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Development of EST-SSR markers in Codonopsislanceolata and its application in
Codonopsis
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Abstract: Objective To develop EST-SSR markers and analyze its universality in Codonopsis and its related genera. Methods
EST-SSR detection was performed by Perl program MISA. The primers were designed by Primer 3.0 software, followed by agarose
gel electrophoresis for preliminary screening after PCR amplification, and polyacrylamide gel electrophoresis was used to detect the
polymorphism of the selected primers. Results A total of 204 SSRs were mined from 888 ESTs with a frequency of 22.97 %. The
whole length was 5 263 bp and the average length of EST-SSR was 25.80 bp. Mononucleotide, dinucleotide, and hexanucleotide
nucleotide EST-SSR were dominant, which accounted for 36.8%, 24.8%, and 15.3%, respectively. Among them, A, TG, and
CAGCTC/GTGGCA were highly abundant in mononucleotide, dinucleotide, and hexanucleotide nucleotide repeats. Among 112
designed primer pairs, 67 primer pairs showed ideal amplifications and the effective amplification rate was 59.82%. Moreover, 27
primer pairs displayed polymorphic, which accounts for 24.11% of the total primers. Five pairs of primers were selected randomly to
mark test materials, and the UPGMA result showed that 12 materials were mainly divided into two categories. Conclusion The
Codonopsis and its related genera can be identified by EST-SSR markers selected from our study, they could be used in germplasm
identification, genetic diversity analysis, and resources evaluation.
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B, WARILEAE M R, 2ER. BSEFK
Z B R B E LA 2 A, X LR 2
TR IZRE RS, HREZFERY. H
AR E S R T, B A R AR D,
B ROy SR E R T, B SRR 2 5
TP

EST-SSR #5ic & — F % T EST (expressed
sequence tag) FH e, 5 ThaedE R AR E AL A1
Fride EBTRSEE . BRI E . JER M 55
MEAFEBERNNBMNE. EEk, ER%FE5
EST-SSR [ KM 7 KEWF 7. SSR 5 RKIFF 43R
F [N SSR (G-SSR) F1 EST-SSR, EST Ky T3
RIERIA T 5, 2RI — 2 2 5 B S g Rk 5
B, B R E B PER. ASFEYFRE EST-SSR 514
(8 FH VAT DL s AR id g B m b g R R AN
B, PTRH T EE & Fh LR, EZER 2R
SEAL. THEERE DR bk, wife R M@ &l (L4
SSR 51 W 5 2 e 3 J5 (R 4 SC e PR AT 2 38 Ao
B4 — RANFER, FER BT R AR & . 04
KEZAEY) cDNA FERHUNF W E A, N
FF EST B SSR (EST-SSR) Fric JF KIRAt TH
FIZAF. HET EST-SSR Aric ) 2 M AH TH & 1E
PRI SRR R BAR R Ferh, Rk, Z2 30,

B 5 %, ARG R H, BST-SSR
R AT E D

HAET, %S00 Thrict s, %8 2R
RAPD™® | AFLPP), 1SSRI'Y, SRAP!Y. ITS/ITS2!
Xt 56 S AT o BT FTR B b %5 52, SSRAH i 5t HE
A, 2 BRI A G-SSR H AL 5 X514
RERGTE 56 S 84E 2 REME 4 NMEG M R ThY 1, £
RN S A SSR A S5 B, B8 At
SV 2 AR ITE— B 7T . R ZEHUR A
W2 BEST A58, K EST-SSR #xid, ZHrdAE
A& 3% 2 Joan @M a3 RS bRl
TF R S 565 BRIV R R AR T B
1 MR55E®
1.1 #H

S BT (R 5 SR R Aol R R
ZiMBHIRIBERAL, TSI e R SR R IE R R
3£ 12 4, HAh4% 2 Codonopsis pilosula (Franch.) Nannf,
2 3. #H32 C. lanceolata (Sieb. et Zucc.) 2 #3 )1[5%
2 C. tangshen Oliv. 2 {77 #f4:4¢2* C. pilosula (Franch.)
Nannf. var. pilosula 4 f7, [FIINREE 2 (BRI 18
k5 Platycodon grandiflorus (Jacg.) A. DC. £ 94
HE, KA LR 1. UM H R A RV REE R
HH 2RI FLRT A A L S E

x1 HFmER

Table 1 Informatica of samples

T E2 S FIR “4E N) ZH (E) #F4/m
1 W Py =R= TG AL ) 34°14'40.82" 104°27'61.61" 1970
2 W eI IA I LB 34°18'88.95" 104°24'77.43" 2224
3 Btz @R L 27°62'67.50" 117°97'94.36" 221
4 Btz e R L 27°62'67.50" 117°97'94.36" 221
5 ke V41148 2 RR T 32°40'85.84" 104°52'90.36" 865
6 ke V41148 2R RA T 32°40'85.84" 104°52'90.36" 865
7 i A AR A B 2544 5 R 36°09'88.78" 103°68'61.58" 1537
8 Fiti HR A AR RHRE Hh 24 55 36°09'88.78" 103°68'61.58" 1537
9 RS SRR SR STl 35°15'89.40" 106°40'23.81" 2307
10 RS RAKTMTZRAIX 34°34'59.26" 106°14'56.13" 1088
11 B2 EIEE )R E WL 34°99'70.48" 104°03'48.10" 2266
12 2 B F TiT RS 33°3293.64" 105°60'85.33" 1246
1.2 7 N 18 bp, HHR. TR TR, U

1.2.1 EST-SSR 5|#¥it 5t M NCBI L F#
B SH4E BST 741, R MISA #K4Fid4T
SSR i SR, #RENFKE: SSR HEE RIKKE

HIR . T H R AN H IR B A2 AR KHCH 20 9.
6+ 5+ 4 F1 3, [AfEAEaE AN SSR {7 ki AS
NAEZEAT G . FIFH Primer 3.0 X SSR A7 5 (1 3 7
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AT 51t o 51 JE o EST 41K
KT200 bp, SSR FHIHITFAHFIZE AL E 73 7l 8E 5°
38 AT 20 bp, S EE 18~24 bp, 1B K
& T fH 40~60 C, LIEAIRHESI M0 T lEAHZE
KT 5 T, GC &8 40%~60%, H_EiEfl R
1P GC & A ZEAEARR, PP EE 100~
500 bp. X &5 5I W B AR KR AT IS, A
[ABIVINMREEIRE (ToE) NB%, L F&iFs)
5 °C, @B PCR A HBNA K 8 MNMEERLEE, LA
sk 2 L. S N Bod iR .
1.2.2 Fffh DNA $ZHL F i A R R i g
JEEEl, AAFEMENZ 50 mg, FIREMTEE, KA
FARFIE PP R R 2077 S ATRE 0 DNA (1942
B, $REUSERE 1% B M i e ok AT R
JoR AT, SR A o e B v v H R R
FAifE, # DNA FikEE 20~50 ng/ul, 4 CIRAF
#H
1.2.3 PCR # 3F=fill  PCR M4k & & %
MARFA 15 uL, G35 2X Taq Master Mix 7.5 L,
DNase-Free Water 4.5ulL, Forward Primer 1 pL,
Reverse Primer 1 pL, SEZFEHAH 1 pl. RMNVFET:
95 ‘C#Ja3h 3 min, 95 CAM 455, 48~65 Cik
K 30s, 72 CZEMH 1 min, 34 NMERJE, 72 CIE
i 5 min J5455. PCR F=¥I7E 1% M B AR EAEER:
R, FH 6% P AR 4 5 DA Il I e s e P VK 2 s 9™
BarEY), AU EIEIEAT 2 AR
124 HlEotr RN, ik E
ERTEEN. Soringarich 17, BB
Wit “07, BSLJFEMEIRAERE . R EXCEL #
PG EdE, NTSYS #:1 UPGMA #E47R
Ko
2 BRI
2.1 M5 EST-SSR 14 f4HiE

R IL1F 2] SSR 204 4>, K 5263 bp, T
K 25.80 bp, (54HB EST FEAI i) 22.97%. HE
20T, ke A EE N EST-SSR 84, Hii%
HERAL . =, W, H. AEFHRESHEHH,
EARZERER BB IR AR . KDl
BAHR. RS RE RS R N E,
I3 43.63%. 29.41%A1 18.1%. M 3 FHili, #
AT T DAL B ik 97.75% 1 A JEn B E KRN
¥, TEFEERPLLE T 53.33% TG FocEE R
BONE, = HRELERMER G ATA 27T,

T2 M5 EST-SSR £K#H
Table 2 Type of EST-SSR in C. lanceolata

SRR Ko 5 EE/%
FALTER 89 43.63
TR 60 29.41
=R 13 6.37
Tz R 1 0.49
BN AR 4 1.96
N 37 18.10

*3 ETFETESSARMEST-SSR 276
Table 3 Distribution of EST-SSR based on motif sequence

type

FEELRF HE i /%
A 87 97.75
TG 32 53.33
AG/GA 10 16.66
TA 7 11.66
TC 7 11.66
ATA 6 46.15
CAA 4 30.77
CGATC 4 100.00
CAGCTC 8 21.62
GTGGCA 6 16.22

5 46.15%, A% H TR BEIRFEAES SSR i bbb,
R EREEIEITTER A 1 F CGATC, NH
FRE B F ot Mg, CAGCTC Ml GTGGCA fiff &5 Lt
B, 43 AN 21.62%F1 16.22%.
2.2 M52 EST-SSR 5|1¥ER S HHER

TEAFEEEFE NCBI 545 EST J#4
888 2%, F|HI MISA {48 %433 & SSR 1741 204
o, ARG 112 X, ¥ BAE 100~500 bp.
TEE S ReiE 1 S AR 2 260 510 A 67 X,
BRI IR 59.82%, H AP aed 1 2 5% 15
Y 27 X, 2RIV RS 24.11%. 27 X
EST-SSR SIME % Z rh 4L g 118 M s, xS
Sy BT SECN 2~8 A, TN 437 A, 28
PEOL AL 109 A, PR Z MR (PPB) N 92.37%,
51905 B LE 4.
23 SSRETHKAARSHHTBER

ety Z BST 74, 4 38 FhE S0k
B, DURZTER. BRSNS ETRES NE.
FI i i% H (¥ EST-SSR 5147, S %R E R 1A



¢ %% Chinese Traditional and Herbal Drugs 35 49 % 25 13 8 2018 £ 7 A +3113 «
%4 273 EST-SSR 3|52
Table 4 Primer information for 27 pairs of EST-SSR
EIkZEII AL 515 FoukH SR VAR PPB/%

DS85 F  AGCAGAGCAAAAGGCAAAAG (TA)yo 2 2 100.00
R TTAAATTTGGCCCCAAACAA

DS92 F  GCCGGGGGAGATAGAGAG (AG)14 4 4 100.00
R TCCAATGCCGACAACATTTA

DS116 F  AAAGTGCAAAGGTTGTTGGG (A7 5 4 80.00
R TAAAATCGAATGGGCCAAAG

DS75 F  AGGTTTTCGTTACGCCTCCT (GTGGCA), 7 6 85.71
R AAAACAAAACAATCGCCGTC

DS89 F  AAAATAATTGTGGCCCATGC (CAGCTC); 8 6 75.00
R TAAAAGAGGGGAGGATGGCT

DS120 F  AATGAATTCTGCCACTTCGG (ATA),, 7 7 100.00
R AATGTACCCAATTGCCCCTT

DS86 F  ACCCGTGTGGTTGATTTGAT (A)s2 7 6 85.71
R AAAAAGAAATGGGGCCAAAG

DS115 F  AATGAATTCTGCCACTTCGG (ATA), 6 6 100.00
R AATGTACCCAATTGCCCCTT

DS13 F  ATCAACATTGCTGCTGTTGC (110 2 2 100.00
R CAAGTTTTAAATCGCCTGGG

DS87 F  AGCGAGGTCAGGTGCATACT (TG)16 7 7 100.00
R GAGGAGTTAGAAGCCCCCAC

DS61 F  TCGTATCATCCCCCTCTTCA (TC)y3 5 5 100.00
R AATTTCATGGCTCAAGTGGC

DS24 F  AGGGTGCAAGATGTACCCAG (TG)14 3 3 100.00
R TCGTTTATACAAAAGCAAGGCA

DS06 F  AATGAATTCTGCCACTTCGG (ATA), 4 4 100.00
R AATGTACCCAATTGCCCCTT

DS22 F  CAGCAATCATGGTCCCTTCT (TC)yo 2 2 100.00
R TACATTTTGGGGAAACCCAC

DS35 F  CACCTGCAAATGATGAGTGG (A)79 5 5 80.00
R CATGCAAAAGCTTGCTGAAG

DS41 F TACAGTGGGGAGACCAGGAG (TTTTGG); 2 2 100.00
R CACCGTAGCAAGGGGATTTA

DS65 F  AGTGTCGAGAGGGAAGGGAG (CA)3 4 4 100.00
R CAACTGCAGCATCAAAGGAA

DS74 F  TAAACCCCAGGTCCTCAACA (TGG)s 4 4 100.00
R GTAGGGGCAAAACGTTTGAA

DS76 F  ACCCTCATTCTTGGTGTTGC (TG) 14 3 3 100.00
R CCGCATGATAAGCTTGTTGA

DS100 F  TTAGTACCCCGTTCTGCGTC (ATA), 3 2 100.00
R TTTAAAAGGTCACATCGCCC

DS92 F  GCCGGGGGAGATAGAGAG (AG)4 1 1 100.00
R TCCAATGCCGACAACATTTA

DS97 F CCCCTAGCCAATTAGCCATT (GA)y 8 6 75.00
R AAACACGGTGGATACGCTTC

DS122 F  AGGGTGCAAGATGTACCCAG (TG)y6 4 3 75.00
R TCGTTTATACAAAAGCAAGGCA

DS128 F  CTTCTCTCTCGTATTGGCCG (GGTGTC), 4 4 100.00
R TGTATCTTTGGCTTACCGGG

DS129 F  GACCACGCCTCCATTTTCTA (GCAGCCQC), 6 6 100.00
R CGAGGAGTAGAATTGGCTCG

DS124 F  AGGGTGCAAGATGTACCCAG (TG)y6 3 3 100.00
R CGTGTATACAAAAGCAAGGCA

DS106 F  GTCTCCCTCACTCCCTCCTT (CT)y 2 2 100.00
R ATCATGATCCATCCAACGGT

it

118

109
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BT 0~80.00% (£ 5), =HHRES
ARG Bl 9 80%, HE R HER
FANEHERRES, 2578 61.22%F 62.50%, PU%
HREERBAAEINY . SHEREERMENZ
BB T 0~50.00%, ZAMESI Y% LB i
AT A =R ERER, 5 50%, Hik
KR, N 26.53%, HAZTHREE 5 23.53%,
. A EREZSHAREINZEMEIIY. WIEE 2
guit, 2SN WH, BEAERIETT A EENE,
TREBRIETTEMLL TG/AG AT, TA. TC/CT.
CA. GA ¥JHH M, =MERIETCEAL ATA H
CEtSEN
2.4 EST-SSR5|¥)ERERRIAGREHHNA
EHEZ. RS, bR s, AR S &k
*5 TR EBEES EST-SSR #9 PCR i1
Table 5 PCR amplication of repetited EST-SSR markers

with different nucleotide

RO R SRR SIW AL (L) ZEHESIEL (i)

LN VR 17 8 (47.06) 4(23.53)
AR 49 30(61.22) 13 (26.53)
=“HHR 10 8 (80.00) 5(50)
TR HER 1 0(0) 0(0)
HHER 3 1(33.33) 0(0)
VAL 4R kY) 20 (62.50) 5(15.63)
BRI 112 67(59.82) 27 (24.11)
A M12345678 9101112

BM1234567389101112

GIBFEHAMRL, N 27 X 22151 W) BEALIER 5
X HEAT ST A ot e B e FEL KA . P 1 mT DU
X=X 519 DS61 HiAete s 4 Fie 2 | kA
X4y, 5% DS35 Al DS100 AHEE &t r] LUK 5 Fh
ANEF R T X 5. B 1-C A 514 DS100 3734,
£ 275 bp A1 400 bp AbM) 2R BOAF I 56 2 iy
A, Zxmelgient iz 5 MRS X ok, %
FortaiR (B 2) &, EBRME 0.52 BAE 12
WL N 2 KK, wBEES. RHEE. Il
S AR S RAN— KK, HERMEA—K, K
BTG ) EST-SSR 51 MREWIE W 2 5 HIE 4R
AT X 5. S JEN, R 2 Bl )15
5 ERSBEERIER NI, HEERSEN
—2%, W] EST-SSR 5| ¥IRet ! % = @ M4
el

3 it

3.1 #M%2 EST-SSR fRiCHIHA %

SSR A7 A5 1) 2 2 M 2 H H A2 L e Bl it R o
BEHOAS [ B = A2 1 1 B 7 A K FE 2 P (simple
sequence length polymorphism, SSLP) FIFEALY 1
i T B2 2 &% (random amplified mcirosatellites
polymorphism, RAMP) FL[FEIHE K. A FL T %k
B 22 EST 771 888 4%, 8 & 315 51 SSR 204
A, 5K 5263 bp, FIIKE 25.80 bp, A4 EST
JFBVET 22.97%. SSR JE B F KA FH, FEHD

C M1234567 89101112

=1
A-51¥ DS35 B-314DS61 C-514) DS100 1~12-Frahéi's M-Marker
A-primer DS35  B-primer DS61  C-primer DS100  1—12-samples number M-Marker

El1 EBSIARICXS 12 135 a04 1 ek E
Fig. 1 Amplification of 12 tested materials by part of primers
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LEEVES
2 12 (IR R E

Fig. 2 Cluster analysis dendrogram for 12 tested materials
BRZHR. B ERMAZHFRES . R
AHE, KZHHEPH EST-SSR DA =A% R — 1%
HWIREL RN T, (HEENHEZEITTEMIFAM
U, X EARSI AR ARIE SR, B2, £
48 SSR, ASZIGBCTH S AT IE FIVE o B A AR
W, ARGV RS R —HR . =R
ANEHIRER, 2058l m 2 At
M= HIRER . 3Dt HER TS, kIS
HEEHTC A TG/AG F1 ATA 1) SSR 512415,
GC HTHEEAR W] AW, PEER. = =
MABHREZ R, AHREANFE, X6
5. TR A 5 SRR 23
S SRR R A . b, B S e Y
BAMHERES, EUATRPRZSEY ., &
FIR B R TR AR W H & L, et
S ORISR NI EHRGE, XTS5
T AR By R DR 2H sl S 4L 7 91 22 e PR R
3.2 EST-SSR RICARESRBHILERFIZE SR
(32

MR RE T, RS S, B
WwZ. WERSARERTX 2. HhHEwSS
N5 Z R A PR B 5 M 5 S AL BE B, X
FIREA R 2 431 5E S FEERIEA Al TR T
HEE3 S . BB 32 4 hRig e g
BHeR, NwSHREHEs, EERFE AR,
B A RO A AR R, i SR 2R 1 R AR
B, B2 HEMEEECRE LB AR T T
Ape. RERIEESMEIEB R, RHMESH
T, N AR P s, HAEE) NS5 —.

I3 BT R AL I AT BRI A A, 32

AR, (kIR AL B LR 59 R B 43 kAR
PO M TARicBoR Y, RAPD iR ERMEE,
AFEE; AFLP BARFRE R EE, HEA S . X DNA
PR, KRR TIEER: I1TS %%
TRl T 24 AR S H B IR A i I 46 08, X FR A
KR JIA R SSR ARd R AL B, M EE

ZAMEFEE . X DNA JfiEZ KRR, "iEd PCR PR

MR, R SRR A S TR . B

& SSR A BA R, WAUHAT PCR A, 17

FEGI PR . ACSIEG R o L0 e e o

Z EST {5 2JFK SSR 5|4, Hiktid. @&k,

AE, FEimEILRkg 27 &Y, &

SRS 24.11%, ARS8 Mk SR TN

T ) 465 1) B b A 22 4 0 B B9 5 kAl

4 ZEiR
WHIENAGRARIRFEE N EZRR, BANAH

HYIMEEZ . MR CRER, HHAMEEER

VRIS . R GenBank /A3t EST ¥ % pii 1

F R 27 XF EST-SSR #rid, XLEhRicd BA RIFIH

Btz EM. (A (TG/AG), Al (ATA), #%1H

MREE S, AMENES SSR SRt E

1% o BEAILIFIZE H 1) 3 %5514 DS35. DS61 #1 DS100,

MR w2 B SRR IX 77, ILRE BN 2.

NHZ. Bt LA RS 4 M o,

LK@ 58S EST AN SSR FridfE w2 &

FhlE YR, RRAE NS MR SR

Mg Z A A EE T A

BE 3Bk
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