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Development of microsatellite markers in Ruditapes philippinarum using next-

generation sequencing
YAN Lulu, QIN Yanjie, YAN Xiwu" , WANG Linnan, BI Chenglong, ZHANG Jinyuan

Engineering Research Center of Shellfish Culture and Breeding in Liaoning Province, College of Fisheries and Life Science, Dalian Ocean University , Dalian ,
116023, China

Abstract: Ruditapes philippinarum has a high growth rate, short culture cycle, and is highly adaptable. Because of these
traits, it is one of China’s four major cultured shellfishes, and one of the world’s major cultured shellfishes. Microsatellites
known as simple sequence repeats are widely used to assess genetic diversity in farmed aquatic species populations,
construct molecular genetic maps, and carry out gynogenesis, gene mapping, gene cloning, and paternity tests. These
molecular markers have high stability and polymorphism, are site —specific and easily detected, and exhibit codominant
inheritance and transferability of SSR primers. At present, the sustainable culture of Ruditapes philippinarum is threatened
by having a single breeding method and difficulties with disease prevention, control, and treatment. We developed a series
of microsatellite markers using a transcriptome-based platform to provide a foundation for genetic research in Ruditapes
philippinarum. These markers may also be used for Ruditapes marker-assisted breeding. Genetic diversity measures the
degree of variability of biological genetic information. DNA is the primary carrier of genetic information, so the diversity of
DNA directly reflects the degree of genetic variation. The genetic diversity of a population can be represented by the number

of alleles, heterozygosity scores, and polymorphism information content ( PIC). We sequenced a large number of ESTs and

ESTH . EHZK 863 1% (2012AA10A410-2) ; BLARL 77l 3 A 1A 2R B 5 £ 1% 4 % B ( CARS-48)
rfE B #9:2013-05-15; [ 4% H AR B #3:2014-04-17
# WIRAE# Corresponding author. E-mail ; yanxiwu2002@ 163.com
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screened 145 potential microsatellites of trinucleotide repeats using MISA software. We successfully obtained clear,
reproducible bands for 58 microsatellite loci. These were amplified in 32 wild clam individuals sampled from Zhuanghe,
Dalian, Liaoning. A single allele was detected at 18 loci and another 40 were polymorphic ( number of alleles per locus
ranged from 2 to 6, with an average of 3.4250+0.9718). The observed and expected heterozygosity was 0.000—1.000
(0.2727+0.2272) and 0.0615—0.7996 (0.4739+0.1902), respectively. The average of the Nei index was 0.4664 +
0. 1872. The polymorphism information content ( PIC) of all loci ranged from 0.0586 to 0.7529 (0.4148+0.1707). Among
these, 16 loci had a PIC of >0.5, so were classified as highly polymorphic. An additional 15 loci were moderately
polymorphic with PICs ranging from 0.25 to 0.5. The PIC of 9 loci was <0.25, meaning that these were classified as low
polymorphic loci. Using a test of the Hardy-Weinberg principle (X’test) and sequential Bonferroni calibration, all except 10
loci had deviated equilibrium. Eight loci had a core sequence of TTG, 6 had a core sequence of TGG, and 5 each had a
core sequence of TGT or ATC. These four core sequences accounted for 41.38% of the 58 SSR screened loci. Based on this,
we infer that TTG, TGG, TGT, and ATC are relatively abundant copy categories of the trinucleotide repeat sequences. Our
results provide a reference for subsequent repetitive sequence screening and further understanding the characteristics of the
Ruditapes genome. Microsatellite marker development by transcriptome sequencing proved to be efficient and feasible in R.
philippinarum . Further in-depth analysis based on transcriptome analysis will likely yield more microsatellite sites which are
associated with functional genes, thereby providing more molecular markers for Ruditapes artificial marker-assisted
breeding. These polymorphic markers may also be used in future studies of population genetics, linkage mapping and

assisted breeding in R. philippinarum .
Key Words: Ruditapes philippinarum ; transcriptome sequencing; microsatellite markers; genetic diversity

%@Eﬂ%{?( Ruditapes philippinarum ) N Ris A JHAA KN JHIHE IV R SR A , 2 TR [ P A SR
Nz — WA FEFRE IR —_ J§ FAO(Food and Agriculture Organization) 4ti1,2011 4t Fd 1 7=
368 207 1, FREAFEEZ) 300 270, 5 U R 90% L L, b R R KSRGS R Y 20% , DL2E
PR 30% " BB, AEHR TR UG AT LE DI 25 T AR Oy 2B — R T B IR M S )R DL SR 2T 5 O SR T
R—FIVHBRIRCY 0 RGTF R AT W Rh 38 1% Z R8P i T 52 25 S mh , ke A Bh T s A7 hn ic i Bh &
FTARMIF R, LR, MRRE R E R TA)(SSR) W HA mdR e e 280 5 1 3d FI M O e S R
00 (58 7 5 e g gk A S R LT R TTIZ N K R B s AL 2R A AT AL RS A A R
B B E A M R SRR AR S AR D . ARER R IR AT R TLAL S | W I R Rs A 2 M S
MrAs — R FUAH SRS, an ==l SRR TR AR C T 3 N KIS AR R DR AT 8% Z e pr . Bl KA
NIRRT SSR 5|4y W AR e 4 0 0T i 735 1% ZREPE Y REIR . 2007 4F N YASUDAM S8 A 9 %F 5| ¥ JE A
MR T A ZREE ST, 2009 4 [ 2% Hye Suck An"'® %5 AR 13 M DR ARCALS X SR = A1
PEATEE ZREEDT S, TSI YIT &R AR, H RTS8 BOA R R i TR AR ICH TAHSGEHE 25T

A5 S LU B ET- 15 1T AR ALK HE: EST (expressed sequence tags ) 504, H HiE 5 UIge LA &M, &
SORF I s 2H I PP BT A 80 T A I TR AR T & O e R A% AR 1 0BT, AT 0 DA s 7 338 £ P 1 i
H# FERERE  QTL( quantitative trait locus ) & {0 FF B AL I A 30 T B A3, A UG A7 19 20 Fn 10 5 B & FhoFn
Flpr 85 TAE SRR AT IR SRS,

1 #RFFE

1.1 SEEM R
ARSI R R R A KGE R ) 32 B AR R A, 52K A (1.5£0.2) em,
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1.2 N4 DNA By$2H

SrRBTEC 32 G AT 100 mg 2247, TR OAF TPy i SR H FLAG IS/ S D5 B A0 vk e SR B DNA, J5
FH 1.0% BB BEEE IS FL KA DNA Tt (golden view Hef) , AT DNA {77 T-20 CokA PR,
1.3 BEFFIARIE

HRPEZ K 454 A FIHY Genome Sequencer (GS) 1oy Il 2 45 21 B9 T A B 51T reads K EEAREA) 4211,
A SeqClean ( Lastest86_64 Wi4s) il Lucy (1.20p WiAS ) Ab# i a5 , LPaek s 951, fA 8 50 bp
KBRS, FIFH 454 Newbler2.5.3 B FJ2BRAK T i X BUF 51 KR B3 19 50 bp B8 59 e 51 B4 790422 , B Ph4%
32075 FH MISA #RAEETT SSR 43, XFARIR A1 SSR v i, B A4 R BRmg L 8 55 25 /0 10 1k, 2
PRI EE /0 6 Ik, KTET 3 ML) SSR HERE Yoo E /b &EE 5 Ik, AL -, in#i1~ SSR
A7 RIFE S /N T 100 bp, ITA R IX P4~ SSR 7 s B — MRS 2 SSR i 4,
1.4 5954

PhBE DL = f 3 0 B FROT I B R AR IC P AN TS 1, 51K BEAE 18—22 bp Z[H], GC & BE7E 40%—
60% Z[1], 34 H i i BEK B AE 100—500 bp Z 18], 51 AE T A RSFIX Y, HEi it 145 X SRR = IR T A2
514, i LR A AR R AR A AL
1.5 PCR ¥ 34 K=y ks

PCR JZWAKZ (10 wL) : FEK 4] DNA 2 ng 10xEasy Taq Buffer 1 pL(20 mmol/L Mg®*) Easy Taq DNA %
A 0.2 pl (5 units/ L) (dNTP 0.8 uL (0.2 mmol/L) 514145 0.4 pL(0.4 wmol/L) , PCR I 5&5fF .94 CAF
P£5 min;94 °C 40 s, Fid B IR T 40 5,72 °C 40 s, 3 35 MER  JEHEE WS 72 CHEH 10 min, 4 CIR-TE,
P I P2 12% (AR A 5 DN M T e ( VR4 TR e AR Y SLRL TN s R e S B L g 291 1) BRI HRL 3K 49 B8 PCR IV
FEY LUK IXTBE ZZ 0P, fiLUE 300 V, FLIKE ) 204 2 h (db BTN —{X#8 ) DYY- I AL HL 3k X, DYCZ- 30
UL KAE ) | AR AR Y (0 J5 PSR I AR U AR
1.6 FEFIEMAIT SSR 5| Witk Mgt iL Z FE ot

SERA T 12 ARG B A AT 145 X510 3EA 7005 , 26 TR JORBE (PPS PR ) 3 C X
[P, B8 12 DR # I8 LR PCR RN AR P 77 v 64T PCR 43S FURI , DA S B3R B 457 L 32
I R AR T A 5 | B AR R EE R T B 1)

W BB A% AT T BT 255 0 S TR 57 i TP AR MR AT 3815 2 AR PE 20 A, LA 32 DN BEF ARG AT DNA FE 5 Bl
PR 138 PCR BN AR R FAAESET PCR 7318, Horh B iR KRB A 51 i) i 45 20 1038 R . e RS
P R AT T e 5 G b, ARS8 = gt A TG, X R 4 SR T R
1.7 BdEgit 500

TR B G T G RS I 2 i B A BEMUINEI KAKIR A5 2 0 A, B, C, -, RIS 3L,
A MRS (0 B G 0 BE B F T PopGene32 B4 58 345 AN I T8 o7 150 19 25 057 1 PR B ( Allele
number, Na) , WiNZ<EE (observed heterozygosity, Ho) ,( A4 G (expected heterozygosity, He) F17F A —
AN HE %0 ( Shannon-Wiener Index, H) , B LB EE S E ( polymorphism information content, PIC) , Hixkz
BT TE R

n-1 n
PIC = 22 Zpipj(] _Pil’/)

i=1j=i+n
Ho = 285 T WEE / WA A B8
He =1 - Zp,z

H=- Y XIn(X,/n)
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2.1 BRI ERSCH T

FIHT MISA Bt K BrAs BB 5 90 AT AR IS A S5 Rk 1 o,

2.2 JEMAEEEMAT SSR 51WH k4G
WL R, 3 58 X5 4 H B IE MG 2k, H 2y
DT TR A RN A 32 MBI P 1 25

£ 1 SSRIMEHITER
Table 1 Output statistics of SSR (simple sequence repeats)

REI 18 XTGP RIS (1 10) 3 40 PUICEE ot
0 gt N1 AN > B A AT A

XIS AP HIE 32 AT AR E AT — e -

ﬁ i%zﬂﬁ \%%z[ﬁgﬂ’(] DNA H E](J H‘E& , T{ﬂé{?%‘zigfﬁffzﬁlipmi‘é The number of sequences containing SSR

ﬂltﬂz:lﬁj*%g E’J%?&‘@ ’ #ﬁgxﬁ/ﬂ\:ﬁﬁ?‘{ﬁﬁﬁ E@%ﬁj\ﬂ ifmznj;giizieiz?iﬁiing more than two SSRs 145

(F 1a,b) . SELEASFER 40 SRR 15 MAAITL o son 40 -

3 /I\g(xf{j% , 13 /|\1j)\]—i 'L'Hﬂl 4 /l\%{j% , 7 /l\'fj‘ﬂf": The number of mixed SSRs
FRHIERY SSR 5L

Llujf)nb 2 /I\%ﬁi% ,4 /|\1jl'ﬁtﬂfﬂ 5 /I\%ﬁi% ’ 1 /'\1j The number of single base SSRs 2

ML 6 ANERIIEN, ik 58 Xt SSR 514, HaB A wumasm ssk A 4o

TR 4359 CHBIRPY 4" M7= BRI 117—605 et o e e 2

bp Zﬁﬂ , i@%uzﬁaﬁ%ﬁiﬁﬁﬁ%?ﬂ , ;H\: EF'%‘ 8 /l\ The number of three bases SSRs 903

RN L TTC A EE PIC,H 6 MLl TGC A 4 fﬁ%@b%ﬁ[’fr%&b « 160
— N N . = The number of four bases SSRs

HA I, LU ATC TCT P ARG S 0K S sop g .

4 FAZC P HNAETRE Y 58 4~ SSR i fi H1  41.38%,  The number of five bases SSRs
HARTE S TERLE AN T 5 ML T e !
2.3 ARG AR A AL Z A BT 1—6 IR SSR M8

*E;}E 40 Xﬁ' SSR % I %E 32 /I\ /I\MK tPT}” i H_ EVLL El"] ﬁ’ The total number of one to six bases SSRs
AN OLEATE T, 15 H A 5L P EL (N ) 75 2—6 Z1H],
A FE DU BCR 3.4250+0.9718 , WL 2% 45 )3 ( Ho ) il
HHERZ A B (He) 43 57 0.000—1.000 F1 0.0615—0. 7996 2 [6] , {43 5 A 0.2727+0.2272 #10.4739 + 0.
1902, #EAF-YY Nei $650°H 0.4664+0.1872 , it f& ZFEMEFE $CH 73 Shannon F8%°H 0.8330+0.3445, &1
B &8 (PIC) 7E 0.0586—0.7529 JLHE N , FH4{H N 0.4148+0.1707 , Hrh 16 4~ SSR i 5. i PIC {H4 KT 0.5,
15 M PIC {HTE 0.25—0.5 Z [a],9 M5 PIC B/ T 0.25, X K356 Hardy-Weinberg P-4 S 0 4
29 A7 S A B E IR ES (P<0.01) ,2 M B3 W B (P < 0.05) ,9 M SR BN AF 4 Hardy-Weinberg - fiif
(P>0.05) (5% 2) , 24 Sequential Bonferroni % 1E 5, B Rpt23 . Rpt83 . Rpt111  Rpt161  Rpt163  Rpt177 . Rpt188
Rpt219 Rpt254 Rpt261 10 M, FHA A7 i 2490 25 P-4 .

1601

3 e

HAT, =G DR IF R HAR A — HIF RS A B, a0 N. YASUDA'™ %5 A FH 3 # #
PCR H AR MAEBEEMAAT (R, philippinarum) 4885 22 XHCEAE D1, 5 9 X5 W Thd 888 4 S 4641, 7T
FAFUG A7 09 7% T2 DNA #ric, Hye Suck An''"' 48 A HI i 2% 58 PCR ¥ # AR ( prehybridization PCR
amplification) f3 5] 13 A T bR 7 £ I X5 24 i E A7 B5 W) A 19, 45 21 9 X 51 W 4E JE R = 0547 (R
philippinarum) A5 2251k, 8 X 51 ¥I7EZR A5 (R. variegate) PR L8, B =R 4 )8 %2 NCBI
EST U, 35453 5658 A~ EST 41, fik i 13 ANA4F SSR 51, FIFH I 2E B4 13 4> SSR FEFI XA A 3 4> My B
TR I8 15 ZREPEUEA TIIFE 20T, B R S8 Ak SSR A, , Xof K A [R) AR 8 B B ) S A T A 7 st A
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1 2 M3 4 5 6 78 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

200bp

(2}

11006
M1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

300bp

b

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

RETRETRE 7 EXERE
AL

Fig.1 The amplification results of some microsatellite loci
a:Rpt372 {7 S P L5 PCR amplification results of Rpt372,b: Rpt233 {7 S #4455 PCR amplification results of Rpt233, ¢ : Rpt282 i s i H 4%
R PCR amplification results of Rpt282 1—32:32 clam individuals, M:marker, 1—32 %7~ 32 Mk

ZREVE T, 45 R R AR WA SE A X A A TR R Pt 5 L B RE M A /N, Bl SR AT KRB IR S B R TAER 2
FEE A iR D EPRICR I A 54 B i E, fEIR KR EE BHES T DNA o FAric IF & .
EAF R e S LB 3R A5 5 T DR P 81, R LA T st A% 2R Pk A 9 7 R B B2 a7
U 2012 4F Hye Suck An"*" 25 A\FIF 454 TP RGETGE L 22 ANEFENG DL ( Mytilus coruscus ) SSR A3 5, - %F He itk
T 2250 BT IRVAE L [RIARE R R S AR 5 5 AR AE X80 ( Haliotis diversicolor supertexta) T HkEE i 20 4>
B ZASFENLR SSR bRic i . w] 0L vk B AT R A TR 5k D1 S B TR AR IE A A, AR SO IRTE IR
A H R P 2 Sy 2 0 Al I i SRV A, T 1R LA VE BT B 1 2R 11 58 Mt TR A7 i, Hovh 40 A28
MARRFLE R 2250 . A2 T iZ0r e eR e, TAERAIR N, HAE & KRBT & i B EFRC AL, B
FERALE TR S TIREIE ARG, il ke Saast (L A , QTL s AEFR A ) 34k,

WAL SRRV T i A WAL (5 S S AR B DNA TR 381405 Y 240K, T L) DNA £ kv
RERS BRI WL Fs (LA AR BT . BRI AL e B R IAE SR L N B e B M B B A 8 3 AN
M2, ARBFFE R W I T R SR S AR A 145 TS AT I 0 B , 78 K% HE AT B A A AT AR
WL ZREE R0 58 M i v] LAY 14 H s B 45, v 18 AN s 3R B B BRI st i Z A 4y
BT, 55 40 AL R B AR E R 2840, H TG 20, 1538 Na = 2—6(CF¥{H 3.4250«
0.9718) ,Ho = 0.000—1.000( F-H{H 0. 2727£0. 2272) ,He = 0. 0615—0. 7996 ( F-F{E 0. 4739+0. 1902) , PIC
= 0.0586—0. 7529 (“F-¥{H 0. 4148+0. 1707) , iR HE 2 BM5 B & 4548, 1A 16 Ml P EALSRI S E LS
PE(PIC= 0.5),15 M ELZ (0. 25 < PIC<0.5) ,9 M 5 K EE 2 854 (PIC<0. 25) , H PIC
PEAREEE T 0. 5, 1 UL FE T 5 A 0 AT Ak 525 B0 1) 2R | B A A G A7 B TR AR 235 40 AN HL Ath st A% 1 5 R i
65, 5 H M A BF 5T 45 A, Hye Suck An''® % AWFFTE5 K Na = 9—26, He = 0.73—0.94, N.
YASUDA /%5 AWFG315 Na = 6—22, Ho = 0.136—0. 909, He = 0.553—0. 954 , A< 528 25 5 B WA T LB
FEEHE SR R DT BE TR PR SRR MR 22 5 AR RIS S AR R e PR R ROl

Y
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gL S NS5 ST —E w22, (HAIF R 45 R 5 E =R 2011 08 M K GE B A B Na = 3—5,Ho =
0. 10—0. 97 ,He = 0.51—0. 72 L5 50 L 22 B, AT RE SR T 98 -5 48 SCH AR SR IR 0% 2 mT, H.
BRI A T EST A ¢,

F2 N2 AFEFHRE 40 MY T E AL TR

Table2 Characterization of 58 microsatellite loci in 32 wild clam

S (53 o o K v ey

L Loci Elime?se;:e;js()s'%') Re}ﬂﬁm TO’E/ Na All;l;/si:e Ho He pIc H Phes Aies;n
isolated range No.

Rpt04 EF{’: T(:F(:Tgffxccgmggg ¢ (Ao s 3.0000 178—205 02188 0.6553 05724 1.0676  0.000000 KC811245
Rpi23 ;2 ﬁ;ﬁg&gﬂ%ﬁgﬁ (AGC)y 48 6.0000 117—156 07419 07996 07529  1.6125  0.072896 KC811247
Rpi28 [F{’: gﬁgﬁég;ﬁgé&?&c (AAC)y 53 3.0000 445493 01875 03260 02978  0.6099  0.000008 KCS811248
Rpi32 ;2 T\f\;ﬁtﬁ;ﬁgﬁgﬁ%ﬁ}c (CAT); 47 3.0000  456—498  0.1935 05204 04100  0.7938  0.000583 KC811249
Rpt33 E’: ii‘ﬁ?giiggggﬁ%c (TCA)s 47 20000  463—496  0.0000 02679 02289 04334  0.000000 KC811250
Rpt36 ;2 Eﬁgggégéﬁgg@gy ey, s 40000 267—315 02000  0.6147 05286  1.0581  0.000050 KCS811251
Rpt67 E’: g?igﬂfgﬂiﬁgi; (GAA)s 46 3.0000  412—490  0.0000  0.1210  0.1157  0.2771  0.000000 KC811255
Rpt83 ;&%ﬁfﬁiﬁé&igg&m (T6T), 46 40000 410—566 03125 04539 04084  0.8475  0.072452 KC811257
Rpt89 ;’: ’égﬁgﬁig;gggﬁégé’“’ (ATC)s 47 3.0000 346388  0.250 04459 03553  0.6831  0.000145 KCS11258
Rpt100 f{ : éi’ég:gfﬁgffgggéﬁc (ATG)s 50 20000 274—490  1.0000 05079 03750  0.6931  0.000000 KC811260
Rpt105 ;’: ?é’ﬁiiﬁiiﬁéﬁﬁ (GTT)s 46 3.0000  422—434 00625 02029  0.1885  0.4106  0.000001 KC811262
Rpt106 f;’: f:i%%ﬁ;rcc&iﬁ%ﬂ (AGT)g 48 50000 412—514 03750 0.6830 06136  1.2734  0.000190 KC811263
Rpti11 ;‘: ’}iﬁiﬁfj}fiﬁ‘;‘ﬁ (TCT)s 50 40000 354—411  0.6250  0.6602 05839 11707  0.080697 KCS11264
Rptl18 EF{’: T(:FCCGTTTTC(?:(?;CFTTTC:ESC (GT)s 51 40000 325397 02188  0.6687 05897 11559  0.000001 KC811267
Rpt122 gi gﬂfgé&iﬁfggﬁt L Ty 4 3.0000  412—484 02188 04320 03865 07625  0.000000 KC811268
Rpt124 [F{:: ?Zg;?%%ﬁgfé&% (CAT)s 52 50000 333—417 04062 0.6925  0.6244 12842 0.000283 KC811269
Rpt145 ;2 %ﬂ%ﬁgg{iiiﬁ (TTG)s 49 40000 125—197 00625 07212 0.6582 13063  0.000000 KCS811270
Rpt161 E’: ’éﬁg&%&;ﬂﬁggf (CAT); 53 30000 427—538 02500 02257 02035 04239 0.904704 KC811272
Rpt163 ;2 Eiiﬁgéggiig&ﬁé (TCT)s 48 20000 410—431 02812 02455 02125 04061  0.385997 KC811274
Rpt167 E’: ﬁi‘ﬂ?@ﬁ%ﬁi{gﬁé\ (AAT); 46 40000 455—605  0.1935  0.5436 04668  0.9467  0.000000 KC811275
Rpt174 ;: iéﬁﬁi%ééigig%? (GTT)s 46 3.0000  478—490 01000 02672 02415 0.5022  0.000020 KC811276
Rpt177 ;’: iﬁ%ﬁgﬁ:gggﬁ’gc (TCT)s 54 4 478 04839 0.6457 05780 11491  0.020747 KC811277
Rpt188 [F{ : i%%ﬁ%%ﬁﬁﬁccjzﬁf (GCA)s 55 3.0000  171—291 02812 03041 02788  0.5773  0.127186 KCS811278
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A (53 oo ot I o )

B Loci zrimjse;je;js()s'%') Refaftir::m Im/ Na Allc/le/sife Ho He bic i P A(ciccss,ii)n
isolated range No.

Rpt202 [F;: ?}E?Aiﬁiﬁccccﬁié% (TCT) 4 59 3.0000 475—499  0.2903  0.5880  0.5025  0.9586  0.000171 KC811280
Rpt219 ;: ’éii&%ff:éfgggé& (TCA)s 50 50000 215—236 03438 03576 0.3355  0.7629  0.017690 KC811281
Rpi226 [F{’: z’;ﬁ’g&ia%i?ﬁéﬁx (AAC) 48 2.0000 400—502  1.0000  0.5079 03750  0.6931  0.000000 KC811282
Rpi233 f{ : éﬁigﬁf&ix;ﬁﬁl N (TTA) ¢ 48 40000 245—263  0.3750  0.6171  0.5563  1.1194  0.000003 KC811283
Rpi238 ;‘: Tﬁi’éﬁfﬁ%‘:ﬁt’ﬁz& (TTG) ¢ 56 20000 220289  0.0000 02222  0.1948  0.3768  0.000000 KC811284
Rpt248 g’: ’éﬁégggﬂﬁii?& N (TGT) 46 30000 213—306  0.1562 04112 03443 0.6751  0.000303 KC811287
Rpi254 ;‘: E‘Z‘;%Hi\zzﬁff:f_ (AAC) 4 45 20000 313—364 0.0625  0.0615  0.0586  0.1391  0.898120 KC811288
Rpt261 [F{’: Eﬁfgffg&?gﬁ;? jﬂ (TGA) ¢ 51 4.0000 163—187  0.2903  0.5547  0.4978  1.0035  0.002077 KC811289
Rpt 301 gi %gﬁgﬁigiﬁgggﬁ (TTA), 48 4.0000 124—145 0.2500  0.6776  0.6063  1.1943  0.000000 KC811291
Rpt312 [F{’: E%ngfgﬁg;\éﬁgg \ (TTG);  46—49  2.0000 159—210 0.1250  0.1726  0.1556  0.3111  0.089654 KC811293
Rpi323 g‘: iiéigééggﬁ?ﬂgg?& A (TTG)s  48—51  3.0000 355—400 0.0312  0.5134 03925  0.7527  0.000000 KC811294
Rpt325 E’: ’é’;ﬁ%{:ﬁgﬁ%&cﬁi (GTT)s  43—46  5.0000 245—287 03125  0.7277  0.6712 14075  0.000000 KC811295
Rpi333 g: xﬁlﬁéig’ﬁggf& (ACA)s  44—47 30000 268—301 0.1250  0.5615  0.4835  0.9262  0.000000 KC811296
Rp1337 EF{’: Tég}iii%féfﬁgﬁgﬁ (CAA)s  44—47 40000 282—321 02812 02569  0.2402  0.5378  0.993311 KC811297
Rpt340 ;: iﬁéﬁ;ﬁﬁgiﬁ? éfclf;cl (ATC)g  44—47 40000 202—310 03226 05833 05343 1.0907  0.000450 KC811298
Rpi341 [F{’: aézzz%éizéﬁéﬁé;’xﬁ (CAA)s  46—49  3.0000 169—184 0.1875  0.5496  0.4642  0.8949  0.000043 KC811299
Rpt372 [F{: (iéiii’éﬁiiaﬁiﬁi (ATC)s  45—48  4.0000 142—202 0.2188  0.5868  0.5089  1.0298  0.000000 KC811300

Tm B KIREE . annealing temperature ; Na S FENBL, Allele number; Ho WL Z4 A . observed heterozygosity ; He WERATE . expected heterozygosity ; PIC EZNE

EA 5 polymorphism information content; H T —BANFE 5L : Shannon-Wiener Index; P, : WHE-IEHS 47 XK Chi-square test for Hardy-Weinberg equilibrium

BAONGHARRILL TTC WA OFFININLE A 8 4, VA TCC NI OIFFNIAL A 6 A, /0 BILL TGT Fl ATC
R FHN AL AR 5 AN (R 2) ,3X 4 FhdZ 0 P SIFE I 26 th 1Y 58 4~ SSR AL siHh 5 41.38% , 7F =Bl AL Hi
FFHIH  TTG . TGG [ TGT ATC MRS 5 A4 D151, HLEAT M e (0 22 254, 3k hy I 2 58 2 e 371 110 9 e LA B
2 TG AT I AR IR L T 2% ) B sk V- B i — DR AT, B 2 5 D) R EE AR G R i T2
DL SRR A R ORI A N TAR ISR B B AR AL ST 2 0 iR, T IR ATAE K PO ) R AR
L5 TR SR 1 B4 258 AR 7 B 5 b B () Bl
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