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Genetic diversity of Paris polyphylla var. yunnanensis by SSR marker
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Abstract: Objective The genetic diversity of Paris polyphylla var. yunnanensis germplasmic resources in natural populations was
analyzed by simple sequence repeat marker for protection and rational utilization. Methods A total of 115 individuals of P. polyphylla
var. yunnanensis collected from five natural populations were analyzed by SSR marker for genetic diversity analysis. Results Eight
pairs of SSR primers were screened. A relatively high level of genetic diversity was revealed: The percentage of polymorphic bands
was 100%, the polymorphism information content was 0.745 6. At the population level and species level, the observed number of allele
was 8.425 0 and 17.750 0, respectively, the effective number of allele was 4.960 9 and 7.500 7, respectively, the observed
heterozygosity was 0.295 5 and 0.294 8, respectively, the expected heterozygosity was 0.654 8 and 0.774 4, respectively, and the
Shannon’s information index was 1.520 1 and 2.038 6, respectively. The genetic differentiation coefficient was 0.172 8 and the gene
flow was 1.196 6. Based on UPGMA cluster analysis, the five populations of P. polyphylla var. yunnanensis were divided into two
clades. Conclusion The level of genetic diversity of P. polyphylla var. yunnanensis was relatively high and there was certain genetic
differentiation within and among populations. This study puts forward several suggestions for the protection and development of P.
polyphylla var. yunnanensis resources, which will be helpful for protection and sustainable utilization of scientific advice and reference.
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HEREAM I LA DT RIR A,
BRI WM. e SR, HT
SRR, ARt BRI O, AR
iz Mz, RREW = E 24 PUR RN S
ZELP AT ER Sy, BAT IR N H
AP T RAE RSP ENS N, 1
WMk E S FHERE, B ABRl e i b
TEHRE FZRIE L —, B I RAZ AR AR BT
N, EEME A BRI H aikhE, e DR TR
FETVEY, JHR BRI ORI R I s . iE 2
FEVECRI SR DR I BT ), O T YR B AL BT
AEBHIR, T SE TR BN s Z R T T
TEREPIIBAL Z FEE AT, 2 TARC B2
AN TFB . W HEEFH (simple sequence
repeat, SSR), MNFRAFh LA DNA (microsatellite
DNA), s EURE 5514 PCR 4 EAHK 7 1 Frid
HR, EERNHZ . HEHAR S AR id AR,
SSR HLAT A . DNA ZRAK . JERIAL L5046
2o ML, mEREME. 2AMTEESR A, A
RGRE G DA FhTTBEYE S E A
PR L AN 22 R P, SSR 4 AT
FORBN Ny 2 Jm e AL G 70 oA I TR, g
N FE DRI S 255 2R R RE R 2 SR 4L 3 B 241,
HAT, X TR gL 2 FEPEREI TR 1 AR

G RN 7 1 22K H ISSR. AFLP. RAPD.
RSAP 457 Fhricik, FIM SSR 2 Fhric#EAT i
WFFCARN LD

TR SSR 4> Fhrid A, SHEEM 5 A
JERERT 115 ANFE AT T 8 2 A S L 450 5
Br, 7R3 F KV B3R T AR DRk 1 A0
TP RIEA%R 2 FEPE LR R T R AE O R, VA
PP A BRI 5 A BRI R AR A R 4R 5.
1 RS NEE
1.1 #H&EE

15 25 B8 B R 0 A A TR MR 4 5 AN
BE—3L 115 MFEd, BAEERE 23 IS (R D,
4 p v LR 2% Bt VU ORI b FA AR 40 e 34 i 04
W& NV Paris polyphylla Smith var. yunnanensis
(Franch.) Hand. -Mazz..
1.2 E5iRH

FEPRIZH DNA #2006 ABIPCR 41443
URER R R IR A O k | 577 96 FL I M AR |
WA H1650-W Y B0, WAL L550 RS0l
BEHIKAG BRI BUGA 1HH S ma s |
ABI 3730 MF%, —4 C. —20 CUKAH.

IEIERE L Tris. B2 EDTA. ddH,0. 2 X Tsingk
£l HiDiv GS500Liz WARAE . SIS A7)
H B B A )R A R m AL

F1 HEMEMEKIER

Table 1 Sample sources of P. polyphylla var. yunnanensis

Tk Sy At FERLEL 14k /m 2% (B) “HE N)
Popl FRARHES 23 2059 100°5029.2" 24°27'06.3"
Pop2 R DT 2 23 2326 98°55'46.4" 26°55'38.7"
Pop3 okl B B 23 2300 102°29'43.4" 26°04'05.5"
Pop4 R RE N T 23 2558 100°0254.4" 26°10'10.8"
Pop5 i o EL A 23 1764 98°25'55.6" 25°2833.3"

2 FHE Maxim. i Dioscorea opposita Thunb. 3 P43

2.1 JEE DNA 25
AL 2 e A AR A B =) A 7= 1 1Y
PSR A DNA S0 & (BOAEaED 2
HUFE A ) DNA, T 0.8%5t b it i r vk A S I Fe
FEHU DNA (1) )50 5 A1 58 5Pk
2.2 SSR 3|#)fFik
28 SCirARoEt ¢, e H TR A
—H¥ift SSR 514, VALK HIT& Lilium brownii var.
JE W

viridulum Baker . Trillium tschonoskii

LFPHIbRAE (EST) P40k 2 HF L EST-SSR
14, 346 X Cl RHBTE AR AR AR A
B0, HEATIRIE IS, ikt 8 X2 &ML e
PEGRS Y T I A S 384 1) 1 U5

2.3 PCR¥i&

23.1 PCRMfAZR WEMAZA 15 Taqll Mix
7.5 uL, 10 pmol/uL IEMAZIY) (hi#sk) 1 uL, 10
pmol/uL & [f51#% 1 uL, DNA Fi# 1 pL, B4k
ddH,0 4.5 pL.
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2.3.2 PCR [ MNFE T 94 CHIAEME: 5 min, 4 C
A1 30s, 64 “CIB-K 30 s(45~66 CHF M),
72 CHEMf30s, 30 AMEFR, 72 CHp4:
Ji 4 CHRAF. FTHIEH Y SSR 514Xt B £ dhidt
1T 1 & PCR ¥z )5, M 9tmi ksl
(TGTAAAACGACGGCCAGT) FlIE[A 5% 1 &
R EAT 2 IR (2 IRYT BRI AR TRD
b 3730 WA T B A HLIK
24 BIRES

) FH BEAR I8 AL 22 3K 1 Popgene ( Version 1.32)

10 min’ %

TS5 NEE LR SR IE RN . A AL
FEE (N 55, FF LASE DRI O B Al 5 2 5 B
ZAEEE (PIC) 4: HFH Population (1.2.28)
AP TE SRR A AL PR 2 (Nei’s 1AL B &) JF
ARG A
3 ZRSS
3.1 3|¥iRik

KRR TS 06 48 51, M SRR 5 | b ik
2 AR 1Y) 8 X5 TR an ¥ PCR 9738, J
I 5115 B 2,

&2 HEMSSR3|Y
Table 2 SSR primers of P. polyphylla var. yunnanensis

519 F4) (5°—3") ENCE W FEIRNMop T/ C SCHR

2 F: GCACCCAATTCTACCACACC (ATC)s 202 57 12
R: ACTGGAACGTCCAGCTCGT

6 F: GTATCGACGGTCGCGATTAT (CT)s 200 57 12
R: GTATCGACGGTCGCGATTAT

7 F: CATTAGCCGAGAAAGGCTTG (AG)s 208 55 12
R: ACTGGAGCCTCGATCACAAT

8 F: GGAGGAAGACGATGATCGAA (GAG); 208 56 12
R: GCCATGTGCAGTCTCTCAAA

BH1 F: AGAAAGCAAGCACAGCGGCG (GGC)1» 210 60 13
R: CGGTGGAGCCTCCCCATTGC

CL3 F: AGCCATCTTCTTCGTTTGGC (CT)ao 210 58 11
R: CGAATCAACGGCGAGTGTC

CL34 F: GGTGACGCCACAAAGAAGAC (AG)s~(AG),, 178 58 11
R: CGTCGTGACCGCCTACTACT

PP2 F: TTCTTTCAACCGCCATACCGT (GA)yo 196 59 10
R: TGCTTTGCTGCTTCTAACTCG

32 BEZHMESH
AHFUM 46 K51 Pyrh ik th 8 X 2 a8 PELf A&
EVEE . AL SSR ST 5 ANEREE 115
PIFESEEAT PCR 1S, 284 H 0% (PPB) 1&
F 100%, PIC 4y 0.441 9~0.950 9, 41 0.745 6.
M 3 ATLLE H, e R b, S BRI (V)

k84250, N,k 4.960 9, MUZ5E (Hy) 24 0.295 5,
WIS (H) 4 0.654 8, Shannon’s 15 8455 (D
1520 1o EYRKE- B, N, 4 17.7500, N, 4 7.500 7,
NEMZSETE (H)) 402948, He 407744, 14 2.038 6.
H H AT AT LS, R Pop4 (WIEHE Z AR
s, SR PopS stk 2 KBk

*3 SANEEHERE 8 X SSR 3N N,» New How H FT
Table 3 Observed and effective number of allele (V,, N.), observed and expected heterozygosity (H,, H,), and Shannon’s

information index of eight SSR primers from five P. polyphylla var. yunnanensis populations

H, H, !

0.259 0 (0.189 7)
0.260 7 (0.196 8)
0.288 5 (0.123 9)
0.317 7 (0.184 5)
0.351 5 (0.300 9)
0.295 5 (0.035 3)
0.294 8 (0.138 1)

0.595 7 (0.286 1)
0.717 2 (0.246 0)
0.681 5 (0.307 1)
0.710 7 (0.267 9)
0.568 8 (0.318 2)
0.654 8 (0.061 0)
0.774 4 (0.179 2)

1.371 1(0.794 1)
1.660 2 (0.737 9)
1.600 8 (0.901 8)
1.702 5 (0.919 8)
1.265 6 (0.808 2)
1.520 1 (0.191 3)
2.038 6 (0.846 3)

J N, N,
Popl 7.750 0 (4.773 4) 3.829 9 (2.988 6)
Pop2 8.875 0 (4.794 0) 5.041 0 (2.648 2)
Pop3 8.750 0 (5.994 0) 5.893 0 (5.068 1)
Pop4 9.625 0 (7.288 7) 6.440 8 (5.877 0)
Pop5 7.125 0 (4.549 3) 3.599 6 (2.617 6)
SRR 8.425 0 (0.882 5) 4.960 9 (1.113 3)
YK 17.750 0 (12.747 5) 7.500 7 (6.166 5)
EUREAOE € YA AR

Standard deviation is in brackets



¢ # % Chinese Traditional and Herbal Drugs 35 48 % 25 9 # 20175 A

* 1837 -

33 FEEREESUIMERR

FHiE Popgene 73 T4 AR, LML R E M) A7
A BRI AE A, JaieREE R E (Fo
90.172 8, W 5 ANEERE R T A R R
JEHEZ T IR AEAR S 17.28%, 1M1 82.72%[1IiEf%
AR S FH Je A A AN AR TR 1 22 S P 5 12 1) o

BT Fo ERUPERZERR [N, =025(1—Fy)/
Fh 1.196 6, Ut B R BE R AE ARG — i [P R DR
34 BESW

FIH] Population (1.2.28) %, 4 Nei’s it
LR BONE B & R BE AT UPGMA 2850 M. LA
TR Ea e 0.27 B, LA 2 KK, i
Popl~4 %0 132, JaHE PopS FHX st A4 I B iz,
AR A 1 57, JLr Pop3 Al Pop4 B4 20 T
e S

0.267 2
Popl
0.007 §

- 0.1713 Pop2

0.0457
Pop3

0.125 6
0.045 7 Popé
02747
Pop5
0.25 0.2 0.15 0.1 0.05 0.00

1 SHEHR) UPGMA #
Fig.1 UPGMA tree of P. polyphylla var. Yunnanensis based

on Nei’s genetic distance
4 itig

HARJE YA FI R AN FF AR,
SRS XS A —, LR R S
BRIy, MBS XBOR, RO ZHEAE,
ifif 2 FEPE 2 RIS AE Z RERE P ket . H
AT, ORI (170 7 hrad T-Boz H] 2 E AL s R ) st
HeZREMEIITT I, KGR RAPD HiAKS
T Z W R Paris polyphylla Smith 2 AR Rl
FEAN-GIH—BAEIE 4 AN Er L 2 FEE,  AERR Y
JKF-_1 PPB 2 92.05%, VHEHEN Fy 0308 5, &
A 4B Fy b 0.372 6, 3B I A1 1 AN 22 FbE Paris
cronquistii (Takht.) H. Li JE#FEfE R &R, =
Ff THEERA-EH B 1R 2 DNER SR

25 Z o AR AETIR AT ISSR 43 T-ARic w22 - EE R Fif
T 3 ANEREE M BMERE P. polyphylla var.
stenophylla Franch. FIK 2588 EA% P. polyphylla var.
pseudothibetica H. Li 1] 8 /N aHf L 208 4 il 115
P ZREEREAT T 00T, PPB 24 93.63%, Fy b 0.362 5.
BRI AFLP A IY 145 Py JLA X
RFEAET 2 PSRBT RS Paris thibetica var.
apetala Hand. -Mazz FIIJ2Z5F Paris thibetica var.
thibetica (Franch.) Hara [1115t4%& 2 AFHEREAT 7047,
PPB A 93.63%, Fy 4 0.228 6, LIRWFiRWIEME
JEFEY) BAT R = AT gL 2 A

AHEFCRH] 8 % SSR 5IWRf % 5 At
L 115 P FF BT I8 AL ZREE S, 433 PPB A
100%, PIC 4y 0.745 6, 14 2.038 6, UtWIJHIE L
B AR S, R FEE e R, SEERE
FUAt ) i) 3524 22 REPE AR AL o [ IS AIE B 3% FD 7 SSR
SIPRERR B AT A S, T RL e 5 AN B E A S
[P fE Z FEE . W N, B N, I 28 (HIE i KT 1,
T T L A A B R A A AN B8 A, IR I N Ho 11
He [MZEAEBIR, VW& N b T AR A
G ERENARAE S ERRBE I N AT o IX AP 3 A AN )1
Ji BRI AT fi A b R 9 AR  BOG AN Tk CR
FE) %5

Xf i B REAT A AL e A RN A BT oK, Fy
400172 8, it WV EERE RS i A) AT — € IR et A )
1, ARIEAE A K AN, AR AR S A % S
W, Nm A 1196 6, JEBERIAAAER — & HIFER.
R e T T R A O3 Al A SR e e Iy s e 7
IZRE I, 55—, JEEEFERFAMCKP g4 o
iR v e (s D SRR A % S,
2R ST R W EAL A A, s R, B
AL IR AL 2 FEE RIS ) Fa AL 04 28 =,
H T JERAZ MR BE IR, VR R Ja T4 L
G3AT, AWITUA T RE R I ETAEA, AMFAY
RKHURER B ], RSO 305 2 1) e N a4 L A2
S PR [ IS 0 25 BTG s JRE TR PR et AL oo 550U, G4
KOO R R < R RAZ AN AR S5 R I
Vi) P77 B A s Y FE R 5 o B T dit A 2 A ke
Ky AETARAK o R SN LA AR
L EE R B I B AR B U S AT R R AT UG Fy
T A AW S5 A

M UPGMA ZEEpH MR KE, 4 Akt
Popl~4 %N 132, JE#f Pops MXSImifLE Bz,
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FAMIE N 1 3o Pop5 JufEok G, Fobt i A1
X A B ) JE R e Be A (1) kAR, FEE
fih 4 ANEHRE R R LG, PR R, PR
FAIRT AL, AR s AN [P X 25 5 300
REAEIEAE 2 I DL ARG AL S5 E A IR K
RN (2) wBRTTIl RS, 5 A A
FERI AT A R AE s (3) IR LX) N85 3 B
g, XMIRHFRE AR R R EEFI I AE i 1 it f% 2
FEMER . R 3 nf LI Pops JEHEAE 5 A
JEHEIEAE 2 FE A R
MAHIE TR S 5 25 KK, JHE R R AT B &
WAL ZAEE, R B AT e gL ok, AR IR
FOT T EEE R H AR AR BEIA L
AR Z — o 0 T ORIPORTRF R B E R )
2orotli, @WONLLT LT AT 55—, LRI
FOENE L, b RS B T, IR AL
ZFEVE B R, AT DO AR B S o RS A K1)
JEAEEAT i OR AT, 0 AR B A R 1 43 A e A VR
EREATIE AR 5=, IR R BT AR,
BEAT S AL s BP0, P4 T R R N TALVEAL
TR o VAT A T SEAT & I T, A REPR R AL X
—YIEE S BN, SRR AL T R A AR ST BE (B
X IE o
53 3Lk
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