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FI B RBFEEIZHE SSR FRic K H T
5

R, XEIT, BBA, KETE, KiELT, BRE

R B AR eI TR A 48 AL AR e B Sl 9 ORI 4 i TREBCRBEFT L, A6 350013)

W OE. Wi ikEE (Hibiscus esculentus L.) 34145 B M1, JL3RAT 74 600 4% unigene, 4=3/7
H45 52976 011 bp; 3 3 191 4% unigene 47 SSR (W74, M %5E 3 448 4~ SSR 47 i, JLrffy 235 4%
Feas 5 1AL L SSR, 45 SSRAT 123 AN AR E G AL o4 =A% HF IR A X171, 4373 7 &4 SSR 11 60.79%
A1 21.43%. —RRERELILICH L AG/ICT AMAELIIT, N AR 11.02%, = EREZRITEL
AGA/TCT K, 5 EALI 19.61%. A Primer 3.0 25#5 411 8 088 5t SSR 514, M 87 X %%d 45
PR BEHLERE 60 X HIT 32 4 BORKSE Rl I 2 A MRS IE 04T, 2orh 36 X (il 60%) 51K IFR ¢ v R
M2 &k FIH UPGMA 1EE, ¥ 32 IR AR 30 2 28 I SRR i s A kAT SSR AR id JF &,
REARAFHR A0 1) SSR A7 i, HARHA T, Ny ILIst Ak 2 FEE o b RIS A Pl by g S A 0 = Pl S b ic
.

KEIR: FORKCE: Fdl: SSR: AN

hESES: S649 HEkERRERS: A MEHS: 0513-353X (2018) 03-0579-12

SSR Markers Excavation and Germplasm Analysis Using the Transcriptome
Information of Hibiscus esculentus
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Abstract: A total of 74 600 unigenes were obtained by transcriptome sequencing analysis from
Hibiscus esculentus. The whole sequence was 52 976 011 bp and a total of 3 448 SSR loci were identified
from 3 191 unigenes. 235 sequences contained more than one SSR locus and compound SSR loci sequences
were 123. The major types such as trinucleotide and dinucleotide were accounted for 60.79% and 21.43%,
respectively. Furthermore, the AG/CT was the predominant dinucleotide repeat type (11.02%), and the
AGA/TCT was the predominant trinucleotide repeat type (19.61%) . 8 088 pairs of SSR primers were found
by Primer 3.0 and 60 pairs of primers were randomly selected from 87 pairs of effective amplification

primers for polymorphism analysis of 32 Hibiscus esculentus samples. 36 primers (60% ) showed stable and
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repeatable polymorphism. According to the UPGMA analysis, 32 samples were divided into 2 groups.
These results indicated that high frequency and various types of SSR markers could be acquired in Hibiscus
esculentus by transcriptome sequencing analysis and abundant SSR markers would provide more reliable
markers for genetic diversity analysis and genetic mapping construction in Hibiscus esculentus.

Keywords: Hibiscus esculentus; transcriptome; simple sequence repeat; polymorphism

WA (Hibiscus esculentus L.) JR = FAEM AR AL, DU AR MG R, PAHGAT RO s il
DX b o oy 3t i, R ] A G VS AR A S R . SRS LR R SR (SRR AR,
2004; PR AE, 2012; F4ERE E, 2015), HAMRKMIKER ).

TORKZEP TR YRS, oAb, ARRE SRR AR R 22 o P [ bR A A s R YR 2 L 45 (IBPGR)
RIE, MR IR LA TR, B, R H A, SEEAEE S, E RS R I s
W, AR CARBHNH)Y o, 20 et 80 4EAR, wF EBRL S [ BEAL I S Fr,  H Al A A
VEMIIE 5E B U AR AT SRR S RITUE U5 50 240 CErERER 2%, 2013). KT RKSEIHE 2 I BT
EHD . Aladele 55 (2008) FIH RAPD AN K H T YH A VAR 93 43 55 Rk 25 WU AT FE 404
Gulsen %5 (2007) FIH SRAP FAN K H T L H AR SR ZE TR AT 2508, k&80 (2009) F
Yuan 55 (2014) 235 R ISSR 20 FAric ) B Ak 25 IR AT VP4 . H AT oKk L SSR Fricis -T2 Ak
FRPLE . SRV ST ORI, 2 TARCHER AR 5s, AL BAE R Ldk—D4h
Ji

Tk DL %1 B faf B EE 52 7 41 (Simple sequence repeat, SSR) 43 Thric, | V2 AAAE T FAZAN 5%
ABER AL (Kaliaetal., 2011) , R4 fRe R AL, 2R EIERLUTHIh AT iz
BN ECE NN IS TR — (Kumar et al., 2015) , SZh N Fii& 2 #E08r

(Daniela etal., 2013; &L 55, 2016). e (ZEIRACREEE, 2009; AR 55, 2015,
WAL (JLB 4, 2015; R 2%, 2016) 4. EST-SSR Fric kU5 T DNA J741 (1%
X, PLIEFHREPRIZL 7 41T A 1) SSR b ic B Rl FH P B ey, AR BE 2895 Jf# . EST-SSR Aic/E—44 22
BRAEP A — I RGN, W GERER 45, 2010, 2R CRHEDEFIZ S, 2008).
WS (B/NE 2R, 2007) KASE (A 28, 2006). HEE (BEEE 25, 20100, 2 b CEHF 25, 2012)
FIBHN (Toru etal., 2013) 5. AHFFTH I e s 4107 3R 15 I B ds 24T SSR bric &, sy
A0 S BRFAE, FFREAT P PV, DU SRS IR T U 2 FEVE 0 AT Rl S . R Oob i it
SEFI TR iC i B A B e St

QY VL SRS DARE

1.1 ®EFREEIREXRIR

ARG AR MV R B A i 5 B 5 R S5 ot B e P e B S (A B AR R TR (AR SR 3 Dy
B, RN R\, USEANTD, 2017 4 4 A iR, 5 H A e ki T s Rl B B =k
O JdEHL, 6 H 5 HERAIE)G 6 d R, WAHEE, - 80 CLRAFA M. T A SR F e 1 A3
JE, AT N HE I B A R AT BR 2 71 5% FH Tllumina HiSeq ™ 2500 PE125 £ 4:#E1T RNA-Seq #3541
W (B2, KH Trinity #ATP A%, Z2ibyE (BRF adaptor. N ILLEIK T 10%. JiE(E Q
<20 FIBRIEEL 3 read 1) 40% LA L1 reads) 3Kk7H 3.87 G A &% ds .
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1.2 #1# %H DNA 25
FHF SSR 5| Wit A ] F A DEAN A4 A g AR ISR T g — T S g s e s A [ G Aol B2
Bt A A AR ML R} 2 B B 5 O BRIR PR IR 32 4 Fh SRR (3R 1) FEKIZ] DNA $25CKH CTAB vk
1T
1 EFIE SSR MR

Tablel List of tested Hibiscus esculentus L. materials for SSR polymorphism analysis

b/ S/ G5 Jii ] P M /N 0

Source Code Country of origin Fruit characters

Wi —tH AR b0 World Vegetable Center Ys01 Lk P4, Malaysia A, %45 Six ribbed, green
Ys04 Lk P4, Malaysia AEE, G Sixribbed, green white
Ys06 HZJET Tanzania AEE, Lk Six ribbed, pale green
Ys07 JE4 7 Philippines NEIE, & Six ribbed, pale green
Ys08 Hhr 4 Malawi A, %45 Six ribbed, green
Ys10 [N India J\KsTE, %45 Eight ribbed, green
Ysil ENJ¥ India AEE, Lk Six ribbed, pale green
Ysl5 2 America Tk, & Star-shaped, pale green
Ysi18 " [E &V Taiwan, China NEJE, G Sixribbed, green white
Ys19 "1 [E 5V Taiwan, China TikgJ¥, %¢f Star-shaped, green
Ys21 BEHLIP Zambia Tk, K& Star-shaped, pale green
Ys28 i Viet Nam AEE, G Sixribbed, green white
Ys29 i Viet Nam AEE, G Sixribbed, green white
Ys31 R Surinam TikslE, 444 Star-shaped, green
Ys33 R Surinam Tk, K4 Star-shaped, Pale green
Ys34 W% Cambodia ik, 4fh Star-shaped, green
Ys35 BRI Australia J\K$TE, %t Eightribbed, pale green
Ys37 %[ America Tk, & Star-shaped, pale green
Ys40 #in$ Bangladesh TikslE, 444 Star-shaped, green
Ys43 MR Yugoslavia B, {7 Six ribbed, red
Ys46 Fn#z Bangladesh [, Lt Round, pale green
Ys50 W% Cambodia TiksIE, %t Star-shaped, pale green
Ys51 JEFESE Philippines [, Lt Round, pale green
Ys53 IHZ&JE . Tanzania ik, 4fh Star-shaped, green
Ys55 T HIL Turkey ik, 4fh Star-shaped, green
Ys56 +HIH Turkey NEeE, %kfh Sixribbed, green

[ Aol B2 B Chinese Academy of Hk12 *HE China AEE, R4 Sixribbed, dark red

Tropical Agricultural Sciences Hk13 *[E China fikeIE, L Star-shaped, dark red
Hk06 *HE China AEE, REEH(T Six ribbed, dark green
Hk07 *HE China A, %44 Six ribbed, green

A R ELE BB 32 0 Vegetable Research  Hk03 1 [H China AN, 4{4 Six ribbed, red

Center of Fujian Academy of Agricultural Sciences HkO08 *HE China INE)\ BT, 4D Six to eight ribbed, green

1.3 %3 SSR I m 43I & SSR 5[4t

i [} MISA F&£J¥ (http: //pgrc.ikp-gatersleben.de/misa) #E4T SSR A7 fid¥ 2%, L. —. Y. F.
IMET R B D ISR BN 6+ 5+ 5+ 4 A4 RObrHERATIE R . ] Primer 3.0 X f4%) SSR HE
FIGHT R AT 518 h B oEA, BE4% SSR 724 3 451 ST HIK S 18 ~ 27 bp, GC & &
40% ~ 60%, IB-KIEJE 57~63°C, L. N5 T M2 < 2°C, Ty 84K % 100 ~ 280 bp,
JEI/ At E 7 A L 2 7
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1.4 EST-SSR 3|47f% 1%

PCR X WAKZ A 20 uL, FeH 10 mmol - L™ dNTPs 0.4 pL, 5 U Tag 5 0.3 pL, 100 ng DNA 1.5 uL,
10 umol - L™ #y_ L. F¥SI4 1 uL, 10x Buffer (Mg®™) 2.5 uL, i ddH,0 %% 20 uL. PCR 43
iR 95 CHUALTE 5 ming SRJEREAT 35 MEH, B MEHEEE 94 CAME305s, 56 ‘CiBK 30s (iR
KRN S 0t 5D, 72 CLEf 1 mins 5 72 CHLEAH 7 min. PCR ™34 6% 4% 1 2 P Ik 1k
JE B EASIN, 160 V HLJE, 3 h, ARG )5 I .

1.5 HEESIT

SSR KA Jy SSR ) unigene & 5 & unigene U E 2 L, SSR HJHILSIE A SSR A H L
& unigene ELL, SSR V0 AN 1 kb LA L1 unigene MRS SSR £ 2 th. RAA
TS 7, K UK BT B RTE A e “17, R B EAN B R g5 ie o €07,
AT SR AR B AR . R 8 NTsys2.10 §% R R IHATR KK

2 HiIR50H

2.1 HFRAF SSR BN HREWIFS

TR ZE S A 4 20 20 5 3R 45 74 600 4% unigene (JFA1 MK Z) 52 976 011 bp) , JH] MISA #ft
% 1 kb LA _E A unigene (16 257 45, FE#I4K o 26 945 574 bp) BEAT48Z, KB 3 191 4% unigene
PS4 3 448 > SSR A7 4, b 235 4% unigene & AN EFIANLL LK) EST-SSR 47 5. SSR &
AERE T 19.63%, HILSIAE A 20.59%, ) 7.81 kb L 1 A SSR, HFE A SSRA 1234, &
3.57%. SSR FHEAEM 5 FYf, M -EHREANZERES . Hrh =R RM T REE I
B RAS a EL SSR 1 60.79%11 21.43%; DURZTFIR . T TR A SAZ AT IR R AR
Dy Rl R 8.93%. 3.54%F1 5.31% (£ 2) .

BRI 2 SSR FAE HITHI T IRENATE 4 ~ 26 2 [H), Hi 4 ~ 10 YA SSR H44 3 358
A, BN 97.39%; HRCA 11 ~26 WK SSR, 545 90 4, EET) 2.61%. SEHAKIEHE 41 SSR
(KT B4 12 ~256 bp, HAKBEAE 12 ~ 18 bp [ SSR A 2 504 4>, AT BELK 72.62%, KJF
76 18 bp LA_L[1) SSR 47 944 4>, H 5 27.38%.

F2 EMTSSR AR, WERSHHE

Table 2 Type, number and frequency of SSRs in Hibiscus esculentus L.

I P KR 2 X3 Repeat number Bk Lefl/%
Repeat motif length 4 5 6 7 8 9 10 11~14 =15 Total Ratio
AR Di 0 0 329 172 89 53 36 44 16 739 21.43
AR Tri 0 1341 472 198 38 11 9 9 18 2096 60.79
PUA%TFER Tetra 232 56 9 6 2 0 1 1 1 308 8.93
Ti#FH R Penta 87 24 9 1 0 0 1 0 0 122 3.54
NEAFR Hexa 145 32 4 0 1 0 0 0 1 183 531
Mt Total 464 1453 823 377 130 64 47 54 36 3448

L 11% Ratio 13.46 42.14 2387 1093 377 186 136 1.57 1.04 100

2.2 %5R:Ah SSR B FEE LRSS
THAKEERE S 3448 A~ SSR A7 i L7 181 LIy, —. =, V. 1. ANIZHFREL 55
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4. 10 25, 43 A1 99 Fhe MAMAMUCRKE (R 3), I=BIFIRER LM AAG/ICTT il %,
7450 SSR 1) 19.61%, 7 =A% T IR H 5 5L 7 1) B 32.25% . HLUOE IR E S KM AG/CT,
&LSSR 1) 11.02%, o AR ST 51.42%. PURLHF IR . Tk U e S A R 5 28 7 o0 A
BTG ISR I

F3 EUBEFRPTIEANDEESERF (motif) HILHIMEK

Table 3 Occurrence frequency of different microsatellites motifs of Hibiscus esculentus

ISR A apit] wEILT Kt RS % BT 5 LA /%
Repeat type Repeat motif Number Frequency Proportion
ZKEA® Di AG/CT 380 11.02 51.42
AT/AT 236 6.84 31.93
AC/GT 118 3.42 15.97
CG/CG 5 0.15 0.68
M Tri AAG/CTT 676 19.61 32.25
AGC/CTG 321 931 15.31
ATC/ATG 242 7.02 11.55
ACC/GGT 229 6.64 10.93
AGG/CCT 198 5.74 9.45
AAC/GTT 161 4.67 7.68
AAT/ATT 92 2.67 439
CCG/CGG 86 2.49 4.10
ACG/CGT 54 1.57 2.58
ACT/AGT 37 1.07 1.77
TUA% TR Tetra AAAG/CTTT 76 2.20 24.67
AAAT/ATTT 61 1.77 19.81
AAAC/GTTT 40 1.16 12.99
ACAT/ATGT 24 0.70 7.79
HAth Other 107 3.10 34.74
TA%Z TR Penta AAAAG/CTTTT 34 0.99 27.87
AAAAC/GTTTT 10 0.29 8.20
AAAAT/ATTTT 7 0.20 5.74
AAAGG/CCTTT 7 0.20 5.74
HAth Other 64 1.87 52.45
AN Hexa AACAGC/CTGTTG 6 0.17 3.28
AAGAGG/CCTCTT 6 0.17 3.28
AAAAAG/CTTTTT 5 0.15 2.73
AAGGAG/CCTTCT 5 0.15 2.73
ACCAGC/CTGGTG 5 0.15 2.73
AGATGG/ATCTCC 5 0.15 2.73
AGGCGG/CCGCCT 5 0.15 2.73
HAl Other 146 423 79.78

2.3 EFEEEFEFLE SSR 31T 5k

FIFH Primer3.0 %§ 75 SSR A7 £/ 3 191 4% unigene JFAIBHT 5%, FE¥H 514 8 088 X,
BEALPELE 100 WPARERAIE (. =, P, H. AR M55 5ik2E ‘Hk08” DNA HET
SSR-PCR ¥, DAAFILA RN, 45 FR W] 100 XI55 MA R 1, AN 100%, 87 Xt
(87.00%) PCR 4 $My) 5V /MERF, £ 13 % (13%) § 8K B W, 4 m52 5149
HeSSR006. HeSSR008. HeSSR010. HeSSR012. HeSSRO15. HeSSR016. HeSSR021. HeSSR024.
HeSSR025. HeSSR026. HeSSR027. HeSSR032 1 HeSSR034 (& 1)
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M1 24 25 48

2000 bp—

1000 bp—
750 bp—
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250 bp—
100 bp—

M 49 7273

100

2000 bp—
1000 bp—
50 bp—

500 bp—
250 bp—

100 bp—

1 519 HeSSR001 ~ HeSSR100 FEFKEE ‘HK08’ Ry LR
Fig. 1 Amplification result of primer HeSSR001 - HeSSR100 for ‘HKk08’ Hibiscus esculentus
M: DNA marker; 1-100: HeSSR001 - HeSSR100.

24 BN
M 87 S A 5 ) h BEALIEE 60 XF EST-SSR 5144} 32 4 BORK S5 F I VR JEEAT I 1 K 2 2%

PEVEOY (Il 2 247514 HeSSR020 Fil HeSSRO33 [H47 1414 ), Hrf 36 X5 WA R 2 &M 2R (R 4),
dT AR BE 1 I 60%. BEXT DI RIS 2 ~ 7 208l AR R 147 L5010, Hh 2 &R
B 102 N, X5 2.83 N2 B, 36 X EST-SSR #xic 1 PIC “F¥I(E N 0.73, 1L
HeSSRO11 5[4 PIC {6/ T 0.5, HeSSRO88 [¥] PIC {HiA %] 0.87, F£IHIXLE SSR trid & m/E L &5
Bo 36 X ZAML YT ZRIFRESR S X, SERTRESMN 14X, ARTREZR 6 X, S
TR ESM 11 X,

M 1
200 bp— %

A

200 bp— e

B2 314 HeSSR020 (A) #1 HeSSR033 (B) 7 32 MEMBMERAR (1~32) RHBHE
M: DNA marker; i SkbiEfb2 b 7257 440 o
Fig. 2 Polymorphisms showed in 32 Hibiscus esculentus germplasms (1 -32) by
primer HeSSR020 (A) and HeSSR033 (B)
M: DNA marker; The arrows indicate the different bands.
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*4 EPIE 36 3 SSRIIMER

Table 4 Information of 36 pairs of SSR primers developed from Hibiscus esculentus

S S (53 s | I Bt ot £EBER
Primer No.  Primer sequence SSR motif prodguct polymorphic  PIC
bands
HeSSR002 CGCTGCTCCAGACATAACAATCTTTCTCTCCGAACCTCCA (ACG)y 169 5 0.83
HeSSR003 GGCGATCAAATTAGAAACCAGGTCACGCTGTAGCTCTCGAA (AGO) 1y 122 3 0.75
HeSSR009 GAAGAACAAGGCAAGGCAAGAACATCTCCAAGCTCCCTCA (GAA) 270 3 0.73
HeSSR011  TGCAGGCAAATCAACTGAAGGTTTCCATTCGACTCGGGTA (TA)s 206 2 0.47
HeSSR017  ACTGCCACTCAACAGCAATGTGCGACAATATTTCCAGCAG (CAG)s 270 4 0.81
HeSSR020 TTCTCACTGCAGCAACAAGGTGCCACTTCTCTGCCTCTTT (AGG)s 147 7 0.86
HeSSR023 CAAGGAGACAATGCAGGGTTATTCGATACCCAAAGCTCCC (AAC)s 243 3 0.72
HeSSR030 GAGATCAAGAACGTGTGGCAAATCTTCGTTGGTTTCGGTG (AAC)s 223 2 0.63
HeSSR033 TAAGAGGCGTGAAAGGAAGCAAGCTCAACCTTTACGGCAA (AT)y 163 5 0.76
HeSSR036 GTGGGTTCAAACTTTGGGTGAAGCAGCAAGGTTATTACACTTTACA (AT)2 268 3 0.71
HeSSR037  ACGTCATCCTCATTAACGGCTTCCTTTCCGACAATTCGAC (AG)16 210 4 0.68
HeSSR040 CGTTTGAACGCTACCCCATACCCGAAACCACCTAACTCAA (GTT), 280 6 0.82
HeSSR041  GCGAATCTTTTGGTATCGGAATGGATGATTTGGTGGGATG (CTG), 264 2 0.53
HeSSR043 GCTGCAGCTAAAACGCTTCTCGTAGTCCATGAGGGCAAAT (TC)12 272 3 0.63
HeSSR046  GAATGGAAGCCAAAGGATCATGGAATGAATTTTATGATGATGG (TTC), 202 3 0.70
HeSSR051  AACTGGACCCGAGTGTTGTCAAGTATGGTGCCCATCATCG (CTG), 183 2 0.62
HeSSR054 TGGCAATGATCCATCTGAAACTTGCCATCGGAATCGTAAT (GAA), 208 3 0.64
HeSSR055 ATTCGATGCTGCTTCTTCGTCTGCGTTGTTTGTTCAGGTG (AGA), 113 3 0.72
HeSSR057 CTTCCGCATCTTCACCAAGTTTTCAACACGTGGATGTCGT (AGA), 210 3 0.59
HeSSR060 GGCAGTGGCTGATTGTTGTACAAAGCAGGACAGGAAAAGC (CTAGC), 227 4 0.77
HeSSR063 CGAGGTAGCCCCATCTATCATTCTTTCCGTCCAACCAATC (ATTGA)s 196 6 0.85
HeSSR064 GCAGGAAGCTCTAGGGTCAAGACCCAACCAACTGGAGAAA (AAAAG), 196 5 0.70
HeSSR067 CAAAACAAACAATAAGGAACCCATGGCTTTACCTCAAACCCAG (CAAAA), 134 6 0.81
HeSSR068 TCACTCCTGAATCCTGGTCCGGCTTTGTCCGTGCTTATGT (CTTCCC), 167 4 0.76
HeSSR071  TCGTCCCTTTTAACAATCCGAATTCCCCCTACAATCCCAG (TTCTTG), 212 5 0.75
HeSSR074 TACTAGAGGGCAACGCCACTGGAGGAGGAAGAGGGAAATG (GTGTT)s 205 4 0.71
HeSSR075 TATGGGCGAAAAATGACTCCCTTATTTTCATCGCCCCTGA (CTCAT); 177 4 0.73
HeSSR077 TGTCTCCGAGTGTTGTCTGCAACCCTAAACTTGGAGGGGA (CTATAC), 211 5 0.78
HeSSR078 CGTCGTCTTCATTTTCAGCAGATCGGCATCAGATCCACTT (CTTCAG), 182 4 0.69
HeSSR079 CGGCTGACTCATGACCACTATGCTTTCCAAGTGTTCCTCC (AGGAGCQC),4 223 4 0.81
HeSSR081 GCGATTACATCAAAAACCCAGTCATTTCGCAAGGGAATGT (GACTAG)s 233 4 0.76
HeSSR082 TTCTCCCCCTCCTCTTCAATTGACTCACTGGCACTTTGCT (TCCATA), 276 5 0.84
HeSSR087 GGACATTTTAATGCCGCTTCATCATGGTGGTGATGGGAGT (TGCTGG)4 199 6 0.81
HeSSR088 TCAGGATTTGGGAATGAAGCGGCTCTGAATGTTTTGCCAT (ACATGG)4 214 6 0.87
HeSSR094 TGACCTTGCTCGGGTACTTCCTAGGGTTTCAGTCTCCCGA (ATGGCG)s 254 4 0.75
HeSSR097 GATCAGAGCCATTCTTGGGAAGCGACCATCAAAACAAACC (TGCTGT)s 205 5 0.82

36 X Z A1k SSR 51N SRR ZE M I Bt IR AT SRR AT, AR R 0.73 &b, 32 A Rk
SRR (K 3D,

81 R 28 R R YR, FENERORISE ORISR, LI 0.39 Az N
4 /N BIELEA) Ys01. Ys10. Ys19. Ys34. Ys31. Ys55. Ys53. Ys56. Ys40. Ys06. Ysll.
Ys21. Ys46. Ys51. Ys50. YsO7. Ys33 FURIELE AL Ys14. Ys18. Ys08. Ys29. Ys28 AL —
i, BN R AR R G U s R 1 A [ e RAR 1 Hk06 HKO7. HKO8 3N —2; e =22 [E 1 Ys15.
Y37 T3, MR Ys35 3K
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BB ES 4 R BUEE, H Ys43, HKO3 T3 NRL M 1 /MK, Hk12. Hk13 F3Eh
ARER -SRI~

Ys46. YsS1 [WastfL i & A i, BIRIUNVHEMREBRE /N, RI&ikatt, RimEBAMK, XK,
it T T U [ T
Ys01 —
Ys10
Ysl9
Ys34
Ys31
Ys55
Ys53

Ys56
Ys40

Ys06
Ysll I-1

— Ys21
L“—{ Ys46
Ys51
Ys50

-
Ys33

Ys04
Ys18
Ys08
Ys29

‘ Ys28 —
Hk06 —

M — - L
HK08 —
Ys15
Ys37 _ 13
Ys35
Ys43
Hk03:| -1
Hk12
s SR |

073 067 060 054 048 042 035 029 023 017 011 004
18 1% i B Genetic distance

B3 EREMHRFFEL UPGMA REE
Fig.3 Germplasm resources for Hibiscus esculentus by UPGMA method

3 e

B PAEAS EST He il n, V2 911 EST-SSR Frid O I & M (Lietal., 2012;
You et al., 2015). HAKZE EST-SSR Arict iR WARTE o AT B AR ZE 1 e s L P 25 3L 1 kb LA
%116 257 unigene 2%, K ILH A 3 191 4% unigene 741 1545 3 448 4 SSRAV 1, H: A 235 4% unigene
TP BB AL ) EST-SSR {7 £, SSR RESNH N 19.63%, HIEUMIAE N 20.59%. bhaiRmT
K (Dingetal.,, 2015). ¢ (ZZE4E 25, 2016) %5 2.65% ~ 19.26% ARG, (EAK TALAH

(Chen et al., 2015) FI% N (Wang et al., 2012) 33.99%F 23.79%1] SSR v/ £ . SSR 7 15 1)
KA ] Re YA LR 22 5 . e sk B P unigene 0E AL SSR 42 T H X1 1)
4% (Biswas etal., 2012; Zhaietal., 2014). HAKZE SSR TAE KM 5 Millf, W KRS
AEHRES, Hh =R TR E S B IR I, 4005 S SSR 1 60.79%F1 21.43%;
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VURZ IR ToR% F R RN /S A% T IR B S0 R T 2D, 0l v 30D 8.93% 3.54% 11 5.31%. R4 (&=
etE 4, 2016). 132 (Zhang et al., 2012). # | (Wang et al., 2012) ZEA/EYIRIRETTEE RALAH
[, AIREY SSR W RbrUESYIMI . Hwfoy, —. WUR TR A 18 5AERI% X (UTR) #1%,
M= AEHRES EERAEERILTS (CDS) W Uingetal., 2014), K = IFRE R LG
A, B SR unigene P E B2 CDS 5 B RILBIMEL A4, L AAG/CTT #
AG/CT 37 5, 4RSI A KA (Dingetal.,, 2015). ¥ ~ (Wangetal., 2012; Zhai
etal., 2014) (&R YI4.

IOUEBHALIERER) 100 XFANF A BITH) SSR 514, 87 X (87%) 5I¥aed i th il PCR r=4),
S 3 R MCAT et AR RN &1, AEJRBhAL S5 e SNPS/InDel 48 5, dE i PG 5145 H 5
DNA 454, Walae e bR sl (Xiang et al., 2015). 87 X514 36 % SSR 51 £ %
A, HEEHGIYN 60%, KT KAZE (70.90%) (Dingetal., 2015), T34 (40.00%) (ZE5
2, 20160, UWIEERKZE SSR FRid My M RCR & s . AWIURW], SSR ARt Z &MY SSR
fr P EE PN REASE, EREPAIEK, 28R TR S (Tenmykh et al., 2001; Singh et
al., 20100, H*i SSR mHEJ¥4] = 20 bp i, HILZAVEMLLEIm; TEPHKEL 12 ~ 19 bp i
FELH L 2 S MR T REME I W R, KT 12 bp (2 A& EMAR (Tenmykh et al., 2001). AHFFTH 36
XL AMET A 2 Xk A TEEFIKE <20bp, HA 34 WBKAT = 200p WEEEY. £
SEESE PIC HH TVHEbRc E BACE, AT 36 YT 255113 PIC {58 0.74, &AK
1B R AEAE SSR AV 5 i ER A R B LR B 514 HeSSRO11, Hi4y 35 %5 [ W4 Bl e PIC 18, R WIAHT
FUIFR ) EST-SSR HA R w2 & (Botstein et al., 1980). AIRK(ELE it SSR i A4 #
BAFRMEL FHIGAEN, 05 (5 %, 2016). faflEh (RS %5, 2016) S MM
WU AL R I S PSR R I 2 A&

FXT T HoAh g B, iz AR B AR il M R R AT L />, 24 7 RAPD.,
ISSR. SRAP %5 5. Aladele 2% (2008) XS 13 X} RAPD 5#%} ¥ 43 43 FVGE 50 43 s Rk 2% ¢
RIEAT I AR Z ARV BT, T LK 43 O R AE DX 20 T, FLE I 3 AK 25 95 U535t 4% 2 A1 B 515 Gulsen
2 (2007) FIH SRAP BORAMTT 23 e AkZE 08, Horb 21 fisk AT HHIL, 2 kB T3RE,
HAR 23 A B RK S VR R IR I 35 it A% 22 A (H AN REAE b BRI B IX 3 I 5 5k &5 055 (2009)
X 42 AN E P A SRR S R FRORIET A2 B 25 HEAT ISSR J0 T, AT 42 43 3 RK SR ol ST RN B A 3 % 4y
FF, EIN, AR 42 B AT RT PR BRI Ry 2 AN Yuan %5 (2014) FIH ISSR 2 Fhrid
24 Py EERKZE A PR A 4 DAFHFEREA, RAPD. ISSR. SRAP &858 B IL T IR (aldhsdl)
JPAUE BIFR IR R HAR, FRic RIS et 2 o AWFFH R SRR S8 5 s AU B T
) 36 X SSR 514, XF 32 4ok A FASF E SR X . AT SRS PR 0 B AK S5 Fh R o R R4 T 84 &2
FEPE AT, DAIBAR RS 0.39 A BIME, 32 (st BKZEM IR IR IR, 55 T R[50 4 /K, DL
KUFHUAHIT R A2, BT RIEnI 408 2 /K, DURSEBOARIRIX 7. %L ISSR. SRAP 541K
IYHTEE R, SSR bnic B AN Sk A b s W T SRR SR TR I TR IR 2E S

AWFFTLERLI, RS U T R I SSR Aric il FH RS i, s Ak R o 8 et 4%
ST Ak SR . SEPR A A ve B K oy AR S B RS B e T A
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