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P T s2 0, BOXE A ARORE T =Pl TR E £
BEPE R AR B AL 25 KA ] 2, o R AR o i i o
DL 33k 8 ) B B A iR AR SR T & = PE R T 1A B
TR VAL 1 2 AR HE AR

Bl = Pehe T Lo A 4 JE PR 4 1 23 #i (Yamauchi
et al, 2003), FLTFLkitk DNA WbricEiRE S 72 H
T = PO T R Y AT 2 R 1 B st A% S5 4 4 BT
(B5HHH, 2015; F 54, 2015; 984, 2014), 5%
DNA #Lt, mtDNA HA 5/, S5FgfRief . ik
FETR . AN[R] DX IR fb R A7 A 25 5 A R, e —
it 37 4 B2 B (2R S, 2007) . fi BhZE K&K DNA
A RPEB AL R, S IAR IC AR 25 5 38 B ) — )
AP AR 2, B, AR RIS A RS A
HORAR R o X LB s e T Lk 7 5 £ A AR iC
AR R T A 0 B TR R ROCR VA Y 43 A

PEREE =R Fhric i3, SR RES
P:FRric (Single nucleotide polymorphism, SNP) AL EL
A TR ES TR PLH, i HIE 255 58 9 8
AL, KKRHEE T /0 BI%0CK (Beacham et al, 2009) .
HAT, ETRIEFNAR SNP FRicT# ZMH,
WAL E R R (R B, 2011) . TR B IR IS AL S AT
(Zhang et al, 2011; Batta-Lona et al, 2011) Lk &% 4> FH5
05 B B F(Feng et al, 2014; Yang et al, 2013; Blanck
et al, 2013)5% , MM 7E L bR IE I 20 SNP (1 TF & S =
N HBIFGE LB A . ARWFSE i I HRM ARSI 4% AR
X = PR THELR KK DNA i) SNP #EFT43 5, LAik
S | LA BORR R H 1, =itk 18
Tl G R A 68 5 bR iSO TAE A SR R LR AR S g

1 #REFE
1.1 HE#PE DNA Z2E

ARSI BT R R AR BCE 95 3% = s B A S
K FERAGRRAT, S 2016 4EH TILIVE & = w1
VB FEHOR TG S 4 DK FR, 43R 80-120 J7 Hijik
M=PERTENE, BNRRPFAEANEE L H,
TR I 28 H, 4 DNF R EA KR T i
B, B A R SR FH A 44
EHEWH T, FRNMERZRTGRY. 4R RS
S9N AL B, CHID,

3 03 B 3 S5 A FRH L AR AR LA 2 2
FHVR A SEATIRES , i Ezup #ENEiEH4] DNA
AR G2 T AR AR (i) 4 A PR w14

SRR TR ML DNA(CH: i & 2o A 5L 16 21
DNA), £ Gene Quant Pro #Z & AL (Gl /A 7, SEHE)
e L] DNA WRIE, JF3—16h 20 ng/pl, —20°C i
e

1.2 IREMBIHEE

FEXTEIIE K A9 SNPs(ER 1), [Al—Xf SNP 5]
YIAEAS R BF AR AR (B HEA T8 3G, 03738 73 51 3% 20
FF LEXE 4307, BN AR 0] BTk 107 6 ) — - B 15 & A
RAFE RGN, JERKE [ — SNP 7355 Xt i
f A g8 7% B ge AR K fE HRM H1 E4T SNP 43 TG HIE
JEARTEAY SNP bRic e Ja 22 T 4 K R BEKRK)
Y VERbRIES IR

1.3 SNPEZHZRER HRM 48

I EARAS BAR U 5 (CBF A= 158 28 K) HRM 43 1 45
B, XN SNP S IMITEBA KRN 28 H =i &
FARARF 4T PCR b, § 38K 2224 35 ul: 25.3 pl
ddH,0, 3.5 pl 10xPCR ZZ i, 2.0 pl 25 mmol/L
MgCl,, 0.6 pl 10 umol/L dNTPs, 0.6 pl 5 U/pl Tag
DNA RA T, 4 1.2 ul 10 umol/L - Fi#F5 47, 0.6
20 ng/ul DNA AR . R IR BB BE PCR 217
AT Y B . 95°C Smin; 95°C 30s, T,45s,
72°C 45s, {E¥F 34 7%; 72°C 10 min; 4CHELE,

NS IE, 18] 35 pl PCR =4 b A2 1% i vy
b4 3.5 pl, KM 95°C7ZEPE 3 min, 25°C&E 1
2min, ACHEAE" BIFEFH#E PCR AN AT 48 P 0 o
PESSRE , BEAE 10 pl n A 96 fL AR, [\
AF A 1l LC Green 6 4e kL, FfLA 15~20 pl 474
WA E A, Y RIRE 3 EKE . 1 Light
Scanner 96 24t AT HRM 2341, SN 45 o I % 4
fif AT AT I 5% Tino
2 %R
21 tRESMSBEIER

T HRM H AR B AR SR K AR AE 22 5%
A 241 SNP AL R — SNP 5 i A7 41, JF ik
I8N . G5R R, B—XhRE & (B A AR 158 28
) TER]— SNP 51943 5 0 v ELAT W Gk i) 22 S0
B TofHZE S5, PEILER 1 & [& 1a, b~& 4a b,
22 SNPRImER—FHEHRHSEFER

M =P TR R RN A 155 24 S~ B A
SNP H7 5 (3 1), FIH HRM FA&, XFix£s SNP fif
BIEBSNRRZP RGN T TS, SR BN,
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Tab.1 Ampliconic sequences of SNPs used in HRM
Tm (C)
519 N PR SERR el
o 5191751 Lo il
Primer Primer sequence Product  Mutation (B /5% A B c D
No. size(bp)  YPe  gandard substance
(wild/mutant)
3 ATAAGAATAGACCAAATACCACT 96 C/IG 78.84/78.50 79.02 78.87 78.44 79.16
AGTAATAGCTCCTGCCAGAAC
9 ATTTTATCTACAGAGCGTTTG 112 AlIG 75.98/76.42 75.84 7592 7657 75.88
GTAGCTGTAATCACTATAATCGT
11 ATTATCACCATTGGAACA 87 T/IC 77.60/77.82 75.11 77.85 75.10 75.08
GTTTACAAGACCAAAGTTTT
12 CCGCTCATATTCAGCCAGA 99 GI/IA 79.94/79.73 79.89 79.68 79.74 79.80
CGGAAGCAACAAGAGCAAT
13 ATTCTACATGGCCTTCTTC 102 CIT 75.40/75.05 76.58 75.02 76.30 75.20
GAGTGGAGGATTTGCTTT
15 GGCAACACTCCGAAGTCT 91 TIA 76.87/76.83 76.90 76.48 76.25 76.82
TTGTTTGGGAATGGGAGT
16 CCATTCCCAAACAACAGA 107 AlIG 77.70/78.02 78.04 7752 7748 77.61
ACTTAGGTTATTCTTATCTTTGC
20 CTTTTTAGTGACCTTTCCAAT 96 CIT 77.68/77.20 76.22 7829 7724 77.90
GCTCCAAATCAAGAAGTCG
21 TTAATCATATCCGCCTCAAT 92 G/IA 79.04/78.54 79.02 79.18 7834 79.10
GGGGCAGCACCTAGTTTT

9 4~ SNP LG 7 ARHREA) TN 28 MRz
[ BA R — kg, HAUMAR T, 19—
B, RS, PRI 1.

23 SNPEANKREHRR HRM BIZER

DA 91 8 240 A S A 80 e FLE AR AR Sy [l — SNP
1YY 1 R BEAEAS R A4 HRM BOBRUE S, 18t
XFE A SNP LS G I WY 38 7= ik 4T HRM 2308, 45
WEI, FFOHBLRARIEHA 24 4~ SNP fi s
(22 X1519), A 94 SNPs o] LIFH T =9ite 7% 4 4>
AR R WSS X AERF S [ — K R 28 1
TRy BRI fR W BT X . Ty (EBCFME, A
(] A5 S SR 67 s R LB 3G 7= ) T (L (R 1), 545
HER PR R AR R T ML, R RMA R NFER
W X 1 23 AR .

M A4S 51 W BT X R A AR U S R R Ay
JEH T 225, WO HF =P FER e, Hip,
514 3, 9, 12, 20, 21, X 5 X519 HF %5 C
REVIGIY 9 1Yy SNP RIS M6, WK 1); 519
11 71 13 A {1 T2 51 B X & (A5 14 13 1Y SNP 3 A4k
TR, VLK 2); 5149 15 20 BRI T 459 D (LAS 14

15 ) SNP srRIZ5 56, UL 3). A KRG
16 [ SNP 43 #IZE BRI 4),

Lo, B A 0 o AR R A 0 e il 4 T I 2
5(Tm>0.3C) s Zad X 4 58 R S hmaf i (BF A= 1/ 58 A8
EN) HRM #HZE B4 7 XF 404 (] 1c FE 1d), Hi
C R A HRM WA 5 575 #Y(G) I A &, i HoAth
BAMKZA(A. B I D) ik i 2 06 15 BF A= AU (A) 1) 04
RIES, RPEXTSH 9 ¥ 481K SNP [FFITE C BE(K
) HRM 73 815 Al 3 4K R HRM 43145 547 B
BRI, ST C R RME,

2 o, B AR5 5 AR 0 i il 26 B g 2
5 (Tn>0.3C); Zead X 4 DGR SR il (BF A= B /R A
AN HRM #2647 He 2B (] 1c AL 1d), Hod,
B XA HRM 5 A 5 5 AR RY(T) (I HU E &, 1 HoAth
BMER(A. C HI D)W ih e i 5 B A= 8 (C) By 0
RIS, KUEXS1Y 139 Wi SNP FE5)7E B BEfA
) HRM 438 5 HAl 3 MR HRM 25 G 25 1
BT, e HF B KRR,

& 3 o, B AR 5 5 AR A g Al il 2 B I 25
5(Tm>0.3C); L2 X 4 G R S hmafl iy (B A= Y/ 5848
RN HRM 2B 4748 be 20 #r (B 1c Al 1d), Hor,
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Normalized melting curves Normalized melting peaks
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Fig.1 SNPtypingin the pedigree C for the 9th primer pairs

b a, by c il d AN TR] A e o3 SRS [R) AR il O A o A A28 ik i 2 RIS L A s e e, Hovp, - 218 i R ARR R AZHY(G),
WOMAARREARI(A), KEAR 4DHORE R AR A
Different curvesin panel a, b, ¢, and d were the melting curves and melting peak for different samples, respectively. Mutation
type (G) was denoted by red, wild type (A) was denoted by blue, and four releasing groups were denoted by gray
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Fig.2 SNPtyping in the pedigree B for the 13th primer pairs

Eta, by ol d AR R 2 o3 S ARTRAS [R) R il RO o A 078 gk o 2 FIOGT L P e, Hrh, 208 i R ARR S AR BU(T)
@2 AREFER(C), KEOMAR 4 MHIRE R AR TRA K
Different curvesin panel a, b, ¢, and d were the melting curves and melting peak for different samples, respectively. Mutation
type (T) was denoted by red, wild type (C) was denoted by blue, and four releasing groups were denoted by gray

D K &AM HRM IR 5 5845 7 (A) Y e 10 0 25, i H At
BAMFKR(A. B HI C)Y M ik iHh £ e 15 B A= 1 (T) iy i
BRI &, RIAEXT514) 15 § 84 A9 SNP FEHI7E D #EA
) HRM 4330 5 HAth 3 MR R M HRM RIS A %5
B R BRTR], ST T D RARM KR,

Bl 4 SR, B A A5 5 A AR 4 A i 2 I I 22
5(Tm>0.3C) ;s i XF 4 5K R S hnife il (B A4 A /5848
AN HRM [k 47 %F b4 #r (8] 1c FIEl 1d), Hordr,

A FZ M HRM W7 5 58 A8 81 (G) ity W AU o &, 17 H A
BMEKZR(B. C 1 D) ik it 2 e 15 HF A= 7 (A ) Ay e
BRI, RFEXT514) 16 ¥ 1549 SNP P FI7E D #EA
) HRM 43 B8 5 Al 3 MR R HRM 3 RIS A &
B AR, ST T A ZRE,

3 itie

H R %25 A5 2004 AF it B0 = Ptk 18 i 3 5H T
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Fig.3 SNPtyping in the pedigree D for the 15th primer pairs

Flta, by c il d oA TR T2 o3 AN [R)RE il A o AL 028 e il 2 RO L s e, v 208 i R ARR SR T (A),
WA MAACRIFARI(T), KEMRRE 4 DBRE R AR
Different curvesin panel a, b, ¢, and d were the melting curves and melting peak for different samples, respectively. Mutation
type (A) was denoted by red, wild type (T) was denoted by blue, and four releasing groups were denoted by gray
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K4 51916 P HFIITE A KR (AIG 5728 RL) by SNP 3 #4521
Fig.4 SNPtyping in the pedigree A for the 16th primer pairs

Kb a, b, ol d AR A T2k 20 s AR [ f O AR HE AL et 2 R0 07 p e i, Horpr, 2D @ 2R AZH(G),
Wi ACRET A AL(A), KEMRER 4 DR K R A FAAE
Different curvesin panel a, b, ¢, and d were the melting curves and melting peak for different samples, respectively. Mutation
type (G) was denoted by red, wild type (A) was denoted by blue, and four releasing groups were denoted by gray

WAMCHE AR AT TS, BT AR 48 et o
#bRic (Okamoto, 2004) ; Ji& £ XA “# 344 L BT 3 Fh
HMIRARIC (AR 2 ARic . BRSNS 2 AR e SR R A
&R 98 E b g ) B R FE JE IR (Jasus verreauxi) b
T R 4 R T (Montgomery et al, 2006), {H %2645 AR
N AE =Pl T — 2 & B RO
PIAR, HIFRRET . — =R FEE s R AR
PR EA T Z W, T MRS HER P ;

12
w

73— 7 T AN AR IE X B AR 12 X G 1 B AR A AE — 2 1)
Wi, AMUGEmHESENER AT, R
TR ARG R . NI, FRATHEAT T AR 32k Y
2 R VTN 0 NS 04 VO 1B L 7ol ) V. e 1 |
AR AR I TR B HOR AR X 4 . =l T
g BA 0 KA, — R B n] ™ 20~30 J7 H

B, P, A REAR R AR AR, W5 R
AR BB AL RRAE , 35k Rk T 7 K 3 ) ak
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BRI B] TR A5 0 FARMC I TAE R . LUBEHTES =itk
TR VGBI TG S A, R AR N DO =
MR EE 298 600 J7 H(#EEESE, 2013), X H
A4 F 20~30 5 £ (20~30 AN SEA) B P2 AR 1Y A0S
WHR AP IITE 4 DR R P E R 94
SNPRicH, SEbr HAREE A 4 s mT LUE 4 4Nk
MERIATIER LN, 2R, %50 20~30 4~
R ZFTT SNP bric B8t 72 20~30 4>, #£&
B/, sk (2014)FFH HRM AT & i 7 4~ SNP
S, T AR % (Trionyx sinensis)AS [A] i & 1)
%99 ; Zhang 45 (2009)£: 2= F1 H SNPs 111 2 4~ 5845 7
U] R th AR 402 B (Eriocheir sinensis) 5 45 T 45 2
1% (Eriocheir hepuensis) % HI 3k . IbAh, R FLpbiik
LA A, H B SNP BRic X 48 51 36 5 0
AR H AR R FAZ 3 R 4H P A s T2 AT SNP AR
BIBF ST (A HE L4 2016; 2535 T4, 2016) A R0R
R, AHEFE R LR AL 4 SNP bric/E A HhH
R B 4> F AR B E ARSI AT T, R sk, WL
HRM $2K , DT HLA w3 B 094 2

AT HER A A IR (HRM) 23 BB AR HLAT 3
o R AR DA KRy S SR AR o E T B FH T K
PRI 2 S TR (S A AE, 2013) BRI VR TR A%
TE (T, 2014) % 07 1. PRI, MRS LA L HRM SNP 43
RUFE AR AT TG IR 5 22 B JE AL L, A T I o AR
REYATAEEE, AHIEZE R I B 004 RURE 5 (B A= 784/
RASENVE PR eSS, SRR E REHAHETT HRM
P dr, 4R, XS SNP 5IHAa Y BRE L T
XTI B AE i 5 R R AARENE) PCR 7= My 44 ik W AH
Z (B 1~ 4), HERZNG Tn B —H 08 R R,
FUM TR S T SNP A RIRYHER M, T =0k
P o o 0 R S R T T AR 9

NS5 B4R B S H L P DA Y ASHIFST O o e B
SCAKERE, X N AR 5E /Y H 1) 22—l 2 A 22 Z W
ARBAEH BT R, 1T AT OB 17 %58 o
HEBFHEIET : — 7w bRoi o v =i 7%
RN A FEFEN TR, R
VR TEF AR ONEE , CEEMIRIS AR B—m
AT 5 2R FH 1 247 (4 5 PR A 0 7 A A 18 B T30 A i
FWATEAAARMBRGFER, XEHmZHR A DNA
R R S ULE R . 2Rk DNA J& T 41 i A% shist
LW, kiR DNA ol B S5 (L 4 Tk
(Spuhle, 1988), K, ZbnicdE & H TG =P
TIEAE N0 45 R A ) B 38 B O A F AR oY, HE
AR R R BEAR [ 2R DNA _F 9 5E 1 SNP R
it BUATXEAS R RBER A TS, AT ZEACA M

B EMEE . 51 DNA L, Zkiik DNA i#E
A IS A2 B IR 2 77 A A 0 fik il 2 1 XL
W (ZE 20 805, 2013), P, AL SNP 4rBUAH L,
kiR SNP ) HRM 3 BIZE a3 T

B2, ARG TS R RO R R =il T
FRI 2R LA S SNP HRM 4315 57 3 AT A 550C% ) T
OGO AR R R R B, skt TS . 41k
SEABBEFRIC T VL S AR VR M | O N 5 L2 B R bR
B TAER IR AR .
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I dentification on Stock Enhancement Pedigrees of the Swimming Blue Crab
Portunus trituberculatus Using mtDNA SNPs
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Abstract The wild population of Portunus trituberculatus, an important economical speciesin China,
has been dramatically decreased in past decades due to over capturing. To recover wild germplasm
resources of P. trituberculatus, the activities of stock enhancement were performed, and the released
individuals were about six millions each year in Haizhou Bay of Jiangsu Province. To eva uate the effects
of stock enhancement, we utilized molecular markers (mtDNA SNPs) to track the released pedigrees of
P. trituberculatus. Previous studies identified 22 SNPs of mtDNA from P. trituberculatus, which were
used to trace four released families (on behalf of 0.8~1.2 million released individuals) (A, B, C and D) by
HRM (High resolution melt) technology. Nine of 22 SNPs were usable, which resolution melt curve were
coincident between female parentages and their offspring. Furthermore, the nine SNPs could be used to
distinguish the four families, in which the parentage C, B, A and D could be differentiated by 5, 2, 1 and 1
SNPs, respectively. Our results indicate that the mtDNA SNPs, combined HRM technology, is a
wonderful technology to evaluate the effects of stock enhancement of P. trituberculatus.
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