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HAERASSRERSMEESFIRIEHA X

wOAY, RFF, ORER, AR, FO0R, dEF, R ORN, ATk
(LRGN AR B, IR FRIH 4500025 2.9 R RH 22 Be el 25 el AR B8 , 1T RS Hr & 4530005 3B APl , Tl Rg - 48
M 450002)

FEE:  FIH Misa AT HPHE A BARHAT SSR G BT M FAricIF & JFE i PCR ¥ #7523
PG, 25BN, X E P S 4L 3545 1Y 131 265 4% Unigene #E 47 0 16, 3L 3K #53 44 1814~ SSR i s, 404 T
38 3165% Unigene 7, SSR WY A& AR B FIE- 3 3 A0 B 2553 310 29. 19% 0 2.23 kb, BAZHR . A HIRM = HR
R E A S5 SSR B 75. 19% (15. 02% F1 6. 88% , HHEEE 4L+ ) SSR 15 BUF 51, BEPLA A 60 XF
SIYIAE 16 Rt PR AR P T 22 B Fod 15 X5 R 28 S AL SRR IE RO 4~ 13 A4S, T
SN EEREL 8. 13 A4 W2 & B (H, ) WG (H,) TR MR (Z28F B & & (PIC) WA 5 5
££0.757 8.0.790 3.1.718 6#10.730 8,
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Analysis of SSR information in transcriptome and development of molecu-
lar markers in Paeonia suffruticosa

HE Dan'*, WU Fang-fang', ZHANG Jiao-rui',  XIE Dong-bo', LI Xiao-kang’, LIU Yi-ping',

LI Yan', HE Song-lin"’

(1. College of Forestry, Henan Agricultural University, Zhengzhou 450002, China; 2.College of Horticulture Landscape Architecture, Henan Institute of Sci-
ence and Technology, Xinxiang 453000, China; 3.Zhengzhou Botanical Garden , Zhengzhou 450002, China)

Abstract: In this study, the Misa software was used to analyze the simple sequence repeat( SSR) information of the
peony transcriptome data and develop the molecular markers. The primer polymorphism was analyzed by PCR amplification.
The results showed that 131 265 unigenes were obtained from transcriptome sequencing. The 44 181 SSRs included mono-,
di-, tri-, tetra-, penta-, and hexanucleotide motifs, which located in 38 316 unigenes were identified. The occurrence fre-
quency and mean distribution distance of SSRs were 29.19% and 2.23 kb, respectively. The major repeat motifs were mono-
nucleotide, dinucleotide and trinucleotide, which accounted for 75.19%, 15.02% and 6.88%, respectively. Sixty pairs of
randomly chosen SSR primers were synthesized and amplified in sixteen Paeonia suffruticosa samples. From these, fifteen

pairs of polymorphic SSRs were characterized. The number of alleles at each locus ranged from four to thirteen, which was

averagely 8.13 per locus. The average values of observed

W% L #3:2019-04-14

BT : HEARFEIEETUH (31600568 ) ; 7] 7 £l KA RHL A1
FHELATE (KICX2015A03 ) ; ¥ g £l KA -+ 2h 3 4
T H (30600408 ) ;171 4 BHE BOCHT H (192102110062)

EE® N B PH(1983-) L W E T 2 A\, Tt PRI, 322 A
AL F AT, (E-mail) dandan990111@ 163.com

BIRVEE A, (E-mail) hsl213@ yeah.net simple sequence repeat( SSR) ; polymorphism

heterozygosity ( H, ), expected heterozygosity ( H, ),
Shannon polymorohism index () and polymorphism infor-
mation content ( PIC) were 0.757 8, 0.790 3, 1.718 6
and 0.730 8, respectively.

Key words: Paeonia suffruticosa; transcriptome;
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P} ( Paeonia suffruticosa) A5 25 BT 25 J& 1) —
ety , e EES KAz —, BARE 0
FMATFME, dPHE” T E, 245204 2 000
AR ARIE R Fh g s ARG D TR IR 51 R
Y N T 258 I E R B R RN B, BE i E
—RINEA AT E LW BUPETR SRR BT
Fpti2l,

SSR (Simple sequence repeat ) 43 Fric 4340 T
FAFEHA SR~ 6 M RIEA RN EE 2K
) DNA P91, 55 bRic i iZiAi L, SSR 43
ThRic AT DAL S st A% 0 o S ik = Wy st A%
B HABEFE RErkm 28 Jhp ik,
BRAEM A D) R L B, B 2N TR R
FRIRIAL A R SRR | SRR R
FeFh S5 5 B4y ARG B B R AE D5 Y, eAb,
EST-SSR 5|93 HIVE 5 i, AT ATE SR 4% 6 R B Y
YidbrboE ., HH R W EST %R, %%
ZEUOTE 1S XS 57 0y S BEH S SRR B £
FEVESEAT 43 M, 25 SR B 15 X} EST-SSR #ric 514
Ly B 65 NN, ZBME B E R (PIC) 1E
0. 132 % 0. 838 Z[al, -3 0. 618, KW 21X 57
T 5 BEAE PH A B W W s 2R, g
ZEN N 80 XKV T A4 FHAY EST-SSR i H i i
52 X ZASNERIPIRE 31 AT 24 Sl Y SR 500 R AT
R, AR R 31 AT RN 6 2 BT
FRIC R T4 R 5 RIE AT A R A — 2L,

ARHFFE LA PHG S 40 7 50 Ry Sy, 0 6 9T &
EST-SSR #rict, F i th 19 2 85 SSR 514 %7 4
FHRh B IRSEA T st AR Z R4, LU R R A BIESE
SR P T U 5 RN bR Ol B B A AR T
IFRIC BT

1 MRS IE

1.1 EHRANF

HEEEARAT 2 S AR £ DS ACARH P b Bl R
H51 B ILARA W, T 2011 A5 AR T mE Al
TR I b A R A R, AT DL IE R R AR 45 51
HACH A K B0y B, 28 1A BB RS .
WA D b OB A 2% A8 i 2 A R B[] 452
e 24 h BORER (FERXTAR) | A 28 2 sc itk H
TR VR HEHL RNA L5 S0 Ty, a3 44 R
RNA AU4REUZS IR Cheng %" BT, 4HFHE %

2N P Z2 46 A R BR R O A BR 2 | 52 i, 1
BGISEQ-500 - 5 #E 47 I /¥, — LM 75 98.82 Gb %L
Wi, iU R ek To gL DL AR AL N 5 fE i
51 1) reads , 345 clean reads, K Trinity #£17 denovo
ZH2E4931131 2562% Unigene 1E T 85088

1.2 SSR L m¥7 K541t

FIFH] MISA ( Microsatellite, http://pgrc.ipk-gater-
sleben.de/misa/ ) 4T SSR 7 8 R, KL AT
MR AT e D B A U 3 12.6.5.5. .4 it 4
UWRARHEIE AT 2, i F Primer3.0 ( http ://bioinfo.
ut.ee/primer3) B X B — 25 & SSR v 5 Uni-
genes FPSHEATS Wit B S HORBONE, BEHL
PEBCH Y 60 X514, Z4E/E TR TRE (i) B
1A BRA B HEAT5 B, FH T 51 22 25 A H 1 oy
P,

1.3 5|#0%iE R PCR ¥ 1

A B 60 Xif 5 |4 e i H e A M R MR
U9 15 X519 T PCR 74, 15 %) SSR 514119
A 5 i BG4 M13,

RT3 Wy e A I 5 1 W) 22 25 M ) 16 43 41}
FOEH(ER 1) 2R A 1] 48 KN T AR el e 2 A
e TOHE B BORE AR, B AR OR I 3 AN 2R b B
ZJE ] -80 CUKAH, LI% DNA BUFEH, i _bif
A T A TREA PR A DNA S 0] & 2
16 D41 PF 2R 1 8 DNA |, BE S ™ i U B 5
A7, $EHAY DNA FJH Nanodrop 2000 #A /#4356
JCRET (36 [ R B W) AR I 4R S R A 50
ng/ T PCR K,

SSR %G5 [ S Wi Ak 2R SRR R 10 ul, 75 5. 00
pl 2xPower Taqg PCR MasterMix ( Jb 50 H 28 v A= P4
ARZAHE]) (2,00 wl DNA B (50 ng/pl) (M13 %56
Fric 0.15 pl Forward primer( 10 ng/pl) .0.30 pl
Reverse primer (10 ng/pl ) .2.55 pl ddH,0, 344
FEIF N 194 °C M S min;94 CAEHE 30 s,3B %k 30
s(HRAE 25 51 IR KR EES0~ 65 °C) ,72 °C Efifi 40
5,40 MR, & 72 °C ZEAH 10 min,

1.4 HEALIE

HIH Genographer H4- 4 4 W (B A4 137 55 Ho vk
B Sizemarker NARIEFT FL#E, BEHL SSR FRid A
Bt K/, R Popgene32 84St Hr B X 51 918
AR SR R 2B B S 5L, H PIC_
CALC AR AR Z SR & &,
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Table 1 The name of cultivar, plant size, flower pattern and col-

ours of Paeonia suffruticosa in this study

%' g0 PRI pidi] iR
1 L HEA gyl (e sath
2 26530 HEAR ek )
3 sk EAR A fits qul
4 2 AR o Bwe
5 LiF AR TREAR - FaR)
6 i1 S EaN HEAR WA EFARC)
7 Holeh e A FEHERY e S
8 X AR BB ZE Rk E g
9 UL A SR REk

10 LT A HAER EANC
11 RFHA AR IR SR
12 KIH LN F ALY KT8,
13 [ SAN WA BT AEE b EARER
14 L Jp pe ik AR TREARE e ARG
15 374 HEAR LT SR
16 EENT HEA BHALT e 4 gt

2 R 55

2.1 R4 Unigene KE D

PP SR W) T I, AT 9 0 R IUR )G
43131 265 4% Unigene, Il 77 7 %1 &K 98 693 005
bp, Unigene “F-3J 14 4 751 bp, N50 {E 41 356 bp,
GC &M 41.17 %, Unigene Z4 H7E200 bp =
400 bp Z 8], 3£ 67 097 %%, 5 Unigene &L %X 1Y)
51.12%; K F1 000 bp 9 Unigene %1430 253,
Unigene BEL) 23.05% (1),
2.2 HAEERA SSR NG REHES

I Misa B8 X 41 2F 5 5% 20 0 7 3K 45 1
131 265%% Unigene #7170 i , 2381544 1811~ SSR
D745, 5345 T38 3164% Unigene H1, SSR 1) & A 45 %
M 29.19% , i AisiR Ny 33. 66% ,F-14 2.23 kb A 1
A~ SSR i, W3R 2 AT UL, 4 PR TR 2R A Y SSR H
BUEH MR AR ER . TR E 2T
A SSR fi mi LA 2R A I 33 219 4,
SSR SVELIY 75. 19% ; I B IR —#% H IR A 25 AR
f) SSR 7 15 BUE: 43 ) 2 6 638 (15.02%) 11 3 041

80 000+
70 000+ 67 097
60 000+
50 000+
40 000+

i

30253

30 000+
20 000+ 17919 0 408 H
10 000+ ﬂ 6588
0 [1
c d

a b e

KE (bp)
a:200~400;b:401 ~600;c:601~800;d:801~1 000;e:>1 000,
Bl 1 4% 54H Unigenes BIKEDH
Fig.1 Length distribution of unigenes in the peony transcrip-

tome

(6.88%) , 032 TIUAX TR (180,0.41%) | A% 1T
12 (431,0. 98% ) FIZSAL TR (672, 1. 52% ) HE A S HY
i) SSR i 5,

HPH k4 SSR A BT E B IR 4 ~49
W BT IR B 2 ST I B B UOBCAE 10 R DL %
2, TR EE MR ET N 6~8 IR, — i
MR BREE e ,5 .6 WEE T e plHR K,
A3 4.93% K1 6. 67% 3 FUk 2 7 YA 8 Ik, 43l
HiECSSR 1Y 3. 47% 1 2.26% , 4 PHEE 5 2 TR [
A SSR o s A AT AT AR 5 H ] — 3, B R
BRI AAARR I 5, 35 25. 31% ; ok o AT R
A=A TR A 2R, DU A% Y R o 2 28 R0 A A7 iR
A%, U 0. 14%
2.3 3 SSR tRIE SRS

FIF 60 %I SSR 5191 %} 16 434t P Fp e 474~
T BES 15 X2 SR R SSR Bl (K 3) 3k
PR 122 DAL, 2 A A A A R R B
FA~13 A4 SN IR ECR 8.1 4, & 4 7]
1,514 SSRS U A B B 2 (13 5%) , 51
SSR15 HAEP g 4 NG FEH . POPgene 43 #7145
AR, 4 SSR FRicd 3 A RSFE AL BT
- }4.875 2, A8 AL {5 47 1.890 8~ 8.258 1; WLl 4
AR A B 2 A R T 4 4E 3 i) 2 0.757 8 N
0.790 3, 78 fL 75 [l 4 % 4 0.461 5~ 1.000 0 A
0.4874~09394; F R ZH IR BFHMEN
1.718 6,754k 751 50.891 9~2.333 6, 4% SSR #ric
2805 8 & & (PIC) FE-Y{H 70.730 8, A8 {1 [l
40.432 4~0.868 6, H:H SSRS 1Y PIC fE &, X
FHAZIAN 16 M HFHH AN EA 5 1 sife 20,
FrE A 15 X SSR 519 B AT B m iy 2 2484, AT A
A3 T4 2R T
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F2 HAHRFEATTRE EST-SSR HHE KR URIAE
Table 2 The number, type and frequency of different EST-SSR types in Paeonia suffruticosa transcriptome

S et o B ot

4 5 6 7 8 9 10 >10 (%) (%)
WA R 33219 33219 75.19 25.31
TR 2211 1228 871 552 347 1429 6 638 15.02 5.06
=ATR 1 885 657 292 117 21 29 28 3 041 6.88 2.32
PURZ R 141 32 1 2 2 2 180 0.41 0.14
FAH R 348 71 8 3 1 431 0.98 0.33
AL R 527 83 41 8 8 3 2 672 1.52 0.51
58 875 2180 2949 1532 997 578 380 34690 44181 33.66

*3 153t SSR 5| #1551

Table 3 Information of fifteen pairs of SSR primers

519 SIIFHI (5—3) PRAIERIE (T R o

SSR1 F:CAAGATCAATAAGCTTCTGTCCG 53.3 GGA(18) 160
R:AATGATCAGGCGAGTTAGAGAGA 54.8

SSR2 F:CAAGGGACGTTCTACTAAGAGCA 56.2 GAA(15) 157
R:GTCAACCAGATACTTGACGAACC 55.5

SSR3 F:AATAATCAATTCGAATATCGCCC 50.2 AT(20) 160
R:AGAGAAATTTTACCACTCGACCA 53.2

SSR4 F:CAACGTGTATTGGGTATCGAAGT 54.5 GGT(18) 153
R:GGTTAAAGAGATTACTGCCACCA 54.4

SSR5 F: TAAAGATGGCATCCTCCAATAAC 51.9 AG(12) 160
R:GTTTGTTGAAAGAAACTCGATGG 52.0

SSR6 F:ATATAAGCTTGTCATGCTCCTG 54.7 CAA(15) 152
R:TTTTTCTGTTGTTGTTGCGATT 50.6

SSR7 F:ACGACTAATATTCCGTGGCTAAA 53.1 ATA(15) 160
R:TATGTTTGCATTTCAGATTGTGG 50.9

SSR8 F:AATACATCTTACCCGGAAAACCA 53.4 GTG(15) 160
R:AGTTTCAATGGTAGAGACGCTCA 55.6

SSR9 F:TAAACAAAACCTCTGGAGCTCTG 54.5 GA(14) 160
R:TGCTGGCTTGGTAAAGACTAAAG 54.8

SSR10 F:ATTTATTTAGATGGCGGTGAGAA 51.1 TTC(15) 160
R:CATCTCTTTATTCATGTGAGCTCCT 54.0

SSR11 F:CGTCTTTGAAGATTCAATCAACC 51.6 AAC(21) 160
R:CCGAATTGGATTACCTTGTTCTT 52.5

SSR12 F:TGAGTTTCTACAAGTAGCCCTCG 56.2 TC(14) 160
R:CTCGAAAATTGTAAATGGGTGTG 51.9

SSR13 F:CTCAACCATTTTCTCACCACTTC 53.7 TCT(15) 160
R:TCACAATCCAAGCATGTGTTAAA 52.1

SSR14 F:TGAAAATGACTTGGCTTGAATCT 51.9 TA(12) 160
R:TAACTATTTGCAAGTGGCAGAGC 55.3

SSR15 F: TTTTAAGGGATGATCGTTTGTTC 50.3 TCT(15) 160
R:ACTATCTCTTGGGTCGTCTGCTC 58.4
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Table 4 Diversity of fifteen pairs of polymorphic SSR primers

a1 Ay B AL R S AL S 2 B bt bat gy TREFEIES  ZBUEEEE

(N,) (N,) (H,) (H,) (N (PIC)
SSR1 6 2.526 3 0.750 0 0.630 4 1.2455 0.593 8
SSR2 8 4.205 6 0.866 7 0.788 5 1.663 4 0.728 3
SSR3 9 6.250 0 0.933 3 0.869 0 1.991 3 0.821 6
SSR4 7 41220 0.538 5 0.787 7 1.624 3 0.722 1
SSR5 13 8.258 1 0.625 0 0.907 3 2.333 6 0.868 6
SSR6 8 3.947 4 1.000 0 0.772 4 1.650 4 0.713 3
SSR7 11 7.111 1 0.937 5 0.887 1 2.148 5 0.844 6
SSR8 5 2.652 8 0.812'5 0.643 1 1.168 5 0.557 4
SSR9 12 4.063 5 0.937 5 0.778 2 1.817 2 0.721 2
SSR10 9 6.145 5 0.846 2 0.870 8 1.959 0 0.817 0
SSR11 8 5.728 8 0.461 5 0.858 5 1.915 4 0.805 7
SSR12 7 4.285 7 0.600 0 0.793 1 1.628 4 0.733 3
SSR13 6 4.740 7 0.625 0 0.841 7 1.646 2 0.756 6
SSR14 9 7.200 0 0.833 3 0.939 4 2.094 7 0.846 8
SSR15 4 1.890 8 0.600 0 0.487 4 0.891 9 0.432 4
THME 8.133 3 4.8752 0.757 8 0.790 3 1.718 6 0.730 8

3 BB 7 SSR EEL 2. 91% ., XL RS TT ) I AP Tl 2

EIRT SSR 43T B iC 7 AT 24 i v A4 o7 FF B el )
Z. — AR RIEEE, M EL JLEEE S
SEHEAAH R, R SSR 43 TARic AT ATEAS 24 8 %
HAA AR T3 B AT Z R RS E
FRGRAEZRENE, 51—, AT 24 8 24 A8 B Fh Aok ik
T HAARL Z ek, R FARICH R 5 R A4,
A AT A PR R TS B R R R, P B
B, ABITIRAFIAT 24 J@ 5 AP 81 Hh SSR AV s 8
FH , 1638 3165% Unigene 1A F]44 1814~ SSR {7
B4 2.23 kb BUA 14 SSR A, K AESIER N
29.19%, & T 46 H™ 1 16.31% . = 53k B8 1y
20. 58% JHIFL 1 20. 37% ERUBAH Y 23. 88% ,1H
WA AR T g SE U R ) (1 37. 68% i e 248 iy
32.51% FIKAR 1 33.99%, &AhEFAlfeeh T4
Fl]HE R, 2k SSR AF 4R AR T 1 FH B A 48
T SSR HIFRAEANTRILA B, EST KUt e v e et 3 8 e i
FHIRIARE R, B EST B0 e 0 25 5 S W 57,
AR SSR MK A Gi— Y LR

W R IR, T2 8 ) 411 SSR v 5 Hr Y B 4R I
P AL T E IR A, A IR B A AL TR AL
R E A AR AT B, P AT R\ R A — A%
HIRIE A AR R EE IR, | SSR B
97. 09% , M PURHFIR 2 /S T IR AL B B 28 IR 1Y

TR0 SSR A B EERIRREN " BReAT R
DISN, AT IR IR e i (15. 02% ) , — % AT R HH 30
WA Z(6.88% ) ,iX—45 R GL0HE Mk > PPk
FAA RS T A8 SR A B SR 4
ST E R RS R B, X RV
e H A )y A B AR A, R R R 3
P e R 28 7 B AN RIS TR) A A T B X Hd A
s

AHFFE AT LSRR 60 X351 4 1E4T PCR ¥4,
H g 15 %51 Praeiey 1 i BRAR R PCR 729, #54%
S 1 M JE R AT BB S5 51 4 R B T Y
SHAEA G, R R 3 X5y s
Tt BAR = K/ SR X AT RE Y3 e BE A e B
Jealidl A GEAS TR PIC RPN 4> ThRIC S
SR FEIEER, M50 PIC {E#m, Fomn L2
PG, ARSI R ARAFI 15 XT 285519, B
519 SSR1S 519k B 2SN, it E TR L
AW [FF, 15 XF 514 0Y-F- B g e & BE Fi D) B2 e
A BEAR R0, 757 8F10. 790 3, -1 T4k 2 REVEFE B
K1.718 6, THEMES SR 12 % SSR 51HI7E 48 14
FHEEAS Y 18 ) 42 205500, E 3 B )
LR 3.5 4, ISR 2 A B R R A A 1
S35 R 0.785 1 0.541, -3 F &k Z A1 Bl
0.906, 32 K 29 X%F SSR 5IHI1E 261 {525 25
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JE AR LRGN R 272 4~ SSR AR 5, SER R B 1R
9. 38 ™, FHIER AL A FE R EE 2 & B 4 301 R 0. 522
1 0. 638, S F A L HEMEFR BN 1,362, SAMIFT 45
A —E 2250, X T B SR A AR L 1T S AR
K, BEERARIHK, 2R Z85M SSR i sin]
REBE A, 1 e 2SS R BCR T RE 2,

ABIFGR 3 3 Xof AT 245 Ja P Si LI e 45 SR R 3 A
P, ATEG B 4] SSR ) BT R i, JF HS A5
BP0 22 25 VB BB 1 1 JE 55 183X S8 T & 1Y
SSR HATR R AT T . Rt ASBIFFE 45 2R R gt P st
BRI A FARICH B B RS TR E T
— i MBI SER (RIS AT 24 S Al ) a5t A i R B
G R T 0T S AR IC ORI,
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