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Genetic diversity and population structure of Gynostemma pentaphyllun

ZHANG Xiao, ZHENG Qi-jian, LI Zhong-hu, ZHAO Gui-fang
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Northwest University, Xi’an 710069, China

Abstract: Objective The genetic diversity and population structure of Gynostemma pentaphyllun were investigated to give the rise to
theoretical foundation for its resources protection and rational utilization. Methods Six pairs of SSR primers were screened in 28 natural
populations of 426 individuals to calculate the genetic parameters of G. pentaphyllun, and further then cluster analysis was carried out. Results
The genetic diversity of G. pentaphyllun was low: the average value of the percentage of polymorphic loci (PPL) and Nei’s genetic diversity
index (H,) was 58.33% and 0.18, respectively. The values of Shannon index (/) within different populations were ranged from 0.02 to 0.50.
AMOVA revealed that genetic variation mainly existed among the populations (inter-populations was 78.86%, intra-populations was 21.14%).
Furthermore, it possessed the significant population genetic differentiation (Fgr = 0.673) with low level of gene flow (N, = 0.142). The
outcomes of cluster analysis indicated there were distinct genetic relationships and genetic structures within different ploidys of G.
pentaphyllun. Conclusion The populations of G. pentaphyllun exist a low level of genetic diversity and clear genetic structure. We suggest
that it is necessary to employ in-situ conservation for the natural populations of G. pentaphyllun with higher genetic diversity, while for the
populations which contain specific genotypes, it is better to combine ex-sifu conservation with in-situ conservation in protection.
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RS T, SRER, RSHBEAAREEN
WAL ZRETEAKE, M DNA KSE RIGIE T 52
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By SR RALF I e R IR, A i AL R B A
Bp 2 22 Bt AR 0% %08 A BRI W Gynostemma
pentaphyllun (Thunb.) Makino Bot. Mag. (Tokyo) %/J
0 n S R w2 o B 1| L RS ) G Y S A BT M
HE TR RAT . RGN 28 AN AR HE 426
WAMEFEAR, A JEHERSE 3~23 M. ANFE
AMEZ ARG 10~15 m MIRE RS . SRAFEAM 4
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Table 1 Geographic information of 28 population sites of G. pentaphyllun

JERE CRAEHh A e AMEEC 4 25 JEBE CREEHT e MBI 25
GZ JARTM 2x 13 23°10'  113°16’ | BS JEEE 2x 15 23°55'  106°37'
JR ERG =1l 2x 16 29°50"  106°23' | RJ PANL 2x 18 25°51"  116°03'
WS WL 2x 16 30°14"  120°09' | XC CRUE I 2x 16 30°56'  118°45’
ML  =FEaS 2x 15 21°33"  101°34' | YH  HRLKUM 2x 14 30°13'  120°09
WN LR 2x 18 29°19"  115°05' | KM =W EWY 2x 15 24°57'  102°38'
RH PR 2x 15 27°50"  106°24’ | HN g fifgil 2x 12 18°46'  109°31'
ZT 7 A 2x 15 27°21'  103°43' | LH T EE R 2x 12 34°27"  110°40’
LC =l 2x 18 23°52'  100°04' | YN R e VATV L 2x 3 22°45'  104°56'
GP ] 2x 15 23°26'  110°04’ | NN VIR =els 4x 15 21°56'  100°36’
Ccz Z“HRP 2x 15 28°01"  098°54" | ZJ R AR KA 4x 16 29°13"  110°27’
ES 146 Bt 2x 15 30°16'  109°29' | NJ MNP 4x 22 32°06"  118°48'
TC =gl 2x 16 25°06'  098°30" | JS WS e 6x 17 28°17"  109°42
GY Wiy 2x 15 32°26'  105°50" | YJ R 6x 7 24°36"  097°39’
YF [ 4 1 ) 2x 23 32°21'  109°17' | DL PPN 8x 19 25°38'  100°16'

2 HE

2.1 DNA #ZEFA SSR 74

2.1.1 DNA 2t MEMHFEA T 30 mg T, Tl
A L5mL B0, AW AAom i )q, R
JERZ] DNA $REGAFI & IR RAR AL R A R
AT $#2H DNA.

2.1.2 PCR ¥ &% M 14 % SSR 7[#
skt 6 X2 AMFEE . LAiE W By HRUR
PRI TG 8L 8 /(R 2). 10 puL &

VA& R AL 4% 2 X Tag PCR Mix 5 pL (% TaqDNA %
4. dANTPs. MgClyy W22 71145), 10 pmol/L
514 F 0.5 uL, 10 umol/L 514 R 0.5 uL, 20 ng/uL
FiH DNA 1.0 pL, ddH,0 3 uL. PCR S W&
94 ‘CHiA= 1 5 min; 94 ‘CAZE 30s, BN 30
s (51 )R KBS B2 PCR g ), 72 "CHEAf
50 s, 35 ME¥R; 72 ‘CHEfH 7 min, PCR ¥ 147~
Y 10%2R P40 Tk g e 11 P ViR I, SR R B e 2
N
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Table 2 Information of six primers in G. pentaphyllum

EX SIS (5°-37) HE T BRI/ C A0 PR

GP14 F: AAACTTCAGATCTACGCG (CT)is 52 5
R: AGAATGGTAGTAGGTTTTG

GP16 F: CTGGAATGGATCTTCTTC (AG)y 59 9
R: AGCTGTAGTTCGTGGTTA

GP17 F: CATAGGCAGCTGTTATTTC (CT), 60 5
R: TGTTGTCAGAAGCATTGG

GP21 F: TTCACCACTTATGTCCTA (Chn, 50 12
R: GAAAATGAAGGAATTAAG

GP25 F: TAAAAGTATGCTACGAGTTCA (AG)10(AAAG),AGAAG 53 6
R: TTATCCCACCATCAGATT

GP139 F: AAATTACCAAAGCTACCCTTCT (GCT)s 63 4

R: TGTAGATCCCAAGCTCCATG

22 HEFITS S

VEPEE T nTEE MR T4, H Quantity
One AFHEAT 4570 AHN 73 F I B, sk gh e M
H Popgene 3AFUFHE S SRR 1Y 2 AT AT L2
(PPL). “PIIZEA FE AL (N T RS [
B (N~ SRR SRR (N EHER I
WETE (HY FOWINAAEE (Hy). Shannon 15 545
B (D BEAKZ R Nei’s A% B BRI L — 308

H - Arlequin V3.1 3 £F 4T 47 1 & ¢
(AMOVA) Ml F 45l (Fsp), Hh5JmE i\
PIZEIAL (N)o [HIEFYE GenALEx6.5 #ArhidAT
ANTR] A 2 1) (R M B R 25 DL A B 2 e (PCAD,
H IBD 7R {41317 Mental £55 .

FIFH MEGAv6.0 AR NI SRERE, rdr s
JE R B gL K & o M Structure v2.3 #AFIHEL
JERERIB AL 450, BENLEAT 10 K (K HIKE R 1~
8)o SE UL 2 AN il K IARHENS A 3T 1
HEBE LM EAT VR, BUE R K HLAT G A2 221
InP(D) 18 LA I KI0 AK (H, e 8504,
3 ER59H
3.1 BEESHMEMBEES L

¥ 28 AN AR BHZ LRI N 4
A, BEATHUE L REYER S L . SR
SR T 5% 2 AR R AN &1, H A0 153 53000 0.18
H10.27, Horp DU A5 A4 (1) 3t A% 22 A6 45 s (H. = 0.31
1=0.47), LU )\fEk (H,=0.28. 1=0.41),
ANIEE (H,=0.20, 1=0.32) Fl {4k (H,=0.15.

1=0.24). K 6 5141 PPL 2k 58.33%, [A]
FEJE DU A5 AR R B fe i (88.89%), 5 A K
(51.52%)

2 3 A, S 28 NEEE H AE 0.01~
0.34, HfKH/E RH ATHN JE#E, H.=0.01, e
NIV ZV 1 ZT, HAKIKA 034, 033 F110.28; %
JERERIAEL) T AE 0.02~0.50. Hisfh 2T Eek
L T Bl = s #2002 RH. HN, LUK
NJ. ZJ fl ZT. PPL M 16.67%~100%, “F¥J%
58.33%.

FIH 6 X551 A&t 426 4 R EREA > Bt
TBHE 3 AR5 JE R 52 T R R, &5 SRR 4,
Fst 1£ 0.423~0.858, “FIJ{HA 0.673; Ny & T
0.041~0.340, “F#44 0.142.

AMOVA & W, TEWFIKF, ]
AL AR KT R, AR e E A
TJRBEZ 0], Ok 78.86%, 1M Ja4FF A 30 1 15 A% A8 54X
h 21.14%; S S5 M HE s AN R R 43 ok 2 4
R SRR RN 2 A5 AR AR, AR AR, H
13.73%, ZH A J A 1) 2 A4 A0 S R o A0 PR A A8 S )
A 66.96%F1 19.32%, 4PN Ja i IR) 2% S R I
FRT N R R
3.2 ZRERMREXR

WIS AT IEHE 28 AN s AL BE 2 R 2
BEET, JFUEAT Mantel #5605, Z5REKN, 28 NERE
ZIFHAGAE RE LI RR, R A, AAE
# (R=-0.0902, P=0.87).
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Table 3 Genetic diversity of G. pentaphyllun with different ploidys and populations

JEHE A REL N, N, N, I H, H, PPL/%
GZ 13 0 1.33 1.19 0.16 0.17 0.11 33.33
JR 16 1 2.00 1.31 0.38 0.27 0.23 83.33
WS 16 0 1.67 1.13 0.19 0.11 0.10 66.67
ML 15 0 1.50 1.18 0.21 0.00 0.13 50.00
WN 18 0 1.50 1.46 0.34 0.39 0.24 50.00
RH 15 0 1.17 1.01 0.02 0.01 0.01 16.67
ZT 15 1 2.00 1.51 0.41 0.27 0.28 100.00
LC 18 1 1.83 1.21 0.29 0.15 0.16 83.33
GP 15 0 1.50 1.39 0.30 0.07 0.21 50.00
CZ 15 0 1.50 1.36 0.30 0.31 0.20 50.00
ES 15 0 1.33 1.18 0.14 0.18 0.09 33.33
TC 16 0 1.67 1.30 0.26 0.14 0.17 66.67
GY 15 0 1.50 1.22 0.22 0.12 0.14 50.00
YF 23 0 1.50 1.36 0.30 0.15 0.21 50.00
BS 15 0 1.50 1.40 0.31 0.37 0.21 50.00
RJ 18 1 1.50 1.07 0.12 0.06 0.06 50.00
XC 16 0 1.17 1.17 0.12 0.17 0.08 16.67
YH 14 0 1.50 1.29 0.24 0.25 0.16 50.00
KM 15 1 1.67 1.37 0.35 0.34 0.23 66.67
HN 12 0 1.17 1.01 0.03 0.01 0.01 16.67
LH 12 0 1.67 1.26 0.28 0.22 0.17 66.67
YN 3 0 1.33 1.33 0.23 0.33 0.17 33.33
NN 15 1 2.00 1.45 0.42 0.18 0.26 83.33
7] 16 1 2.00 1.58 0.50 0.11 0.33 100.00
NJ 22 1 2.00 1.65 0.50 0.61 0.34 83.33
JS 17 0 1.67 1.16 0.23 0.09 0.13 66.67
YJ 7 0 1.83 1.39 0.41 0.33 0.26 83.33
DL 19 1 1.83 1.48 0.41 0.32 0.28 83.33
SEMH 15.21 0.32 1.60 1.30 0.27 0.20 0.18 58.33
R4 BENURE Fo MEEZ N, 1HR Hr YF. GZ. JR. YH. GY. ML. BS. HN. GP.
Table 4 Summary of Fsr and NV, for all loci LC. NN E?éj] 1 /I\EEE‘Z, ﬁlﬂ:lﬂ(} 7ZT. WS. LH. ES.
514 Fis Fir Fsr N WN. RH. RJ. KM. TC. CZ. YN }% 2 MW7,
GP14 0.043 0.864 0.858 0.041 %{%Mg@ﬁﬁf‘]%%ﬁjj%tﬂ (@ 1.
GPl6 —0.161 0565 0626  0.150 PCA 73HrW] (& 2), 28 NEIKEE AR Ja e
GP17 —0.168 0.534 0.601 0.166 ﬂﬁ:}j} 3 /I\lziﬂﬁo )\)\gﬁ%qjmugﬁﬁ%th’ 6 /I\z
GP21 0.088 0.758 ~ 0.734 0090 RBP4 A5 AR R R 2 A AT 0w () iR
GP25 0387 0717 0.796  0.064 B, W1 ZJ. NJ. DL. JS. Tidifh 24 A E#EATLLA
ORIV 0RO 00350 g 2 A B L AMILE T AN
T 0169 0603 0673 0.142 BEVLREE (YD) Fl 12 DA EEE (XC. ZT.

Lt R E MEGAV6.0 B NI RH. WS. WN. YN. LH. ES. TC. KM. RJ.
RIS 28 MWW RT3 4 2 KB 2: YT C2):y %X 2 g e e g e L 1 DU fs A S ot
XC. JS. DL. ZJ. NJ Zipl—3¢: Hifth 18 NMJEHE (NN) 1 10 A~ 54428 (GY. HN. GP. BS.
M3, Ja8 X H 2 AN R S R, YH. YF. GZ. ML. JR. LC),
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a-geographic distribution ranges of genetic structure b-bar plots showing assignment probabilities from STRUCTURE analyses when K = 4

3 RBRIE 28 NEREIRIELEN
Fig. 3 Genetic structure of 28 populations of G. pentaphyllun
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AHWFFCEET 6 X SSR 51T T 4 M Wi 11 4R a1 1)
Bk Z e, g5 IRARE, @ AR s L
ZFEYEKT, PPL=58.33%, H.=0.18, I=0.27.
ifi Wang 5% ISSR 4y FARICHFSL T 4B
14 AR BE AL 2 R AL 454, 45 BRI &
JBE W B R KPR s e 2 P (PPL =
96.39%, 1=0.407, H.=0.262), i HJ&#EE =4
TRFEWBAL M. XS R E T TR S
AF 0BT AT R RE AR £ DA B 4 Tl e A K
KM W B I 2R AR ALY, B
ZA R E BT b A, KR O S A AR
530 BN AN R 2 ) ) 3 AR 2 S B AR, 1 e B
CJEHE) Z ) 4% 22 e 38 . AHE5E 1 AMOVA
TS AL AR S o3 BT 48 W8k — 25 UE I 2 P R I AR S R
P SRR T N AR e R, U I W st
AR S FEAFAE TR 2 ). ¥ 28 N ik i
FEAs Ryl 4 41, BEAT IS AL 2 AR RS AL 21k
Lo, 4 RERM, ik 2 FEPE i m 2R AR A DY
R NN 2 % NN 2 7/ N, 2 7 N

KR 426 AP FsrHA 0.673 (>
0.25), ULHJEREZ MABCKIIBAL s 1 Fsr
AN B HS 1 2 DR i 00 /s 4 I R AR 2 ()
N KFBAR, 4004 0.142 (<D, BEHIERIRA L
DR ) Js o PN 30 PR B4R 548, NI 1A 7 Fa 4y
o ZHWFTERI, /DN E AT S & DB 1) g4
AR T A I IR A o 25 2 A it A A (1 4
JEIl, T BTG AR P IR 2 RE VK (i s B TR )

AL P,
42 ZREBREBENEEXRZTRLEY

I PR B S T T S B R OC R,
iy FH DA IS S B (1 T A 54 B S e TR PR 22 50 — I
W JERE IS AL, 385 R B b N2, AR
Fo, 28 MNEIEE AR JERE, IR R ORI 2
GZ M1 ZJ, Nei’s isifh 0 & =ik 2.648. 534, Mantel
UL AT NAN v S B EEE S S Ui L S L R K A €2
7E B FMETE (R=-0.0902, P=0.87), #HW)E
FEMEAL 234 5 R PR 250G, e S F AR
T A mT e A2 D SL SR PE . MR g 5 AR
WIS ERIM A R IR T REM AN TR
IR, BUEZR I B SR S5 5 8 A A 2D
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AEREFEC A EYNZR,  [FI 20 P i
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PR R AL S . e — NRh ) s AL
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FW R, KM 28 NJEFERT 434 2 MK A
PRJEEE WN FIZ 454K ZT. DL, IS 0 1 3%, H
fiby 24 AN JEBELLR TS — AN 3 AN SCARI 5525 )
4b, PCA MZE R, ZHEAGREREREE SR
5 R AARE, 1T Structure 45 ALK 25K RES
AR SRR AT, GO PN TR A AR A W S st
fE7E 5t

AT Structure 174745 KK W, 28 A&
JBEWE o A AE e T REIR I AL S5 R, AT LAY 2 4 A
BEAL. M AR, A 3 NERERCO Rk, [
TAERE) ZT JREE. PUARAART) NN R BRI SR
Y JEHE, BRI AR s A% 45 8 UL R e 7K st
FEZHEVE, HEN W] B8N LA IR AH 5 Ja i Bl 2
JERET B AT e 1 TRy ZT Sl 45 M
8ok, B 2R E, AR A SRS
T R RLr) &5 AR HARBE S oA i
S FEEEF ] cpDNA rp120-7ps12 J Bept) gt
R SR A G RIE, JREE AR
FEY) AR IR S A I O, AR [ 25 A A i e
JEREE 7/ NNY b/ RN Sl o 2 A St AR 3 5
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SR R R AA R AETT, RIALEE AR HE
WAL ZFEEACHIAG, BB e A e EE AR T
JEREE], BEPRIAZ sz BB, AR AE AL —E IR 25
Blifle AL A5k S AR o Ak Jmy,
G RRGHIE P ATA 3, WTREM IR DA &1
TEREAGE R () Z A5 A N —Fh B RIS B2 A%
A T7 AL o B S S Mk AT 2 A ) B U
I RAI . RPN AL T R 2K 5 B
fite MRAEABFFLE R, VLB 2 FEPEK

PR I R R AT I OR A (ot 22 A5 A4 e RN — A
& ZT. WN JERES), [A] IS a S A Sk i Y
(fERE (It JR. LC. RJ. KM %5) AT R Al
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