Hap 1-21)
Fig. 5.5 Neighbour-joining tree estimated among 39 haplotypes of Sun (2004)
and 21 haplotypes of Chinese sucker.
All the haps contain haps from Sun (2004) (sunhap 1-sunhap 39) and 19

haps from culture farms (Hap 1-21)
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ERE REERARERAEIL

e

1 Ay

jill

IR TR R a2, E KRB AR 3. 20 D 70 AEARLLRT, K
Jfa o KT R KR E A G a2y —, fEkyh BRI LB, AT
TR YT o N H B S A UR Al s HH I A0 23 A1 1 0 s R T A8 78 QYK &
HR IR R I SO (BRARIE, 2008 , FEKITH )40 A X AR B 4/, AEKIT.
] e o R RN 0PN 11 DA P W 2 7 5 2 e il N S S R 2/
iy, CAETARR UG IIRERE,  RIVEIE G o LT 4a ik .

FAVEHEEE (2003) FR AL S (2006) 545 Hi IH G €035 44 P st A% 45 1) LU —,
SUREAR I8 S Z AR B A 2D R I T R RG] B 1 e o TG
8, R0 P IG5 1 R I BSR4 AR PR A2 1 T RETEAN K, i IR I £ T AL
NSRS USRI, SR N I8 i) 38 5 7 = JIA G e B A 8 A DA 52 i B 1
AREAE, H ARG IR 3 BT LA I BA 5 B L T 5, W RECE H (¥kE
BLIIASIE T =X, Bh 1997 455 MK =B FC BT IR fa N LA 45 0], X5 244F 5
JEMEESR AT N TG, LRI ZRE N 5169 TR kL. L 2 IR 52 A ol
REBTFH WAL HPRNSTHEGEENR 0.18%; H—RAE %M, H
1A 8.25% (IREIGAE, 20000 , /MK NI SRAS HCANASBESG oIl i 4 85 A4
PRI, ST 23 RIS 22 RETE 2R, AINBEAACIE £ 22 FEVE 25 DU W -3 ORI R K 4 o

AR, BAHLERIT A FiiF 5 AN FRHE3% W BT IS Skt e A, R F et
& DNA (d-loop Fl cyt-b) Ffsk A bRICXTIXLEe a0 ik RPN R, MU
FHAEHL, R0 G ik DT AT , IEAK 5K R SRR T Lo T E R AR I
P AR S A B S, RS T R R B (R T AR AT IR IR
5 ARt 3o R ™ E BRI R RN R o T2 1 Fm il i E — AN TRAR
HERIIC RS AN %, DUIA B8 Sl o SR %
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2 MEIEE

2.1 KRS

KA AR RETFEAKRE 5 MHARATRE N ITE ZHEA, T 149
B, HAACKEEH S 5.1 fZk 5.1, FEARLSHIC/K LBE 4 COKFAPRAT & H

2.2 E F%H DNA $ZHX K PCR ¥ 1&F0 F

LK ZH DNA 4 BCR 4 8t [y &0 (Sambrook et al, 1989) , HAKSZE
WIS = %5 2.2 ISR IR,
PCR 4345 [ A1 > BARD TR 2 IR 2R 15 2.2 [H) 20 b I

H

2.3 BRI

PCR =& Alifl iR FI G 4lidk 5, 78 A 3T ABI 3730XL Iy 14751
WeAE, FIF LR AFREAT 8 0 HT, GeneMarker V1.5, Cervus vs 2.0, GenAlex
J% Poptree. Geneclass vs 2.0:

Bt GeneMarker V1.5 (David et al, 1998) FH T3 Ui 1SR S5 5L AR /M
A Cervus 3.0 (Kalinowski et al, 2007) FIKAF GenAlex 4t it-4547 3 K%
(KD« 24/ (Ho) « WIS ERE (He) « 28/MEESE (PIC) TR
%, DLA RBHERRER, WX L SR TR T e R R

AT Poptree I TVFHT T 5 ANFRIE A ITAT AN ) I 1844 73 A G R 53R 0K
R, WIEFREEMEER S KRAMERIEE R KRG RE, IR
UPGMA SR il AN FSRIE A IR G ok A R gk 5 K .

AT Geneclass (Piry etal, 2004) K127 niFERI R, XS 70 Bo sl HE bR A
N KA A B AR A AL DL S B A A ARSI R 2 RORE A, o] UERII 26— THARAT
B .
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3 £R

30 I EMNSS S

1247 Cervus2.0 H' Allele Frequency Analysis F£/7 R4} GenAlex H' Allele
Frequency Date Parameters F2£/3, X1l TR i IR AR AL S50, HAK

{gl%\ﬂﬁé 6 1_6.2 o

W 6.1 fias, FrkHm) 11 ik AR S LR E 5 DL E, £F 5 AR
FEAEAR T LA 2 118 NSO, % & I G KT 0.5 /T
JE2 3, 286 B RIRILNE Mas23 J& THhEZ &S (P<0.5) HALIKIE A =
JEZ A, BREER BE Mas23 Fll MS fi 25 W4 48 ST A SLARAT 2 3 A i 25

* 6.1 11 M BEFI Y EEZHHESHAM Hardy-Weinberg il 45 R

Table 6.1 Main polymorphic parameters for the 11 microsatellite loci and

Hardy-Weinberg

e SEACEEDIEL MRS WIHRGIE ZAMEES R Hardy-Weinberg £
Locus K Ho Hg PIC HW
Mas22 7 0.521 0.579 0.537 NS
Mas23 5 0.733 0.503 0.416 ok
Mas21 10 0.842 0.809 0.781 NS
Mas3 10 0.842 0.833 0.809 NS
Masl 1 4 0.616 0.615 0.533 NS
Mas13 15 0.910 0.894 0.881 NS
Masl5 11 0.859 0.810 0.788 NS
M5 15 0.842 0.771 0.738 *
M11 10 0.795 0.780 0.750 NS
M23 15 0.828 0.854 0.835 NS
M46 16 0.870 0.865 0.847 NS
1y 10.7 0.787 0.756 0.720

*: W Hardy-Weinberg P, ***.

B E MBS Hardy-Weinberg “F45; NS: A
BERE Hardy-Weinberg 4

*: means deviation from Hardy-Weinberg equilibrium; ***;

means significant

deviation Hardy-Weinberg equilibrium; NS: Not significant deviation

Hardy-Weinberg equilibrium
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W3 6.2 fizs, 5 AN MARA TR A FE R EFIAE 6 UL, WS, 39
PRGN 2 BE EE B B, HA A I B I 18 P4

* 6.25 MERAaFHEY FELZ SR Hardy-Weinberg frill 45 R
Table 6.2 Main polymorphic parameters for the 5 cultured population of

Chinese sucker and Hardy-Weinberg

iy SEATFEDEL MM E R ARG Z2BFEESE Hardy-Weinberg £l
Population K Ho Hg PIC HW
aji (sco 6.091 0.786 0.704 1.486 NS
HX (WHD 7.818 0.786 0.747 1.664 NS
Jifl (WZ) 8.727 0.785 0.739 1.634 NS
HIE (YB) 7.545 0.804 0.755 1.691 NS
HE (YO 6.182 0.768 0.701 1.487 NS

NS: A 8 R Hardy-Weinberg 1
NS: Not significant deviation Hardy-Weinberg equilibrium

3.2 AR EAFEXRLEE

BT AT AR HIR I N 23 ey U6 B 27 1 1) SR 4 R 6 i o T 3 T 67 a5
TEMR NG (SR AEAR TP I HE R R, MXCRIIANAN, 11 AT B8 (1 5
A7 AHERRAEE. (NE-1P) 7F 0.362~0.873 (% 6.3) , Tl BAALSHCH 11 AN 2
HEBRMER (CE-1P) nf LLIAH] 0.997805 (AR E FrdrufE 99.73%) 3 MACEEE L
SN, HERRABEE (NE-2P) 7 0.220~0.769, i BALREA S0k F) 8 AN, 2R
HEBR A (CE-2P) 24 0.997361 LA b YXUCEME B AER, HEFR% (NE-PP)
11 0.076~0.646, T AL P FAE R 6 AN, RFAHEERMEZ (CE-PP) A 0.998433,
11 AN s HEBR AR AT 100%, LA F 7 FH (0 4l TR Ay 1) SRR ARSI R B 2 #7E
99% LA, BEH BT 11 AN A0 B A c A T I S B e 4 R mT LA e 2
MHRARLEKR.
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# 6.3 11 My DB id 72 i R AR FO HERR L2
Table 6.3 The exclusion probability calculated over the 11 microsatellite loci in

cultured population of Chinese sucker

HEPA A ESSEN AL CA—ORA BRI 5N
Locus b RBHRE R RBHRE bz BEHERR A
NE-1P CE-1P NE-2P CE-2P NE-PP CE-PP
Mas23 0.873 0.769 0.646
Mas22 0.816 0.712368 0.647 0.497543 0.464 0.299744
Mas11 0.806 0.574169 0.671 0.333851 0.519 0.155567
M35 0.604 0.346798 0.426 0.142221 0.233 0.036247
Mi1 0.596 0.206692 0.415 0.059022 0.224 0.008119
Mas21 0.553 0.114300 0.376 0.022192 0.193 0.001567
Mas15 0.531 0.060694 0.355 0.007878 0.165 0.000259
Mas3 0.506 0.030711 0.335 0.002639 0.159 0.000041
M23 0.458 0.014066 0.295 0.000779 0.127 0.000005
M46 0.431 0.006062 0.273 0.000213 0.110 0.000001
Mas13 0.362 0.002195 0.220 0.000047 0.076 0.000000

A AT Cervus HIE 5 NMAG TIPSR ARG R R, A TRIEY
WIS AR G INPEA AT TR I L IAMAAE SR GO R (GR 6.4) N2RA, b Al
58 IR LE SR A B I RE P AN B[R] I A A — R S BEAR AT B0, WAk HoR &
KA BOR R A AT B

& 645 NMFHHRENMIEARELEESR

Table 6.4 Paternity test of 5 cultured population of Chinese suckers

AP HEPEA A AL 2 LOD fif B X 1)
Female Male Loci mismatching LOD score Confidence
SC1 SC14 0 9.96E+00 *
SC3 WZ67 1 2.19E+00 *
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WHI1

WHI10

WHI10

WH14

WH3

WH6

WH7

WH9

WH9

WH9

WZ12

WZ13

WZ16

WZ18

WZ22

WZ23

WZ28

WZ29

WZ30

WZ3l1

WZ31

WZ36

WZ45

WZ46

WZ50

WZ52

WZ53

YBI1

YB2

SC10

WZ74

WZ71

SC13

WHI18

WH17

WZ82

WH17

WH23

WZ60

WZ82

WZ67

WZ70

YC7

YBI13

WZ66

WZ64

WZ72

WZ383

WZ59

WZ73

WZ74

WZ85

WZ82

WZ63

WZ77

WZ82

WZz57

WZ69

4.02E+00

6.02E+00

2.60E+00

6.05E+00

1.06E+01

2.41E+00

5.65E+00

6.17E+00

2.05E+00

3.40E+00

6.02E+00

3.67E+00

4.16E+00

5.01E+00

1.14E+00

4.92E+00

4.14E+00

4.51E+00

6.71E+00

6.17E-02

3.17E+00

3.64E+00

6.50E+00

4.36E+00

3.35E+00

7.06E+00

6.77E-01

3.43E+00

2.92E+00
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YB7 YBI2 1 7.81E+00 *
YB9 WH20 1 1.80E+00 *
YClI WZ77 1 1.28E+00 *
YC3 YC7 0 3.20E+00 *
YC3 WZ81 0 3.02E+00 *

YB: HEBZHBWEKERTSHPBIFET; WZ: ERW I MEAKHF5Hr; SC:
U)K ST CEER) 5 WH: BPUK51RFL; YC: HE=ITH
WHFRAH
YB: Yibin Rare Aquatic Animal Research Institute; WZ: Wanzhou Fisheries
Research Institute; SC: Sichuan Fisheries Research Institute (Yibin); WH:
Wuhan Aquatic Restocking Center; YC: Yichang Sanjiang Fisheries Co,
Ltd

3.3 JRIEE R RRFRGEH LK

ST hrAER L P B 7E Poptree TRl UPGMA HikME RGN, BT 5
ARG TR AR AR o A 6 AR CGRABEE KT 0.04) (Bl 6.1) « MK 6.2
HRl LU H 2 B AR B AR AL I8 A5 15 55, 7EIR)— 19 s 149 MAMASR K
NN 27 ASNGSE S 3 SE S IIAASE 2~31 AN, A 11 DMK RUAH]
RN AL PR 25 5 B K53 S 2 A o BRI BRAT TR IR TH 3 236 AR A AT 63 mT LA A
M S AR R A% B 25 SRR, H IR A WP EANMA 2 T EPEAN R IS DL T
HHCEA 3 Mgt LB M T 0.024 0.02-0.2 FIKT0.2) , A FAFES LA
FEA7 1R 1B | W ZIEERARTR, WCIERRA A AR MA RS SR
D RSREARANAS, TR  NEETT BA SRS R IR
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1 1 1 1 [l 1 1 1
0014 0012 0010 0008 0008 0004 0002 0000

] 6.1 F T vHEast A% R B A IR AT oK AN A R 2R IE
Fig 6.1 Dendrogram of Chinese sucker individuals based on standard genetic

distance using UPGMA
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Fig 6.2 Dendrogram of Chinese sucker individuals based on standard genetic

distance using UPGMA

3.4 HRTHE

2 I W AR 0 TR T 1 R DSk BoR IR W OR A LA B3y e N T 1 —
AR, AR BOIAEE A I RTRE B EME, JE T Geneclass )T 278
5 NI IERAME, RARERAMARTETR S R 6.5, XEERMALE
TRIH A e TR AR AMA, I HIERF AT 5 TR IE £ S5 01 1m) A2 e i/ e £ 1
WEEAE A DAy Jim 26 2 F R BEA T I B A N BB A
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3R 6.5 FT DU g A< 212 A g S SR MRS R ) 20 BE 23 A

Table 6.5 Results of assignment tests (self-classification) based on the Bayesian

method of cultured population of Chinese sucker individuals

et HRE
population
Assigned to
SC WH wZ YB YC
SC 9 1 2 0 0
WH 2 19 6 2 3
wZ 4 10 52 5 10
YB 0 3 2 5 2
YC 0 3 6 0 0

3.5 MlEERREHREL

LT M0 FR T N B AR BE B ISR GO0 R, TRAT T IR AR [ ig A% i 25 T
0.2, PIRARMAIFAERG KRR, FNERARGE K EW I IMEDRISCR, Bl
e 20 WE () 208 7 RAE AL IR B KT 0.2 75K &R 28 A (WZ FREEBEE 13 4.
WH FRIEBER 8 AN, SC FRIREA 5 4N, YB FREREA 2 4N 5 BALEE B 0.02-0.2
2K R 19 A (WZ FRBRER 9 4~ WH FREEEEIR 4 AN YB FRIEBEA 2 4N
YC FEREAR 4 A 5 BUEFEE/INT 0.02 ALK R 9 A (WZ FRFEEAK 3 4N,
WH FREEREAR 2 AN, SC FREEBEA 1 AN, YB FREREA 2 N, YC FREEBEA 1 4S)
it 56 MAREEFEE R R (K 6.3-6.10) .
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WZ12 @ WZ24) (WZ23) (WZ13) |WZ64| (WZ22) (WZ41) (WZ68) (WZ1ll
\

\
— N

&

A

/?

JX1 JX2 JX3 JX4 JX5 JX6 JX7 JX8 JX9

&l 6.3 BAAE &7 MIRTEA A WZ64 RARIERE
LR EBERBRT 0.2; REOLFBEHEE 0.02-0.2 2H; SRkl
B/NT 0.02
Fig 6.3 Family tree of WZ64 family in WZ cultured population of Chinese sucker
Red line means the genetic distance is greater than 0.2; Rurple line means the
genetic distance is between 0.02 and 0.2; Green line means the genetic

distance is less than 0.02

@ @ WZ8 Wi3 wZ8y% (WZ3 WZ6 @ WZ2
\

= %

JX10 JX11  JX12  JX13 JX14 JX15 JX16  JX17

& 6.4 AR £ T M IRTERE 1A WZ85 XARIERE
AELEBERR KT 0.2; EEOLFBEHER 0.02-0.2 2H; SRtk FifLiE
B/ T 0.02
Fig 6.4 Family tree of WZ85 family in WZ cultured population of Chinese sucker
Red line means the genetic distance is greater than 0.2; Rurple line means the
genetic distance is between 0.02 and 0.2; Green line means the genetic

distance is less than 0.02
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WZ22 @ WZ44 @ WZ56) (WZ15) (WZ50] (WZ24

A\

JX18 JX19 JX20 JX21 JX22  JX23 JX24  JX25

&l 6.5 BAAE &7 MIRTEAE A WZ61 RARIERE
LR EBERBRT 0.2; REOLFBEHEE 0.02-0.2 2H; SRkl
B/NT 0.02
Fig 6.5 Family tree of WZ61 family in WZ cultured population of Chinese sucker
Red line means the genetic distance is greater than 0.2; Rurple line means the
genetic distance is between 0.02 and 0.2; Green line means the genetic

distance is less than 0.02

WH3 WH9 WH11 @ WH1 @ WH14| (WH12

A\

JX26 JX27 JX28 JX29 JX30 JX31 JX32 JX33
& 6.6 s S DUSRIERE 1A WH26 KX RiERE
AELEBERR KT 0.2; REOLFBEHER 0.02-0.2 2H; SRtk FfLiE
B/ T 0.02
Fig 6.6 Family tree of WH26 family in WH cultured population of Chinese sucker
Red line means the genetic distance is greater than 0.2; Rurple line means the
genetic distance is between 0.02 and 0.2; Green line means the genetic

distance is less than 0.02
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WHZ21) (WH7 WH

4]

WH12) (WH20 @

1 NN

JX34 JX35 JX36 JX37 JX38 JX39

& 6.7 I AR AL DR AR WH24 X RIERE
LR EBERBRT 0.2; REOLFBEHEE 0.02-0.2 2H; SRtk
B/NT 0.02
Fig 6.7 Family tree of WH24 family in WZ cultured population of Chinese sucker
Red line means the genetic distance is greater than 0.2; Rurple line means the
genetic distance is between 0.02 and 0.2; Green line means the genetic

distance is less than 0.02

@ SC7T @ SC6 SC14 @

A NN

JX40 JX41 JX42 JX43 JX44 JX45

&l 6.8 IAfE DY )1 FRIER A SC10 K RIERE
AL FBULER AT 0.2; SELFBLERE/DT 0.02
Fig 6.8 Family tree of SC10 family in SC cultured population of Chinese sucker
Red line means the genetic distance is greater than 0.2; Green line means the

genetic distance is less than 0.02
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YB10) (YBS8 YB5

JX46 JX47 JX48 JX49 JX50 JX51

&l 6.9 Mg B IR REE YB12 KR R K
LR EBERBRT 0.2; REOLFBEHEE 0.02-0.2 2H; SRtk
B/NT 0.02
Fig 6.9 Family tree of YB12 family in YB cultured population of Chinese sucker
Red line means the genetic distance is greater than 0.2; Rurple line means the
genetic distance is between 0.02 and 0.2; Green line means the genetic

distance is less than 0.02

@ @ YCT @ YC9 YC3

/
=

JX52 JX53 JX54  JX55 JX56

& 6.10 MfE A BIRFER K YCO KARIERE
RELREBLHRE 0.02-02 2 [8); SFOLFBREHEE /T 0.02
Fig 6.10 Family tree of YC9 family in YC cultured population of Chinese sucker
Rurple line means the genetic distance is between 0.02 and 0.2; Green line means

the genetic distance is less than 0.02
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4.1 BRAR & A RHARIRIEE N

FUAT, o B 32 R0 0 2RI B M 2 BRI T B AR BRI RN 5 1 o 1R N L%
G, MAMG NG, 2 AR P R B, AT i 0 TR T R A7 1R S A B A
Z CHE. BB WIISREBAD , AR 2 17 NIRRT
SIE T AEEA, T AR BT A B, g T IR ERAS R (R A
Wik Sun &8 (2004) S5 RAHLR R CBBIUE 4.3) , AT R CTL B AR
A, TR YA 30%748 5007 AUBCR AR 2 T 2k, KVT Y AR AR I8A% 2040 K
W4 B R AEAE R RS N AEFRTH I W A AN S8 o 1K B, IR T fa SR A AN A A%
R U, SRSy o5 /DB (7 BE DR 1 e AR A T, R AR AT A
PRI 2k, FRILHY B i N Ry, PR R 5 U5 (0 DR R R 4R 2
PR AT o FRIATE IS G 22 FE I 2 T BESUE L9 I A% . BRI, /8 e
S ST RORAE L G e R P 431 b 1 Skl G 0 5% BB e SR R o AR A BT e
B 1 S A SR AR 7 P REAS BT o 7K™ B 27 SR T AR R TR R (B2
4, 2008) .

4.2 D EFHBR AR T Rk B KRR R IT

KPS A IR BE A AR VE DA A 1), ) PR i a0 BY U 4 A ad (R 75 N
RIMFRI G , AT X5 o Sl ALy F b i BB S WL 142 S0 AR TR R DR 4 K1 Tt
L5, ReMAE— R BTG RIS IA I 7= A, AR AR M AL G Ik 4%
HMTB, EAEFM I RIEE EZMAIER . iz MBS R AWk A7 s 4
Sk, AR G T AR SRS R SRR (R, T HISAEVEIRIRAT T AT
Mk o KRG S A I AR KRR B E e TR SR A IRE 8, oAt
WHAN, SEGCR M BA AT AU AE, VEAIERCRA S o A 5T FH A
Rk MDY NTRE B W P ¥ N 115 L WS LIV 1 G LREY ANTRE AN L) SRR N N
IR 22 5, IEREAMREAL B KT 024 0.02-0.2 FI/N T 0.02, JF HALTA
[FISR 2RI SCIMR AN L K &R 56 1o
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43 WD EMBMEERREET T —F it

PRy T RSl B AT K AR IS SR T, I AT EPPA 1R A
PRI 22 5, SRR BRI S 73R R, 0 DAY Aol o B R ) e A 2 R fR 3
HAT B EE X AW TR R RA MR SO R bR R 1 S IR 4 N %
GEL, ESRATSR SO, H AT AR B R e PUE AR R ik 4l
T LA Rt At o3 A5 5 TRV A ol AR Al B X AR B (M CR, al i B R iE 7 a8 216t
PAT RAPHEAT AL O R H A, UESER R AR ISR TR AR I R DI [ b3 4
AR IMRERIET -
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FtE RIESEEBTBRITM

[

1 B

jilll:

[ 20 tH40 80 AFARLAK, @i (VT80 AR AR fra fa b, ARG Sy b i
AR PEEvl, 2011 422013 S, AE DY) IE FETLBOM D<)y MV BOR A N AR
18 JIRJE (2011 A1 2012 4E4% 2 I RFE, 2013 F 4 TR » HARKIEHZE
10cm-50cm 2 [i] o LLiZPA H H7 BT AL PR BERTgE 5 5K, DA 3G 5A 0t 16 7
I AR AT (¥ 8 50 T R A S R — e | BT U R R 1 R
HREKi%4% (Songetal, 2007) .

JBCHUBUCA VEA 87 38 K FH PR A2 e v br s [l %, EAR A 1l A s AR B T
FEAR IR LU A5 SO AR 1 Rl 26, I Rt IR £ PR A 2 32 A G SR s S
IR VU ORI AT . FEA E A bR (FF B AR%E, 2005) , B RH
A AEAZOGERE (VIE) Fgaida)Ebs (CWT)  (RASEE, 2013) , X487y
ARSI, S B0, WA, HARER S NTE, A S X il
TSP AEAMA (R, 2012) , ARAR A FE BRSO H RSB HER VPG 1T
BOR 50 BEAN, ST 3B T80 A5 R M VA AR A 7R TSR A A E N i B ek A
1ET, MG R 5E VAL 45 2R, 2 0 B A B AR AL 2 A AR S R G P
(¥ 670 T 5 0 S5 THT IO VEAR P2 CRYEDRTTIRAL, 2007) o T AR TFhRicfF &
I BRI, 22 m HoW 3L Bk, i — R R N B IR E A% 2 1A
i, R AL FAR IO S 2 A0, LA TR SRR R 4547 2
IR 0 S kit TR R BEAT 56 T 2 e Al R e (SRR R EAR
2001; Abigail etal, 2012) , IEHRIEWISEBNYIPIEFRE 2 ORY i AL 2 T 15 28R
k2 () (Raquel et al, 2012; Rotheray et al, 2012) . it DAL L2 FE
PEATI (Hulak etal, 20100  MA/ZRWIVE (Borrell etal, 2011; Arabnezhad et
al, 2011) . BEEEME (Ruanetal, 2010) %%,

TAREE R BE D I 2 RS T SXCAFIREAS, A0 S8 I S REACH) JE AR 2 4854 —
ST [MAEER FEE DNA 73 FHREL,  Hax o THREUR A MY R — A1 B T-IX
MEEK R o RIS TIREUNR e, DURAIER AN S, (F ] )RS AT
RN R RGBSR FREEoR . R ARG TSR TR
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SE» BEMERAIX 70 N I IO AT A £, S PP S TR TGRSR I — Fhl 47
I3k, Hbmd o AR s P B b i B S e s AT 40555 By e AL BE A4S, JF H.
BAAFAE N A AR T AT, S T IR N4 DNA SREBUB A AN SR AR ) i
FA5 B, AT AR B TR ABOR AT PRAS AR B2 PRI, AWM A S A2 AR iR
MR f1 25 558 08 DA E RGO 2R, It SN 18 TS0 I g e 3o I A
I DTRR , RIS RORRCR AT P, S oh— i, TR0 LUAR AR 1 F- S
ASFIKTTAE AR Rt A SRR TS A% 70 A, R DA BRI AR #8052 X R A i £ 30
e A5 o

2 MEMAEE

2.1 KEMElE

2011 4F~2013 4F I i £ B A H0R), SRAE 5 ARG (010 R0 3 BT AT (¥ B A o £
149 J&, Loy G AR T N TG0, o rp 3 R 3 M XK= 0F T 85 2,
VU KRS CEER) 14 )8, BREERmBE K AR 13 2, H
B VLN R A A 9 B, sUBUK™ 510 28 . 34h, 2011 4F 2 J1~2013
9 H, MKITH B MNMTBCRAER SME TR 65 RBAF MREG TR E, KIT
T 13 AKAE S 2011 4E 26 )2 CHIE9 . MR 3 B, BEAR2 2. i 5.
6 . 5IL 1R , 20124 16 & (BIL 11 8. BR1 2. HE 42 ,
2013 #F 23 )2 CHTE 1R, MR 1. 76 . oxfE 13 BB, 7L 2 ) 3 0L
KAE 65 IR BB SRFEA (B 7.1 .
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Fig 7.1 Map of the sampling sites of Myxocyprinus asiaticus
* . BEAFEGMNE; ¥ BEAKITRER
% : The position of the Chinese sucker farm; ¥: the monitoring sites of

Chinese sucker in the Yangtze River

2.2 E[F%H DNA RYIZHX K PCR ¥ & F0:M =

T RARFEA R BT IS 45 IF ] Jo K Sl ORA7 4 ], DNA R IBCK I 48 ML 1)
&% (Sambrook and Russell, 2001) , £ 1%50 BB EE R KA G R 212 100
ng/ul F T PCR Y3 A 11 %) 22 252k i iR AR T #6751 22 471 (Cheng et al, 2013:
Mas3, Masll, Masl3, Masl5, Mas21, Mas22, Mas23; Pengetal, 2013: MS5,
M11, M23, M46) & EZOE5Y) (FAM 1 HEX) , 784 HEE B JGRE R
BEAT PCR 4714, PCR § MR RN S NARFF S AN J5 55 (2012) AR R
PCR ¥4 A 574 ABI Prism3730 xI (Rox-500 standard) /3 I 754k 1)
GENEMAPPER v. 4.0 (Sourav and Lior, 2006) i3S FE KK/,

2.3 FFRAREERIEERRBRITM

KA Cervus 2.0 (Kalinowski et al, 2007) 23 HT 85N D8 BE | R 25437 JE

PR, I Ho UG He, 2845 B8 & PIC LAAARSEHERR %
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(NEP) F1 BT AEEAHERR % (CEP) , R LA 5 /& 15 7 & Hardy-Weinberg
AT S AL TCREEA IR IR, R ASCBEAOUE A (simulation) BifliaqT
10000 k15 %] Delta 73 Afi{H. , LA%E M5 1L 52 BE () LOD( The Nature log of The Overall
Likelihood Ratio) {HIMHATRAUEE /T (Marshall etal, 1998)

I T HR XS SR TETBORASOR VAL O AR 0 7R SRR AR R T A4 B A5 S 1) 0p
IS I 1= 2.3,

3 FR

31 MIEEMNAZSM

11 AN TR BRI/ TR AT 21 140 A7 IER o L rp 8547 5 I s /D (14
JEAT Mas23 Ml Mas11, ¥JHRAG 5 DMEEAEER]; 552 (100 A M46, il 2] 21 4
SRR (g 7.1, Hob e fr M23 FEERT M46 [ AR R R e 7.2, H
M I A JE 0.519~0.906 CEIME N 0.771) , WA TE 0.469~0.894 CFIA1E K
0.759) , &M ESEN 0.392~0.882 CFIE N 0.726) , F4MEAL Mas22.
M5, MI11 % Hardy-Weinberg 5%, {7 Mas23 W& 2. il D EARId FE 2
SYESHIE 7.1, AR (NEP) M EBIEEAHERE (CEP) W& 7.2.

R 1.1 XFFRFTAHE 11 MEBES YK EEZSHESEA Hardy-Weinberg £
IEE S
Table 7.1 Main polymorphic parameters for the 11 microsatellite loci and

Hardy-Weinberg applied in this study

FEINpE SEGIEEDNE MR EIE WG ZHEETHE Hardy-Weinberg fr il
Locus K Ho Hg PIC HW

Mas22 7 0.519 0.562 0.519 *

Mas23 5 0.636 0.469 0.392 Rk

Mas21 14 0.860 0.828 0.806 NS

Mas3 12 0.832 0.825 0.801 NS

Masl1 5 0.654 0.640 0.569 NS

Masl13 15 0.906 0.893 0.881 NS

Masl15 12 0.833 0.819 0.798 NS

M5 16 0.794 0.746 0.709 *
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Ml11
M23
M46

T4

17 0.762 0.831 0.811 *

16 0.808 0.838 0.816 NS

21 0.874 0.894 0.882 NS
12.73 0.771 0.759 0.726

*-

20,
15,
10,

5,

*. JWB Hardy-Weinberg “F45; ***. BZE/RE Hardy-Weinberg 4
means deviation from Hardy-Weinberg equilibrium; ***: means significant

deviation Hardy-Weinberg equilibrium

Qoo

190 195 200 205 210 215 220
000+
000
000
0_

[195.7] [198.7] [211.0] [219 2]

B 7.2 e DR B M23 (4kE8) 1 M46 (TEE) HEERSRELR
Fig 7.2 Genotype of the microsatellite loci M23 (green) and M46 (blue) in

Chinese sucker

® 7.2 dERHARE (NEP) FEBIEENHFRE (CEP)

Table 7.2 Non-exclusion probability (NEP) and Combined non-exclusion
probability (CEP)

HEDA e GenBank TRCEA IR AR SRR
Locus kT F(Null) NEP CEP
M46 KC012966 0.01 0.356
Mas13 JX855149 -0.0087 0.363 0.589772
M23 KC012959 0.0152 0.490 0.790784
Mil KC012954 0.041 0.494 0.894137
Mas21 JX855157 -0.0237 0.511 0.948233
Mas15 JX855151 -0.0147 0.517 0.974996
Mas3 JX855139 -0.0039 0.519 0.987973
M5 KC012952 -0.0389 0.641 0.995682
Masl1 JX855147 -0.0109 0.785 0.999072
Mas22 JX855154 0.0296 0.829 0.999841
Mas23 JX855158 -0.1592 0.890 0.999983
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32 FTRERLELER

L Cervus 2.0 AP KILAr EWeERAER) 65 IG5 149 kLR
RFATHRT RN, a5 REoR, 11 AR, B %0 99.9983%,
39 BIEE(EIX] (95%) LOD HATH (HiaAksH) o Hh 28 B 1
AN R A S SR AN AT L, A 11 R PARAMA S 88—k s A 11 ANE
JRBJRA RO AL (K 7.3) , PG, wTRMfE 11 B TAURIG K 5 149 e fxit

NN

A

R 7.3 TRILF EWFRER 11 BRAE#R TEE 4R

Table 7.3 Paternity test of 11 Chinese suckers collected from the Yangtze River

FIARBER  OREENTTR ke ARECREMEL DUREXEME Delta fH FIe

Sample Pair
Candidate Pair loci Pair LOD Pair top
Offspring time confide
mother mismatching score LOD
nce
YZ57 2011 YB2 0 8.56 8.56E+00 *
YZ11 2012 SC13 0 8.34 8.34E+00 *
YZS8 2012 SC2 0 8.20 8.20E+00 *
YZ27 2013 SC13 0 7.94 7.94E+00 *
YZ30 2013 SC2 0 6.96 6.96E+00 *
YZ51 2011 YB6 0 6.49 6.49E+00 *
YZ7 2011 WZz22 0 5.66 5.66E+00 *
YZ44 2013 SC2 0 5.65 5.65E+00 *
YZ12 2012 WZ70 0 5.49 5.49E+00 *
YZ4 2011 WZ70 0 4.62 4.62E+00 *
YZ48 2013 WZ82 0 3.57 3.57E+00 *

YB: HEZHRIGKERFSIWIFF: WZ: ERTIMNXKHFIT: SC:
PO KRR (CHE) 5 WH: BBUKF=5|FiHL; YC: HEA=ILH
WA FRAE
YB: Yibin Rare Aquatic Animal Research Institute; WZ: Wanzhou Fisheries
Research Institute; SC: Sichuan Fisheries Research Institute (Yibin); WH:
Wuhan Aquatic Restocking Center; YC: Yichang Sanjiang Fisheries Co,
Ltd
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3.3 IBIEMUAT R STAK R TG

TEREERI 65 RAKILIMRAREAS, #E 11 ok AFRMAHAI G, R
BEREA 16.92% (K 7.4) , 2011 4E 26 JRFEAAT 4 2K B T MK 5T
fr (2 ) MEEBR/KENDRIFTNT (2 B BREEAEA, H 2 RAeE
FEA 15.39% (3R 7.4) 5 2012 4F 16 RBAEATH 3 Rk BT MAWHFTHT (1 %)
AU A=W B EAR (2 8D 5 e RAEFEA 18.75% (£ 7.4) ; 2013
23 AR 4 Rk BT MNKARIETORT (1 D AU K =5 i i) B0 )5
KGR, HEFERENAR17.39% (K 74) .

R 7.4 2011 5-2013 S0 fefa N T8 58 1800 5T iR VP A
Table 7.4 The release effect of Chinese sucker from 2011 to 2013

KAEES RAEFEAEL FRIH R A A KL TR
Sample year  The number of samples ~ The number of offspring from farm Contribution
2011 26 4 15.39%
2012 16 3 18.75%
2013 23 4 17.39%
Mt 65 11 16.92%

3.4 HERFEMUR X B £ RHA R B R0

R Z R4k DNA (d-loop Al cyt-b) At B2 bxic %t I Ag i 725 S BEAR AT
TLAARIE AL Z FEVERI L MU LU ORI, TE iR 2 2Rk DNA fridid & LA bR
07 MR f FR G B AR R Y LI RN A Z2 FEPERR RN A K (3R 7.5 FIR
7.6) , ZKIAK DNA 43 128 535 Bt /s AN AR IR A AR — & I 8% 734k, {7 92.1%
A Sk BAMANR] (R 7.7) 5 S AEARIE 5 738 5 4 s PR AN AR [H) AN A2 AT
BAESME (KT o
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R 7.5 LHitk DNA Fri 2001 B e S SR A AT R A% 2 A1
Table 7.5 Genetic diversity analysis for Chinese sucker in cultured populations

and Yangtze River population based on Mitochondria DNA

FRIHIA AR KAT A
Cultured population Yangtze River population
FEA%L 149 50
EZ VAL 86 80
BT AR E 28 17
AR FEVESR L 0.905 0.844
IR Z PR 2 0.01332 0.0079

& 7.6 WD EFME T s TR AR TL A 545 2 4
Table 7.6 Genetic diversity analysis for Chinese sucker in cultured populations

and Yangtze River population based on microsatellite

FRIIA T AA LSARETIN
Cultured population Yangtze River population
FEAKL 149 50
R PNk 10.8 10.0
I e 5 S5 0.753 0.738
WG 0.755 0.744
ZAEEESE 1.729 1.704

Hardy-Weinberg £l

® 1.7 WisaiH g Z R EZ0 (AMOVA)
Table 7.7 Results of analysis of molecular variance testing genetic structure
(AMOVA) of Chinese sucker

AR5 KU H 1 L HEpied P fH
Source of variation d.f. Percentage of variation P-value
RN 1 7.99 0.00391
RN 197 92.1
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FEAA TR 1 2.78
AR 213 92.22
4 i1t

4.1 FETFETEPHRMIEELAILE

AR, 2R, S G R R bl A A A
N R . 28GRSR (PIC) AT EAL SN Z AN EEE, —
BN 0.25 <PIC < 0.5 HHEZZ, PIC>0.5 BINmEL A (Botstein et al,
1980) , 11 Mt BAARICEREEQ Mas23 o B 22 284 T At BT A 110 JE (0 340 2R B0
FEZA GRED , BN SRR 24 B 37 0.75 LB, BIRIX 10
AN TR AT RERS FR LT B S R, AT AR A R s A A T T A T e o
YEE AT

JERHERR % (NEP) 5 PIC{H8 R LK H, PIC fHME, NEP {HEK, X5
FAth 2z 5 MF ot — 200, BEAESRHE BRI TR LR A I 2 8 9645,
2011) o BRBUEEEHERE (CEP) SR %@ M mEhntk, —M LUk E] 95% k) A
brdfE CERR, 1987) o ASCH PR fr ok 2] 6 AN, BARHERMER (CEP) HI
KRBT 97.50%, JEATEUEE] 9 AN, CEP{H A 99.91%, JBEA7ZECH 10 i), CEP
4 99.98%, 11 AHENLIIHERRRIEE] T 99.9983% (£ 7.2) , H—DHie TiX 11
AN BT T2 14 IR HER

4.2 FFEE MRS & EIERUR R 1T & B A

WEAFE N TR AL L LT 3 AN, LOD A T-%. B (1
Pr5E AL CRIARE—AN R pL T, SRARRIFAR R DS —ANERL R KD LUK TR 95%
BAFX B WA, 65 AN TARAMES (KITH Rl 3kAE
A 394 LOD HATZE, (HEAHA 11 AE 95% 5 A5 X [H] P B HE L AR AL
JiAh 28 RS RIESEAIIAAAE | ANMEBCEAT , € 1% 28 RAMA G 5 S A AAEAE
SETRFR. L, KITH BIEligkm 65 RMRAR A hAT 11 )8 TR0 Btk
KA, R N CIRGEBRAR SRR A RSB 16.92%,  H8 BEIRATT W] LAE
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SHTBCHL A P e 3l I L (K DR R 16.92% 0 BRAGAVTH 3l T B
M R FOREACR AR e, AR RETIRBOAMA I B AR i £, sk — i
oy 15~25 cm [ 1 Refh, A7 £83aRA) EId BE AR I Yl 25 1K bR i B HE AR A
REWI WSR2 ¥) NI 11 E7 S =T -1 D) VP 6 =9 PN P 1 @/ g & SO VA= ik [ s P S E
BoAGE, wOHPEaRAIR .

4.3 BRRE & MR IRIRIP

PGEvl, 1958 4F M it Ay RV SR 1Y) 13% LA by 20 A4S 70 “EAX, G0
R CE IR S R, H 8] 2%4 47 20 T2 80 4EAR, e fa b KiT k-
AP CA AL 1%, Hifiids e LR AL CRIESE, 2009) . 65 2
KITI e AR B 13 AN AT 2011 4F 2 H~2013 4F 9 A Iffasky), HEAs/Db
HAZ AT o N TIGTE T H it 524 [ 080 G i b B 5t (03 a7 2%, o2 e
RV S O o ) LT B MBS H R BR T % AN WS NSO R R A
Ko, TR DAY BRI B AR ST AL R AE AN T4, AN W B0 /K 8
FIARERSRGE o IR FRAT I A7 s AT L S0 48 11T AT 0 A AN R A b B U5t 103
L VERL, BRGSO A G f i) D R, b AN I B A

FE A 25 28 58 75 1 TR) ) A S0 G K B 2 R £ 110 A% S5 A AN s, BATTR
FIZRLAA DNA G T B 35 o ic 0 A1 B T30 A g e R A= IR g £ 362
ZREPESI AT, RV E TN G GRS AT 5 A YT fis A% 45 AR
F, AR 3 KA e TR PR R D, DL TR e B R B
TRV A G f0 B8 R A B i ok i, A5 N s S I N T BHHAT h Fiy
B TBCRUS ST I AL W AN B, g 7 N T B TH BRI R 28, B P - I
JE N T BEFHAIE TR, AR A i 0 R 5 98 545 3 70 20 ORGP R AT 2
e
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AR SCR G35 b 0g A i f R e s A 2 RETE RN K R A A TR, R AT LA
Nk

VIR T 23 XEB 2 281k w0 ARG fa pk T bR, FH T IR RG fa 500 b
CRTYE . B Z RN KR BRI O AR VA

2 A TR ARl g ar TR R f o 48 R RIS, 17 A g
AT T BRARSRHEBR RN 99.99988%, T AL ISR T % B R A FER AT HI T4 %
XK EE AN LI ROR RO VA

3.3 BIFIFHZRIAK DNA (d-loop A1 cyt-b) i LA FRIC A IR 5 ANFhRE
TR ARG AL 2 FEVERNG AL LB TIT,  S5 B 6 ANFPER /4 3
AN TT, IR — AN A TT, DU SRBE R — S B
WG, LIRS N IR AR B A oAb DU B R B R AT B A
B CT.P.MO A p A BAF AR SN, 7 I8 3 27K F il it 5 Sun 45(2004)
AT 4 NI AEREARLEABCR IR, 30% 1048 AL s OBORT B AE AR LA 2%, O HoH T %
EL S 1) 3 0 P 1) S AR A 49 R0 53 240 3-8 Clusters B 34k L IG 191 2% LA S LA
A PSR TLRTH 2K

AR DAL T 5 AN IRIEI N TR At 149 JRAE 11 AR
EPTE R RS, PR T BT AMAR B R SR G KR, AR R
] 2 P AL BE B . KR A MR IR KR SOR & R 8, IFRIH UPGMA 5%
LA RIS IR R A R R R T, ELEFTER 56 1

SAH 11 0 2280 TR bR IR IS (8 5 O BCR VAL . I HAE KT
Em 65 MEAT, 11 AMEA S IR W BRI EAAER TR AR, Htbd)
BT IX 11 Rk Y B BCH R R G £, 5 B b 0 8 BT SCIAE P R 50 Y A
I TTER L 16.92%; Zekifk DNA TG A P RN 5 FRic M IT S 5 80 I IR
e R A JE AR frBt A 22 AR 1 20 BT A I, N 138 B AR G £ 3 R TR I £
WAL G PR 5Em, N CHBH ISCHRUAR AR £ A2 8 G JCHY A SR — Db . B
R A RO, RENS S RG fa 95 5 R Y
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