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Abstract

Objective: To evaluate the genetic diversity of germplasm resources for P. polyphylla var. yunna-
nensis and provide biological reference for germplasm resources protection, genetic relationship
analysis, breeding, and introduction and cultivation of P. polyphylla var. yunnanensis. Methods:
Amplified fragment length polymorphism (AFLP) marker was developed to analyze the genetic
diversity among 15 samples of P. polyphylla var. yunnanensis from various habitats in Yunnan re-
gion, and cluster analysis and principal coordinate analysis were revealed by the NTSYS software.
Results: At the species level, the percentage of polymorphic loci (PPL) was 88.15%. Shannon’s in-
formation index (I) was 0.4158. Nei’s genetic diversity index was 0.2533. The total genetic diver-
sity (Ht) was 0.2519, the intra-population genetic diversity (Hs) was 0.1868 and the inter-popu-
lation genetic differentiation (Gst) was 0.2583. Conclusion: The results implied the variation was
mainly from intra-population while the degree of differentiation in inter-populations was small.
The gene flow (Nm) between group is 0.7178 which shows that the genetic exchange between
group is less.
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B : BRE=EEEM(Paris polyphylla var. yunnanensis)F i R K@i S REME, B EAR R RIE
R RGREMA. BFEFTRTIMRFRES FEMZKE. HiE: FIFAFLP fRidXRE =B A
FEIF=H 1 15 E B TT R 845 R, SRANTSYSIKAE BT R BN E MR 5. EYMKFE
Lt Z2HFALRESZE(PPL)A48.25%, Shannonf5 B4 (1)°50.3903, Nei's#H L rEERECFIIA
0.2768FE4E 5 18 % SR (HY)280.2519, TIBREN 1985 £ FEE (Hs)~0.1868, B[] 5L REL
Gst40.2583, B /EEEEMBAETREEERI25.84%, T/ERENKREZRNTL17%. £8: AFLP
LS RRAEER LB E S HEEREERE, FERSUEERE. BERIZRER(Nm)~0.7178,
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1. 518

HEM(P. polyphylla var. yunnanensis) & & FF 5 £% & (Paris L) Z AR AEY) . EEMLEESME S
B, DO BeoN—H5. A AEHEHR 1400 m~3100 m f{H SRFEMAR, ZBEEFAMR. AR, JE BRI
[1]o VEEMARZE P AR BRI E A MEE RSy, EEN TR PR R 0 B o Fp S, 48 DL T
AR EM 2R E A 2] [3]. DURZIIEE TR I E AR ZE B TS RV T O
WA AR TR, BRI BRATIRASRRE, Bhah, AP, b, 2. PR, PR ER
[4][5][6], & “mEEZ”  “HEE” © BT M CBE R S5 2 R

—HELK, BEEEEREN T REZRERN, A X B T A SR I B RS A, (R A
AL, PG SRR EIEIREL . RRIE ISR AL . ORI REL, R AR AR TR H b CaEA
vy, O H BB AN R B 25 T e RESE R RE[7] [8]. R = A2 S RS R, oA T E 5
P9I A YL 80% L T R I [9] 0 VRLEE A B UR T2 MR PR B AR, PR R I T P B A 2R L T I K
YR [10] o BLE AR OO PN B R PGP R AT 51 o 35 HFRTE TS AL 2 AR P2 B R T HR R S e
S, VEEARET AR RN TR O AL R R IR E N5 BN PR NS R AR 1 RRG, AF
TP AR S AT B, TR AN [F) 7= b B A= R0 S R AR (1 0 4% 2 RE VR 70, MR AR W fE L
FEE T A TP VL TR B VR R A SR DL AR R R B S A R L.
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AT Az B AN FIHLIX 15 NEE SR R R R, JF R 7B 2R T, W Tor BN
A e T B F AR B IR ORI LA B P i 7 SR A A

2. MB5EFE
2.1. M8

T 2012 FHEN AT 2 E 11 DHINIE 16 AR EEIR, & ERERERE > 50 km (% 1), B F5HR
KA 8~10 MAKR, SREMERE A TRRORAE, A [l st = sh A

2.2. WFE

2.2.1. DNA BY32E

A BRI FTAREARSFREL 0.5 g I Fr, FHIAEY LR 41 DNA R HGA 6 (Promega, USA)TRIUHE R4
DNA. I 1% B i b e rL vk kil 2 B DNA 2B FE Fn e 8, 02 DNA ¥R E(ND-1000 UV Spec-
trophotometer, %), HR¥EIRE G — BN 50 ng/uL.

2.2.2. AFLP & F#5id

AFLP SZIGIRARAZIE Vos 25 7R3 T[11]. R4 DNA(SO ng/uL)FH il BR i 4 Py DI (Msel Al
EcoRI{E 37°C IR 4 h FAT X EG Y] FREIPEN VIBGHAGSS, FH T,DNA JEFERGLE 16°C LRI 3 h KBTI A B
R RN EE Msel I EcoRI 23k | (Msel #23k 751K :
5-GACGATGAGTCCTGAG-3/5-TACTCAGGACTCAT-3' EcoRI #LFF 51 A
5'-CTCGTAGACTGCGTACC-3/5-AATTGGTACGCAGTCTAC-3); &3 W Ty 1 51 Wtk 47 iy 18
Ty 3 S N AR . 65°CAME 5 min 5 30 MEH, FEAMEME S 94°CAME 30 s, 56°CiIRK 50 s, 72°C

Table 1. Germplasm resources of P. polyphylla var. yunnanensis

= 1 HESEMEBRIR

R R 45 (m) 5153 %
QJ ISP ONEIEZ 2400 26.6428 103.0917
YA KR S 2171 28.2086 103.5817
DQ PG S 3052 28.2272 99.2311
Ys KA S 2105 26.7050 100.8228
YP S ANEZ 2285 25.3189 99.6933
MD LA S 2236 25.3030 100.2427
LQ REWITE 2 2721 26.1311 102.5425
XW =BT 2153 26.2994 104.4734
YX NN 1999 24.0325 102.4897
MJ BT S 1403 23.4781 101.6831
zY Bl 2 2078 23.3046 100.4214
Sp FBHEN 2 2198 23.9683 102.3778
PB ST 137 1678 22.9756 103.6917
LC I FR I 2 1922 23.8981 100.0731
FN & T 2 1456 23.6206 105.4781
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ZEMH 1 min. (LSRG 72°CHE(H 5 min. 4C&IE. H 55 58:

E00-AAC 5-GACTGCGTACCAATTCAAC-3. E00-ACA 5. -GACTGCGTACCAATTCACA-3'; iy 14~
VIRGERE 15 f5 e AT B ME Y  . IE PR W R NART y: 94°CARME 2 min J& 13 MBI, BAMESAE
94°CAs1%: 30's, 65°C (touchdown method = 0.7°C each cycle, 72°C 60s, 72°C 1 min)j5 23 MEIF 94°CAE
P£30s, 56 CiB-K 30s, 72°CHEf 1 min. LA 72°CEM 5 min, 4°CZ& k. Y H 6%t
RN IGEE R /B ARG, FIRRAFE - M 64 X AFLP B 51 & (W £ 2)h &kl 1 3 X
BIRer= Bk G . 2SR 4 S 2T R IR B 1 (E-AAC/IM-CAA, E-AAC/M-CAC, E-ACA/
M-CAT), 5% AFLP (] DNA frar /i,

2.23. RS

Pl [ — A7 5 | DNA I BT Seih, Ay “17 , ey “0” , @7 0-1 Ak,
FIH POPGENE 32 #il AMOVA AT R HEEAL S HU T, IHHZBALAUE 7026 (PPL) W5 A7 ik [
Hr(Na). A R HE R $(Ne). Shannon {5 EE3(1). Nei’s. 3K 2 BEVESE B(He) . BEAASE R 22 BEPE (HL).
BEVR A JE R 2 REVE(HS) S BEME) LRI L (Nm) . FEGR S (R 8% ZREVE(HY) . RN (0 38% 2 RETE(HS). B
I (13845 23 AL R BU(GST): A 4> 175 2 43 BT (AMOVA) 7T DL 7~ Vi B S B AL S5 M 4B HR9E Nei's
T8HA% E B (D) At A — BB (1), FI NTSY'S-pe 2.1 300 5 JB B 1EAT UPGMA 82853 i il 3 4447 (PCOA)
0T

3. BZREHh
3.1. AFLP &5|¥AE Y MEHFSSM S
FIH AFLP 23 Thric =X ik BT A & — 3574 1 14,260 457 (L42 3), ¥4 847 55 498 ANz 4,

Table 2. Primer combinations of selective amplification
2. IAFMAIESIME AR

EcoRI Primer(+3)5't03 Msel Primer(+3)5't03'
E-AAC GACTGCGTACCAATTCAAC M-CAA GATGAGTCCTGAGTAACAA
E-ACC GACTGCGTACCAATTCACC M-CCA GATGAGTCCTGAGTAACCA
E-ACA GACTGCGTACCAATTCACA M-CAG GATGAGTCCTGAGTAACAG
E-AGG GACTGCGTACCAATTCAGG M-CGA GATGAGTCCTGAGTAACGA
E-ACG GACTGCGTACCAATTCACG M-CTA GATGAGTCCTGAGTAACTA
E-ACT GACTGCGTACCAATTCACT M-CAT GATGAGTCCTGAGTAACAT
E-AGC GACTGCGTACCAATTCAGC M-CAC GATGAGTCCTGAGTAACAC

Table 3. Amplification result of 3 AFLP primer combinations
7 3.3 %) AFLP SI¥IEEHII HBER

Glk7/E iRy SR ISETASY 4 EZ AL EZDASE S 2T
Primer combinations Number of total band Number of polymorphic Number of total loci Polymorphism rate
E-AAC/M-CAA 5017 159 123 77.35
E-AAC/M-CAC 4253 185 133 71.89
E-ACA/M-CAT 4990 154 132 85.71
Total 14,260 498 388 78.31
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Horp 388 NN, LS ESEN 78.31%, TIN5 404 18 11 2 407 50y 129 M . 45
REWH: 51¥4HA E-AAC/IM-CAC ¥ 1) & i $ii £ & 5017 %47, HEZAMRE, mMslwas
E-ACA/M-CAT ¥ 2 & H n F i mi N 85.71%.

3.2. BIFSHEM S

FE M AL Z RV AR AP AR E E T (GR 4), TEVIFIKE B2 38407 5 43 % (PPL) Jy 88.15%, £
A HE R # (Ne) oy 1.4995, Nei’s JE Kl £ k44 4 0.2849 11 Shannon 15 B35 %1(1) 5y 0.4158. 7 JEHE KT |,
PPL Vi £ 42.75%~66%, ALK (Q)), HALMZIEIEFE(YX), RIPHIEGFERER & . A RS A N4
(Ne) R DA i b i WA B B ot /e S 7 5 R B H MO T A B B R SE A RER  E =12 . SR
B AL R R U (Ne) T ] 1.2475~1.3788 2 [1], Ne #imi PIAIGFI(LC) AKME(YS)FITI K (QJ), AR
A 7k (YA) & T (FN)IE (Y X) . Nei’s 2K 2 HEPE R £ (Nei’s) R Shannon 15 2480 (1) 35 B8 S5 o 7] 18
2 REPE, Nei’s AT PFHME 5108 01821 0.2742. 7EJEH#ENA], IGF(LC). SRIT(M)FEIL(ZY) % E
B Nei’s Jo | E¥ T HARERE, R\IXLGJEHEEAG F 2 1L 2R, (Y X) AR E (Y A) S &
s Z B . EREBKT L, = 15 MhIXEERSRE 2R AR, BEWHKT L,
TEFE R AL 73 7K R -

3.3. IBEERDH

ELER B JE B R)8AE A0 53 Popgene 20 A4k B (36 5). BEAAR S REAE ZREE(HY N 0.2519, 1M JE#E A Y38
L ZFEVE(Hs) A 0.1868, I i14 H AOAE (AR 8] 18 4% 4010 R 8L Gst 4 0.2583, B[ E# B Ui AE 45 7 5 B AR 7
) 25.83%, 1M JEFRE N IR AR 7oA 74.17%, WV S AR UL AR S5 5 BORVE TR By, 1 JE () tH A7 1)
IR ARG . JEREIAIFE R (Nm) Ry 0.7178, F W] JEREZ (ML A IR % o

Table 4. Genetic diversity of P. polyphylla var. yunnanensis from different population based on AFLP analysis
4 BT AFLP REHAEERHEE ZH M

JERE ZAMAASEEPPL%) MIMEAIEES(Na) AR E(Ne)  HE ZAEEREE(Nei’s)  Shannon 5 2 1541(1)

DQ 50 1.5000 1.2644 0.1569 0.2388
FN 50 1.5000 1.2644 0.1569 0.2388
LC 66 1.6600 1.3788 0.2212 0.3329
LQ 58.25 1.5825 1.3317 0.1941 0.2923
MD 58.25 1.5825 1.3120 0.1864 0.2837
MJ 53.75 1.5375 1.3123 0.1822 0.2736
QJ 62 1.6200 1.3498 0.2049 0.3093
SP 52.50 1.5250 1.3110 0.1813 0.2719
PB 45.75 1.4575 1.2771 0.1612 0.2413
Xw 48.25 1.4825 1.3013 0.1720 0.2554
YA 42.25 1.4225 1.2475 0.1446 0.2170
YP 60 1.6000 1.3441 0.2011 0.3025
YS 63.75 1.6375 1.3532 0.2084 0.3153
YX 42.75 1.4275 1.2673 0.1557 0.2325
zY 61.50 1.6150 1.3470 0.2040 0.3080
JEREKFE 54.33 1.5433 1.3108 0.1821 0.2742
YK 48.25 1.8715 1.4226 0.2768 0.3903
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Table 5. Nei’s analysis genetic diversity of the populations of P. polyphylla var. yunnanensis
% 5. AFLP fRiCXTRERERFEE S M Nei's 247

UiH FEAHL KR LR (HE) TR DR 2 B4 (Hs) HR LR B (Gs)t H R (Nm)
£ Mean 143 0.2519 0.1868 0.2583 0.7178
St. Dev 0.0322 0.0174

3.4. BRI ELIRDHT

VL EE R AN () J T ) 1) 308 A A S m] AR R HOAH BT ) R o S5 F AFLP =XF 5 IfE = /4 15 A
X PVE AR 38 B, VPR AR R B R AR LR E . ARYE Nei’s 8% R 55 (D) RIS A& — BB (1) (&
4), FHI NTSYS-pc 2.1 #AEXT 15 MNEEM RS T UPGMA B30 HT (1 1), 35— 25 15 B VB S5 1% S 4 1) 1
LR R

ML 1) — B T, AN R BEISR GO R AR LU, 15 4B R B IR 11 50 5 v )
WAEABUE . WEREFATIEH, 24 GSCE N 0.9 I, AT LUK EEMA R B0 2 KR, Hp4E
PE(WX) it B —2, IR DU B — K2EHE. 4 GSC {Hv 0.92 B, 0] LUK VR B BT B 5. 7
3 RERE, BRI ANREE, % 8 NMEEE, H GSC AT 0.86~0.97 ZH]. Z%FKHFH, GSC
(BB AF (2 7K (Y S) B HE(TH),  FLRE & 7 (FN)FIBEI4(PB). ZZ5HEAE GSC 15 %18 0.932 Abn] B &
G382 W2, HAp SR (MI) SO — 25, & T (FN)~ FRIZ(PB)- I FH(LC)~ #4(LQ)~ 7K ME(YS). i@ifF(YX)
FUA B (SP) A —E2K. GSC 41T 0.88~0.97 2 ],

1 KBEEFE 6 NEHE, GSC AT 0.89~0.97 2 (7], X AT LATE GSC 4 0.93 B 73 WML, 7K E(YA)
By — 2, HARIRIEMD). HITZY). AF(YP). TIER(Q). HBMXW)N—%,

NT HEE M RN E AR R A A LR, X 15 MEEMERE AFLP 1945 24T 348k PCA
(Principal coordinate analysis)/r 41, 453 & 8, PCAL. PCA2 F1 PCA3 43 5] 5 M AR 5 1) 9.12%. 17.60%F1
9.87%, I FALIRR BT 26.72%, FI =4 FALR RS AE 571 36.59%. HHZE—. 5 —FAhtnit
17 PCA J3#r i 4L (14 2) T A, R RS BB A BONEGEL . 2R —. = = F AR IETI) PCA
oA =4 (K] 3) AT LLLL BB M A , JHEARERF > =K, SRS AFLP ZRE 45 R, A
DX F1 L B R o g 5 U R A DA B, B AR o A VR AN R R BE IR 7, 48R /NER 5l o o U B DR 4
T D DR R A RN AR S PR B AR A 0 AR A 2 AR R AR, X G EE LT AFLP Fric e £
FEPES Hr Bt F 25 A — 35
4. ¥+1ig

AFLP 3 FhRic if 50 R IAE DK P B2 847 SUE 20 R (PPL) N 88.15%, 3 351 FE K 4L (Ne) v
1.4995, Nei’s 2 [X Z #£:44:7y 0.2849 1 Shannon 15 B 5% (1) 0.4158. fEJEH#E/KF F, Nei’s #1 1 f~FI{H
439108 0.1821. 0.2742. PPL Ju [ 7E 42.75%~66%, i NI5K(QJ), ARNEMIEF(YX), RIFHLIEAGFE
[ER R . AFFINN Hey PPL IXELIRHR LU E 2, A8 RS PIFTER BT (8% Z R [12]. PoFhist
FEZ RV R ILHAL T S B A X RN AR . AR RN TSR R A E R4S
R[13]e EEBESAM)Z oA TR ARG X, ERE R B AMER M ARBCE EART . WEEREER
E, MEBAZFAIEAETAR, BB, BRI ED[14], GF TR E e R K H
BELZ RN EE .

T FEE 10 A 235 4] e 30 Tk ) R AR TR RURE A P (RSB A% 20 A SRAR I ER) - e 28 A Ak R B TR A 8 4%
SERII E S H PR B BI04 SLET 0 107 2273 BT (AMOV A) B2 BH 5| SV BB PR st A48 e 1) 22
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Figure 1. Dendrogram by UPGMA cluster for 15 populations of P. polyphylla var. yunnanensis based on AFLP
1. T AFLP By 15 NAERERH UPGMA BKE
0.20 DQ
0.09- MD
s o ZY
Q
°MJ FN YX RE 0LC
PB ° Yp
2 -0.03-
OYA
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-0.14
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Figure 2. Two-dimensional PCA plot from P. polyphylla var. yunnanensis based on AFLP analysis

[& 2. AFLP #¥rig3HEER ARG EE PCA Z4F

PRIZCRIE T JEREN, 45 AR EAEREA M RER . — oA R RS M Ae4k77 30, i L.
Mo BR A S R R IEFE RO S5 R . 3 (AR RN HE MR AR R A, BA ISk # R AL,
[F] B 7E 2 YRS R S B LR B 94T 9. Nybom [1576F 116 FfE 4 (R F it 15 70 16 R 2 (GST)
BTGRP IEAR Y, A GST 2 0.27, BRI 0.65, WA 0.40, A
ORI FL 45 RO B GST O 0.2583, 5 R A MWl e Jficilr, [N R I VR B MR AR 0 A R BUBUIR

T R 300 3 A% A B0 T B T EORBE NI T R TAER R B B A PR, 2 R R B A —
SERRE FphoE T JE R R R 22K [16] . PRI, PEFRAR SR T, 2 1) 20 BT, JoE R 1] 22 [N A2 It AT K
WAL KRR R BRI R AN A B WA BN AR5 R AT A U R R I AT 2 e A 234 o
RO SRR AR AR S AR SR A
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Figure 3. Three-dimensional PCA plot from P. polyphylla var. yunnanensis based on AFLP analysis
[E 3. AFLP #RiCIFEERAREERE PCA =4 E

TR DL F T N 0 LK B SEAR 9 5, A KRBT A2 R AR T PR BT IX
[17]. mHIARHR T EIHERAE 2000 K BN HApPER, S ru sl ik s X, mE il Xt
AFLP B REAT I AL, A B AR 5 = Fe U BURHIE A — s IR R, HBURHE T DL B b
ST ATAHIL IR JE R SE AT LR B — . AR5 M\ 113 4% ISSR 5l rhifivt th 14 6519 T 6 A%
JERESL 153 NMAM) PCR 4 18[18]. A BLFE MR A4 R N AL S AL 2, M S, THEELE
YRR EIERAF A B A S AE k. AR A0 S R BAP AR SR o 48 IR AR A BT 2 A AN L B 5
A 2R R e I8 A% 22 RV 2 R AR LR ) 2 2R R [19]

AR, HERS L ROV, HEELJLER, NONEP R HER DA X MR, 3
B HE M . R BACRE M, RIPOIR AT, MR R E R, DR KR
B EARBTFLA R, K= 2 R BRI EREHE(YX) s ST (MI) RIS B (XW) 2R 52 ZIE T 1)
TRAPEEE, BRI e TR RO I, BT XML YR T o8& 17X, BRI MAE H B8
A, RVCKEATM R . [R5 IS ZARE R R B R ME, R B AT RE M ORI A AN R A T e
i fe ZREE, DMREBEIE R 2 A, A B8R s i 2 VR T s A I F . el TR
AT, BIEAE MK, ARG, MR 2B, Iz A WL, @UCH U T,
LMERH, KR T AT G 5 BRG] RN R A X E B RS, H B S REF Ak
JEHERE

LR PR, ORGP NIZ R T TG T, — T3 T A A A AR A AR Tt xR A A 1) B A R
POHATE AR, FRAEALRELYZ, AR IR DLE S . BRI 1) RATREIA N NiEsl, IR
NI TIRESE, B NAES . 2) AIfEEE RS T A5 1 B 2R R X AT it R g, TR A A
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PO A A7 [ SR BB RAF AR s 53— D T R FC R AT BN TSR0 Raed ride, Jlad N Tk
Y HEHE L. Pl ROQMX M i bk b as, BHSEFE, W LME R Bt XHE
GHIX AN BEIR . BRI (PB)HE X PR B, YL B K, B S EFFERR. R, R
2 T FR) 3 2 ] P R DX HE T 220 X A it B3 9

B W

SRR 2K AR IR e N A TR e RV AR B SRR P I AR OB 7T 7 (81473310);  “VHELRELS Y
KB HRRIDCIE RN (31560085) % A S % 45 T [ 51 4 SCHF . WA S it == 2 Iigs T Ll i 5 UL
LIRS 2 THISCRE S RGP OGS TRABBUR. SCRRI P A RT3E |
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