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Tmin. BT 4C TR 89 H
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70 SR AT s O i vt e L A U, i R R e £, X
S L. BTSSR B AR R
155 BOR JGRFE L 1.
1.3 HUEAIE

N FHSPSS 21.04¢ 173 B fA4Fxd Je i 34~ 2K AR 1
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PR LUK G, 2 B P e v s U A B
KNGt 447, N Popgene 1.32 A1 E M B A
Sl AL R BN, « A RS 3 BN, -
shannonB #(1). ARG (H,) WEREE
(H,), Nei’ sttt A% FBUEE st B 85, N AR - iR A 4%
“F-1#7{E (Hardy-Weinbergequilibrium, HWE), F{Bon-
ferroni correction Xy Mg iR AT &5 Rt AT 1IE . RE
F A A1 A% B S 0, FIFHMEGA 4.0 342K Rtk
TR, I UPGMA RGiM, LUK &
FENFRAMEG K REIE. 28525 EPoly-
morphic information content, PIC) it 2 i Bot-
stein” K17, THE AR
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PIC=1- (ZP,-2> =D ot
i-1 =1 j=it1

b Py, PRI RS A ST FE DR 1A R 43
AL B SRR R

K F SPSSH A H 1 — M 26 14 B A (General 1i-
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Tab. 1 Primer sequences and amplification information of 18 microsatellites in 7. granosa
A= Gk sl L FEF) TR KR Frols

Primer Primer sequences (5'—3’) Repeat motif Annealing temperature (‘C)  GenBank Accession No.

Teg-01 F: ATATAGCAGTGTTGCATTGGT (TA)¢ 55 IJN700020
R:CATTGTAAAGATACTGGGCTTT

Teg-03 F: ATTTTGCTCATCAATCAGTTG (TA)s 55 IN700022
R: AGGAGCAAAAAGATGAAGATT

Teg-05 F: TAGCACTTAAATCGCAGGTAG (AGT)s 56 IN700024
R: ATATCAACTTGCTCCGGAAAT

Teg-06 F: GGTCACACTATTGGACATGC (ACA)¢ 56 IN700025
R: GAACACTCCAAAATTGTCTGA

Teg-07 F: GGTGGATGTTCATTAATCACT (TTA)s 53 IN700026
R: ACACAACCATGATGTCTTAGAG

Teg-12 F: TGTGTGTGTGTGAGAGAGAGA (GA)g 55 JN700031
R: ACTTTTTGCTTTAGAGGGACT

Teg-14 F: CTATCAAGGACCTGATGACAG (AAT), 53 IN700033
R: ATGACACAGTGCATTTCATA

Teg-15 F: TTCGCACTTAACGTTATGAAT (AT), 55 IN700034
R: ACACAAACATTCAAATGATCC

Teg-16 F: AAAGTATTCCAGTCTGGTTCTG (TA)g 54 JN700035
R: TGTTTAATTCTTGTGATGGGTA

Teg-17 F: CAAGTTATCAATTTAGGCCTTC (GA)j; 54 IN700036
R: TGGAATGTGTGTTTCACTATG

Teg-18 F: GTGACAAGTATCTTGCTTTATTT (ATAAT); 52 JN700037
R: ATCAGAAGTCCCCTGTTTACT

Teg- 19 F:ATTCGTAATTTCCACAATCA (AT), 54 JN700038
R: CTTAAGACTTGAGCAAACATGA

Teg-20 F: ACACACCAACACTAAACCATC (TA) 55 IN700039
R: TTTGAGATTTGGAAGAACACA

Teg-26 F: TTACCACTGTGTAAAGTTTATCT (AATC)s 55 IN700045
R: AGGAGACGAGGCTTTTACAT

Teg-30 F: TCACTGCAAATTAACATTACG (TG), 52 IN700049
R: TTGTTCTCTGTTGGATCACTT

Teg-32 F: TGTGTTTGCACATTTAGAACA (TTAT)s 54 JN700051
R: AACACAACTTGACAGCAGAAT

Teg-34 F: AGCACATTAGGGGAAATTAGT (AT)g 54 JN700053
R: AACCACTCATAAATGTCATGC

Teg-35 F: TGTGCACCTAATATTTGACCT (TA) 53 IN700054

R: AAGTTGAATCTTGCTCTCGTA

ITRLE, FFEAT BN B 35 1 22 R (Least-signifi-
cant different, LSD)[ % 5 b8, 13F 1M 49 A 55457 2L [A]
IR N R ITRE S v H & A S AE K R AR
(173 &5 LR B A A 1 fl R st A% e A o

2 #R

21 CREARRZREKMERGE IO
N FISPSS 21.03 4 X R BH 3N G2 5K &R 7E24 B

BN KRS HO T Sb . R WNER 2, KR
F19f58 51(16.15+0.17) mm, 7%1:(21.41+0.22) mm,
79 (14.2240.16) mm, & Jf £(3.20+0.10) g, 5
F21. P22 ML, AR R A KIS . s i
S HTANK-SHFEA IEZS 70 AR 3o K R kAT IES 4
ks, 2R ERINFRAE. 7wk REAL
Ji R 5/ T, PEIRT0.05, EARFAIE
oA, EEAEbRE SRR T A RLGER 2).
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Tab. 2 Descriptive statistics of the phenotypic traits and normal distribution test in three families of T. granosa

K& ERN *F-¥J{E+SD T 353 K-S ok 2
Family Character Mean£SD Skewness Kurtosis Kolmogorov-Smirnov Z PlE
F19 7%= Shell height (16.15+0.17") mm 0.51 0.51 0.91 0.37
7% K-Shell length (21.4120.22") mm 0.57 0.29 0.72 0.68
5% %% Shell width (14.2240.16") mm 0.43 0.25 0.98 0.29
2 B Total weight (3.20£0.10% g 0.93 0.64 1.03 0.24
F21 % i Shell height (15.04£0.20") mm 0.21 0.62 0.55 0.92
72K Shell length (19.7240.25") mm 0.16 -0.28 0.58 0.89
7595 Shell width (13.13£0.18") mm 0.01 ~0.13 0.62 0.84
J i & Total weight (2.5940.10") g 0.83 1.68 0.48 0.98
F22 5% Shell height (13.71£0.16°) mm 0.14 ~0.41 0.58 0.89
71 Shell length (18.07£0.20°) mm 0.00 ~0.47 0.51 0.96
7555 Shell width (11.50+0.14°) mm 0.26 -0.51 0.47 0.98
S f E Total weight (1.92+0.06") g 0.75 0.45 0.71 0.69

T FEA FVER LB AN R 7 B R IC RS 2 573 0%, P<0.05

Note: Values with different letters within the same character in the three families indicates significant difference at £<0.05

22 = NNREREMNMIEEEEHSH
185 51 ) JLAG I HH SO [, Hp R R
F19, F21, F22)~V- 35 55 Aor 5 KT E (V) 43 1) 72 2.500
2.722/012.722; V3594 G AL B R EU(N,) 73 ) =2
1.993. 2.020f12.196; XUl 4% & B (H, ) N
0.446. 0.510110.628; “FI¥MBE & (H)N
0.394. 0.433F110.464; V3% & K5 50(1)N0.669.
0.733#10.780; Z &5 B & &E(PIC) 7 720.346.
0.379F10.403(3K 3). HH Teg-14. Teg-16. Teg-20
M Teg-325: A FEALAEA A K R HA AR 2 &
PR BN Teg-147EF 195 & BTN b 2 80
NS, MELRMXRZTAZENM. Teg-16
TEF22 K N AN 8, TE RN KR P RINA
Z M. Teg-20fEF21 K R N2 &1, 1 1E H Al
2R R PRI RS VEALS, A Teg-327EF225K
R RINZEME, £ R IR F RPN RSN
o VbRt B K R FE R BURRAE, v AR R
KRB EWBEDThRid. B 1ERT 5T Teg-30
TEINFE R MERY S5 R, fEFI9FIF21 K &
HHAg 2N RE R, AEF22 P A 4N A R A
VERH S R ) (1) Nei st 4% FE 25 45 (3R 4), F19A1
F22 ()38 4% B B B /™, N0.362, RIFI AL %
F2 1 FF2238 4% FE B9 e ik, 90.486. FIFHHIMEGA4%>
BT8R, R3S K RIEAT R M, RIS R EWE
(K 2), F195F22% h—32. 2F kiR P4 3
—5

2.3 CRISSREISSEKMRIIMBEXRMESITRS
BHER

RIR3ANF ZBI18/NSSRA A 57 m . k.

76 58 RN i AT AR SR MR AT, 45 R EOR, FEF19%K
A, A A Teg-305 58 B E MK, FEF21 K R,
£ FiTeg-03MTeg-2055% m . 7ot 7o % AL
BHEEMHK,

X B 5 A KR 2 A DS I3 MR E AR A
BRI R ) (R BUYE AT T 2 EIR(E 5). 1EREA
RGoMrid e, BT — Sy R e R R R
PR KD, B Z or M AE, DR AR SRR Se it 2 i
A AR R R & DA 3ROSR A H S

FEF19% &, A7 5 Teg-30 I BB K # 7 5%
ms ek, WAL RSN MR E R S T
AAFIABR AR, 7E57%m I, BBR 5AATYFIABHY
ERBE MR L BBE 5ABH = 7 5 ((P<
0.05), 15t A BB [A] 7Y 56 2B Kt ) 1F T 4 D,
BB A 25T s A A 3L A

FEF21 K &, A7 5 Teg-03 Fl Teg-20) A [F] 3
DR 2 5 A K MR 2 3 A% A7 £ Teg-03 BB [A]
RIEFEm . k. 5850 AR T B MR B0 2l BT
BERTAA; E7m. 7wk, 7% AL R 2R
FIME L # KT ABRL, (HAXAE 5% %6 Al 5 s IR
R E R XU BB R A K 3 IE T
PER, HEW BB JE PR 28 2 52 58 A0S 0T & (1 f 95 0
Ko A7 Teg-20H, BCHEF M. 5Tk 7%
A S RIS EREE K TABR,; 555/, 7%
KRR MR B E AR R K TFBBAL, F 5
FBBA, (HERAEE; i HBCHRN A KL 3 1E 1
EH, #ENBCHE R AL 7 m . 7k, B EmMR
I

DL 3L SAEF19. F215K &3k R AR 45 B35 L
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Tab. 3  Genetic diversity summary in three families of 7. granosa for 18 microsatellite loci

E$3 i1 5 Z ¥ Parameter
Family — Loci “FAiIERIHN, AN IEEHN, Shannontg#y MM G FEH, MBEREEH, 255 B4 EPIC ViR THTHWE

F19  Teg-01 2 1.483 0.507 0.279 0.329 0.273 0.228
Teg-03 4 3.790 1.358 1.000 0.742 0.687 0.000"
Teg-05 3 1.974 0.856 0.590 0.497 0.442 0.208
Teg-06 2 1.260 0.360 0.000 0.208 0.185 0.000"
Teg-07 3 1.910 0.817 0.443 0.480 0.419 0.468
Teg-12 2 1.818 0.642 0.383 0.454 0.349 0.225
Teg-14 1 1.000 0.000 0.000 0.000 L a5k
Teg-15 2 1.085 0.171 0.082 0.079 0.076 0.766
Teg-16 2 1.336 0.418 0.262 0.254 0.220 0.784
Teg-17 2 1.336 0.418 0.197 0.254 0.220 0.072
Teg-18 3 2571 1.011 1.000 0.618 0.536 0.000"
Teg-19 4 3.136 1.241 1.000 0.687 0.622 0.000"
Teg-20 1 1.000 0.000 0.000 0.000 A RS RN
Teg-26 4 2.964 1.221 0.328 0.668 0.611 0.000"
Teg-30 2 1.800 0.637 0.467 0.448 0.346 0.747
Teg-32 1 1.000 0.000 0.000 0.000 L a5k
Teg-34 3 2.667 1.040 1.000 0.631 0.555 0.000"
Teg-35 4 3.742 1.350 1.000 0.745 0.683 0.000"

F21  Teg-01 3 2.584 1.018 0.982 0.619 0.540 0.000"
Teg-03 4 2518 1.135 0.321 0.608 0.560 0.000"
Teg-05 3 1.278 0.407 0.225 0.219 0.198 0.039
Teg-06 2 1.600 0.562 0.259 0.378 0.305 0.015
Teg-07 3 2.359 0.936 0.544 0.581 0.488 0.342
Teg-12 3 1.557 0.665 0.333 0.361 0.329 0.002°
Teg-14 4 3.447 1.304 1.000 0.716 0.657 0.000"
Teg-15 3 2115 0.820 0.789 0.532 0.423 0.000"
Teg-16 2 1.362 0.436 0.281 0.268 0.231 0.720
Teg-17 2 1.399 0.460 0.241 0.288 0.245 0.209
Teg-18 2 1.194 0.301 0.179 0.164 0.149 0.488
Teg-19 2 1.338 0.420 0.296 0.255 0.220 0218
Teg-20 3 1.757 0.741 0.544 0.435 0.377 0.140
Teg-26 3 2.399 0.976 0.793 0.588 0.514 0.001"
Teg-30 2 1.552 0.541 0.389 0.359 0.293 0.535
Teg-32 1 1.000 0.000 0.000 0.000 B alif 4
Teg-34 4 3.904 1.374 1.000 0.752 0.696 0.000"
Teg-35 3 2.991 1.097 1.000 0.672 0.592 0.000

F22  Teg-0l 3 2.611 1.027 0.979 0.624 0.546 0.000"
Teg-03 4 3.720 1.348 1.000 0.739 0.682 0.000"
Teg-05 3 2.026 0.876 0.680 0.512 0.454 0.005
Teg-06 4 2.869 1.171 1.000 0.658 0.585 0.000"
Teg-07 3 1.878 0.806 0.620 0.472 0.413 0.021
Teg-12 3 2232 0.937 0.588 0.557 0.491 0.433
Teg-14 2 1.083 0.168 0.080 0.078 0.074 0.800
Teg-15 2 1.913 0.670 0.404 0.483 0.363 0.261
Teg-16 1 1.000 0.000 0.000 0.000 B EAREEIN
Teg-17 2 1.843 0.650 0.708 0.462 0.353 0.000"
Teg-18 2 1313 0.402 0.106 0.241 0210 0.000"
Teg-19 2 1.435 0.481 0.255 0.306 0.257 0.221
Teg-20 1 1.000 0.000 0.000 0.000 LS alif ik
Teg-26 4 2795 1.159 1.000 0.649 0.583 0.000"
Teg-30 4 3.853 1.367 1.000 0.748 0.693 0.000
Teg-32 2 2.000 0.693 1.000 0.505 0.375 0.000"
Teg-34 4 3.562 1316 0.938 0.731 0.666 0.000"
Teg-35 3 2.399 0.961 0.939 0.589 0.503 0.000"
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Fig. 1 Electrophoretogram of some individuals of 3 families in 7. granosa using primer Teg-30

4 NeiZfZHEPEMEGERS

Tab. 4 Nei genetic similarity and genetic distance

X ZFamily F19 F21 F22
F19 ook 0.624 0.696
F21 0.472 ook 0.615
F22 0.362 0.486 Hokok

T XA UL TR IR AR BRE, 0 M 2R DL s AR
Note: Nei’s genetic identity (above diagonal) and genetic
distance (below diagonal)

23.75 1
. 17.92
5.83 F19
17.92 £
W

Bl 2 AR 5K R )38 % BE R P UPGMATE R 2 T 34N R R 1Y
BEREH

Fig. 2 Phylogenetic tree on the basis of genetic distance of 3
families of 7. granosa by Unweighted Pair Group Method using
Arithmetic averages (UPGMA) assay

1911159 5 2 v 25 o 18 /R 383 4% 7€ R (i id BonferroniiZiA%
1E, P<0.0027). Teg-30f7 M fEF19FK &, AAFEA
T L A5 it = 43.3% (GRS _ERi25%), 1258 R 1Y AR K
REGEAN TABMBBEF R 2 8], A F FiZK R
MEIIAEK . TEF215K R Teg-03107 AL AAREH 1Y
ELf) 57.4% 5 2 = T AR (H25%; Teg-2017 A5,
BBFIBCHE K B LU Al i w51, 433l 948.2% HF142.8%(EE
1w _E¥IRI33.3%).

3 it
3.1 CRHRRBEZHEMDN
SR 2% 45 BE (H) S 1 AR AE 38 A SR DR BRI

[P AE AR S, 2 B R AR AL 2 R VR K R T A
HAB R =1, R BB IR 1845 2 B s, Iz, R
R, FEAHTF 5T b F 3 WL 2 45 P (H,) 90.446—
0.628, “F¥JHIE 2 & FE (H,) N0.394—0.464, Wi B
MK AWML R EERTEZHE. 2HEES
R AR i TR A AR SRR, AR PIC K
FrifE: PIC<0.25 NIKE £ 3, 0.25<PIC<0.5NHE
245, PIC=0.5R B2 A AR ik 183 1%
BEKIPICTE0.074—0.696, 7~ TR AL s AKRE
AR 2 SHE, 3N RER RN P2 EE
B ElE0.401—0.453, HHFR2HX RN ZAREES
B, N0453, 3N K ARMEZHE L EEHLTH
JEIKF o KT CARIE YRR N T & A [F AR HE
PRPTRIAS (5] BR324 2 R KO, AT BEER
ENTIEIWIE S &Y P

M3 KRB RIE X RE, FIORK RIEAR
K F A — 5K & B/ MAR [ A BC (B AR AT, 73 724N 5K
ROEARBIEG KR, MINKRMEEARNKE T
F— MR RSSO MIAFAME, BI3AE R E
NFRS B T EARL T3 R R e
PHES, 45 R B oR, F21RIF22:8 4% fH 55 i, 37 X
—RIERFR . MN—AMITH BT il TR 1 R i
AP EEME . fEBHE ZFEME T, EARFI9OMHEEK
ZRF21FIF22, HELF M 4 & FE (H,)~ PR
FEEH) FHFLRERWG .. Z2HEETE
(PIC) B AR B Ml /N 5 T AR A 28 0 P PR N 2 1) 46
REIR, FIOAEKEER . TR TRR
FIOMIALREASK F T [ — MK &R, NHKEE, AFIT
AR AR I IR DA R oA i IR alif, AT S 804
PR, T8 A 2 A PR AG. ZEFRATTRT B R M AN R
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F= 5 RIEHSSRILEAFAREFRBAEKMER EWFEHERSELER
Tab. 5 Means and multiple comparison of growth traits of different genotype of 7. granosa

e e "y e e G WG
progeny (mm) (mm) (mm) weight (g) ratio ratio

F19 Teg-30 AB AB AA 16.01£1.25"  2146+1.70 14224117  3.2040.80" 1 26 0.001
AB 16.00£1.12°  21.14+1.65 14.06+1.34  3.06+0.65" 2 28
BB 17.44+1.84" 22512202 15.06+1.49  3.87+1.03° 1 6

F21 Teg-03 AB AB AA 14.9741.27° 19.74+1.62" 13.13+1.13"  2.54+0.57" 1 35 0.000
AB 15.31£1.66° 20.07+2.08 12.87+1.52° 2.51+0.77" 2 16
BB 16.31£1.69° 21.55£1.86° 14.4741.26°  3.39+0.92° 1 10

Teg-20 AB BC AB 13.66+0.73"°  17.66+0.56" 11.79+0.69"  1.84+0.23" 1 5 0.002

BB 14.79£1.38" 19.42+1.87° 12.89+1.31"° 2.4240.68" 1 27
BC 15.68+1.62° 20.57+1.92° 13.58+1.45° 2.89+0.84" 1 24

T FEA FPER LB AN 7 B RIC RS Z 5% W4, P<0.05

Note: Significant differences are indicated with different letters in the same character comparison, P<0.05

AL B B ISSR M 45 R v, 45 B 254Ul &5
U T E GSHAR, 724K B BTG4,
G3FIXT A, (AR fE Z AR PE BB %
32 REMIENSS5HKMERIXR

AR, I R TR A A 2 A5 BT K
HEEZEERA AT OB FE s ki 2,
Tl TR bl A T P e e R L, [RIUEAE
AR AL I &80 K AR BRI B, X2 i H 5%
TR CBEME 1 A, QiuZE P it X294 % Atk
EST-SSRAm L & REREE DA K B Bk E R
KR, KI5 G RERBEDI % . Sl &
PHRE R 2 IFMHRMEST-SSRARIC . AW 7AE
3N AR R R AR AT H ST ERIB3A Y
A KR B 3 A R I EST-SSRARIE, HPfEF19%
ZH, AL Teg-30 552 m i E MK, FEF21K R,
A7 FTeg-03MTeg-2055% . 7K. 7o %8R
BYWEEML, FRGRER—Mrid e 52
MR CEE, HEN R R TR 25T . ek, 7o
A i 2 (WA 5 B — @ A, Teg-30 4
EFIOF R 55w m R MK, FEF21/IF22K &
R G AR B 25 AH S, FIFER, Teg-03F1Teg-20
RAEF2IE RZP G EK MR E FE G, /EF19A1
F22R R R AR HERAR G . XA RE5 A TAH G
HETIIR R 5. 155 KEREE DIEST-SSR
fr 55 A R M SR R AT A SPE 2 A R, R RE AL 52 3
B E, B R34 548K KB EREER B A 5
A g, KX 3 bR 8 TR FE B R it — D IGAIE 5
KU RBEINPRIC S WIREZH . AT FF,
EST-SSRARICEL H 18/, X RF19. F21AIF225F i
o 60, 61F1584, Frid FIFE s/, Ak
BRAR RIS A KR B E M hRid b, T

SR (RRIE 7 HR AT LA ok 38 A 1 (1A [ 28 B R £
INOCHE S E i, 30 Re Sl R B 2 Skt — 20 it

I 2 LR, R AR A ] 2 R B 7 e
PR B ZE ST B3, EF19K R/, AL M Teg-
30 BB P 84 7 77 e AR5 B DIR 0 S44E B
mTAARABERM . fEF21K R, 1 fiTeg-
03MIBBEEH AU AE5e i et 7o B AL i s PRIR
(A ME 055 2 K T A A 75 58 58 AR 2 R 1
P b B3 KT ABRY; 7E47 55 Teg-20, BCIE K 7Y
fE5EE. Fek. FovE AL i E R I E AR R K
FABH; 7w Fe KA B E MRS E LR
ZKTBBH., RN Teg-30/BBHREAI AL, Teg-
03 FIBBZE [A A FlI Teg-20 1 BC I [K AL 1 G A4t 353
DRI, R AR KA R A S R Y, Ay fe i o A
REIQTLE N K 4 FAric i Bh & M2t T — &1
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MICROSATELLITE ANALYSIS OF GENETIC VARIATION IN THE FAST
GROWTH FAMILIES OF THE 2" GENERATION OF TEGILLARCA
GRANOSA AND CORRELATION WITH GROWTH TRAITS

1‘2‘3, SHAO Yan—Qingl’z’ 3, LIN Xing-Guanl’z’ 3,

3

TENG Shuang-Shuangl' >° FANG Jun
CHAI Xue-Liangl’ > and XIAO Guo—Qiangl’z’

(1. Zhejiang Mariculture Research Institute, Wenzhou 325005, China; 2. Zhejiang Key Laboratory of Exploitation and Preservation
of Coastal Bio-Resource, Wenzhou 325005, China; 3. Engineering Research Center for Marine Bivalves, Chinese Academy of
Fishery Sciences, Wenzhou 325005, China)

Abstract: In this study, microsatellite markers were used to assess the genetic structure and genetic diversity of the
second generation of Tegillarca granosa. In addition, the correlation of these markers with growth-related traits was as-
sessed to explore their potential use for marker-assisted breeding. Genome-wide identification and structural analysis
herein led to detect 59 alleles through 18 pairs of primers. Among these, the average values of alleles (V,) in the fami-
lies of F19, F21, and F22 were 2.500, 2.722, and 2.722, respectively. The average observed heterozygosity (H,) was
0.446, 0.510, and 0.628; the average expected heterozygosity (H,) was 0.394, 0.433, and 0.464, respectively. In addi-
tion, the corresponding values of polymorphism information content (P/C) were 0.346, 0.379, and 0.403, respectively.
Correlation analyses of these polymorphic markers and growth traits revealed significant association of three loci with
shell height, shell length, shell width, and total weight. Specifically, genotype BB of Teg-30 in F19 was remarkably as-
sociated with shell height and total weight, while genotype BB of Teg-03 and genotype BC of Teg-20 in F21 showed a
significant correlation with the shell height, shell length, shell width, and total weight. As a result, the growth-related
markers, identified in the present study, may provide precious genetic information and novel insights for molecular
marker-assisted breeding of 7. granosa.

Key words: Tegillarca granosa; Growth traits; Microsatellite markers; Genetic diversity; Correlation analysis



