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Fig. 1 Sample location sites of S. constricta populations
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SNPRLRFFIERHRE  AWAHTRHM
LRI SNPAL mi K UR T O K R SCHR[28], 27 Lk
184MOL 15 (K 51 W 7 51) J2 PCR N A 2 AT B AR
BENLY 5 18, XUl 3 A B4z, 159 247 2
ERFHE B . K Primer-blast /7% 1% i+ SnaP-
shot¥ 34 5| V) FIIEAH 5| (K 2).

SNaPShot 75 7 M & e, KA
S PI3RFPCRI= W) F- 44k . PCR MR 2420 uL,
fLFEKAPA 2G Robust HotStart ReadyMix(Roche)
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Tab. 1 Sample information of S. constricta populations

N SR H] KFEHh = Fei 7k T o
Population Time Location Size  Shell height (mm) Shell length (mm) Shell width (mm) Total weight (g)
- 37°36'03.76"N,
IHEAEFKEDY  2017.10 11855735 68"E: 40 18.37+1.75 58.32+6.08 12.90+1.41 7.33+2.03
WHT RYQ  2017.10 12513,?45,37‘903% 40 20.05+1.47 50.1544.37 14.60+1.25 10.89+1.97
N 23°55'34.12"N,
WEEZEYX 2017.09 11799615 68"E 40 16.73+1.84 50.65+6.55 13.01£1.68 7.14+2.43
Y 20°33'05.11"N,
JTARBNTZI  2017.09 109°49'37. 88" E: 40 15.71£1.09 47.16+3.03 11.70+1.40 5.35+1.07
PEMQZ 201709 21°40'03.38"N, 40 16.04+1.44 46.38+3.59 12.70+1.69 5.98+1.89

108°43'26.97"E
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1.0 uL. PCRJMFEFA: 98°C AR M 2min, #3594
RN, B —E A FE98 CAL P 10s, B (T, W,
% 2)10s, 72°C @M 10s, g — 772 °C ZEfif
Smin. WG T4C FRGE. P>~ H
1.5%BE IR FE B AT I, S A B =P )a, LR
PCR= W) 2R 2 [El U 4l Ak X 77 &2 (R &, GO-PCRF-
5000)4l4LPCR“4) o

HIR, 2EfHbrid A4lifl . SnaPshot PCR W A&
% N5 uL, B$5SNaPshot Multiplex Ready Reaction
Mix(ABI)0.8 pL, #tRk (iR 244k PCR4)2.0 pL,
FEAH B PR 2)1.2 uL, J1ddH,0%5 pL. PCRX M
FEP N 96 CAEPESmin, #EA25 MG, & —THH AL
F596°CARPE10s, B (T, i FE WFK 2)5s, 60°C FEfH

30s, fixJ5 — & 60°C IEMH Smin. 7F B 45 5, i3t
1752k 4k, 7£4F 1~ SnaPshot PCRF=#) 9, I
SAP(1 U/uL)0.5 uL, 10xSAP Buffer 0.5 pL, 37°C i
H 1h, 75°C 15minKiFSAPEE, —20°C LRAF -

5, KEISNPA, SRR . RBARRS pL, £
FEAAR (52K 44k P~ 4)0.8 uL, HiDi+GS120 (ABI)
TR H4.2 uLo 95°CARYESmin, fFiEE FFE|4°CJE5E
i, %5 E5001000 t/minji, 5 F ABI 3730517 B41%E
Hi3Kk, GeneMapper 4.1 #4773 85011 .

1.3 HEHHh

FR G L5058 S 1 SASSNPAL 5 3 (R 70 4 1 4%
R, N HPopgene 1.32 #AF i+ 5H 45> SNPA fi A
EEN RN EU(N,) shannonf& (1) MG

R 2 49%ESNaPshoti 3|52

Tab.2 Sequences of SNaPshot amplification primers of S. constricta

519 LY IB K FEAH 5] 45 5 IB K
Primer ID Primer sequences (5'—3’) T, (C) 5' tail length-Primer sequence T, (C)
ScSNP-1 TTCTTATGTGCGCTTGATGC 60.0 (T)s-ATATATTATTTAACAAAATTTCT 44.6
AAAACGCCGTCGAGTACCTT 61.0

ScSNP-2 CTCCAGAGCGCAAATACTCC 60.0 (T);-AGTAGTGTGTCTCTCTTTAATAAATAATTTG  56.9
ACAAGCAACCAACCCAAGAC 60.0

ScSNP-3 TATTTGCACCAGCTCCCTTC 60.2 (T)20-GAGGCAATGGTTTTCCTGTA 57.7
GCCTTCAAGGACCAGATCAA 60.2

ScSNP-4 CTTCCACTGGGCATACTGCT 60.3 (T)25-GCACTTTATCCGGATCTCAAC 58.7
GCGGAGTTCGGAACATTTTA 60.1

ScSNP-6 GCGAAGGGACTTCTCAACTG 60.0 (T)34-CAGCACACAGGCCAGCAT 62.1
CCACTTGGGTGGTGAAGACT 60.0

ScSNP-7 TCGCACACTTCACATGTCTG 59.4 (T)24-CTCATGCATTCTTACACTGTAAGAAT 58.1
TCCTGTGCGTGTAAAAATCG 59.7

ScSNP-8 CATTTTGGGCATTTTTGCTT 59.9 (T)35-GAACACTGCAGAGCACCCAA 62.4
TCATTGAACAGTGGCTGCAT 60.3

ScSNP-9 CATTTTGGGCATTTTTGCTT 59.9 (T)10-GAACACTGCAGAGCACCCAA 62.4
TCATTGAACAGTGGCTGCAT 60.3

ScSNP-10 CGTCTTTCGTCAGCTGTGTA 57.95 (T)1o-GTGTAGCCCCGATCGCC 62.6
CGGCATAAAATCAAGCAAGA 58.9

(T)-CTTAATCTACATGTAAA

ScSNP-12 TTCACGCTACCAGTCAGTCG 60.0 AATTGCATATAATAAT 57.7
TTTCCGGATCAAAGAGTTCG 60.2

ScSNP-13 ATAGGCCGGTACAACCCTTC 60.2 (T)33-GCGGACAACGAGGCC 59.8
ACACCAACGGCCAATAAAAA 60.2

ScSNP-14 CACGCAACCATTATGTCCTG 60.0 (T)3;-GCCTGTATTGACAGTTGAATTAA 56.1
TATGGGGTCGTGGTTGATTT 60.1

ScSNP-15 CGTGCCTTTTCCTTCCTAGA 59.4 (T)g-ATCCATATTGCTTTCTTCATCTCC 59.8
CAAGAGGTGAAACCCATCGT 60.0

ScSNP-17 CAAGCAACTGTCTTGCGTGT 60.1 (T)15-GATACGTGACCTTTTCATAAATA 53

ACCCCGAAAAGCCTTTACTC 59.6

ScSNP-18 TTTCCCACCTCACTTTCGTC 60.1 (T)2p-CCTCATCATCACCTTTATCACTTG 59.9
TTTGCCCAAGAAATGGAA 62.5

GAAC
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(H) MEEIRETE(H,) B/ NEALEEF S (MAF).
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HWE). Nei’ st A& AHLLE A AL 2 . 3@ STRU-
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¥y, ¥ Delta KAA i E fe R BEEL, X110 € 1
K&, EHE 47 Structuref£ #1000k, & IXK{E
10000burn-inJ& il 32471000045, 3545 B4 fr i 4%
g5t B H Distruct 2P 1 i . K H Arlequin3. S84
X AR 1T AMOVA(Analysis of molecular varian-
ce) AT, FEUH R R B A (Fy) o AR HEHE AR ]
B FE 2 B, FIFHIMEGA4.0XF 5N BEARHEAT TR 2%
AT, M UPGMA SRR, DL R & MR Y

2 #R

2.1 SNaPshoti/ #E5|¥)E 2K E

A7 5 ScSNP-5. ScSNP-11HIScSNP-163l 5 45
SRAFAEAT 5 ORI G, (R G AE i 8 s e 2
POXIAMAL . RIS ST B8 ME, &
XU [a) Iy A0 HF 8 5 3R A P AIUAE B . iR#ESNaP-
shot 3| &t 5 |, 22 SNPA 5 I Uk [28]H &
BF R AR, 154N 55 2 S 3R A2 4 9 1 51
JF AN RN AR B P)JF51(FR 2).
22 ‘ERERHARR AN

X154~ SNPAL s 7E S FEAR 1K 7 BY 45 SR gk AT 38t
FEEERIGEiT o0 b, S5 R EoR, DY YQ. YX. ZIF
QZIWF I3 3 S5 AL 2 I EU(N) 73 2 1.754,
1.555. 1.558. 1.533F11.519; *FHFRIEEUI) N
0.605. 0.501. 0.502. 0.489F10.471; ~F- 35 Wil 4%
HEE(H)N0317. 0.282. 0.282. 0.265F10.285; *F-
PIWEE J 5 B (H,) 0.423 . 0.336. 0.338. 0.325F0
0.313; P45 /N FE R (MAF)H0.336. 0.241,
0.238. 0.2344110.229(F 3); =% & TESNP(MAF =
0.30)07 55 H0N9. 5. 5. 4F14(18 2).
2.3 GERREHALENI AR

K F STRUCTURE# At /3 A BEAR &5 44, 13225
FHEKAE3—10, TR IS . R Delta KIH i K KA
SE B PR RO S 3), FREH2004 L& AN A 1]
PLEI> SN SEEE. FET 15 SNPERIC 2 Hr &AM HE
i FRTIE A% 2H 93 E AN R 1 A 7 b, LA75%K
Tt 1 EE AR R o i 4, 2004 MRS I J 45 IR
WK 4, ESPREES, BAEKL BRE2. KR
3. RBREAR B RRS o545, 38, 46,
3HBINAME . R 4RI T SMHHARLE A TR KL
AT LR, ARE AR TR 39. 7% AR A 8 B R
5755, T8 B R 1 —4RAMATLE11.9%—17.4%,

IRIEFEAAT = 8 BEAA 2 1 34.9%H134.6 % 1 M4
I8 B FR I3, WL R A 31.3% 1M )3 & 2
BAFEL, RN B TG 30.8% AAMA I &8 2 B 2552,
24 GEIEEHAAMOVAS i RIEE S

. AMOV AT 448 SA B4R (1) 3845 A8 S 10047
MR S), iR TR T, SAHBEEBE AR 4y 24,
RV A B R A R SRR AR A, ok 2HL A, B4R ) R0
FEAR P9 AN 18] (1) 388 4% 28 57 23 301 SN 4.67 %, 3.31%F1
92.02%(P<0.05). %I 347, 53 N34, 93.38%
(175 55 5K AR Y /MR ] (P<0.05) o i W84 5 1
Z RN I8 A% 344 (Fg) (B 1E-0.0061—0.0829, H iR
TEBEARAN = 5 B, BRI R M B A P O B35
ZEF(P=0.05), HRBFARN Z B F 22 7 0% .
Reynolds’ it % FH 55 7£.0.000 (E: VT BE A4 A 40N EAA)
—0.0865(Z 5 HEAAR AT LHFAAR) Z [0 (3£ 6).
25 EREERAEEREASN

FE T 154 SNPAL 210 B 4 02 5 Hhy 23 3 4 (1)
Nei’sist AL HBUEE A AL B 8, 45 RN 7. FEAAM
PR 2 I8) 38 4% BE B ££.0.0023—0.0537, AL MLl 7R
0.9477—0.9977, A B4 1=y (1384 AR AL 15t B S A
Hh B A B AR s AR S5k . b, AR AN
BN AR A 1 B9 45 75 (0.0023), 5RiE BEAA RN 2= 5 B
PRI BE B IR 2.(0.0026), A5 BER S VT R st
15 0 B8 5 328(0.0537) . Nei’siit AL 245 BEIR, K
THEREARTE 2 8 B SR AL — D, MR R AN O A 4
RAE—, 738 BRI A4 B I A% I 125 iz,
B —3C (] 5).
3 iTig
3.1 EREEHAREZEMS

BRI AL 22 M iR A R, 8% S8 55
BN, BRIBE(D. WIZREE(H,) S
A BE(H ) R e /NS R R (MAF) 85 11K/ [
T BB AE 2 FE VKT, R BROR, U B
FEEE. AR RERMA, SMBIRTIN S
1.519—1.754, I’§0.471—0.605, H,40.265—0.317,
H_40.313—0.423, MAF 90.229—0.336. Jiang%5™"
FIH RAT 5 1 B S SN PJE [K] 43 U 5 R (Sequenom
MassARRAY) 7t 1 K s 1 B A2 EAR ) 382 4% 22 1
P, N.N1.328—1.341, H,)90.190—0.253, H. N
0.273—0.320; Dong % 1 Fil FI 8 73 H% < v At 2%
% (High-resolution melting, HRM) 7 ¥ 1 #5584
BEAR 384 2 HEME, H,090.2664—0.2760, H N
0.3188—0.3280. LilHFAARI A=A B = T KiE M
g2, TR, BATTHHEDN SA ek 4 ) a8 4% 2 AE P
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Tab.3 Genetic diversity summary in five populations of S. constricta from different SNPs

PE1K BH 7 S Locus
Population Parameter Sc_SNPSc_SZNPSc_S3NPSc_Si\IPSc_Sg\IPSc%\IP Sc_Sg\IP Sc_SgNP S(ﬁl&l}’ Sc_?IZ\IP S(ﬁg\l}’ Sc_?ZIP S(ﬁIS\IP Sc_?I;IP Scﬁgﬂ)
RARE N 1.8408 1.4839 1.9988 1.9036 1.4060 1.4060 1.6988 1.3846 1.9792 1.8938 1.9792 1.9781 1.9984 1.4506 1.9107
DY 1 0.6492 0.5074 0.6928 0.6676 0.4637 0.4637 0.6017 0.4506 0.6879 0.6648 0.6879 0.6876 0.6927 0.4896 0.6696
H, 0.4706 0.0513 0.3750 0.4750 0.3500 0.3000 0.2105 0.2821 0.3333 0.7105 0.3846 0.0000 0.2857 0.2308 0.2973
H, 0.4636 0.3303 0.506 0.4807 0.2924 0.2924 0.4168 0.2814 0.5012 0.4782 0.5012 0.5011 0.5068 0.3147 0.4832
MAF  0.35290.2051 0.4875 0.3875 0.1750 0.1750 0.2895 0.1667 0.4487 0.3816 0.4487 0.4474 0.4857 0.1923 0.3919
HWE  0.9282 0.0000 0.0957 0.9394 0.0954 0.8632 0.0025 0.9878 0.0858 0.0126 0.1402 0.0000 0.0079 0.1121 0.0530
WHLARE N 1.9836 1.1900 1.9036 1.6000 1.6000 1.1655 1.5662 1.2800 1.5031 1.7817 1.9882 1.0512 1.6514 1.2639 1.8000
YQ 1 0.6890 0.2967 0.6676 0.5623 0.5623 0.2712 0.5474 0.3768 0.5173 0.6306 0.6902 0.1169 0.5835 0.3638 0.6365
H, 0.7879 0.1250 0.5250 0.3000 0.4000 0.1538 0.0526 0.2000 0.2750 0.6500 0.5128 0.0000 0.0000 0.1316 0.1111
H, 0.50350.1617 0.4807 0.3797 0.3797 0.1439 0.3663 0.2215 0.3389 0.4443 0.5035 0.0494 0.3999 0.2116 0.4507
MAF  0.45450.08750.3875 0.2500 0.2500 0.0769 0.2368 0.125 0.2125 0.3250 0.4615 0.0250 0.2703 0.1184 0.3333
HWE  0.0006 0.2117 0.5524 0.1906 0.7266 0.5183 0.0000 0.5500 0.2442 0.0004 0.9067 0.001 0.0000 0.0435 0.0000
HELE N, 1.9627 1.2495 1.8594 1.7241 1.4382 1.0778 1.6000 1.406 1.6000 1.9036 1.8766 1.0512 1.6000 1.2800 1.7373
YX 1 0.6836 0.3517 0.6548 0.6109 0.4826 0.1599 0.5623 0.4637 0.5623 0.6676 0.6599 0.1169 0.5623 0.3768 0.6155
H, 0.51720.2250 0.3750 0.4500 0.2750 0.075 0.0294 0.2500 0.3000 0.7750 0.4872 0.0500 0.0625 0.2500 0.1111
H, 0.4991 0.2022 0.468 0.4253 0.3085 0.0731 0.3806 0.2924 0.3797 0.4807 0.4732 0.0494 0.3810 0.2218 0.4304
MAF 0.43100.11250.3625 0.3000 0.1875 0.0375 0.25 0.175 0.25  0.3875 0.3718 0.0250 0.2500 0.1250 0.3056
HWE 0.84180.31320.2051 0.7062 0.4971 0.7801 0.0000 0.3724 0.1906 0.0000 0.8511 0.8728 0.0000 0.2842 0.0000
I"HREHT N, 1.5806 1.1484 1.9854 1.6164 1.3389 1.0778 1.8883 1.4706 1.6335 1.9792 1.9792 1.1327 1.2565 1.4098 1.4979
VAl 1 0.55390.2522 0.6895 0.5693 0.4204 0.1599 0.6633 0.5004 0.5763 0.6879 0.6879 0.2338 0.3576 0.4660 0.5147
H, 0.3636 0.1389 0.4000 0.4615 0.2432 0.075 0.0000 0.3000 0.4211 0.8462 0.3333 0.0250 0.0256 0.1765 0.1579
H, 0.373 0.13110.5035 0.3863 0.2566 0.0731 0.4769 0.3241 0.393 0.5012 0.5012 0.1187 0.2068 0.2950 0.3368
MAF  0.2424 0.0694 0.4571 0.2564 0.1486 0.0375 0.3784 0.2000 0.2632 0.4487 0.4487 0.0625 0.1154 0.1765 0.2105
HWE 0.88350.5846 0.2163 0.1835 0.7501 0.7801 0.0000 0.6386 0.6471 0.0000 0.0329 0.0006 0.0000 0.0299 0.0020
T AN N, 1.6353 1.1577 1.9854 1.8938 1.3197 1.0526 1.5321 1.3197 1.6318 1.9882 1.9792 1.0526 1.3109 1.2389 1.6807
Qz 1 0.5771 0.2627 0.6895 0.6648 0.4068 0.1192 0.5315 0.4068 0.5757 0.6902 0.6879 0.1192 0.4004 0.3425 0.5949
H, 0.2500 0.1471 0.4000 0.7632 0.0769 0.0513 0.0263 0.2308 0.4250 0.8718 0.5385 0.0000 0.0750 0.1622 0.2564
H, 0.39400.1383 0.5035 0.4782 0.2454 0.0506 0.3519 0.2454 0.3921 0.5035 0.5012 0.0506 0.2402 0.1955 0.4103
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Fig. 2 Minor allele distribution across five S. constricta popula-
tions using 15 single nucleotige polymorphisms
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Tab. 4 Proportion of analyzed S. constricta populations in each of
the five clusters

HEM 5 ZInference cluster
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Tab. 5 Analysis of molecular variance among S. constricta populations

SR Data set AR B RYR Fl B Degree /5 72 5 FSum /7 % 43 it Variance 4% 5 [V ffl Percentage I 35 P 4G
- Source of variation of freedom of squares components of variation (%)  Significance test P
9y A FIFRGH #H[A] Among groups 1 15.589 0.07631Va 4.67 0.199

Wild and hatchery 4 1 FEAK )

Among populations within 3 17.466 0.05399Vb 3.31 0.000
groups
HE4AR P Within populations 395 593.712 1.50307Vc¢ 92.02 0.000
M1 Total 399 626.768 1.63336 100

ﬁﬁi@ﬁj\fﬁ 21 [] Among groups 2 30.599 0.10993Va 6.83 0.063

Ecological AT

distribution ; s
Among populations within 2 2.456 —0.00344Vb -0.21 0.494
groups
FEE44 P Within populations 395 593.712 1.50307Ve 93.38 0.000
M1t Total 399 626.768 1.60956 100

F 6 B9 LHIReynolds’ E{EIEE

Tab. 6 Pairwise genetic differentiation (F) and Reynolds’ genetic distance among five S. constricta populations

& Population IR EDY BT IRIEYQ WEZHEYX JTARHTZY ]V INQZ
IR KEDY 0.0749 0.0681 0.0865 0.075
WHLRIEYQ 0.0722* 0.0024 0.0795 0.046
WHABEYX 0.0658* 0.0024 0.0665 0.037
JTARHITZY 0.0829% 0.0765% 0.0644* 0.000
JTHEINQZ 0.0722% 0.0446* 0.0360* —0.0061

T AL EL T A AL, X 2R LD 9Reynolds® 1842 B *FRORBEAPITN L A A% 2040 72 7 R 3, P<0.05
Note: Pairwise genetic differentiation (above diagonal) and Reynolds’ genetic distance (below diagonal). * Significant differences of
the pairwise F value, P<0.05
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Tab. 7 Nei’s genetic identity and genetic distance

FE{APopulation IR AREDY WL ARIEYQ WESEYX I ARITZY I PEEINQZ
IIARFEDY 0.9657 0.9637 0.9477 0.9569
WL ARTEYQ 0.0349 0.9974 0.9642 0.9803
WEREYX 0.0370 0.0026 0.9636 0.9777
T ARIETZY 0.0537 0.0364 0.0371 0.9977
I PEINQZ 0.0441 0.0199 0.0226 0.0023

T R 2 LT A B B, A 2k DA L st AR B

Note: Nei’s genetic identity (above diagonal) and genetic distance (below diagonal)
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Fig. 5 UPGMA clustering of samples based on Nei’s genetic distance
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GENETIC DIVERSITY AND GENETIC DIFFERENTIATION ANALYSIS
OF SINONOVACULA CONSTRICTA POPULATIONS
REVEALED BY SNP MARKERS

TENG Shuang-Shuang', HU Gao-Yu', FAN Jian-Xun’, CHAI Xue-Liang' and XIAO Guo-Qiang'

(1. Zhejiang Mariculture Research Institute, Zhejiang Key Laboratory of Exploitation and Preservation of Coastal Bio-Resource,
Wenzhou Key Laboratory of Marine Biological Genetics and Breeding, Wenzhou 325005, China;
2. Sanmen Agricultural and Rural Bureau, Taizhou 317100, China)

Abstract: In this study, fifteen single nucleotide polymorphisms (SNPs) were used to estimate the genetic diversity and
differentiation among the five populations of Sinonovacula constricta (DY: Shandong Dongying population, YQ:
Zhejiang Yueqing population, YX: Fujian Yunxiao population, ZJ: Guangdong Zhanjiang population, QZ: Guangxi
Qinzhou population) based on SNaPShot method. The average values of effective alleles (,) varied from 1.519 to
1.754, average observed heterozygosity (H,) varied from 0.265 to 0.317, average expected heterozygosity (H,) varied
from 0.313 to 0.423, average Shannon index varied from 0.471 to 0.605, and average Minor allele frequency (MAF)
varied from 0.229 to 0.336, which showed high genetic diversities of the five populations. The optimum K value ob-
served by STRUCTURE program was five. The proportion of the five populations in each of the five clusters ranged
from 0.075 to 0.397, and none of the five populations gathered into a single cluster. The pairwise F, the genetic iden-
tity and the genetic distance ranged from 0.0061 to 0.0829, 0.9477 to 0.9977, and 0.0023 to 0.0537, respectively. The
UPGMA tree generated from the genetic distance showed the five populations were divided into 2 groups. One group
included DY population only, indicating DY population was the farthest away from the other populations in genetic dis-
tance. The other group consisted of two clusters, one of which was YQ and YX populations, whereas the other one in-
cluded ZJ and QZ populations. Our findings revealed the genetic structure of five populations that most of the variation
comes from within populations, which is further confirmed by the high genetic identity and the low genetic differentia-
tion of these populations. As a result, frequent introduction of adult clams and juveniles during the culture of S. con-
stricta may be responsible for low genetic differentiation.

Key words: Sinonovacula constricta; Single nucleotide polymorphism; Genetic diversity; Genetic differentiation



