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Abstract ; Disanthus Maxim. belongs to a small eastern Asian genus of the family Hamamelidaceae. D. cercidifolius
Maxim. is found in Japan,and this species is the relative of D. cercidifolius var. longipes H. T. Chang that is particu-
larly distributed in the south part of China. D. cercidifolius var. longipes H. T. Chang is listed in the Red List of En-
dangered Plant Species and Second Grade of the List of Wild Plants Under State Protection in China. D. cercidifolius
var. longipes H. T. Chang is of significant interest in phylogeny study and floristic geography in East Asia. However,
the limited number of available SSR molecular markers inhibited the current genetic research. In this study, by un-
locking the transcriptome datatets by RNA-seq,we obtained a total of 32325 uni-genes. 13779 SSR loci were found
using MISA ,with the occurrence frequency of 42. 63% . That included 37. 90% of mono-nucleotide repeat motifs,
44.10% of di-nucleotide repeat motifs and 16. 71% of tri-nucleotide repeat motifs. The AG/CT was the most abun-
dant di-nucleotide repeat motifs , while the AAG/CTT was the most abundant tri-nucleotide repeat motif , followed by
ATC/ATG,ACC/GGT ,and AGC/CTG. 60 pairs of random-selected primers were used to test its availability in the

random sample of 8 unrelated individuals from different populations using agarose electrophoresis. Forty-six pairs of
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primers amplified the target fragments, including 30 pairs that were found to be polymorphic using TP-M13-SSR

technology. The rate of PCR amplification and polymorphism were 76.67% and 65.22% , respectively. Thus, the

large number of SSR markers developed in this study might become valuable in population genetics and phylogeny

analysis of D. cercidifolius var. longipes H. T. Chang,and also this work might provide an example in development of

SSR markers in other species.
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WAL K J& ( Disanthus Maxim. ) & 45 25 ¥ F}
( Hamamelidaceae ) 5 5 4R J& , 0 AR W X e, —
— A Fh WAL A ( Disanthus cercidifolius Maxim. ) H
HA KA B, WXL K (D. cercidifolius Max-
im. var. longipes H. T. Chang) i & E 44 Fh AU EF 2
SPAT TS TP )T AR S HBIEER 1300 m LIT
AL, RARKAEANE Ry i - H A X AR AR
T TERF T S 2R R G0 L T MR ALY X R
PRSI A EE RN E . R T RE
KMAEAR G AT DX TG S 56, 8 TP FIas R ™
L, KA SAEAR AR A E R D E A
S HARRYER A (TUCN) WfE AP 2L .44 5% (http://
www. iucnredlist. org) , A S TR EWRfG AR 24 s8R0 1T 2
CS IR L7 I

BRI R T B AL i R G R E IR
BATH, HEZEY WHESCED S5 T4
BiE A1 ISSR ARICEATF I T AR XL A S5 318 3t X Fof
BEBL ST 30T, R AR AR A 38t 12 5% 5 DR 37 5 g
HlESRME T 2%, (H, S0 EEbRIC HREAS I 4 i
B SRR oA A ) ) 6 PR 2 rh R 2 A i R D) K
AU H BT o> F 1B R Y72 5 ISSR pRid oy ik
Fric, NREX A3 FhfE b WL Gk 522 Gk, I,
BT X SERRIC T A S RO R AL Z R 2 R
2, SSR pric HA e LN E R It st fl &
L AR AR B O 2R S
Br RGBT 3ot 4% R E A gt | b 5T 4 0 Sk A
SENE EARIL® o {HE,SSR FRicBI ¥ B A P
SRk, JF & SSR PRI H Wl SSR FRic >
HrimiTEE . Gao %5 FHRE TR B 41 TL & 4 BVATT
KT 9 MAEARAEAR SSR 514, iX LA GEH /2 —
AT R RESAL 04T  REER BT,

RS SSR FRic & 7 i FE ALK B M T
By EE: PCR 43851 | [R5 7 914 45 1 AR DR 21
SCPEM ik AHARAE AR I 00 20 DR BB FEI 2% ) 7
SAERE N A AR B S IR AE AR, 1] NCBILEMBL
DDBJ 453 L PRIEE P vh i 2 52 75 81 JF & SSR R
10, (A BRAYHE A 57 B AT 9K J2 2 S B A e 51 AN

SR PIFD SSR ARICTF & ST, BLAER 5 AR
e 1 I R A e, R R RBARR 1 D JAR 1 %2
ARFIFEN 2 5 ) 09 W b 852 2 A A0 & EST 551 Y
W sk REAZHE T & WA SSR ARIC AL AL,
ML e A SIE B, S 41LE B sk = Yl
(¥) SSR I FF Kl o THLIB Y L AP TR
RBUAE A fo 388 12 2 S DN 548 , R H de novo 4%
IEM R S 225 790 ds A5 B 5 12
SR SR 4L unigenes 1 SSR A s, FI] F TP-M13-
SSR ( simple sequence repeat with tailed primer M13)
BORBAETT & Y SSR 7 281, BTE N2
KARBAEAFIRE AL 22 03 M F R G R B LT §
LS AT AT AR IC TR,

1 #MR5FE

L1 #f#

KARRUAEA G4 2yt B 535312k A VLS 3 X
th E L WAL, W R VR R, )T
RiEH 8 DHAMRE, BFAMRERIFEA A A
FERC R B4Rl Wl Se g s . b R LA R
HRAE 1 BRI R REAS ST BT AU AR 3 oK
TAF, T s T
1.2 #MRFE
1.2.1 FHRAHFEE K Trizol FHAEH RNA,
SMART %44 % ¢DNA SCZ , FIH Hlumina HiSeq4000
TSI Y | 3R A5 1) RNA-seq 0 A5 4T R
i, RNA-Seq ¥ st N P 4T I, A W R 25}
HABRAFESEM . FIH Trinity (http ;//trinityrnaseq.
sourceforge. net/ ) K1, R H de novo 1L PHE 425
)5 i By B, AR R SR R
1.2.2 SSRL=IZH 5519t R MISA
4 ( http://pgre. ipk-gatersleben. de/misa/) X} 1 4
WAL 55 4 7 51 4 %€ 7™ A= 19 unigene # 17 SSR

DU L A R 43 i X iz i /b R 10,6
5.5.5.5,
T SIAREEN 16 ~30 bp PR/ 120 ~
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500 bp JEKIREE N 57 ~62°C FIWH G +C &HEN
45% ~55% 4 T Ik Bl A1 53 B 04 B ) 1R MISA
BB AR 00 FH T B A 4 0 T8 N 51 1Y Perd
JHAS p3 _in. pl Fl p3 _out. pl, K MISA &% 5 5 5 i,
Primer 3. 0 4] 1R 55045 = ,Jéﬁ? Primer 3. 0 #8442
Pt & %I SSR 519,
1.2.3 DNA 25 PCR ¥ #8 Rz 4w
MR B CTAB 3% 42 B 4R WAL K it 7 DNA, T
=20°C VKA TP ORAERE

AL EE BT 5 4 BE AL B 60 X, 7E 1F [7]
SIYIE 5 v M13 B ( TGTAAAACGACGGC-
CAGT) , & TP-M13-SSR 1E [ 514, M13 51¥%
H 3 9 Yt ROX (red) . HRX ( green ) Al FAM
(blue) #Fic . 1A & M13 51819 6hric i L
Sangon A A 5E AL, FI ABI PCR 434 { 17 PCR
PG, 1RV KRR N B DNA(10 ng/pl)
8 wL,TP-M13-SSR IEH 5[4 (2 pmol/L)0. 24 pL,
K 518 (2 pmol/L) 1.2 pL, 10 x PCR buffer
(Mg’ " free)2 wL,Mg** (25 mmol/L)1. 6 pL,dNTPs
(25 mmol/L)2 plL, Taq B (5 U/uL)0.48 pL,ddH,0
4.48 pL, 3t 20 wL, PCR JZ W L5 K 94°C Tl 78 1
5 min 94°C 75 M 45 s 53 ~57°C Bk 45 s(ANFEG[H)
IR JGRE AR [ 72°C ZEfH 45 5,35 PFIR, 72°C
FEAH 10 min, 4°C PRAFTFIT . 28 2 P HELISE 1 K
PCR 7= ¥ b B i, fin A %6 5% brid M13 5] 9
(2 wmol/L) 1.8 wL, 10 x PCR buffer ( Mg** free )
0.1 uL,Taq B (5 U/wL)0.16 pL,ddH,0 0. 12 ul,
PCR W FEIT 4 :94°C FAE P 5 min 94 C 8P 30 s,
53°C3E K 30 s 72°C HEAH1 30 5,16 MIEFR, 72°C f e 2EfH
10 min, 0. 8% BB HBIKAHN PCR 9144
1.2.4 TP-M13-SSR ERE 4 5 SSR 5| ¥ i
B3 M EESOERRICH PCR 78 7= MR &, 78 96
L EMREAL A 1 pl PCR § 4R & 1 9
pL £8 7 H B (% LIZ-500 4> F R NAR) , B
L EBIRAE BB, 95CA 5 min J5 , dUE#
FEE] 4°C (VKR ) , HEANAE H sh 7Ot Ik R4 ABI
3730XL K 43

NAEEASFIEE AT E 1 AR ALAE 8 FRIEA SR %
ZHIBEHLEEAS , T SSR 51 9y i i B HoA 2 vk 4
I, BERR DNA BEAS  PCR P38 460 3 ¥k, 56 3F H:
Al EEPE, 4 Gene Marker V 1. 91 tFﬁ{q:,JfUliT}L
B R B RN,
1.3 HEHH

SSR & HA% A SSR ) Unigene %4 H 5 & Uni-

gene B H Z [, SSR i s /- A A% 4y SSR ¥ H 5
Unigene SMFEEL H Z Lb, 97582 R348 h 55 519
BHSZSHAMEI BB ZIL, 2808 a0 A ZE
SO H SR BB ZIL,

2 H#ERESH

KWL RAH SSR L EFE
K H Trinity 4 de novo 325, PHE 21 2E i 4%
JE PRARBUAE AR cDNA SCE R B, 2L3k45 32325 4%
unigene , Bl L BRI N 40626279 bp, Horb K BF
FER A 15528 bp, S M PR B 201 bp, SRH
MISA 3 %F unigene #1748 &R, S48 K 3] 13779 4~
SSR 13 £, SSR v 21 & AN RN 42. 63% , V- 3453 A
W3RN 1/2.95 kb, 9919 %% unigene 43 #i A SSR i
R AR 30.69% , Hi, 6118 2% HL—
SSR {17 45,,2813 %% unigene %5 £~ SSR 1V 4,988 4%
unigene EHE AR SSR HiE L, R Primer 3.0 %X
PR, 5T SSR G4k it i AR ), IL5F %
) SSR 5[4 5018 X,
2.2 KHNWIEAREEFA SSR L 2 7 L
22,1 ESEFRESTEHLE KWL ART
P EE R B 1, R a] A, KAR W
PEARE G BT RS L =6, BRI 3] 7S i 3
HEWAH A, LA 193 Fh, H AR EE I F K
SSR i miFE A 2K, W TREE T RZ,
64 Tt YO ST RE R LT, 60 Fi, R
MR TR IR ST RER LT
Bl 4,12 .20 33 F, SR HBRERE TN
SSR v s B B 2 (6076 4™) , i SSR v s5 S 4L 1)
44.10% , KR F 18.80% , 3K FEH 15 bp;
HYPON P R EE I (5222 4>) , 15 37.90% ,
IR BE R 12 bp; FRERCH A% B R R KA
(2302 1), i SSR 16.71% , F- ¥ K i 9 17 bp,
W H SEHRER LT, SSR S B H KD, 57
M 0.92% .0.15% F1 0. 24% , -3 K B 43 551 K
21 bp .26 bp 135 bp,

FERARRAE A S AL 0 T EE R, A/T
JHE R IR, 3 5131 A4, FEE R T B
37.24% ; Hik & AG/CT,4765 4>, i 34. 58% ., =#%
YR E & ILFh, AAG/CTT EE LT £, A 683
A HEE RN 4.96% . U T ANEATRRE
BIEFR A B, 4300 EE R S 50.92% |
0.15% F10.24% |

2.1
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Table 1 Type and number of repeat motifs
EE A #H HI¥ KB (bp)  FHKEE(bp) HIFEH KA (% ) H B (% )
Repeat type Number Repeat motif Length Average Number Frequency Proportion
BT IR 4 A/T 10 ~23 12 5131 15. 87 37.24
Mononucleotide C/G 91 0.28 0. 66
TR 12 AC/GT 12 ~24 15 548 1.70 3.98
Di-nucleotide AG/CT 4765 14.74 34.58
AT/AT 745 2.30 5.41
CG/CG 18 0. 06 0.13
=RHR 60 AAG/CTT 15 ~36 17 683 2. 11 4.96
Tri-nucleotide ACC/GGT 271 0.84 1.97
AGC/CTG 250 0.77 1. 81
ATC/ATG 296 0.92 2.15
HABZEAY Other types 802 2.48 5.82
PUA%H R 64 AAAC/GTTT 20 ~36 21 16 0.05 0.12
Tetra-nucleotide AAAG/CTTT 22 0.07 0.16
AAAT/ATTT 29 0.09 0.21
ACAT/ATGT 16 0. 05 0.12
HABZER Other types 43 0.13 0.31
FAH R 20 FA 251 All types 25 ~35 26 20 0.06 0.15
Penta-nucleotide
AEH R 33 F A 258 Al types 30 ~48 35 33 0.10 0.24
Hexa-nucleotide
B Total 193 13779 42.63 100

2.2.2 KWRIEARERAD SSR i 27 4FE
RARBAEA o S 2 v BE 7 10 3 B 88000 A e vt 45
BIULE 1, K1 AT, SSR A H SR EE
PR G, FifiE BE 7 J 52 Y80 I, SSR v i 8 H
BT (E A, sk 3 P A o 32 2
TE 5 ~ 15 K Z [A], SSR i 55 13128 4>, /i & 4L

95.27% , H (REEZWEL(5 ~10) 1Y SSR i 15
10267 > (74.51% ) SR Z R E (11 ~15) f SSR
f5L 2861 1~(20.76% ) . " EEEE AL (16 ~20)
[ SSR 37 15, 588 4N (4.27% ) , ¥ B A A ( >20)
Y SSR i 5 63 4~(0.46% ) .
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Fig.1 Distribution and number of repeats in motif
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KARRAE AR 2l vh, — SRR E R LT
() SSR 1 s58 H , B A 55 )5 5 52 B0 14 o i ik
A HIEFEE R SSR S H S TR (K
1B) , BRI E LT SSR A 58 B |, ik =
ToEHMREERXY, _HTRELZ L)y, &
JFEE 6 K SSR i M B H I £ (2164 4>) , Hk
SEEHAE T (1402 1), RE 11 ~20 KA SSR
PSBEHR 112 4 = FREL )P, HE S
) SSR A7 g 22 (1383 ), IR B HE 6 Ik
(585 1), & 11 ~20 K AY SSR {7 S % H M 3

W, Z " HMHFRELZE)F T, EE RS
( >20) B, B&H SSR v 5507 .

FAR B A s 4 vh 8 5 3 7 A 8 4 A L 3R
2, M2 vl PR B PAE 10 ~21 bp, 4
A 11686 1~ SSR i 1, 5 SSR 7 s 54K 91.36% .
Horr ) JEF K #E 12 bp, SSR v 5 %50 H 1 £ (2365
A, A R 18.49% s HOR RSP K 10 bp
(1548 4~), 5 12.10% ; R &R F K JE 14 bp
(1465 4~) , 15 11.45% , EF KR T 21 bp,SSR
NEEECE &R BT 1.00% .

*k2 EEEFKESSSRURST
Table 2 Bioinformatic prediction of SSR motifs

BLFP A (bp) Kokt H#il (%) || HJFKE (bp) Kkt el (%) || HFEE (bp) Kkt e (% )
Motif length Number Proportion Motif length Number Proportion Motif length Number Proportion
10 1548 12. 10 24 64 0.50 38 15 0.12
11 915 7.15 25 24 0.19 39 19 0.15
12 2365 18. 49 26 12 0. 09 40 9 0.07
13 370 2.89 27 11 0. 09 41 9 0.07
14 1465 11. 45 28 9 0.07 42 16 0.13
15 1429 11.17 29 4 0.03 43 8 0. 06
16 1084 8.47 30 24 0.19 44 15 0.15
17 138 1.08 31 13 0.10 45 10 0.08
18 1374 10. 74 32 17 0.13 46 8 0. 06
19 71 0. 56 33 17 0.13 47 11 0.09
20 610 4.77 34 15 0.12 48 9 0.07
21 317 2.48 35 13 0.10 49 12 0.09
22 122 0.95 36 30 0.23 50 10 0.08
23 22 0.17 37 16 0.13 51 7 0. 05

2.3 KWXWEAFERASSR 51U a5

AR PR ICE S A 28R R e S AT i 5
ARELR AT RAEFF A7) SSR 5149 552 M, MAtE
R SSR 51 BEHLIEEL 60 X5tk H 8
AFOEE 8 BREEHLEEAUEAT PCR 9738, 0. 8% B G b
IS HL VAN () 25 SR B 46 X5 |9 n] A 94
W H I 250 0 R 76.67% . Y ET
ZP Y PCR P2t 15 BANE H Al DOL Ik R Gk
Wi 25 SR R WL, 16 X551 4™ 3G 7 ) iy e E 52 4> —
FE30 X513 - s 285 (K 3), 2
BAEST R 65.22% AP HEH H B 5 1Y
S, AT RE S R Boh A A BB S YRR
SR, BEPRCE R Z BN E RS
PER AR A] RE 5 R A BIAEA 25 £ L MM R A AE o
GRFA K, WAL AR ZS RGO, Al

I 2SN E T RE SN, 2806 M A H
WrRe S AR, 55 S B AT Hx & 81
L5 SSR 5IWIH; 4,7 A SSR A A5 T 3 AR S
X, 11 4> SSR 5 47 F 5 AESAS X, 6 A T i
TIX 6 A7 & i A BT

ZAMESY DC101 334 7= 4 1) Bht g A 45 i
KRB F s 2O G UK R Ge kil | 435 1) 45 5 L
B2, B2 AT SR REE R FL vk (B 2A) AL REAS
DIE] PCR #8419 H 0460 ARMEN T B 3 A
BRI ZES:  BAE A S5O G UK R G 1) 43 T 45
HL (& 2B) MUAEIX 4 PCR 488 7= 1y Fr Be it R/
17 HLAE B HIR AR IX 43 R 4542 (217 /217 bp) F
ZREK (2147226 bp) LUK SSR A 5 b B 45 37 3 [
HH.
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Table 3 Information of SSR primers

519 51¥751 Ei950 P (bp) (DAL S B R B0
Primer Primer sequence(5'-3") Motif Product length Position  Number of alleles
DC55  F:GAATGAGGGTCTCCGGATTT R:CGAAAACGAACGATGACTGA (TC) o 204 5'-UTR 3
DC57  F:GCTACAACATTTTCAGCGCA R :CTCTCCTTCCCCAAGCTTCT (GT) o 220 3'-UTR 3
DC60  F:TGGGTTTTCTGAAATGGGTG R ;CTGATGCACTATCCCCACCT (GA) 265 5'-UTR 4
DC67  F:ATATTGCTGTTCAGGCCGAC R:AGTTGCCCTTTAGCTCTCCA (AG), 169 5'-UTR 3
DC68  F:TTGGAGTGTGGCTAGCAATG R :ACGCTTCACTTGAGTTGGCT (AG), 173 undetermined 2
DC70  F:GACACAGAGAGGCAATCGG R:AGCAGAAGCTTGTAGGGTGG (AG)y 178 CDS 4
DC71  F;TCTCTTGGTTTGGTGAAGGG R :GCTGAAAACAGTGCAGGTGA (AT), 186 5'-UTR 4
DC73  F:CTTGTTGCTGGCACATTTTG  R;CTACTACCCTCTCCCCCACC (CA), 200 undetermined 6
DC74  F;CCCCGAATGAACAAAGAGAAR ;: TCCACAACAGCCCTAAATCTT (TA), 200 3'-UTR 4
DC79  F:GCTTTTGCGCCAGTTTTAAG R:CTCTTCGCTGCTGAATACCC (GA), 217 5'-UTR 3
DC82  F;AGCAGTTTTTGCCTCTTGGA R;AAAAAGGGGAATCAACCCAG (AC), 241 3'-UTR 2
DC85  F:TCTGGCATCTTTGATTGTGC R:AAACACACCCCTGTCTGCTC (GA), 245 CDS 2
DC87  F:GGGACAGAGGTGTAAATGCG R:GGACAGAGAGAGATGAGGCG (GA)y 258 5'-UTR 5
DC89  F:TACCGATCTGCAAACAGTGG R:AGATCACAGTCCCAAGCACC (TC), 267 undetermined 2
DC90  F:TTGGGACTGAAATGGGAGAG R:TATTTTCTTTCCCCACCCCT (GA), 271 5'-UTR 2
DCI1  F:ATCTGTTTGAGCCCCCTTTT R: ATTGCTCGAGGGAGAAACAA (AT), 272 undetermined 4
DC93  F;ATCCCCCACCAAATCAAAAT R:;ATCAAAACCGCAAATGGAAC (CT), 275 5'-UTR 3
DC95  F:GCATAAGCTGGACCCATTTC R:GCATTTCCTTTTTGTGATGCT (AC), 276 5'-UTR 3
DC96  F:TGATTCCGATTACCGAAGAGA R ;CTGCGATATCGTTTGGGAGT (AT), 277 5'-UTR 5
DC101  F:CATCTGGCAGTTGGACTTGA R :CGCTCCAATACTGCAAGTGA (TAG) |, 202 3'-UTR 8
DC102 F;AAACACTTGGCGTGATTTCC R:ACCGGGAAGGAGAAAAAGAA (ATC) 186 CDS 3
DC104 F:;TGTCAAACTCTTTGGATGCG R:GGAGAAGGTTATGGATTGGGA (ATT), 272 3'-UTR 2
DCI11  F:TTCGAGAGTTTGAAATGGGG R:CCAAGCACTTCAATGCCTTT (ATA)s(AGA), 233 CDS 2
DCI15 F;TGCCGATCATGAACAAAAAG R:TTTCTCAGCAACCAAACGGT — (CG)¢(CA) 170 undetermined 8
DC13  F;ACTTCAAACCCAAGTCACCG R:GTTACAAGAGAAGGCGGCAG — (CAGGCT)g 121 CDS 2
DC14  F:GCAGAAGTGCCTCCTCATCT R:;ACCGGAAGCAGCTGAATAGA (TC),G(CA),, 222 3'-UTR 2
DC22  F:CTTCTTGCTGACCATGGGAT R:GTGGCTGATTGCTGTGAAGA (GCATG) ¢ 228 3"-UTR 2
DC24  F;AGCCACTGTGTCAGCAAATG R;AGCATGTCAACAACACTTGAAA  (GGAA), 196 5'-UTR 5
DC40  F:TAGGATGTTGGGTGCATTTG R:GGTGCCATGTAAGCACACAC (CTTT) 253 undetermined 2
DC47  F:TCAATGGGAAAGCCTACTGG R:TCGCGCTTTTGAAAGAGTTT — (CACCAA), 233 CDS 3

5'-UTR 45 SSR i G0 T 5'4E gt X ,3-UTR $i SSR 1z i T 34k 21X, CDS 48 SSR iz 32 T4 X, undetermined $5 SSR o7 5 o7 5 1 AR E
5'-UTR refers to the SSR loci situated 5’-Untranslated region,3’-UTR refers to the SSR loci in the 3'-Untranslated region, CDS refers to the SSR loci in the

coding sequence ,undetermined refers to the SSR loci position has not been determined yet

8 205 210 215 220 225 230 235
b5
2 20001
[}
" ‘g 1000 ]
=
2000 bp B 0
Bo 217
1000 bp w2 205 210 215 220 225 230 235
750 bp ® §
500 bp £ £ 20004
250 bp 2 1000
100 bp £ o
C; 214 226
F 1B (bp ) The size of bands
A B

2 5|4 DC101 KAWL ARFF A P PCR # 1 HEIKE
Fig. 2 Electrophoresis of PCR fragments by primer DC101 in D. cercidifolius var. longipes H. T. Chang
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XFRAR AL A 32325 2% Unigens #£17 SSR 48
R AL 13779 4> SSR i £, SSR A i5 A& AEHR A
42.63% , .3 W T WG Y ¥ J7 4L G AZ Taxus
chinensis var. mairei (Lemée & H. Lév. ) W. C. Cheng
& L. K. Fu(2.24% )" F§ & T HAP Eucommia ul-
moides Oliv. (33.99% )", AR AH WAL A, s 2 o
SSR ZMHiE N 1/2.95 kb, & THEA Ginkgo biloba
L. (1/12.02 kb) "™ JCRERGHEMK Liriodendron tulipif-
era L. (1/8.50 kb) ™' ZEW Camellia sinensis (L.)
Kuntze (1/3. 68 kb) " X T4 KW Hevea brasiliensis
(Willd. ex A. Juss. ) Miill. Arg(1/0.92 kb) ™' 50
KARAEA S 4L SSR i+ 5, RFEY
Fa] %% S 2 SSR A A5 & A B3 R 43 A S A AR
BORZES, TTRE S WA B R e sk 2l I 07 125
B BN b B A R R

T AW R AT S5 21 v A% IR 5 i P 28 A
GA/CT 4765 4, i SSR i H Y b Bl 5 K (I3
1), XTEARARAEY) LN (Pinus koraiensis Siebo. &
Zucc. ):23: Q@‘ﬂi([ﬁppophae rhamnoides 1.. )[24] Wl
(Rosa roxburghii Tratt. ) "*) LA M K ( Hordeum vul-
gare L. ) . EK (Zea mays L.) . JKFG ( Oryza sativa
L.) . & 3% ( Sorghum bicolor ( L.) Moench) . /N 2
( Triticum aestivum L. ) %i%i&{’ﬁ%m WF 5% ,
HIRRILE IS, Frdl b T TREZ LT AAG/
CTT JeE & (£ 1), SREBUFIHEY > T
IR J7 4L G421 KK ( Cunninghamia lanceolata
(Lamb. ) Hook. ) ™ (i 75 &5 S A0 — 5k, ZEH A
i AL A, T RE S R R R 2
TR VA KAZ ) v b ik SE g BRI & 1 2 1 B 22 Ik
B EREmA R, NT R ERER T, AR
FH T e 152 A 2 A%, 7 A= i £ 1% IC ( slipped strand
mispairing ) B 22455, GA/CT )7 1] LI FE mRNA H
GAG . AGA \UCU M CUC 55, 733 B A hE &
MR YRR 2 AR R IR, 2 GA/CT HE LT
TERE S Je EST SCHE P LI s>, =R IR
HHEY AAG/CTT, 3 mRNA 1 AAG, CUU % fi4
5, 0 B N AR R e AR 3K I 7S A AR XL
TEARMMBHRGE D, A A BRI 2R 2
JOREE 2R 15 L B v

— Ay, 7E SSR J7 8 S i i 7 b DNA 5
A I B LA K il X B B B R A IR B A, & SSR
P A A S 1) 2 BEALHI, SSR 98748 MR T 8 4

F P EE BT SSR A8 A s AR K
I, S R (I NEZHIR ) 1 SSR i s 2
SHART AT IR E G P A, 284 SSR 519
— I FRER KW = SR E R Sk
T2 RARBAE A S | Bl 75 58 TR OB
i, SSR A7 A5 Kl B 2 Wi /b w9 E 2 B F Y SSR
P BCRAL B 1. 31% (2 1), UESE T /G A AIF
FEEEE, FHIEBEE ST KRR T 20 bp, AT RES |
TR 278 3h 1 2%, P A 3 e 2 A R Y AR 5 O
PER)Z A SSR 519 £ EEH BT K E R T 18
bp = SEATIREE TR (FK2),

BN A SRk R CH R B Pt
519, 55 EARiE SSR 51 HI L, SSR Aric AR 5
BN B sh 2¢O HL PR U 4 AR AR 45 A i TP-M13-
SSR H AR, AR HRAT 25 ; 516 50 i 1w % 1 B
WHEEIE LK | 3R TR M Tk fre 5 Je P Uk 7 125 1) SSR Amid
FARAM L, TP-M13-SSR £ R B 4HE A 76K
RGERENS HE B HALA 2 4 bp Z 28 SSR ¥
BB RSN 40 MR A B 3h A0 S L VOB, T
MR TG N TS 45ty e PE A I R A K
FEAR T R G022, 4 SSR FRic W4 43 T s 8 K
B R T H ) AT, TP-M13-SSR $ AR £ 1 H]
MR R S Bt il 2 REvERF ST (HA T SSR
S e R AR D, AWFSE R TP-M13-SSR
ARXFFEHLEEU 60 Xt SSR 519 HEAT B I AY 45 R 3¢
H,30 4~ SSR 5 Wn A 280, 2808 H
h165.22% , FHIL T, 3 F 55 S AUF 50 IF & K AR
WAEAR SSR FRic 5| Py Je— R U SE Al AT | R 7
Bio ARG RN KM FE & T KAWL Y
SSR FRicEr i, K F Y TP-M13-SSR % A BE % #6:1ll
AR S ) 2 AN S A T IR KR
KAEARFPFEE AL 25007 RGBT

S 3K

(1] ‘iR, 2R 3em JAFE X, A 4w, AR, T 81, Mife
FEYEARRAEA ( Disanthus cercidifolius var. longipes ) IR 53
i LG IR . AP ,2013,31(1) :34-41

Bap G IRE BRI, XL LA, e R . MIRAR
LHARRUAE AT 7 ) b 2L 55 TR 45 R RS AR 20 A . AL %
PSR AR 201423 (1) 151-57

S T EBR Y . 1. 1R A,
1989:179

M EZE AT XBBEF BB X LA AR SR AT B 33t 1%
SRS AL L . VIR IR 2 . A SRR 2, 2003,
28(3) .444-449

WFE SC, R A, 2 oR A ARl AR SRR [, R Atk N, 2% T
U [ e AR AL ARG ZREPEDF ST . )N R



41

i SRAE FETHGRA P KA RUEA SSR Fric T & 747

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

AR FARBIERR 2014 (4) :47-52

Mcgregor C E, Lambert C A, Greyling M M, Louw J H, Warnich
L. A comparative assessment of dna fingerprinting techniques
(RAPD,ISSR,AFLP and SSR) in tetraploid potato ( Solanum tu-
berosum L. ) germplsm. Euphytica,2000,113(2) :135-144

Kalia R K,Rai M K, Kalia S,Singh R,Dhawan A K. Microsatellite
markers; an overview of the recent progress in plants. Euphytica,
2011,177(3) :309-334

Agarwal M, Shrivastava N, Padh H. Advances in molecular marker
techniques and their applications in plant sciences. Plant Cell Re-
ports, 2008 ,27(4) :617-631

Gao P X,Yang A H,Yao X H,Huang H. Isolation and character-
ization of nine polymorphic microsatellite loci in the endangered
shrub Disanthus cercidifolius var. longipes ( Hamamelidaceae ) .
Molecular Ecology Resources,2009,9(3) :1047-1049

Zane L, Bargelloni L, Patarnello T. Strategies for microsatellite i-
solation : A review. Molecular Ecology,2002,11(1) :1-16

Wang Z, Gerstein M, Snyder M. RNA-Seq : are volutionary tool for
transcriptomics. Nature Reviews Genetics,2009,10(1) ;57
Davey] W, Hohenlohe P A, Etter P D, Boone J Q, Catchen J M,
Blaxter M L. Genome-wide genetic marker discovery and genoty-
ping using next-generation sequencing. Nature Reviews Genetics,
2011,12(7) :499-510

Marioni J C,Mason C E,Mane S M, Stephens M, Gilad Y. RNA-
seq :an assessment of technical reproducibility and comparison with
gene expression arrays. Genome Research,2008,18(9) ;1509
Mortazavi A, Williams B A ,Mccue K,Schaeffer L., Wold B. Mapping
and quantifying mammalian transcriptomes by RNA-Seq. Nature
Methods ,2008,5(7) :621

R, T, ThE, B3 AR . — RSt R Y DNA £
BOT: . Y2013 ,48(1) :72-78

BRI AGEE RFM, B =00, R . M T EAS R R
2 SSRAZ By TARCHBT R . P 2247, 2014,41 (4)
735-745

MIF, 22 RN . kLR S 4 SSR &4 M ARIC I A&
Sy TR TR ,2016,14(6) :1548-1558

BEULEL 2R 2R RS, ARB, SR . R EST 751 v i
TR AR . S D412 5 0 AR 2%, 2009,28 (5)
869-873

Xu M, Sun Y, Li H. EST-SSRs development and paternity analysis
for Liriodendron spp. New Forests,2010,40(3) :361-382

e BRB, S, SR, O IS SEIEAR . A S
SSR o s B 15 B AT HT . T el R %% 3k, 2011,38(6)
882-886

HFR BE XIS, TR 4, ERR . BIRRR 4 h
SSR AL IR BT . )AL ,2014,41(16) :142-146

[22]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Varshney, Rajeev K, Graner, Andreas, Sorrells, Mark E. Genic mi-
crosatellite markers in plants:features and applications. Trends in
Biotechnology,2005,23 (1) :48-55

el K BOR K . ZLAR R R4 SSR 3T & EST-SSR
FRICTFAR . Mol RE#,2015,51(8) :114-120

Li H,Ruan C J,Wang L, Ding J, Tian X J. Development of RNA-
Seq SSR Markers and Application to Genetic Relationship Analy-
sis among Sea Buckthorn Germplasm. Journal of the American So-
ciety for Horticultural Science,2017,142(3) :200-208
BRI, S, AR . AL Sl SSR 1R B A T B A T
PRIt & . Bl Z22%42,2015,42(2) :341-349

Kantety R V,Rota M L, Matthews D E,Sorrells M E. Data mining
for simple sequence repeats in expressed sequence tags from bar-
ley, maize, rice, sorghum and wheat. Plant Molecular Biology,
2002,48(5-6) :501-510

Morgante M, Hanafey M, Powell W. Microsatellites are preferen-
tially associated with nonrepetitive DNA in plant genomes. Nature
Genetics,2002,30:194-200

WNAR R R ER EE PR, BRI . FET 54U 1
A SSR - FARIETF & . Mol R ,2016,52(11) . 71-78

ZE s, U, AR B BEBUR BRI . e R 4l
EST-SSR ##ic TP K551 90k . btk Ra#2£4,2013 ,35
(S1):25-32

SCAEWG  RESCZE J 2 ARNIbS . A2 AR 4 SSR #2548 K EST-
SSR FRicHEL I & . Mok RF,2015,51(11) :40-49

Kelkar Y D, Tyekucheva S, Chiaromonte F,Makova K D. The ge-
nome-wide determinants of human and chimpanzee microsatellite
evolution. Genome Research,2008,18(1) :30

Dreisigacker S,Zhang P, Warburton M L, Van Ginkel M, Hoising-
ton D,Bohn M, Melchinger A E. SSR and pedigree analyses of ge-
netic diversity among CIMMYT wheat lines targeted to different
mega environments. Crop Science,2004 ,44(2) .381-388
Schuelke M. An economic method for the fluorescent labeling of
PCR fragments. Nature Biotechnology,2000,18(2) :233

ZF 8P, Mackill D J, Colowit P M. [ H 8h2¢ 6 /5 &
B3 HT N TR 7K A 3k 5 78 SSLPs. 4 ) 2% 42, 2000, 26 (5) -
565-569

X, ERF, B . TP-MI3-SSR #HA S HAE KL%
FEMERFTE BRI H . ERERE,2007 (6) :10-15,31

IR XRZ, R, FRIC, 380k, XISL%E . BT TP-M13-SSR
Feor ik i b R SR R A A A T B OHIER Y . WY
UL YEIESR ,2015,16(6) :1290-1297

Cao Y, Tian L,Gao Y, Liu F. Genetic diversity of cultivated and
wild Ussurian Pear( Pyrus ussuriensis Maxim. ) in China evaluated
with M13-tailed SSR markers. Genetic Resources & Crop Evolu-
tion,2012,59(1) :9-17



