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1.1 #RFRR

AT LTI M I8 7K 38 22 A 1 i o AT 326 Y A=
FUME LB, BES 208, BUHUREE B Tl a4
PO AR AL, B 5 B T80 C KA HH (R 1F . 256
tH TSI B T A TREE R A &,
1 ) 4 2= R 77 % © Thermo ScientificfiBioLabs 2y
H), . TG BOE R MY 3G B A DGR
HTaKaRaA Al .
1.2 DNAHJIREX

I8 ORIy A 07 R IR I ZADNA . 3R
H (1 2 X 2L DN A FH 43 66 BE v A il OD B 3 13847 B
EFHEEE KA B o 4260 nm/Aoso am FEIELAE1.7—2.0,
H A pk gt R R TR JoE A5G e 5 R 4
DNAH T J5 22 AFLP 43T o
1.3 AFLPH#h

AFLP 2 Btk 2 2 I8V os s i (11 7 93447,
X e R e S 06 2 SR O R R 34T T AR .
AFLPEEL BTy 4 5| 7 51 W3k 1. IE [ Al (A
F8FIEFEMEY BT HI AR 2. HIXEIE, &
] (R IR B 38 5| 0 HE B 4 & R 645 AN [F] (1) ik
PP 519

PR 1 14 B ffFHEcoR 1 (Thermo Scienti-
fic)fiMse T (Bio Labs) i Ff R il 14 4 VIR, 7£37°C
K A R B X300 ng 2 K ZHDNABEATEE VI, [ B
4hJ5 T75°C &)@ it ook BR 1) 12 9 D K35 12min

B8 J5 E /> S U P 0 5 1 Yo (wi/v) FE B JI 9 gt e v 338
AT HLUKAS I, AR R 25 R ZHDN AR 78 70 B V)

EE BU0 pLEs Y, A1 pL Mse T 42
3L(50 umol/ L)AIT pL EcoR 1 #3k(5 umol/ L) F
22°CKM IR .

T g TRY™ 34 e BL AR RO &4 )
3 uL, Mse I W4 38 5% (Mo 50 ng/uL) 1 pL,
EcoR | #id ¥ 5 ¥)(Eo 50 ng/uL) 1 uL, PCR Buffer
2 uL, rTagf1 U, dNTP Mix (10 mmol/L)2 pL &%
ddH,0 10.8 pL. PCRZ M2k : 5 T94°C Tiikb 22
Smin; 1 J5 %1894 °C 20s, 56°C 30s, 72°C 2min, {H¥H
200K . Ty 85 G, FddH,O% P~ ¥ B 2045,
20C &K T IRA

MG B pLW RS A,
AN 14 pLtn R B EcoR T 5141(2.5 um/L) 1 pL,
Mse 1 51%)(5 um/L) 1 uL, dNTP Mix (10 mmol/L)
1.2 uL, rTaqf1 U, PCR Buffer 1.5 uL, ddH,0 9.1 uL,
A JE U FPCRAZFH H4: 94°C Smin; 94°C 30s,
65°C 30s (BHEIRBEAE 0.7°C), 72°C 60s, fEIF147K;
94°C 30s, 56°C 30s, 72°C 60s, {EFF231K.

RAGOR SRR BIARIRE Y
=W 28 8 Yo 5 TR A5 T e g Jg WL ik 73 5, B Ji5 4R % ¥
o, R TE RUE B R R g A, R4S
RHTESENEERES IS5

%+ 1 AFLP#ESLE T 31455

Tab. 1 Sequences of adapters and pre-amplified primers in AFLP
analysis

% FKName
EcoR 1 $23k1(EcoR 1 adapter 1)
EcoR | $:32(EcoR 1 adapter 2)
Mse 1 #:3<1(Mse 1 adapter 1)
Mse 1 $#:3<2(Mse 1 adapter 2)

Ty #4351 ¥IEcoR 1 (Pre-amplified
primer EcoR 1)

i 1 51 ¥ Mse 1 (Pre-amplified
primer Mse [ )

J¥%41Sequence (5—3")
CTCGTAGACTGCGTACC
AATTGGTACGCAGTC
GACGATGAGTCCTGAG
TACTCAGGACTCAT

GACTGCGTACCAATTC

GATGAGTCCTGAGTAA

®2 RTAFLPOATHNLERME SRR TS

Tab. 2 Selective amplification primers and their sequences used in AFLP analysis

EcoR 1 5| EcoR 1 primers ¥ %1Sequence (5'—3")

Mse 1 5% Mse 1 primers ¥ %1Sequence (5'—3")

El GACTGCGTACCAATTCAAC
E2 GACTGCGTACCAATTCAAG
E3 GACTGCGTACCAATTCACA
E4 GACTGCGTACCAATTCACT
ES GACTGCGTACCAATTCACC
E6 GACTGCGTACCAATTCACG
E7 GACTGCGTACCAATTCAGC
E8 GACTGCGTACCAATTCAGG

M1 GATGAGTCCTGAGTAACAA
M2 GATGAGTCCTGAGTAACAC
M3 GATGAGTCCTGAGTAACAG
M4 GATGAGTCCTGAGTAACAT
M5 GATGAGTCCTGAGTAACTA
M6 GATGAGTCCTGAGTAACTC
M7 GATGAGTCCTGAGTAACTG
M8 GATGAGTCCTGAGTAACTT
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14 BRGSO
AFLPFRIC A B AEFRIE, 755 AR 1 8 4% 043
B PR S Mendel Ui A& FUEE, B IJAFLPARIC
£ s i Hardy-Weinberg T . & o R VELT
HAB M AFLP 5% EAT Gt 2 57 IR 46 30
FE. SR 5 H Popgen3 2K AF Ge -4 i M 2 25
A7 B8, U5 H 2 547 S L2 (Percentage of poly-
morphic loci- P). MMl ZEA7FE K £ (Observed num-
ber of alleles-N,). A #5541 & K £ (Effective num-
ber of alleles-N,) LA X Nei’s % ¥ 14 5 £ (Nei’s di-
versity index-H)fIShannon’sf5 & 5% (Shannon’s in-
formation index-/).

(1) Z A7 i L2 2 48 76 FIT A B A il 21 () A7 5
o 2 A SR 5 BB, AR D BE s AR AR R K
P EARIFE bR . — PR 2 AL bR, I
AN T N A BT I RE ) R, AR AR K R,
— NP 2 AL R EEFRAK, Ul IR AN PR Y e
55, BE A FIKIK

THEA LN P(%)=2 40 s B AT S £<100

(2) 0 0 25 A5 5 R B0 e i 381 1) 45 A5 35k R 4
55 ks 2 1) S A7 s

HHEALN: N=(Z B0 S HO 2+ AL A
A N=PSE &

() A B BE R E S 4l A B i B8, S 1B
A AR SRR FE o A 205 o = DR 0B 0 L 555
FEDRIHL, 150 B S5 Ak DA B AR (1) 7 A 3 50

B RO B A R =1/ P2,
PR i 55 A 5 DR E A A v 1) 5k R AT m%l%ﬁ

(4)Nei’sZ FEIEFR O ML P28 B L,
AT DL B B ALE LA AT B is AL 2 5, — RO
NE R BRI R — MROE S S

HEH A RN H=1-Y P, P

(5)Shannon’s{5 2.8 20H SR iy = AR 2 FEE T
I, FLEEROR, 1B P A8 SR K

==Y X; Ln X/N, X; RN 5 A BEAR A 1)
I, NRIAZAE A SRS U 3 A7 A S

55, FIFSPSS 19.0 1 [ A 56 X 3 W 21 i1 oK
1T A2 BEAAR20074F 5201 64F 13845 S 54T 2 57
BEMERL, PEKT0.050 N ER AL,

2 %R

21 EISMAFLPS 4R 5Fi%

64X L B EYIG T WA A i 2 A
PESI W, FRATTHE BB ATLEURE (1.6 25 708 M 21 i Ik [R] 20
A RIX S5 Yt T T PCR Y)Y 19 A HL ik 7
Mo 45 REHAEISKT5IPA A BA T 18 HiEW i
SE =P Bk ST, 490 I VNG Red 3 i kR
SE P LK 2671 o X BRI P 2 B A AT SR
A% I AEA FAARFE & By 38t T A R
W, RZ BN W; A T 5T MR FE 5 AR
T3 B R =4, N ERASYESIYIGE 3).

SRJE BATT A2 %F 2 25 1 51 4 b ik B B
Wi EEMELG By RS . SR
W& (8% 5l M4 & (E1/M7. E2/M5. E4/M5.
E5/M1. E6/M6. E7/M5. E8/M6FIES/MS), 1 Kyt
YW 218 I8 ST A AR ) B A AR R R 2 AT
NN EE Y/

2.2 FEMELTERACHRISBH AR IR SR IR

FH BT 7 34 P 8 3 22 25 1k 51 420, Xof 56 86 1 ) A ¥
T AERER40 R (ME . TER-20) MR R FE R 28 9y ) 1
FTPCRY AT HEIK I AT Ge it 45 L FE 4. Giithe
HY A B 7E.80—587 bp, HLIGHT . 2w i L vk 57 (K]
1o 8XF Z &ML Y 3 i BIAL B35 545455,
1 2 A B8R I AL . LA AL
RIS AL & R E8/M6(73.81%), B AR T4
HATRE4/MS5(46.15%) . 8XF 2 21 5149 s e 1
H3194 013G £ 7 R A7 i, Horh 2 28 AL

R3EFRMESIFIEER
Tab. 3 Results of selective amplification primers screening results
P g GIE/Dpapis SIS
Amplified result Number Primer pairs
Josks 15 E1/MS. E1/M6. E2/M2. E2/M3. E3/M1. E4/M2. E4/M3. E4/M4. E4/M7. E5/M4.
No bands E6/M1. E6/M2. E6/M3. E6/M4. E7/M7
M A . 7 E3/M4. E3/M5. E4/M1. E4/M6. ES5/M5. E8/M2. E8/M3
onomorphic
E1/M1. E1/M2. EI/M3. E1/M4. E1/M7. E1/M8. E2/M1. E2/M4. E2/M5. E2/M6.
LAt E2/M7. E2/M8. E3/M2. E3/M3. E3/M6. E3/M7. E3/M8. E4/M5. E4/M8. E5/MI.
Pol nTo hic 42 E5/M2. E5/M3. E5/M6. E5/M7. ES5/M8. E6/M5. E6/M6. E6/M7. E6/M8. E7/MI.
ymorp E7/M2. E7/M3. E7/M4. E7/M5. E7/M6. E7/M8. E8/M1. E8M4. E8/M5. E8/M6.

S Total 64

E8/M7. E8/MS
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1854, 1AL Z FEMEGL 1T 23 #T 45 S B A I e
g T 461 S A6 R H BTG 22 AT S LR 57.99%; W
WS84 L R R 1.5799+0.4943; 45 9084 F R0k
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Tab. 4 Number of total loci and polymorphic loci amplified by 8

primer pairs
RO A= AT S R
st e SOLRE e or
pairs total loci P oly{ggirphlc P 011(})/2“233 ;1 ¢
E1/M7 41 26 63.41
E2/M5 45 21 46.67
E4/M5 39 18 46.15
E5/M1 40 20 50.00
E6/M6 37 23 62.16
E7/M5 40 22 55.00
E8/M6 42 31 73.81
E8/M8 35 24 68.57
M#Total 319 185

bp M fl 2 f3 f4 {5 f6 7 f8 9 fl0 ml m2 m3 m4 m5 m6 m7 m8 m9 m10

587

540
502
458

434

267

234
213
192
184

124

1.3859+0.3971; Nei’ s Z 1 PE1E%0790.2191+0.2102;
Shannon’sf5 B 15 4°40.3221+0.2987(3% 5).

ORI SR W 1 PR A R 38 4% 22 R R
TR, 20074, kSR IRAPDE A, £
26U 2 FHAFLPFIISSR (Inter-simple sequence re-
peat) B AR 5 il Xef AT B A AN 5% B A ) 38 £
PEREAT 70T o DR 7 8 I Sl 5o g 41 6 97 24
PRI AR 2 B PE LOAE SR IR AR R, FRAT TR H i1
WL 2 B ES 520074E 4" AFLP 7 1 715
45 BBEAT T HLIR (R 5)e 20 M5 52 B 0
ORI B A B AR 10388 1 2 RE VR KT 5 20074E £
[ AFLPHF 7 45 B 22 3 A 2. 35 (P>0.05) . IX gk
o Y 56 WA 1 ) A U8 BT A B AR sk 2 AR S
20074 —FEALLE R R 7K1, A PRI
23 AELIERM R ERAAFLPERIC

TRATTE — 25 X K I B 1) BT A 22 A5 Ar pd 75 g
SLEAME . MM AT T . AR KD

B IMIEMS P sk
Fig. 1  Gel electrophoretogram of the PCR products amplified by primer pair of E2/M5
£1—10. WEPEFAME LT AR 1—10; m1—10. HEPE S 64K 1—10; M. Marker

f1—10. Sample number of females; m1—10. Sample number of males; M. Marker

=5 FAMEERAHETEEHA2007E 52016 AR RS ML B (IO EHFEIR)

Tab. 5 Comparison of genetic diversity parameters for E. ilishaeformis (Mean+SE)

LN 45 iz 2 PR 4

AR R L

AR . " - o

4 Z AL ] Nei’sZ FEHEFEEL Shannon’s{& B 1551

Year Percent.age O.f Observed number Effective number Nei’s diversity index Shannon’s information index
polymorphic loci (%) of alleles of alleles

2007 51.21 1.512+0.500 1.252+0.371 0.144+0.195 0.218+0.275

2016 57.99 1.5799+0.4943 1.3859+0.3971 0.2191+0.2102 0.3221+0.2987
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3 g

DT ST e LT A ME RN R R B A 22 5 DL
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W T ) A T T A R AR ME L %20 B MR R B R 41
HEAT T AFLP 3 #T . SEERH I%E H 8 X = S I AFLP %
ARG, FHX 65| 1) AR IME 21 7 T A6 A4 K
M AR R R A I B T 1854 2 A AL
Mo I HTIX L Z A PEAL SR ME L REANMA A
o3, AV I — N TEMEE R R R e AP TEME
PEAMA R RAFAE I 22 500 . 7R B M 24

A 434

bp M 1
434

2 3 4 56 78

267

234

bp M fl f2 f3 f4 f5 f6 f7 8 9 fl0 ml m2 m3 m4 m5 m6 m7 m8 m9 ml0

AN TR 2180 N TREAZ K B R A4 o R A Al 2
TP AN R AAAE, 00 78 L DR 2H P s ) 38 1% 22
FEAL R AEAE o 1K B0 25 530 B P e Y00 381 (%) 44 ) 22
ST U R CL AR VERE A B PR 2 1 hR il
ZLBA ] AE I T W0 B G R oAk, PR 1k
R T AR Y . PRI, @I N TS SR
KRBT MV, XM K B i T AT
75 5 VR R R AR AR B ORI v T IS AR T Y
AN BRI AT EAT PR 3 1) B P, S0 21 6 1) 4
FEhH .

HEVERF 7 AFLP 73 F AR i 3R 1S, NIR AW AL
SV 21011 1) TR S (P aB AR LA L e el s £ 61
P 9 425 o) B PR B SR TE R B AL T BR A . BT
PATTERE T2 HEERE R AFLP 4> T4 id 3R 3547 10
FP ot W€ 1% A N AR S 7 81, JF IEAE R
R RIBEAT 70 #r, LUK LR # Y SCARBRIC o

L AR S NS e S 2 AN R 2 A =Y e
P WIS RN, B RS 2 BV, LA
Shannon’sf3 RIS 4B E2007 45 % A1 4=
BRI L Z AT I AFLP A 2 22 S A o 2
(P>0.05), Ut BRZBEAR H 10 B A & FE (1) 8% 2+
P ORI R B R K 2 —, I HE AR, ] 1
%, A E BRS04 5%, AN [F A [A] 5 (R 22
WHLER, R B RS AT A B 2L A EE (i 1 A0 Bk
A TSR, BT e A2 FLst AL Z R SR BE ORI AE R

B2 SIYIES/MOY 1 7= ) i) FELIK I B (17 Sk 7 22 7 2% )
Fig. 2 Gel electrophoretogram of the PCR products amplified by primer pair of E8/M6(arrows indicate the differential band)
A TERFAE TR MENE(F1—10)FIAEE (m1—10) A& 38 ™= W Bk B B. 7EMERZ R B B RIS (1—20) 4y 38 7= 1 10 B vk 1 13
M. Marker

A. Gel electrophoretogram of the PCR products amplified from female (f1—10) and male (m1—10) individuals in the wild group; B. Gel

electrophoretogram of the PCR products amplified from individuals (1—20) of an artificial gynogenetic group; M. Marker
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AFLP ANALYSIS ON GENOMIC SEXUAL DIMORPHISM OF
ERYTHROCULTER ILISHAEFORMIS AND CURRENT
GENETIC DIVERSITY OF THE TAIHU STRAIN

LIU Xiang-Fang', ZHENG Jian-Bo', JIA Yong-Yi’, GU Zhi-Min~ and LUO Chen'

(1. College of Life Sciences, Zhejiang University, Hangzhou 310058, China;
2. Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, China)

Abstract: The Taihu strain of Erythroculter ilishaeformis is a premium aquaculture species and is now widely culti-
vated in the Yangtze River Delta freshwater region. Under captivity, sexual dimorphism in somatic growth is very com-
mon with female being faster grower and having larger body size compared with male. Therefore, manipulating sex for
all-female population of E. ilishaeformis can substantially increase aquaculture production and economic benefits.
However, the key regulatory genes and mechanisms affecting sex determination and differentiation of E. ilishaeformis
are still unclear and no gender-related molecular marker has been reported yet. Consequently, developing the technique
for the monosexual production of E. ilishaeformis remains difficult in the breeding program at present. To develop the
technology, the genetic diversity and genomic sexual dimorphism of the Taihu strain were analyzed by AFLP (ampli-
fied fragment length polymorphism) molecular marker technique. The sampling size was 20 male and 20 female indi-
viduals, respectively. A total of 319 loci were detected using 8 pairs of polymorphic primers. Of the 319 detected loci,
185 loci displayed polymorphism. By analyzing the distribution of the polymorphic loci in all the examined individuals,
we discovered a locus that was only existing among male individuals and was absent among females. In consistent with
this observation, no male individual was detected in the artificial gynogenetic group of the E. ilishaeformis, and the
locus was not detected in the genome of all examined gynogenetic individuals. The results suggested that sex determi-
nation and differentiation in this species may be strictly controlled by genes located in that specific region, and that
gender difference locus we detected can be used as a male-specific marker. Our statistical analysis showed that the per-
centage of polymorphic loci of Taihu strain was 57.99%, the observed number of alleles of Taihu strain was
1.5799+0.4943, the effective number of alleles of Taihu strain was 1.3859+0.3971, and the Shannon’s information in-
dex of the population was 0.3221+0.2987. These data indicated that the genetic diversity of Taihu strain is moderate
and is maintained at a similar level (P=51.21%, Na=1.512+0.500, Ne=1.252+0.371, [=0.218+0.275) compared with the
results obtained 10 years ago.
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