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f 3 A BERE, BT A W 31 A B RE 22 T b b IS 24 R
WREBL ) 2 2 5 K B RHE Y F E (P terna-

ta) W B B RERLRAR T8 i ARl R A 24 TR ) R
URIR . PR 1,

F1 FEiRwHH
Table 1 P, ternata germplasm

455 Number K VR Locality 45 Number K Locality
HBTM At K17 Tianmen, Hubei IXIX YLVY Jiangxi
HBWS WJEF = Wusan, Hubei Jsyc 97K Yancheng, Jiangsu
HBJZ AL Jingzhou, Hubei HNCD W1 % 7% Changde, Hunan
HBLK #dt Hubei HNSX T 2 2 Songxian, Henan
HBZJ WAL AT Zhijiang, Hubei HNJS W Jishou, Hunan
AHSS LZRE RS Susong, Anhui HTX1

19T S B A 2] ol T
GZKL BEMBLE Kaili, Guizhou HTX2 Breeding [roiA jjl:n(jiiif: /}ijf Tlﬁilit:: ijljianghan Plain
CQWZ K J7 M Wanzhou. Chongging HTX3
YNWS z B 1l Wenshan, Yunnan
1.2 DNARH TR RO R

TE I &)y W 2 B B BT D R A AT, R
MR B CTAB #4172 2 3 N 20 DNA Y42 5,
)T A B 52 A0 4 O O B A I DNA ¥ B 5 i
i, T —20 CORAFE
1.3 SSR3|#MF%

e B SR 2 R Hh = Al R A A i i A
HE B X AN [F B Unigene %31 SSR 31474 2 000
Xt. FIHAE Y5 B 2 A (Primer-blast) Xf 51 4 i
F7EeXT i 266 XF 519 9F A TAE Y TR (-
) e A BR2S w) A i .

1.4 %% SSR 5| ¥ ik

FIH 2 AR JEREEE it i DNAC(HTXI,
HBLK) #47 PCR § 34 . 38 i 2 %0 B30 A B € Jie FiL Tk O
VEREGS 1S 1 B B W K/ B 2% I W S Y 5
Y. FIURBITE S H 4 0k 17 4y AS [R] JE RE 2 52
DNA #17 PCR #"34 , FI 1 6 20 5 79 M 1k Jic 35 Jig W
VK (PAGE) K 4] 0 5 | 4 1) 22 254
1.5 PCR 1

KH 20 pL & & . PCR Buffer 2 L, dNTP 0.6 pL.,
Mg"" 1.2 pl., Primer F 0.6 pl., Primer R 0.6 pl., Tag
DNA % & [ 0.2 pL, B4 DNA 2.0 pL, ddH.O
12.8 pl,

PCR W &7 : 94 C T 5 min; 94 °C 28
45 s, B K 45 s, 72 C MR EE A 45 s, 35 DIE I,
72 ‘CHEAH 10 min, FIFH 696 2 D I Bk B 458 e FL Ok
(PAGE) K il 9 34 7= 9, 78 120 V HL R T HL 3k 90
min, fiff iR AR e (0, 58 (0 TR S ZR AR K Uk v, W58 O B

1.6 BEHITE S

it 17 0321 A Gl i 3R TN S Tt i BB i P K 4
TR — BB A R RICAES LY, TEART
IEAE“0”, R Excel A& HNT 1/0 FiFF . I Power-
MarkerV3.25 #F 15851 %) 2 515 B & & (polymor-
pism index contet, PIC) | £ & ¥ Jil % (frequency of
polymorphism, FP) , %37 3 F %L (allele number, AND ,
FIH POPGENE Versionl.32,GenAIEX6.502 4K {4 %t
AN s R B R L Z RS AT I A
Shannon {5 B 48 £ (1) . A 5 45 0 7 BT Ceffective
allele number, Ne) . J& # [[] % [ i (interpopulation
gene flow,Nm) |, J& #f [f] 35 1% 43 1k & % (coefficient
of genetic differentiation between populations,
Gst) . FIHI NTsys2.10 &4 5 UPGMA (il
AR BE RO HEAT R T 2 R 5 R W
KA

2 HERESH

& &1 SSR 5| ¥ iF ik

ARG B I S 21 B0 T O e 15 21 266 X B4,
26 PCR 14 35 I 5 Bk J5e v Dk ARG 9 3 H4 75 %t i
T B R BRI HL2RAH T A S i 51 4 .
FFE 0 18 15 20 /9 75 4 51 17 4y 2 B A R
DNA ¥ 547 PCR ¥ 38 , 7= ¥y 45 5 TN I 1 i 5 i
VKR, X 25 R b AT 2 PR b, T 19 X2
BYELF 519 (2 2) 3550 51 90 1 SR TR I 1 e ¥ e
LUk L 1,

2.1
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HTX3 HBLK HTXI JSYC YNWS AHSS HBZJ JXJX HBTM HTX2 HNSX HNJS HBWS GZKLCQWZ HNCD HBJZ
M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

HTX3 HBLK HTX1 JSYC YNWS AHSS HBZJ] JXJX HBTM HTX2 HNSX HNJS HBWS GZKL CQWZ HNCD HBJZ

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
— -.—w- e ————

- -~
FRLI™, o S — — A e i L —

M 4 600 bp marker; A.B 435 #5149 Unigene23904 Ml Unigened9309 ¥ 3 =P Bt L Ik B s 5 1~17 R 17 ANE B JE#HE DNA, M is
600 bp marker; A and B were primers Unigene23904 and Unigene49309 amplification products gel electrophoresis map, respectively. 17

Pinellia ternata strains DNA were numbered 1-17.
1 #B4r SSR 3|4 38 7 I Bt B 05 ik PR ik B
Fig.1 Polyacrylamide gel electrophoresis of partial SSR primers
F£2 193 SSREIMER
Table 2 The information of 19 pairs of SSR primers

e 318 5314 RRL B N

Primer number Forward primer Reverse primer Repeétlng BE/C j:/l\/bP
unit Tm Base pair
Unigene43114 F:CGGCTTCTTACTGCTCCAAC R:CTCCCTCTCTCTCAACGCAG (AG)g 56.4 232
Unigene36801 F:GGGGAAGGAACCAGTCTCTC R:AAGCGTTGTTCAGCTTCTCC (AG); 55.6 187
Unigene80838 F:GGAGGAAGGAAGAAACCAGG  R:AAGTGCGTGAAGGAGTGGAC (AG)s 55.4 260
Unigenel4934 F:ACCACCATGTCGTCCTCTGT R:CCGTTCTGGAAACTCTCTGC (AG)s 56.1 164
Unigene79688 F:AGCATTTGCCCTTTTACACG R:CCGCTCCGATACTACTGGTG (AG)s 55.7 223
Unigene30561 F:ATTGAAGGCCAAATCCTCCT R: TTTGGTGAATGCCAGTATGC (AG), 53.1 145
Unigene21157 F.:CGCTGTCCTGTAACCAGCAT R:CTCCAGCAGGCAGTAAGAGC (CGGs 57.9 140
Unigene23904 F:GGGGATGCTGTAGTAGTGGG  R:CACAACCTCCTCCCGCAG (CCGIs 55.8 247
Unigene24724 F: TCGAGAAGGAGAAGGTCAGC  R:AACCAAACTTCGTGGCAAAC (CCGs5 53.5 132
Unigene49309 F: TCCAGCTTCACCTTCTCCTG R:CCACCATGTCTTCCTCCAGT (CGGIs 57.4 250
Unigenel1299 F.CAAACACAGCCATCACCATC R:CGCCACAGAAAGGAGAAAGA (AT)s 55.4 213
Unigene24447 F:AACTCGTGCTACTGCTTCGC R:GTGCCGACAAACAGAGGACT (AT)s 54.6 206
Unigene09414 F:GAGGCGTCGTTGTCATATCC R:CTCTCTCTCTCCGGCGTATC (AGG); 57.4 228
Unigene39115 F:ACATACCGGCCTTTCACAAG R:GTGATCCTTTCTCGTCCTGC (AGG)s 55.4 217
Unigene73431 F:AATCAGCCATGCTAGCCAAC R:CAAGGTGGAGCCAAGTGAAT (AAT); 55.4 168
Unigene59713 F:GGCTCAGGTGTGAATGGAAT  R:AGACGAATCAAATGCTTGGC  (ATO); 53.4 165
Unigene74097 F:CCATCTCCTTGGTGGTCATT R:GAAGTCATGTAGCGGCCAAC (ATC)s 55.4 154
Unigene40932 F:ACTTGCCCCACTTCCTCTTC R:CTCCTCCTCTTCAGCTTCCC (CGG)s 57.4 200
Unigene 23856  F: TCTATACCTGCTCCGCCATC R:CCACCTCCACCTTCCTCTG (CGG)s 57.8 275
22 ¥EBEESHEST AR b LRGN 2 2 SR L 49 A CF IR S A

FIFH T B 19 X 2RSS 1Tl 2.5 D RYEST 5 &6 BB (Ne) — 3 76 4,
RBAOHT. R 3 AL 19 X SSR BIW7E 17 2 E FI9(E M 3.8; Nei 3 K 2 #EPE 8 B (He) 15 Fl A
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0.606~1.762,PIC i & 0.40~0.96, 4 0.60.,
ZAMES R FP AL MR 0.44 ~0.85, F ¥ {H N

0.64 £ R W 1 th 9 51 W 2 A5k B e~ 4
B e 2R

®3 YEREEGIHEN

Table 3  Genetic diversity of P. ternata populations
BIE/E =2 MM AR ZAMALAE SR/ % SEALEEEC R 2R EX Y-8 EZNETEN
Primer number NP PPL Ne He PIC FP
Unigene43114 4 100 4 1.762 0.48 0.60
Unigene36801 100 5 1.318 0.46 0.68
Unigene80838 3 100 6 1.115 0.70 0.74
Unigenel4934 3 100 4 0.876 0.96 0.75
Unigene79688 4 100 7 0.924 0.96 0.85
Unigene30561 3 100 5 1.222 0.60 0.73
Unigene79595 3 100 4 1.447 0.54 0.65
Unigene21157 3 100 6 1.298 0.80 0.80
Unigene23904 2 100 3 0.972 0.54 0.62
Unigene24724 2 67 4 1.005 0.46 0.66
Unigene49309 3 100 4 0.916 0.40 0.50
Unigenel1299 1 100 2 0.606 0.84 0.44
Unigene24447 2 67 3 1.095 0.58 0.71
Unigene39115 1 50 2 0.691 0.50 0.53
Unigene73431 1 100 2 0.606 0.80 0.44
Unigene59713 2 67 3 0.959 0.44 0.60
Unigene74097 3 100 5 1.088 0.40 0.57
Unigene40932 3 100 4 1.401 0.48 0.63
Unigene23856 2 100 3 0.924 0.62 0.59

R B 358 1% A DL 2R 002 28 0y B 45 S 6 I 1
SSR 73 FAnic By B 45 ]2 A GenAIEX6.502 4K
b, 43707 2438 (AMOV A) 1] %1, 88 % 1) 4% 5
KW T AR AL 129 B9 AR SOk BT OBE R )
(P<C0.001) (& 4) , 3 U6 B HE R 5 BF 1A i) 1) 22 5 A0
XN ACLRE A N 19 35 4% 22 RE MK OT 2 e T st A% 7

5 EZORE T AR,

T3 A1 RE RT3 434k R B Gst O 0124, /N T
0.15(Wright) , it B J& Bf A1 38045 2 Ak /. i 3k
R AL B Nm R 1.765. K F 1 (Wright) , % 1 &
TEIA] BB IE 5 b 3E 47 3k DR 38 3t . L A ) 35t A% o3 1k 32
RIS T LN

x4 FERBEOSTFHESH

Table 4  Analysis of molecular variance(AMOVA) in P. ternata populations

. Jr &S e/ %
75 5 F1 B %) 75 5 U O
: . Proportion of
Variance Degree of freedom Squares of deviations Source .

variance Componenl
J&#£ 6] Intro-population 2 33.747 16.873 12
ANMATE] Intro-individual 14 161.077 11.505 88
AN Inter-individual 17 0.000 0.000 0
it Total 33 194.824 28.379 100

23 FEEERELSW UPGMA A EREK ., HE 2 T, 17 A~ EE

¥ 19 XFZ AR T et 45 R4 0/1 i
FEAg AE Excel HERR ., 58 NTSYSpe 2.10 #4
Y Similarity 755 5t % A0 B R, AH LR 45 2R
(S RY L AREREEE B AGHLER 25, 1
H HNJSGHI B ) 5 HNSX G g 5 B 9 38 44 41
BLRE B, R 0,906, LA 3t 12 AH 8L 3 %0 ok A o R

T ) 35 1% AH 0L 4 0.63 ~0.91, L35t 1% 40 bl & %L
0.70 R bR B 17 AN Jm B 4> A 5 AN ZHE Hop 1 A4
PR, FoAth 4 A FERER /N . 45 SEHE N AT 0T
KNI NTE LRGN .

1 2K R S R AL IR M L B 2 B RES 3
A R E RN A HTXI(GEBE MR 45 4 22 H
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LA ER ANV PE (JXIX) L 55 5 22 0 db CHBWS) . Mg W0 A [R] Ja B 0 2 328t 4% 445 40 S 7™ 4% $i 18
HTX2GEF MR R 8 s B s e, PRl o RS JE B 1A 5 KA 2 I8 38 i 1
WL N L 2 o A RN BB W JE (HBLK) . L, BRI ELE LR,
HTX3GEF A ED (Wdb RITR M — KK, REH

5 ARBHLEREELE

Table 5 Genetic similarity of different P. ternata populations

P Eﬁf HBWS GZKL HNCD HTX2 HBLK HBZJ] HNSX HTX3 HBTM HNJS AHSS JXJX YNWS JSYC HTX1 CQWZ HBJZ
opulations

HBWS 1.000

GZKL 0.679 1.000

HNCD 0.774 0.717 1.000

HTX2 0.830 0.585 0.755 1.000

HBLK 0.698 0.679 0.698 0.604 1.000

HBZ] 0.774 0.604 0.660 0.679 0.736 1.000

HNSX 0.793 0.774 0.793 0.736 0.755 0.717 1.000
HTX3 0.660 0.717 0.774 0.679 0.811 0.698 0.679 1.000

HBTM 0.736 0.755 0.698 0.679 0.736 0.698 0.755 0.774 1.000

HNIJS 0.849 0.755 0.849 0.793 0.736 0.774 0.906 0.698 0.811 1.000
AHSS 0.642 0.698 0.717 0.698 0.679 0.755 0.736 0.717 0.566 0.717 1.000
JXJX 0.623 0.642 0.623 0.679 0.660 0.660 0.642 0.623 0.698 0.660 0.642 1.000

YNWS 0.623 0.604 0.585 0.755 0.585 0.660 0.642 0.660 0.623 0.623 0.717 0.660 1.000

JSYC 0.698 0.642 0.660 0.717 0.736 0.736 0.642 0.736 0.660 0.660 0.717 0.736 0.736 1.000

HTX1 0.755 0.660 0.566 0.660 0.717 0.642 0.698 0.604 0.642 0.679 0.623 0.604 0.679 0.679 1.000

cQwz 0.717 0.660 0.642 0.698 0.566 0.528 0.660 0.604 0.679 0.679 0.585 0.566 0.604 0.642 0.660 1.000
HBJZ 0.604 0.585 0.528 0.698 0.528 0.604 0.585 0.604 0.566 0.642 0.698 0.528 0.755 0.679 0.623 0.623 1.000

HBWS

HTX2
HNCD
IH\JSX
IH\JJS

l HBZ]J
AHSS
GZKL
[ HBLK
HTX3
HBTM
[ JXJX
JSYC
HTX1
— CoW?Z
| YNWS
I HBJZ
().191

T
0.77
AL B Coefficient

2 FEHBEEHAUEREXE

Fig.2 Genetic similarity clustering map of P. ternata populations

T
0.63
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AHI5E 5L T e s B0 L i & SSR 51,
FIH Z &0 SSR 519y #kA7 2 B st ik Z FEPE 5 B, 45
R FTIF R 19 X SSR 51 #¥ £ Sk ek 17
21 SRR B X 43 . 38 3 F O 2 43 BT (AMO-
VA R F w4 F 2RI T RN, H
A% 22 FEPE S B BT A AN [] 7 H ) 2 A
WA ZAEPE ; s A I B 5 R LE W R [ JE B
14 2 388 12 45 A8 A ™ 4 e ™ R 4
31 SSRE|MEEH

Botstein 21 3 2 PIC<C0.25.0.25<<PIC<<
0.50 . PIC>>0.50 435l R/ 51 ¥ 2 38 Ve R BAR b 4
i, AR ARG E T 76 %) SSR 314y, Hoh i 1k
1) 19 %51 ¥ 8y PIC {5 Bl 0.40 ~0.96, V1K
0.60, 1 T Du 82 (Bl A (1 BF 55 45 5, Ul A
I T L 1Y SSR 51 28w . RIEF 19 XF 514
) Ne . PIC . FP ¥ K T F-H{E , BT IX 19 XF 5] Py %
R Y — PR AT AE— 2 R L R 5 19 X514
LAY X 17 MR X S BE S A, R
25 WIS AL AR S BT SR TR .

32 FEEfASHME

FIH 19 % 2 S8 & 1 SSR 5194 17 A~
S REEAT 8% 2 RE P 23 07 45 2R WoR B X5 Y
ZAMENL RO R 2.4 A 28GR B
h 92,20 S HE B BIE Ry 3.8 4>, Nei FE[A
2R RO 1,03, RIAARMFUCEM 17 42
HEMBHE S T IR F 8 B2 E 8, R T3
KT JE R Z R . TSk R B SR H SRAP 4
FARIC T X 24 A FE e 04T 1A% Z R 40
MR 8 Y29 X551 4, A I ) 286 ML 23
PEA 55 7T 43505 48.3% s Nei” s JE I ZREMETE S0 1
B0 0.198, [RIFEULIE B T 2 & Jm B A 76 3 1Y st A%
ZFEE.

WFR 1A% Z AR A B T 00 B R 9 2 RE Pk 0 R TR
AL, IF A W 3 AR AL 25 09 BORE , 2 1T R AE P
BRI B o s S LA R UL AR B ORP Y R
PRI AT R AR S A N 1 R] 35t % 22 A 1 st 4% 78 S
AOFSE o FBFFAR 62 B B 1) | A N Y o e
JEFEAT OB 85 R R WY 2 5 B N SR AR B RS 5+
m7 67,18 06 5 TN J A ] 14 A8 SRR BE#E /N, O 32,8200+
 POPGENES3.2 11515 th Gst=0.411 2, Nm =

0.715 9,45 Rt [ W] T > B J& B K& 55 0 42 &
(58.88 YO A1 T Ja N T 3 380 J R A7 A6 388 4
oK FZ R R e R . AR LRI E
JEREIR] 204k 28K Fst g 0,124, 6 W J& B 6] 3845 701k
BN, WA T O 2255 B (AMOVA) & 3 & FE N
A8 IR F) 88 %0, IR UE T 2 B il it A4 78 7 %ok
BT REREN . T Nm {58 1.765, % B J5 B 8] 68
(g LR R S RS o o1 B s o e Y S )
MK . s R 2 R A A AT 0 S TR R A
HEA & 0wl Z R0k s 6 RIS R Hr T A,
AN TR) JiE A 10 2 B2 38E A% 235 40 AN ™ A Fi BR b 4] 43 R
HIAS ] J B AT 3 R A 5 R 3e i PR 1, A A0l
MY SR 2% K 2R, 1 3K F 8 G2 1 D IR AT B2 Dl Tk
g e GO E o S TR N i (0 AP &
Sy RE R R PR AL S 30 s O T BE = B A
21 B 51 AR T PR K, Iz 2 Ml DX st 4% T
S B A A T2 R LLJC M B O &, AR A
A AT 5 BOFP T — Bk 220
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Development of SSR molecular markers and genetic diversity
analysis in Pinellia ternata (Thunb.) Breit.
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Abstract SSR primers were designed and developed according to unigenes by analyzing the tran-
scriptome data of Pinellia ternate.The screened SSR primers were used to analyze the genetic diversity
among different populations of Pinellia ternata and provide support for molecular marker-assisted
breeding of Pinellia ternata.The results showed that the selected 19 pairs of primers with high polymor-
phism detected 49 polymorphic loci in 17 Pinellia populations,indicating that the polymorphism is high.
The 17 Pinellia populations were divided into 3 taxa using UPGMA mapping. The analysis of molecular
variance (AMOVA) revealed that the variation within the Pinellia population reached 88% ,indicating
that the difference between populations is relatively small,and the genetic variation mainly comes from
between individuals. The average differentiation coefficient Fst between populations was 0.124, and the
gene flow Nm value was 1.765,indicating that gene exchange can be carried out normally among popula-
tions,and the genetic differentiation among populations is greatly affected by gene flow.The 19 pairs of
SSR primers developed by SSR technology in this article have certain versatility and polymorphism
among different Pinellia populations,and can clearly distinguish 17 Pinellia materials.

Keywords Pinellia ternata (Thunb.) Breit.; transcriptome; simple sequence repeats molecular

marker; genetic diversity; population
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