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RRAT, BRBSCRR EH 4T R KT 98.95%; AU T 2L EH PCR IARES, BFSLERIEH4EFREE] 100%.
FHYEHAE 1. 2 MAEG 3, sEEHAAS 1. 3 MAE 48, X3 MRAWBRIETEERIEAFT 100%, H
BEE X B2 A ORE AT DISRAHER B R E R, BRER/ T/ER, BRIURAR . A @ni DEZLE PCR KR
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Syt HAET %5, UL Fhric s AR A+ 4e
WEBER RN AT & 1Ml DNA 4 Fhrid
BARESG 2B ILRERE .. amr . A
F BT bk | B M S B, IR k0
FRA S bR R . LA . BEEIEA
PRI RSO R AT A 7 iE, BT R 0 R
HoAr T B (microsatellites) X FR ] #5185 52 (simple
sequence repeats, SSR), ZEH LM/ FHricZ—-
T RFRCT Z o T EZ AR T, B R
HMkZ | o], BASENERE. 281,
P B R s LA, FEKT )
Y o F AR ic i B B MR R R 045 7 A5
2z R,

M TR £ PCR(multiplex PCR)ZF57E Rl —
A 7 F [ B 5 PR A B2 a5 SR T X
RSP, M T TR A PCR §7H, £E
PCR HAHB & LT ANMRE, it
N 2B 25 30 2 7 Sl R W 0F 5% o 289 R g
FHUOTH e i e o K P S TR A 5 T
U TE A ZREETEAG I, REWA N THRE IR,
Wl DR B, SRAEPLRE | R BR A
15 = JE# T (Portunus trituberculatus) 4% &
Vil 4t 5 (Crassostrea virginica Gmelin)!"® B %f
#F(Penaeus monodon)™ "1 1 [ %} #F (Fenneropenaeus
chinense)"M 45k = sy b, WA M DA ZE PCR
IR RGE . (FE, H IR P A g B 1 i 10
B, EEEHTMTERCT LYY, Bk
WAL ZREMEPRAG P 2 QTL 18138 & 1114577 1,
A DA S AR SR B A T AR IE 2 PCRIA R
ST RN R T2 A OCHGE, X AH TR H
PP AR B R ERE . SE Tk, AWFSE E IR
L T AR DR 2 E PCRIKR, IR
T R ] T AR B R R R TS E T, K
K¥Em TR, hrh e 2 g itk d
MAERE IR —FPEERE | SRR AR T B, e
HE T AR G 7l P B

1 #HEFE

11 HAREEKE
S i TR AR g B R R T I I R R A S

R EE ) RBE R A 2014 4ER &, SEERI T 3
MHRERRZULMER . KILE R, HER)H
95 NFAUEK, DIK 3 ASFRITRNL A EA , eAh,
TR 20 4~ 2015 4 ARG E E SR A REAR MR, H
T B AEPRCZBYERTiE L) & 2 H PCRIAR Y
M, A RSB LA A, 95% 4
P [ %€ 24 h J5—20°C %A o
1.2 DNA $2E

W LR L P [0 52 A 1 2 B it 5 P A g -
SONERREE 4] DNA, R 1% BIE BHEER
KK EL DNA 5238 M, A% R & A U AY
il DNA V2R T i, #5441 DNA H ddH,O
PR 50 ng/uL, —40°CIE-E# .
1.3 WMIESE PCREIMMIEENRERRKEM

ARSI % [ EIF A B2 AR iC e
BYEM RN, A LS P 9 63 F FAM 534
HEX B4 FiF5 98 5 1) Baxs 9
FBR/N IR KRB . B hRIC S B
Hi A Multiplex Managerl.0 {2 AT H, #6
ML A RN AR R 5 | R A = R AR . 519
TRk REME, R LA i £ &
PCR 5| G -

PR Y JLZH 22 8 PCR 51943 5 347 B i
TR R A, ) DNA Bkl 2015 4E#E
TRFRFE AR 1) 20 DMARIEFI 4] DNA. %)
LA 1% PCR WK 2 2 PCR N S FH 12,5 uL,
H 435 DNA itk 1 ul(%) 50 ng), Premix
2xTaq(AE TAY TR ARRA R, LiF) 6.25 uL,
IER G4 0.35 pL(G I 10 pmol/pL)(5 |
Ve L AE R A R A R A L), ddHL0 #b
FEARFLE 12.5 pL, #OBIKIEEAE . PCR P HIRH
FNFEF: 94 CHIZEME 3 min; 94°CZEME 1 min,
55CiR kK 1 min, 72°CZEMH 1 min, fEFF 35 IK; 5
72°CHEAH 10 min, T2 16 CIRAE BIR NG,
PR R A YR AT FR A Rl EA T STR T
AT (B AN L UK K6 ABI3730XL 4> [ 3 DNA il
FA) o AR 5 45 S (0 WA 1l 1A 7 B4 75 | 0 S i
AR, BRI 0.05 L &, HEZLH PCR
AR 245 5 W4 B ROR AR — 8, 2ol
IR TR £ PCR 48 1T 3 A rh AR g 3
RAMFETIERE
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Tab. 1 Characteristicsof the four set multiplex PCR panels of microsatellitesin Eriocheir sinensis
gig“ bt S IR (5 3) %ﬁ{f %ﬁifi/gc des}jf LT
multiplex PCR loci primer sequences (5'-3) motif  temperature allele range (umol/L) accession no)
HE1 CHES005 F: AGTTTTCTGTGTACGGATTTGA™™  (CGA)s 57 122~137 0.24 KY798550
(Set 1) R: GTAAGAAAGGATGAGGAAACGA
CHES208 F: ACTGGAAGAGTTCGAAGAAGAG™™ (GAG)s 57 316~340 0.24 KY798565
R: TCATAGTCCTCAGAATCACTGC
CHES475 F: CAGCTCCACACTAGAACCCT"™ (GGT), 57 416~425 0.24 KY798587
R: TTATAAGGCGGAAAAATTAAGC
CHES241 F: AAGTCAAGTCTTACGTCCTGGT™M  (AAQ)s 56 463~562 0.24 KY798571
R: CTCTCCGCAGTAGGTTGAG
HE2 CHES045 F: GTACTTGCCGTCCTTCTCTGT" (TTAT)s 58 105~121 0.16 KY798562
(Set 2) R: GTGTATGGGTGTAATGAAGGTG
CHES034 F: ACTGACCTGAATTGACCCAA™M (GCA), 56 130~157 0.16 KY798559
R: CAACAGTAGTGTTTGTGGAGTG
CHES203 F: CCTAAATAGCCCCATAAAACAC™™  (GAA)s 57 209~218 0.16 KY798564
R: CAGAGATCACATGTTTTGTTGTT
CHES322 F: TCATTACTCTTTCCCTTCCAGT™™  (CTAT)s 57 279~306 0.36 KY798577
R: ACCTTTTGTGGTTGTTCTTCTT
HE3 CHES339 F: AAGAACAGCAAACAACACAAAC™M (ACQ)g 57 239~305 0.24 KY798580
(Set 3) R: CTTTTATTACAACCAATGCCAA
CHES320 F: TGTGTATTTAAGGGTTGCTCTG™™  (CCT)s 57 355~364 0.24 KY798576
R: TCTATCCTTCTGTTGACCAATG
CHES456 F: GCAGACATTGAGTGGGTAAAC™M  (GGT)s 57 426~447 0.24 KY798583
R: GAACCCATTACCTATTTATCGC
CHES465 F: TGAGATGATGGTTATGTCGTTC"™  (AGG), 58 432~453 0.24 KY798585
R: AGATCGAGCTGACTCATAGAGG
HE 4 CHES042 F: GGAAAAACAAGAGAAGAACAGG™™ (CCA), 56 98~125 0.24 KY798561
(Set 4) R: CGTCAAGTATACGTCACAACC
CHES019 F: TGTCTGAATTTCACTCCACATT"EX (CTC)s 58 112~118 0.16 KY798554
R: CGCCTGGATGGAAGAAGA
CHES211 F: AGACCGATATGAGCCTAGAAAG™™ (CCA); 57 187~208 0.24 KY798566
R: AGAAACAGCTATAGGTCGTGGT
CHES345 F: TAATGAAGACCAGCATTGTTTG™™  (CACQ) 57 310~349 0.36 KY798582

R

: TGATGGTGATGTTCGTGC

T GG 26 M FAM 503 HEX A0 3519009 55, FAM AR e 95 D =148 1 0 D i 0, HEX BRic i 4 DR 4 4 (e o g 6
Note: The 5’ ends of the upstream primers were modified with the fluorescent group FAM or HEX; The color of the FAM-labeled in gene scan
was blue, and the color of the HEX-labeled gene scan was green.

1.4 HIBEZITHHR

KH Gene Mapperd.0 {4152 B 55 o7 F K £
Pi; H POPGEN 3.2 #4432 i 5L (N, A

DMF B F & (PIC); FIH Cervus 3.0 #f4x)

R FEDIB (NG« IR ARG (H,) . WL 245 1
(Ho) . A5 B8 %k(1); kA PIC_CALC 0.6 %%
N IE
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DL 2015 4 rh AR g BB SR REAR G 20 MM
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DB, X 40 DML

100 140 180 22

Multiplex Manager 1.0 KB A, BDIEL
LA W 10 A D ELE PCR KR, FRlX 10 4
Z# PCR KR 7 il #7900, MR G4 352055 5l
WS [k, BeZifinr 4 41DUFE PCR K&K, 4
£ 1 PR, B RRgEEMANM DA ZE
PCR 54 5 (A AN 1 s o L 1 AT&
4 12 F PCR KRN BIA ALY HR0R,
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|
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Fig. 1

(d) 4 4 setd

AR AR GBS A DD 2H 22 PCR Y 5L PR 43 4l 5]

Part of gene scan results of four sets multiplex PCR in Eriocheir sinensis
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It L RE I W7 sth 9 1) 3 457 A 1) S48 36 PRI DG A 1.5217~2.2378, ¥ HF LG BIEHCH 1.8650; £

22 WMIESEPCREXRZFEFEEHHIMNA

16 M TR S AE 3 DR R iE S50
2 iR SGAFEEL(ND N 5 & 14, SEX%5A7
HERBCH 9.875; AR HE BN M 4.0886 |
8.3095, XA RS H BN 5.6542; WL 2

BIE B & EPIC)JLE N 0.7198~0.8686, V1%
DEREETEAN 07927, K46 8B EZESE

(PIC>0.5).
TR 3 DR AMBL 2SR 3,
A ENIOR SR Ve S E 3 (W) ST = SR B L2255

A1 (Ho) A BE 4% & 2 (H) 7 [l 43 51 8 0.297~
0.9697 F10.7592~0.8841, F-F3 24

BB (He) U
£ R 0.8206,

A EHBRT AN R; &
AT SAR )R BRI RER BAL Z AR N IL 5 2>

RGO 0.8164; HARMEIERMN  EAEF-KILER, HEEFHALREP>0.05).
R2 WIEMNSEPEFEEIINRATHEESY
Tab.2 Genetic parameters of the microsatellite loci in three families of Eriocheir sinensis
locus N, N, H, H. | PIC

CHES005 10 53172 0.802 0.816 1.9150 0.7912
CHES028 5 4.2798 0.297 0.7702 1.5217 0.7279
CHES$A75 6 4.3697 0.4554 0.775 1.5738 0.7330
CHES241 12 4.8507 0.4059 0.7978 1.7948 0.7637
CHESD45 15 6.1619 0.8416 0.8419 2.0278 0.8182
CHES034 11 6.0165 0.703 0.8379 1.9649 0.8179
CHES203 9 4.0886 0.8218 0.7592 1.5968 0.7198
CHES322 11 7.1384 0.7576 0.8643 2.0908 0.8472
CHES339 9 6.2891 0.7624 0.8452 1.9146 0.8204
CHES320 8 5.4372 0.701 0.8203 1.8293 0.7924
CHES456 12 5.9709 0.9368 0.8369 2.0055 0.8132
CHES465 8 5.7062 0.4574 0.8292 1.8303 0.8012
CHESD42 12 6.8879 0.7525 0.8591 2.1014 0.8394
CHES019 7 4.5744 0.5644 0.7853 1.6317 0.7477
CHES211 9 5.0701 0.8812 0.8068 1.8039 0.7814
CHES345 14 8.3095 0.9697 0.8841 2.2378 0.8686
-3 mean 9.875 5.6542 0.8206 0.8164 1.8650 0.7927

TE: locus — 37 £1; Ny — S5 LB HHG Ne — A 80 BE EG Ho — W28 6 B8 He - TG | - Bkl B84G PIC - 28BS .

Note: N, — number of alleles; N. — number of effective allele; H, — observed heterozygosity; H. — expected heterozyg051ty; | — Shannon Wie-

ner index; PIC — polymorphism information content.

x3 HEFEEINRAMELZHFM

Tab.3 Genetic diversity statistics of Eriocheir sinensisfor the three families

K % family N, N, Ho H. I
LF 4.5625 2.6556 0.7385 0.6146 1.097
YF 4.875 2.4863 0.6042 0.5236 0.9675
HF 3.875 2.6412 0.7416 0.6024 1.0400
T LF - I 5 & YF - KRILR; HF - B R N, — ARG Ne — AR SE R Ho — W2 5 B2 He - IR B B | - K

15 BIREL

Note: LF — The families of Liaohe; YF — The families of Yangtze Rive; HF — The families of Yellow Rive. N, —

number of alleles; N, —

number of effective allele; H, — observed heterozygosity; H. — expected heterozygosity; | — Shannon Wiener index.
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it Cervus 3.0 #BAFFEAT B9 E 3 K
RFETUHE, BEXREIEER 95%, MWAMD
EZH PCRIERSMHTRFZETLEE, g558 W
2 4 o ALEHIBEAR I IR, DUZH IR &R 5
T U E RN 73.68%E 96.84%; {LE Al
A FE R B, DU ZH AR FR B o 280 IR R
T4.74%% 86.32%; 4N AL O AR, DU
ERILEIERMEMN 69.47%%F 85.26%, WK 2
FioR, #F RCEFER R E 5, S % F X E IR
B ) T SE PR A E AR 48 R, JF AT LUE

Hig DR ZHEPCRIERTHA 1 MAE 4 %S
BRI, FIBPAE 4 Wl IE 1, Kud L E
PCR R BRMHITHRETEE, HWALE
PCR KRN}, 35 F4EIEHRML 94.74%; ffiH
i DR ZE PCRAIKRR, 5T 5%E IE6RE
1 98.95%, [RISH i FH DU 20 fif 042 22 B PCR %8 %E Y,
IERSEERIE 100%. KB 3 Fin, WRigHaLE
PCR %5 5 W) 2% e IR AL & 301 T SRS S 1,
AL LLE A 3 41 £ PCR B A% G R Lk F)
100%.

R4 PHEAEETRASHAKRHEREER

Tab.4 Thereal success assignment rate of different multiplex PCR in Eriocheir sinensis

BRI R AR L K]

T RIS A SE A 7

B R R e K| 7

iR known mother genotype known father genotype known parents genotype

set N L YEEFE /% %L YEEFE /% %L BT %
correct number assignment rate correct number assignment rate correct number assignment rate

1 92 96.84 75 78.95 81 85.26

2 70 73.68 71 74.74 66 69.47

3 76 80.00 71 74.74 79 83.16

4 77 81.05 82 86.32 81 85.26

1+2 94 98.95 95 100.00 94 98.95

1+3 90 94.74 85 89.47 92 96.84

1+4 88 92.63 85 89.47 93 97.89

2+3 95 100.00 95 100.00 94 98.95

2+4 88 92.63 86 90.53 90 94.74

3+4 87 91.58 84 88.42 90 94.74

1+2+3 95 100.00 95 100.00 94 98.95

1+2+4 95 100.00 95 100.00 95 100.00

2+3+4 95 100.00 95 100.00 94 98.95

1+3+4 95 100.00 95 100.00 95 100.00

1+2+3+4 95 100.00 95 100.00 95 1.00

=577 z :
100 8 FBRIEHHLEREHE real success assignment rate 3 itig

| @ BEHUER4E R simulation success assignment rate
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Ui 58 # /% assignment success rate
S
3

[=]

1 (setl) HE2 (set2) HHE3 (set3) ZHE4 (setd)
HE set
K2 WA BRI LR £ PCR
AR 52 PRI AL TE A 4 1 30
Fig. 2 The real success assignment rate and simulation
success assignment rate of four set multiplex PCR
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F BN R L/ 3 PR 3 2 114 2 T RN SE 0 AR 1Y)
TAEs, BARFIH T/ER LR, HE2EAERE
AR— By, 5 TAERCRE T D s s . B
M PREZE PCR KR EIFIEF HAY PCR
A BN, R T EIETE R — I b AR & R[]
(45 | ) 25 e = U A S R 3, T AR H AR
Y, AT RE AT R SN, ISR AR E T
S 514 24 FA AL, AR e 3 45 R PO
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[~ =l N=J [=3 (=3
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T T T T T d

%58 R assignment success rate/%

~N ®
W

A1 (setl) HAE4 (setd) HA3 (set3) HA2 (set2)
HE set

K3 BRI P AR GREE DOR S R R
R S B SRR IE A R
AR TR 2 5 PCR Y IR 4 %
MR AR EA G
Fig. 3 The real cumulative success assignment rate of
parents genotypes of known Eriocheir sinensis
According to the success assignment rate of a single set

of microsatellite multiple PCR, adding multiple
combination from high to low.

WH9E R W], ZE PCRIARGES MM 55 W1
BRI R BERV/IN L 510 AR o e B S AR 5P
AT, B DR SRR E A BT
() vh AR o B I A DR A A, I Bk iR R
JEHEIE 55 CRNE A, B/ IR R BE X4 3 152
Wi, 2O RCR . ZARNNLEATZ
FH A MR LE PCR KR E R FFZOEARC
Sl Z B R BERNAREES, LI E T,
T A R A S R OR 2 . ARSI — 1R R
AR 5 19 Bl B 34K F 50 bp, JF HoRFHM
PR [E] 95 Y bRic (FAM Al HEX JEF) LXK 43,
A B UK R, M AR SRS R T
75 TR WG58 FE LUK, B8 AR B in == & N aff 1) 4
37 e PR R 81 6 TS v 5 | 00 K o i s
h T RGRIE G Y R AR, I A S YA
Iy R, FRATSEH Multiplex Manager 1.0
AT, PR TIREB/N I A G, /B
BEAT PCR ™4, FEARYE PCR =420 81 il 45 5143
PATS YR B R 3%, B 3K1S 4 41DUEE PCR,
KA T BEAESE T = MWL (Hyriopsis cumingii)™”!
LA ¥ X I (Litopenaeus vannamei )P 4 is L&
Z @ PCR W5 h A #E, BA 1T
32 WMIEZEPCREMEREETMPHNA
T B i 8 Bl T AR g B s AR 2 ARk
PEAS, WG AS ] ) s R RE | B A R SR AR AR AR ]

T AR Th AR S B Y PRAR 23 3R 2 AT R
A, AR 16 M T ERMCTE 3 5
R E BB 24 5 (Ho) 0.8206, -4 18]
AL (H) N 0.8164, & TFERAEDI 4 4
AR TR v A8 B T 5t AL R IR 0 AT 1 1 347 30 B O
HHE(He) 0.7411, AR S FREXIFH S 3 4
Hh A R R B R A R A AL R R TR A AT Al
T8 S AR SR A B T SN 2 A L TR E
AR e N, FHEEFER&ERN 0.7927,
A Y PIC EH KT 0.5, PRk B A3 T 2 4w
WWEARBEZEN. FEME, Bosl TR &5
e ZREVEKT, GBI TR e
Ko MREHGSESZREFTWRRE S HA
T VERRAR, B SR FRRmBL A, N 3
LR, 2R %aH)E, 3 MR AN
B B LI 2 A B ALK AR PR A A S i ) AR 6
BHE 2015 SFFRFHBEIR D 60 MARBAL Z RV
A B9 S 4 WL 2 B BE - 0.7500, S 24 3 B e 4
0.8925P° MR 3 AMNF R MIRAL ZHENEG B TRk,
AARSRARFE— DR E, X TR S XK REA
St e AN THREA K, Wit E
() rh AR GBS BE R IR IS 1R Z M AL T B UK
AT R 3 BT 7 Pk 3 2 A P R SR AR B
W R EIEE . RRBESEOTAN DL Rk
YT RS IR S5y WP EE A M AP ARBFSER
AL R EE 10 4 13 16 MDA S X3
MRAMTETFRE. HE 2 0T, 4 A DEL
HH PCR 414 M40 1E ) 45 58 R 1 i T S B 1) 45 58
IEHf 2R, X AT e JCRAE O SE R W AEAE . R PR R
iR 22 SR A P Rl 4 o BT B 0
/K (Mauremys mutica)™ . K P-4 i(Crassostrea
gigas) K T I R TR ET R . R 3
ATLUE H, S0 P41 £ H PCR 414 (8 Ml
BRALE), IEMYEE R 94.74%; i 4 HA
AEF6 ML EAL ), figis 2] 100% 19 1E 5 4
K, FEH AR RS b, R TR 4
H P EXTEF Y PR ZE PCR 4, X 11 4K
RIEATE TR, BURUR 5 AUSE 2 i R 1k 3
100%. FLAZE BURIH 3 % RS E T
FEIXTURA =8 PCRIAR, IF45 &0 6hic 5 M
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FE R 4 £ R (genescan) % H [ X IR 7 42 [R5
FA16 2R RIFTER, 25 RAeHET 2 AL
FBAF R TP L T LG RHiF SSR Fric,
JEE T 2 A I ELZEPCRIERZRHT 8 IMHRAR
FETUE, R ER 194 ST 189 MEERE
EB 25 7 Hh 0N Y SR AR, 38 5 T R Ok ]
98% WFFE B, Tl DAL s Z M TR T4
TE EAHEBR LR A RCR AR R A, 2k 5 [F]
FERY S5 8 ORI, s 22 250 i Il T L A7 A5 8K
T 2 SN E MBS, BT L TR A
SR 0 2 G EE AN i Bk FH AR Rl T R A A
ZME B EHREPIC)TEFIM 0.7198 % 0.8686, FI
ZEGFERBEEN 0.7927, PN EELZEMENALE,
REINBI R A E 2ok . ME 3 Filsk 3 T LIA D,
i FH£H -4 1(CHES005 .CHES208 .CHES475 .CHES241)
FIZH 4 2(CHES045 .CHES034 .CHES203 . CHES322),
WEAE 2 M4l4E 3(CHES339. CHES320 .
CHES456 . CHES465)1}, 1E 45 1 R ik 5] 98.95%;
EHAE 1. 2 MAE 3w, SCFEHASG 1. 3
A G 4 wF, BRIEMHEERIRE] T 100%, Hit
T — R L, S T 2 AR E i B T L
P9 K R B M HERR R, AT B AR ik B —
FERCER T, SR TR G, BV AR i
TEFRIC A E A — o e = S 2, MY
I AFN T AR, Lafarga-de la Cruz 2514 7E % 44
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Development and application of multiplex PCR panels of microsatel-
litesin Chinese mitten crab (Eriocheir sinensis)
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Abstract: In order to increase the analysis efficiency of microsatellites in Chinese mitten crab (Eriocheir sinensis),
we report four highly informative, multiplex PCR panels developed from 16 microsatellite markers. The multiplex
PCR panels were used to evaluate the genetic diversities and parentage assignment for 95 individuals in 3 families.
The results showed that the 16 microsatellite markers screened in this study were rich in polymorphism, for ex-
ample the average of observed heterozygosity (H,) was 0.8206, the average of expected heterozygosity (H.) was
0.8164, and the average of polymorphism information content (PIC) was 0.7927. Cervus 3.0 software was used to
determine parentage assignment for 95 individuals in 3 families, and the results revealed that the accuracy of par-
entage assignment using any 2 groups of multiplex PCR panels was more than 94.74%. When using any 3 groups
of multiplex PCR panels, the accuracy of parentage assignment was greater than 98.95%. The accuracy of
parentage assignment was greater than 100% using all four multiplex assays. Using the combination of set 1, set 2,
and set 3, or the combination of set 1, set 3, and set 4, the accuracy of parentage assignment also reached 100%, so
the selection of these combinations of multiplex PCR panels can not only get accurate genealogy information, but
also reduce workload and costs. Therefore, these multiplex PCR panels can provide a convenient and efficient way
for breeding and family management of E. sinensi.
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