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SSR marker development and genetic diversity analysis of Stephania
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Abstract: Objective To develop simple sequence repeat (SSR) molecular markers based on Stephania kwangsiensis transcriptome and
to evaluate genetic diversity of S. kwangsiensis in natural populations. Methods The unigenes from S. kwangsiensis transcriptome
were used to explore SSR loci. SSR primers were designed by oligo 7.0. Polymorphic primers were selected by electrophoresis and were
applied to the investigation of the genetic diversity of S. kwangsiensis. Results A total of 6 833 SSR loci (33.11%) were obtained from
20 637 unigenes in the S. kwangsiensis transcriptome. Of the 50 SSR markers tested, ten pairs of highly polymorphic primers were
selected to analyze the genetic polymorphisms of 63 individuals from five populations. Ten primers produced 83 band loci, all (100%) of
which were polymorphic, and the polymorphism information content (PIC) was 0.688 9. At the species level and population level, the
Nei’ s gene diversity (H) was 0.725 2 and 0.613 4, respectively; the Shannon’s Information index (/) was 1.576 6 and 1.220 3,
respectively; The observed heterozygosity (H,) was 0.584 5 and 0.558 4, respectively; The expected heterozygosity (/) was 0.731 2 and
0.643 5, respectively. The genetic differentiation coefficient (F) was 0.146 5 and the gene flow (V) was 1.456 9. Based on UPGMA
cluster analysis, the five populations of S. kwangsiensis were divided into three clusters. Conclusion The developed SSR markers were
applicable to the genetic diversity evaluation of S. kwangsiensis. The genetic diversity of this plant was relatively high at both species
level and population level. The genetic differentiation mainly existed within populations.
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I PUHUANES Stephania kwangsiensis H. S. Lo &
VR (Menispermaceae) T4/ J& Stephania L. 1Y),
o i Bt = D=1 | P e A i L
BRI “ A, 1R PR D BRI )
WHEZIEHOA, CUWEN R 2 bR,
FA B Hosmmb. 8 s, B
A FHEUR G U E (0 BRI, T R R
KR T E AR TR, HURAKZE, T LR
RAZANAE R I FL TR 2 2 1 P g, OB
FEIRC), MR AR AR 2 4 BRI A AT, %R
IR AR B3 pk . DRI, A LB ST T
ANEREAL Z RN, 9 BRI ORI RO R FH
PERFARIE -

HEl, N POt AR L 2 Rt 5 7
TFhrid RAPD A ISSRP, 31X 2 Fl4yr FARic i 4l
NS, BT R BLREAE 2 R AR, )
AAERE R, HEIMAE. MREEFS T
1t. (simple sequence repeat, SSR), MR NG A
DNA, BFZE&MFE, AENAT S mZ, &
LR B, FRRrEReR, EIEL, BdEeTET
LA S, O T st Z A 7T
R S e MR Gk R A 4. (HAESE SSR b
WA R R MEFE R A AT 32 21— & 1Y S PR
il JTAER, A PR K Fe s DL imrid 23K
BREMDFhLER, ek, #EfFT & SSR
Fricdeft AR, DI T s 2K SSR Y
TR R,

AT FUAR AR T AN 2 e s 2 1) A RO
& SSR 514, TEULIEA XS VEHIANEE 5 N R HE
63 NMEE AT AL b, DRSPS AEY) R
KPR JE B KV () 25 A% 22 FE A DL S B 1) ) 3t A%
KFZ, RNFHEFA BRI ARl B & e
77 TSR AL B AR o
1 #RI5{EE
1.1 FFaRE

T 2014 A1 2016 4E7E) P94 REE 5 AN JEHER
63 FEd (R 1), &8 H KA BRI
E N TIHIASE Stephania kwangsiensis H. S. Lo. ¥
SELHLI P R SRR T, T UK AR R
TEo FAMFE i AE BT SR G F AR (R I s T 1%
1.2 XEE5i5

MLS-3020CH B = 78V KB4 (Sanyo); 15
RS EN (LA ARG IRAFD;

<5911 «
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Table 1 Sample sources of S. kwangsiensis
B MHas KA R FEAH &
IS 1~11 =S 11
FHS 12~24 ] PESEVEE KR 13
PM 25~42  JTPEARNE B PR 18
NM 43~58  JTPEARHE B TR RAT 16
DJ 59~63  J G H BH B 5

& = E A % & 0 Ml Eppendorf Centrifuge
5417R); Tanon 4500SF RUEERL % £ 40 ( LKA
R A 77T ); DY-501B R ykA (b iFBLE:
SHNEZR AR A ] ); DYCZ-28D Ui kAd (bt
WAN—ACERT s MEZIRE LN E (e A
FRAR): AG22331PCR {X (Eppendorf, fE[E); /K
W (RS R BA AT,

Axygen DNA $EHUAG G T Fifg i A1+
RHEMWAT; rTaq B, dNTP Mixture, 10X PCR
Buffer, 35 fi§#% (k3% TaKaRa FiARHFR A ); TAE.
PBS Zz M T B SR e AL R A TR A A o
2 &

2.1 ERMENMFS SSR LmEHK

H_F g 57 A V)RR BR A |6 P AN 2
BRI B AT e S 2 Y o >R A Tllumina Hiseq 4000
WF-FEHA T, JRaNFEEd s, RHK
4 Trinity Chttp://trinityrnaseq.sourceforge.net/) XIJi&
RO AT A A, 3RS 20 637 %%
unigenes.

2.2 %%53R4H SSR LmTHIE

FIFH Msatcommander A4 XT T 78 i AN 25 1)
unigene JT AT SSR 78R . TiidkhrifE: 0%
EEEATHI, ZWERDHEE 6 IR =2 U5
HEP/DEE S IR, AEANWEEDET 3 K.

23 SRt SiEE

KH Oligo 7.0 BAFBH5I1 4. £1%F SSR A
ERMSER, /£, = W, B, ASNEERITHAL
s a0 X5, SRkt 50 X514,
At Bl A T TR AR A IR 2 w476 e il
T Bt IR W M L i AR A A T T e g G P VK O
W BB TP, kR 28 5 VR AE T
S Ui IR IR R AR IE (FAMD, #7556 5141
o
2.4 DNA {£E15 PCR # 1%

K H Axygen DNA & BGRFF S 32 AR
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s DNA, SEIE 1%E BEREEE R FE ok A% R 2
F I 52 ARSI DN F J5 B T 4

AL PCR VAR ZR N 25 uL, BFE: F—H
F 2 20 ng/L ) DNA 4% 2 uL, 5 U/uL [¥) rTaq B
0.2 uL, 10 pmol/L fJIE. A FI#% 0.75 uL,
F 2.5 mmol/L ) ANTP Mixture 2 uL, 10XPCR
Buffer 2.5 uL, 217K ddH,0 16.8 pL.

PCR R NFEFF: 94 CHULME 3 min, 94 CAME
40, BK (50~58 CHGIM) 40, 72 CLEfH
1 min, 35 MG, 72 CHFSE 10 min, )5 4 CIRAF-
FIHZ B 3RAFHI PCR Pt il TABRA
F], iz BN R = S S R R B
2.5 BIESH

X H Popgene 32 K it 5 it % = %L,
PIC_CALC 0.6 %xfFnthz&MHES&E, HH
NTSYS-pc (2.10e) ¥ A, H SAHN (sequential

agglomerative hierarical nested cluster analysis) g,

AEBEE R 23.22%; & B M) SSR A7 fiEE N 6 833
A, HHIURERN 33.11%. | PR 72886554 SSR
FEFEE, ZEARTREZNE M. HP =&
HREERL, HEEEER 42.40%; VUZHR
HIr At /b, NCRNBER 2.74% (£ 2). 767 il
AT 6 833 > SSR iz £, FLANEEF 910 Fib
BRI, KA AETRESEoBERE, fi 506
By ROV AMTIRELS T, f 242 F = =,
VURZ 1% B 3 n & 7 il o 124 604 90 Ffi.
3.2 S|k

WAT ) 50 XF SSR 5147 B IR W e Ha vk i
21 XFRERREY Y s A S, B
ok 7 P R A s W v Az FELVK TR TS B 10 X 2 A
=G, 5IMEEE 3.

x2 AT EERE SSR EEETHIE

Table 2 Sequence features of SSR motifs in S. kwangsiensis

transcriptome
v ‘EIET — [ 24 EE v Hr S 5y N N ) N
( unwelghteldﬁ pa1gr irj)tl;: with arithmetic average, AT 1664 2435 26 152 16
UPGMA) #1753 o
. TRFI SRR 2897 4240 50919 18
3 BRSO VIR HR 187 274 3 896 21
ZH K .
3.1 T ARG RE SSR N SHHE A ” <230 1
e R 7. 7
FIH Msatcommander FAF X P LA 25 o
. N VAt 7N ;“ % .
20 637 %k unigene JRAIHATIE, ILIE 4 792 % AN 879 1286 16974 19
. . N . PN
unigene RBP4 & LEI SSR ALAMEE, SSR & AEE 7z 1042 163% >
£3 IEBTEN 10 X SAME SSR 5149
Table 3 Characteristics of ten polymorphic SSR primers for S. kwangsiensis
£ HEHIT SIFE (5°—>3°) B KR/ C
P23 (ATGA); F: CATTGATCCATCCTTTCAGGGTT 53
R: CACGTCCCTCTTCTATGAGACC
P29 (GGCT)g F: CCCTTGAAGGCTTGTACAGA 52
R: TGGGCTATACACAAACAACAGA
P34 (ACCAQG); F: AGAGCACAACAAGTATCCAGT 52
R: AGCAGTTGTTCTTCTCTCCAC
P39 (AAAAT); F: ACTCAGATTACATCCAAATGCG 50
R: TTTTCTTCCGAGTCTTGACA
P40 (TGTGA)s F: GAAGAAGCCATTCCCGACCTG 58
R: TTCACGAACGCGAATCCAACC
P42 (GGAGGT), F: TTGCGCTCGATCAGGAAGGTCTC 58
R: CTCTCATTCACGCTCCTCACACA
P47 (TGTGCG), F: TTTCTTCACTGCAAGCGCAAC 51
R: CTCCCACTCCGTACAACACC
P48 (AGAGCC), F: TAAATGCATCGAACCCGCCTTG 55
R: CGGAACCAACTGCTGCTAC
P49 (TGCTGA), F: AAAGAAAGATGAGACCTCGT 53
R: GAAAATCCGCCAAGTCGAAG
P50 (GCATTG), F: CCCCAAATATCTCCTTCACCAC 58

R: CACGAGTTCCTCCGATACCTC
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33 EEZHMESHR

I 10 XSG, WTTTEHAR 5 AN E
B 63 MEAATIEAL ZFEE T

AL R 2 A1 KT, S35 83 ANMEAI A A
BIRA 2, 28BS E DN 100%, ANFH G|
Yy IS BN S S (P48) F 13 4™ (P29)
NG, RIS A A A 8.3 M. M 10
AP RS EE RIS, A AL R (4D,
A AR (A VG 73 19 5~1311.727 2~
7.249 3, W HFME A9 8.300 04 4.307 5. A4
A IR A — 3, e AL B350 P29, ik
(PN R AR E P48, NS IR L ¥ S8 L&,
Nei 3K Z FEEFE5 (H) .« Shannon Z REMEFEEL (D

MEIRGE (H) IEBEREE (H) Z2EMEER
(PIC) HIPIIME 7N 0.725 2. 1.576 6. 0.584 5.
0.731 2. 0.688 9 (% 4). DL LEHIEEW, % SSR
IR SNIE 273 CVi G o =TI I B: R N i N 0B
2RV

MBI EERE (R S), R 4. H. 115
B 1 5 B I8 AL AR S R I T 35 08 NM >
PM>FHS>JS>DJ; A, NN 4 REA 257, K
N PM>NM>FHS>JS>DJ. | P A A
JEHEN L Z KPR, TR R g AR 24
MK PAEESR . RIS ERE, HRBERRT
WAL 2 REPE KT 22 TN, I o R A A
AL RE S FEAR BB DA K.

F4 TRNLSHT BT RIBESHMEIN

Table 4 Analysis on genetic diversity of S. kwangsiensis at different locus

(A A A, 1 H, H, H PIC
P23 7.000 0 3.022 0 1.308 6 1.000 0 0.674 5 0.669 1 0.6136
P29 13.000 0 7.249 3 22116 0.492 1 0.869 0 0.862 1 0.8479
P34 6.000 0 3.789 1 1.433 8 0.451 6 0.742 1 0.736 1 0.692 1
P39 11.000 0 42151 1.729 6 0.3750 0.769 6 0.762 8 0.733 1
P40 7.000 0 4307 1 1.6132 0.619 0 0.774 0 0.767 8 0.733 2
P42 7.000 0 51325 1.7327 0.688 5 0.8118 0.805 2 0.776 7
P47 8.000 0 52743 1.789 8 0.508 2 0.8171 0.810 4 0.784 3
P48 5.000 0 1.7272 0.706 4 0.365 1 0.424 4 0.4210 0.350 7
P49 9.000 0 24131 1.253 1 0.6452 0.590 3 0.585 6 0.543 3
P50 10.000 0 5.9455 1.9875 0.700 0 0.838 8 0.831 8 0.814 4
BBl 8.300 0 43075 1.576 6 0.584 5 0.7312 0.7252 0.688 9

x5 I AMAATEEREESHEIHN

Table 5 Analysis on genetic diversity of S. kwangsiensis populations

JEFE A A, I H, H, H

IS 4.8000 3.189 4 12725 0.564 9 0.689 1 0.6559

FHS 5.400 0 3.407 6 13299 0.601 1 0.687 5 0.659 2

PM 5.700 0 3.8349 1.377 4 0.6225 0.687 5 0.669 3

NM 6.100 0 3.7899 1.429 7 0.603 6 0.704 7 0.680 8

DJ 2.700 0 1.840 2 0.692 4 0.400 0 0.448 8 0.4019
34 BERERSUMERR — BRI AN G -

F G BMERR (N W 6. Foh 3 ME
(P23, P48, P49) Afifl, HARKASABIAIE
4, JEEN 0.082 2~0.315 6, “F¥J{E N 0.094 8,
F WL 7 4UE, W& Tk fl; Fi 7E P23 Fil P48
Pr AR AT, RO RN IEE, JaE N
0.198 0~0.434 9, “V-IMH 0.227 4. Fi M Fi ()45
PR, | R SRR B A KT RIS AETE

7N 2 R B s i R (R 1E
0.053 9~0.264 2, “F¥MEHN 0.146 5, R HAG %%
TR BB AL 04k, 85.35% A5 A8 S oK H JE BE A
0, 14.65% 1AL ok | JE B2 (], 8% 1k
FELETEBEN . A TERN Ny £
0.696 1~4.390 6, ~“V-35{E A 1.456 9, i B J& #E 1A] 47
TE3 — € (ML R AS
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Ro I EMAEEE Fy & Ny
Table 6 Genetic differentiation coefficient and gene flow

among S. kwangsiensis populations

P Fi F Fy N
P23 -0.5113  —04299  0.0539  4.3906
P29 03140 04012 01271 17165
P34 0.299 6 04110 01591 13215
P39 03156 04349  0.1744  1.1835
P40 0.1355 02975  0.1874  1.0842
P42 0.082 2 02243  0.1548 13652
P47 0.279 4 04109  0.1824  1.1208
P48 -0.049 3 02279 02642  0.6961
P49 -0.1724  —0.0786  0.0799  2.8777
P50 0.098 2 0.1980  0.1106  2.0100
A 0.094 8 02274  0.1465  1.4569

35 EHEREBNEE—HESN

HRYE Nei T ITIERT 5 AT PHHbAZS R Rt
1T AR PR B A s AL — B M Su it o b R B E %
FEES TG LA 0.076 0~0.686 1, H st 4% iH B i it
P& P (PM) FIFRR (NMD B, LR 2
T (PMD) FRES (DY) JERE. B4t — 2
FER TG 0.556 5~0.926 8, Forhugt AL AL i s
[} PM F1 NM &8, SAKHA PM A1 DI B .
BUEEE B Hr gL — BUE 18 H IR 45 18— 38
3.6 BEDH

R Nei’s 8% —FUE XS U A2 &% JE R 3k
1T UPGMA RHE0HT, SR IE 1. BAEABUE R
KPP d A5 BB RN —3, BHEARRUE A
0.93; BALMULIELE 0.84 I, 41l 5 R L JEREER
=3, 2 SCAEBARALE Y 0.76 FHTICE: Y
JERE RN — 32 DUSHE IR B R4 R 5 ligi A%
—HUE S R A

IS

FHS

PM

NM

DJ

0.59 0.67 0.76 0.84 0.93
AL R %

1 AN EERFL UPGMA BEE
Fig. 1 UPGMA dendrogram of S. kwangsiensis populations
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Y1 DNA, I 75 X0 51 EAT M bk 1) e AR 56 o AR
F T AR T LT 1) 50 X 51 P s 24 e 43 31 10 XF 2
SR EREI.

I PR ZON G R, el A6t 2012—2016
CEESE S A, ARG SCRRFIbR A TE B 2 1)) 7
HANZ MG X HEAT T SR, 45 R Bz 3R
038 R ) — S8 X LA R 5 3 A A
i EE LA EEAME, M TEREARKE LT R
FE, thln i s B HRE. HAREFERR . K
I, REFTTPEHIANE, TERCR X IE R AR B4 K
SERIRE S O R, ARSEES DIAMASE AR 2 1)
5 AN ERETA HasAL 2

SKH 10 %5 SSR 51 #5x) | FaHIAZ 5 MR 63
ANFESRBET T B ZREERE . AT E RN
100%. FEPIFK b, T PRHBANE ) H 4 0.725 2,
1791.576 6, BB EMEEZEE. i, 5
EHEOH] ISSR Al RAPD VEZRASH) T H A 25 1 4%
ZREMEEHELLYT, RAPD A RIK H S TE N
0.328 4 110.491 2, ISSR ¥EMIAFH) H A1 T{E 5 AN
0.337 9 F10.505 5, #EZ (KT SSR yEAIMIIEE,
S SSR 4r F-hRicyk il AR H BE 2 (1384 2
FE

EIRAE— BRSO TN, WRhis L 2 FEit KT
RS P E R A — @ M ARG, (27
T — L1 1 HE ) 2 L R R 8t A% 22 A 1 KT 1 R
%. Zhang SRR KHER G 1R 2 AR LI AN A2
AR E RN, T2 AR s ahds. Bk, T
PEHLAN A BRI = 5 H B A B s Z AR A
Tl A AR KL EE RS, 1%
WM Z DAL KA, KAAEF S, MK
s NMERERMREY), TEESAMAEEE S
R FERRFD 45 90 R . IR IR B T8t E 2R
SRR SR ALK, AT A B R KT R Is A 2

AL LR R WOB AL 5 F ) LR bR . ARG
DL SSRIEMF I FUt A R R Fy N 0.146 5, Ny,
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A F AR RN AMAER], SRR R A SRR
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WD, X THEHEM R AEE AR (HRfE R
BT, HERR Sl R E S, ik
JoE A (P R A AL, 2 XS /DN AT SR AR (1 52
Mo PRIE, ARSI DGV SR R AR ) P AN 25 R A AR
e, — BRI R AR AR A A AR AR K
25 E R

JT PR AN S A 2 ARG, R )T
Hi AN 25 BEUR 52 B P ) R AN T e A
o SR LY R PR G I 32 5 DR AR B AR
DLR GE IR B FERI Tt A% 2 FE K 8 Tk
R R B MWK RE, A SRR i RS
TR S A MASCE B, NG B PpIs A 2R
PID, RA&FEMET KT Fik, X577
Hi AN B 5T BEUR ORGP B SEAT L OR A, TR AR
BErgEd, BRI EREE . TR R AL AR
FEORE R, DRI AE St b DR B s AT B
HARPEITAT, WK (NM) ERREE S
FEME R, )% A E AL ORI BRIt . /N
i ORAFHG A RCR A B R R B 1. BbAh, 7E
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