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Abstract; Cypripedium palangshanense is a rare and endangered protected plant unique to China. It is
an extremely small population of wild distributed in a narrow area. To study its genetic diversity CDDP
molecular marker technology was used to evaluate the genetic diversity of 92 materials from 6 experi-
mental sites in 2 wild populations of C. palangshanense in Wolong and Wanglang Nature Reserves, and
further explore the relationship between genetic diversity and environmental factors. The results of the
genetic analysis showed that a total of 131 locus were detected at the species level with 12 primers, the
percentage of polymorphic loci (PPL) was 100%, the observed allele (Na) was 2, the effective allele
(Ne) was 1. 5026, the Nei's genetic diversity index (H) was 0. 3141, and the Shannon diversity index
(D) was 0. 4856; At the population level, the genetic diversity of Wolong population was higher than
that of Wanglang population, and the variation range of Na was 1. 4504 ~ 1. 9160; the variation range of
Ne was 1. 2446 ~ 1.4336; H was between 0. 1464 and 0. 2679; I was between 0. 2231 and 0. 4153; the
variation range of PPL was 45. 04% ~ 91. 60%. The genetic differentiation coefficient (Gst) of C.
palangshanense was 0. 2863. The genetic structure and AMOVA analysis showed that there was genetic
differentiation among the populations of C. palangshanense. Mantel test showed that there was a signif-
icant correlation between genetic distance and geographical distance among Cypripedium palang
shanense populations in Balang mountain (R*= 0. 3830, P<C0. 05). According to UPGMA cluster analy-
sis, Wolong population and Wanglang population are clustered into one branch., The correlation analysis
between genetic diversity and environmental factors showed that there was a significant positive correla-
tion among observed allele (Na), the number of polymorphic loci (Np), percentage of polymorphic loci
(PPL) and available potassium content (AK); The number of effective alleles (Ne), Nei's genetic di-
versity index (H) and Shannon information index (I) were significantly positively correlated with alti-
tude (Al1); There was no significant correlation between remaining environmental factors and genetic
diversity index., The results showed that CDDP molecular markers technology was suitable for the study
of the genetic diversity of C. palangshanense, and was highly polymorphic.

Keywords: Extremely small populations; Cypripedium palangshanense; CDDP molecular marker tech-

nology; Genetic diversity; Environmental factors
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Tab.1 Sampling localities and number of C. palangshanense

ity Hi G/ 33 (m) R (A
Al P Ly 102°58'14"E/30°51'11"N 2830~2900 19

A2 PO By 102°58'31"E/30°51'05"N 2900~2970 19

A3 PO B BN, 102°58'41"E/30°51'01"N 2970~3040 19

Bl PR 104°02'57"E/32°59'09"N 2900~2930 14

B2 PuIP R 104°02'53"E/32°59'57"N 2930~2960 15

B3 PuIP R 104°02'49"E/32°59'21"N 2960~2990 6

2.2 EKWHE
2.2.1 DNAZRIR DIFpRERBILAY 2 i R 2
FEAS Sy B, >R F R 9 JE TR 4 DNA 42 B 551 &
bt R A AP A ED HE I DNAL Kl DNA
i S G IR AE T —80 CA .

% 2 CDDP-PCR RRZfFRIEZZIKI Lo (5°) i1t

Tab. 2 Design for CDDP-PCR reaction system orthogonal

experimental Ly; (5%)

H%E
K- DNA ¥ J& SR Mix 73
(ng/pl) (pmol/L) = (ul)
1 20 0.2 6
2 30 0.4 7
3 40 0.6 8
4 50 0.8 9
5 60 1 10

2.2.2 CDDP-PCR & F4k 244 R Ly (5°)
EASR I B 7 8 (3 2), L WRKY-R2B Jy 5]
Yy, LA J B T RR LAY =2 VR G DNA SR, Xf
PCR [ iR Z i) DNA W o1 Yk R Mix

WIS TR, 3 25 N IESSIRI A A (58 3) .
MHGE 3PN EA.
2.2.3 3l¥mie 5|19k Collard 5 Mackill
£ %t WRKY. MYB, ERF, KNOX, MADS
ABP1 2555k N F ol N R 1T 21 45 CDDP
5190, A A w4 k. - 4ERy CDDP-PCR
FONARZ M 21 4559 rh i i th 2 M 2 A8
H B P AN AT G Sl Z FE .
2.2.4 FBEAFAE  HHEEAPER . CRAMT
R S K R R E 135 pH {E L TS
PR B MNP I 2 A LT & o B s
S IR A A (1/2H, SO ) el 2 - 5 Ak
B i MADG R VA I A I OO L R
JEEA S 2 - TR R0 o R

TV R F- - 8445 B g A 35 B L 305 1) el SR A )
GPS HEHf 7€ .

oAl R« FH 2 BE AT ) 2 0 s A AR 2 36
B REARZ R A G R KR BRI
M) B K
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% 3 CDDP-PCR REFRIEZIRE L (5HAE
Tab. 3 CDDP-PCR orthogonal experimental Ls; (5°) com-

bination
o) DNA VKR  gI9HkEE Mix iR ddH, O

(ng/pl)  (umol/L) (L) (L)
1 20 0.2 6 11.4
2 20 0.4 7 10. 4
3 20 0.6 8 9.4
4 20 0.8 9 8.4
5 20 1 10 7.4
6 30 0.2 7 10. 4
7 30 0.4 8 9.4
8 30 0.6 9 8.4
9 30 0.8 10 7.4
10 30 1 6 11.4
11 40 0.2 8 9.4
12 40 0.4 9 8.4
13 40 0.6 10 7.4
14 40 0.8 6 11.4
15 40 1 7 10. 4
16 50 0.2 9 8.4
17 50 0.4 10 7.4
18 50 0.6 6 11.4
19 50 0.8 7 10. 4
20 50 1 8 9.4
21 60 0.2 10 7.4
22 60 0.4 6 11.4
23 60 0.6 7 10. 4
24 60 0.8 8 9.4
25 60 1 9 8.4

2.2.5 #H A5 54 CDDP-PCR ¥ 344
e Sl A TGt A A e 17, TRk I
R0 HEAF RN 0, 1 43 A R e S SCAR SCRY.
POPGENEL. 32 #4437 51355 2 8 60 8 H 47 %
(Percentage of polymorphic loci, PPL) M| 45 457
F R E (Number of observed alleles, Na) . A%t 5%
v L% (Number of effective alleles, Ne) . Nei’s
AL ZREPEFE B (Nei' s genetic diversity index.,
H) . Shannon 5 B 8%k (Shannon Information in-

dex, D BHEFAIE R Z A% (Total population ge-

bpM1 112223334445556667778838

netic diversity, Ht),F#E PN 3L K 2 £ (Genetic
diversity within the population, Hs) . Fh#EE] 5 1%
434k #8 30 ( Genetic differentiation index among
populations, Gst) K7 (Gene flow, Nm) ,Nei’
s AL HE B (Nei's genetic distance, D) . i /& FHALL
J& (Genetic similarity, S). GenAlex %X 4 # 17
AMOVA 5375 225381, b i Ntsys2. 1 iy UP-
GAM ¥EXT Ja #4723 4. ] Excel 43 #r4b 3
IREE R %l F SPSS #4443t 56 T CDDP 43+
Pric iyist % 2 FEE S S BREE R AR DG

3 ERESWH

3.1 BRLMZRENEESHEESHR

3.1.1 CDDP-PCR #At25 £ M5 IE IR 56 45
RE D 12 415 1F 8 CDDP-PCR JZ i
f e A . CDDP-PCR 4" #4{K & % 20 pL, Hrp
iR DNA WeEH 40 ng/pl, 51 E 0. 4 pmol/
L.2XRapid Taq Master Mix 9pL.

3.1.2 3lpima R M 21 RalYh el 12
SR I 2SR5 (R O TSR
R LAY 22 3545 Z R PR 3G 43 #r .

3.1.3 EELM BB SR DITNER
12 550 ELRB LAY 242 1 2 AN JEBE 6 N5 92
AAKEFT CDDP-PCR §7 34, 3/ 25 5 WL 2. 75
YR KT b ARG 131 N7 A 22 A M A
1314, 28005 H % (PPL) i 100% , -3 &
ZRS 1RSI B 11 A7 a5, S &7 FE P (Na) R
ROEERLFER (Ne) 43512 2 Fi 1. 5026, Nei” s 53 1%
ZREMFREL(H) 24 0. 3134, Shannon 2 8% (D
0. 4856. 7E Ji Bf /K °F L. Na 0948 1k 15 [ Ry
1. 4504~1. 9160, SF-¥4{H K 1. 7736; Ne A4k
B 1. 2446 ~ 1. 4336, F- {8 H 1. 35565 H 7F
0.1464~0. 2679 2z [a], I 7F 0. 2231~0. 4153, — %
SE{E S K 0. 2205 Fi 0. 3432, PPL 17484630
Fil oA 45. 04 %6~91. 60 % , I H 77. 35 %6 (£ 5).

bp M 9 9 9101010 11 1111121212131313 1414 14151515161616
0 T T 1

B 1 CDDP-PCR R & ¥ % B i
1~25: 0B % 52 3548 ; M. DL2000 maker
Fig. 1 CDDP-PCR reaction amplification map of
1~25: Groups of orthogonal test; M:DL 2000 maker
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Tab. 4 CDDP optimal primer sequence

s EIE7E2i 519751 (5'—>3") B K/ C SR MR BBMEEE %
1 MYBI GGCAAGGGCTGCCGC 59.4 16 16 100
2 MYB2 GGCAAGGGCTGCCGG 59.4 12 12 100
3 WRKY-F1 ~ TGGCGSAAGTACGGCCAG 57.2 11 11 100
4 WRKY-Rl  GTGGTTGTGCTTGCC 51.2 10 10 100
5 WRKY-R2B  TGSTGSATGCTCCCG 48.4 12 12 100
6 VRKY-R3B  CCGCTCGTGTGSACG 53.9 10 10 100
7 ERFI CACTACCGCGGSCTSCG 57.0 8 8 100
8 KNOX-1 AAGGGSAAGCTSCCSAAG 50.3 13 13 100
9 KNOX-2  CACTGGTGGGAGCTSCAC 57.2 13 13 100
10 KNOX-3 AAGCGSCACTGGAAGCC 54.6 13 13 100
11 MADS4  CTSTGCGACCGSGAGGTG 57.2 13 13 100
12 ABP1-3 CACGAGGACCTSCAGG 54.3 13 13 100

x5 ETCDDP 4FHric BN =EE S HE

Tab. 5 Genetic diversity of C. palangshanense based on CDDP molecular markers

Population Na Ne H I Np PPL/%
Al 1. 8321 1. 3183 0. 2037 0. 3252 109 83.21

A2 1. 8550 1. 3741 0. 2340 0. 3670 112 85. 50

A3 1. 9160 1. 4336 0. 2679 0. 4153 120 91. 60
A-Average 1. 8677 1. 3753 0. 2352 0. 3692 113 86. 77
Bl 1. 7710 1. 3424 0. 2154 0. 3379 101 77.10

B2 1. 8168 1. 4204 0. 2556 0. 3907 107 81. 68

B3 1. 4504 1. 2446 0. 1464 0. 2231 59 45. 04
B-Average 1. 6794 1. 3358 0. 2058 0. 3172 89 67.94
Average 1. 7736 1. 3556 0. 2205 0. 3432 101 77.35
Species level 2.0000 1. 5026 0. 3141 0. 4856 131 100. 00

F 6 ETF CDDP S FHrid BB LM =EEK AMOVA 247
Tab. 6 AMOVA analysis of C. palangshanense based on CDDP molecular markers

Percentage of

Source of variance df Sum of squares MS Variance component variation/ % P value

Among populations 5 710. 211 142. 042 8. 166 30% <€0. 001

Within population 86 1645. 169 19.13 19.13 70% <0. 001
Total 91 2355. 38 27. 296 100%

3.1.4  EERLK Z ey A B A oL RYE POP- 0. 2205, 1%tk R B (Gse) 2l 0. 2863, K B FE &
GENE Z#r 8 i B ER LAY 22 B S I 2R TE 80 BEIRIAOB L 4010 R 28. 63 %0, 1 71. 37 Y i385 43
(Ht) M 0. 3089, JREEEN LN ZAEMEFR B (H Sy AR R AL 2 EEEN. AMOVA 43414
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RN BB AL AR T 30% AR S & AR AR TR
FEE] L 70 0 AR S R AEAE TR BE Y (3 6) 5 EL BB I AY
2P —E WAL Ak (R L o E 2ok A R
BEN. JERER A FE D (Nm) i 1. 2466, RBIFEE
BB LAY =2 Ja A (B A7 AE L PR (R S R 45 59

(a)
bp M 1 2 3 4

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

M 1 2 3 4 5 6 78 91011 12 13 14

B 2 CDDP 3|4 WRKY-R1 53 E} &, /& B Fo £ 31 /& BE 3 o
ARey Y38 A
a: FMBE#E b £ WE#E; M: DL2000 Marker
Fig. 2 Amplification map of CDDP primer WRKY-R1 for
some individuals in Wolong population and Wang-
lang population
a: Wolong population ; b: Wanglang population; M;DL2000 Mark-
er

315 EEL A 2 LA ) 69 11 4% 5B B e i AF AR
JE 2 A B RB LAY 2% A s AE A LB (S) S
0. 8513, L HEES (D) 2 0. 16095 6 4~z B o5 I RS
LI 22 Y 3 AL AL B E 0. 8451 ~0. 9255 22 [, 15t
fEBEBSHE 0. 0775~0. 1960 Z Ji] (32 7). Hor Bl Al
B2 Z[a] ()35t A5 FE LB Je K« 38t A% B B de /DN 5 i A3
F1 B3 Z [l A AR R fe /) A% B B K. 7E CD-
DP 4> Fhric Al I d# 7 i) UPGAM R0 &
B RN J BN JE A 40 Sl SR A RS (&1 3) , e
BMERRER AL F A2 78t AL R R 0. 89 B
RR—3, EWIRAER BL Al B2 78 st AL R 5K
7 0. 93 B 5k —37. Mantel #3625 5 32 01, Jo B
() Fry a5t A% B 2 5 b 3L B 2 [R) A I I A G b
(R?=0. 3830, P<<0. 05).
3.2 EfESHUESHERTFHEXME

HR A5 J i 35t 1 22 R I 9 45 SR R W R J
B AR ST TR R, B H AT i K o A
S FIT IO BN J A L RS LA 24 1 A 5 DR AT O
BRI [R5 B T RR e e i B RS LAY 22 3 A%
AN S IR R T AR OGP, it — D B W RS L

2L AE AR R R T ) SR R
A PRI A SR AL,

* 7 EHTF CDDP HFHricIEERL#
BRI

Genetic similarity coefficient and genetic distance

=i R L R ELA

Tab. 7
of C. palangshanense based on CDDP molecular

markers

pop Al A2 A3 Bl B2 B3

Al * % x x 0.8890 0.8451 0.8683 0.8609 0.8226
A2 0.1177 % % x x 0.8706 0.8770 0.8560 0.8434
A3 0.1683 0.1386 % % % % 0.8486 0.8627 0.822
Bl 0.1412 0.1313 0.1642 * % % x 0.9255 0.9150
B2 0.1498 0.1554 0.1477 0.0775 * % % = 0.8627

B3 0.1953 0.1703 0.1960 0.0888 0.1477 % % % *

XA T AR R A L s — 3%
Note: Genetic distance is below the diagonal and genet-

ic consistency is above the diagonal

L 1 1 1 J
0.85 0.87 0.89 0.91 0.93

B3 AT CDDP HFAFtti iR LW ZERELR
Fig. 3 Clustering of C. palangshanense based on CDDP

molecular markers

3.2.1 EMEAAKRY RERLHM ZHRIERE T
EL RIS LA 22 J B = A AN TR g R 60 i 1 £ 48 pH
T 6.60~6. 72 Z[A], Ry 55T - 58 RS K&
(SMO)TE 36. 37% ~48. 25% 2 il ; + 45645 WL &
T (SOM)FE 37. 42~63.55 g » kg ' Z [a]; + 3L
s A (AP)ZE 9. 11~11. 86 mg » kg ' 22 [i); 11
S (AK)7E 50. 33~120. 30 mg » kg ' 22 [l ;
-3 e A A% i (AND £ 62, 94 ~112. 89 mg
kg™ 2] H IR FELE 5~10cm Z [H] 5 I A
6~7 “CZIal. ELRB LAY 22 7E RN e A AR P X = 22
SIARAETEAR 2830~3040 m Z[H]; P EEAE 15~20°Z
(6] 5 3 A1 7E 298~320° 2 [i] , R PG b3, AA)Z 36 i
TE45%0~T0% Z i) AR TG ETE 350 ~8500 2
V) 5 3 D7 K B RS 1L A 22 ) B R %5 B FE 3~6 R
i) (% 8).

3.2.2 AT LHmAE SRS AR K
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WA, . MONFRRRE A A B ERL A 289 CDDP 4% % AW 547 % 59 &

SPSS AHICE 73 B XF L RB LU Y 2% 45 5t 4% Z AE P4
5 B R AT AR O 43 B, 45 Rk W] CDDP
S FRRC S G Z RSB S R T Z R
— B WAHDCE (B 4D i 25437 5. (Na) £
BALEENp) Z BN A 773 (PPL) 5 U
B i (AKD 5 8 35 B AR OG AR5 FE B (Ned
Nei’ s Bif% Z M35 % (H) 1 Shannon {5 B 354k
(D 53R (Ao 2 5 2 TEARG RS N+ 55t
2R E i o IR SR EP S

Slo
Sd

TE28%%2 w28 %2%8 838 1
“w 00000000 © 0000 s
v 00000000 o-0000
" 00000000 ©- 0000
T 00000000 o o000
v 00000000 ©-0000 |
.- 00000000 00000

B4 ZRSEF 5t S ARy LR
Fig. 4 Correlation between environmental factors and ge-
netic diversity index

®8 BRUM=HFEERTF

Tab. 8

Enviromental factors of C. palangshanense

J /
ol SMC/Y% SOM/ AP, AK/

AN/
(gekg™1) (mgekg 1) (mge+kg 1) (mgekg 1)

Slo/ AS/ Sd/ St/ Cw/ Cg/ Md

E N ) ) em C % % /kk

Alt/m

Al 6.600.16 42.1040.57 37.42-+2,05 11.21+0.23 50.33+0.03 62.94=0.05 102°58"14" 30°51'11" 2830~2900 20 320 10 7 70 85 4

A2 6.7240.22 48.2540.39 41.19740.46 11.86+0.23 73.4340.02 81.49+1.55 102°58'31" 30°51'05" 2900~2970 15 298 5 6 45 35 3

A3 6.6340.28 36.3740.28 63.5542.35 9.1140.00 120. 3040, 06112, 94=1. 44 102°58'41" 30°51'01" 2970~3040 20 305 8 6.5 55 50 6

T : SMC.: 35 7K 35 SOM: E AT WL i s AP SEUAL B & B 5 AR HSCHR 35 5 AN U 80 3 B 5 B2 2225 N 43 JEE 5 Al TR 5 Slo:
WP 3 AS i) 5 Sd: B HERERE s St LB EE ; Cw AAYZ 5 Ce: FAZTEIE 3 Md.: 57 J5 K ELRB LAY 22 ) Frg R 7 2

Note: SMC: soil moisture content; SOM: content of soil organic matter; AP: available phosphorus content; AK: available potassium
g phosg P

content; An: alkali hydrolyzable nitrogen content; E;: Longitude; N: Latitude; A: Altitude; S: Slope; AS: Aspect; SD: soil thickness;

ST soil temperature; CW: coverage of woody layer; CG: herb layer coverage; MD: maximum density of Cypripedium palangshanense per

Squarc meter
4 i i

4.1 CDDP &Firid5IhgEsth

CDDP ZrFHmic it FH 5 140 B X il 4 5 1A o
5F DNA JP8I3F %, 5 HALBENL 73 F Fric A L,
] 7= 5 R R E B AR IC 465 /N TR ALY
FA) 225 BE A R IX Jr 3L 2k Fh, IF H AR B
=SB A7 ) O SN e -V S Y @ L PIN 7k OB
1L ZREMEKF, 0T T2 N A ()84 Z2 R
5%, 3T CDDP 3 Fhric ik, LRSI 22 3615 T
100201 PPL, AR # Y CDDP 4 FArid ik
BB A R S 35 FH TS P b E BB LA =2 1 35t
B2 REMESYHT. BT, CDDP 59178 4 T 4510 i B
B T YR A 1 B B AN
{H. 7EC A CDDP 5|4 sy Dhae A s 5L K
WRKY #EHFIREMY A K E T MYB 3
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— YRR Z R R SN R TEAR R
25 RUBE 1Rk it A PO L. WA i e P e Ak v
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SEUBET I 55 LR 38 5 22 (Cypripedium
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S B KPS Z R EREIIAY 22 BRI
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