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Genetic Structure and Clonal Diversity of Cypripedium flavum
(Orchidaceae) Populations from South-West China
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Abstract: Six populations of Cypripedium flavum were studied on their genetic diversity, genetic structure, and clonal di-
versity in Zhongdian County, Yunnan Province (South-west China). Using POPGENE software, 86 polymorphic loci was
obtained using two AFLP primer combinations, and the proportion of polymorphic loci was 82.69% . A relatively high level
of genetic diversity was revealed: H, =0.2884, H, =0.4312 (at species level); P=64.59%, H, =0.2449, H, =0.3606
(at population level). Genetic differentiation among populations was not high (G, =0.154). A relatively high level of gene
flow was obtained among populations. Clonal diversity of populations was high (D =0.9638-0.9960, G/N =0.83-0.96),
and ramets of same genotype were adjacent. C. flavum was found with high level of genetic diversity. This may be explained
by gene heterozygosity increasing by seedling recruitment and maintaining by clonal reproduction.
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group) (BEIEE, 2003), H¥I2=B ( Cypripedium )
MY ETHATACEER, £RY 47 MR F13 A
TR, WEA 35 A, Ho 27 MFOVEEE
(Cribb and Sandison, 1998; .U Jg F1 X1 ff {8,
2004), FHF AN 22 BF A SR8 0 B SR A X A
2R, FHRAZHHTRESR TR,
1Y) B 22 S A YR B TR
WIEFI2Z ( Cypripedium flavum) JB=F (Or-
chidacaea) PIZJBHHY), NREREM, 24T
ZRPICE ., PR . M. HA R ER A
LA RERIX, BN EEA L
BAMY), R, O, RAWEN
H, fEEFIPUE B RAEAI A UABES L, B8R
EHURZE FRIRZE R B R, RAAMEHE
IO 5w R B . A A I
X, 2¥ARNZRSH PO h (BRH
K, 1990), BEABEMIILXE 17 fpg2s, HH2
S ARTE A, WA SRR AR B S e R
WL, CLTHGERS, BN ZEPRKF
HRERK, HIHESERIENZ 0Bk RH
BREIRIESH . BIEEHE. FRSHEERT
REZS (M E5H, Rl EF) 22 AR TSR M B R 35
MR R T ), WRERE—¢
W E LS. Bk, —BANBEYIR LT 7 fh

AN

SN
Sl as

s 1% ZREHK R, (HIEER, FEMRAH
GRS AR Y RA B Rk =
% (Gitzendanner and Soltis, 2000) , 4 K22 FERN ¥
BRGSH T ER XA E, RERXT M
A% &5 #3460 B B 0 1F 2 KRR
(Brzosko and Wréblewska, 2003a; Chung %, 2006;
Gustafsson and Sjogren-Gulve, 2002), BHH A%
HRK P8 ZHEAE (Boba %, 2001), KT
P18 2 IR L S5 A A s % Z R IRE AR
D, EAERHENBRIC (Case &, 199;
Chung and Chung, 1999; Brzosko %, 2002a, b);
MM EYRESHEESTRAREAZ R
(Case %, 1998; Chung and Chung, 1999; Brzosko
%, 2002a, b),
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Fig. 1 Distribution of Cypripedium flavum Populations
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Table 1 Habitat, altitude, longitude, latitude, and sample size of Cypripedium flavum populations

w5 FER BB IR “E (Re) &5 (L) HBE
No. Locality of populaiton No. of samples Altitude (m) Longitude Latitude Habitat
1 KEH (TSQ) 23 3460 99°50" 27°48' e, BAKT
2 IR (WES) 14 3240 99°39’ 27°46' Fadbs, BAKT
3 BT (NX) 25 3180 99°35' 27°58' b, AT
4 AT (XRD) 24 3460 9936/ 27°47' v, BAKT
5 WA (NPH) 20 3260 99°33’ 27°55' W&, ZEAREBKRT
6 AP (XZD) 15 3360 99°58" 27°37' FbE, ZREAKT

AHEHREAK R, HYuRAH, BB H
PSR4, BERARE 2~5 8%, BERAEREA/DPT 5 m.
BT RAEFBERHNEEN MRS E, BIRGAR
HE, HZEiERAEIREE:, BREA/NT 5m.
SREZREERT MR ERAEST R RULMA B RS
SYHRERE 10 mx 16 m BEHHUE, A& | mx 1 m BIEHTEM
ANTRSHRE, HHERERES 9 M 444, 35138 MM,
R RBHERRAIN T, JERRER TR
1.2 DNAREE AFLP ¥ 5Hik
1.2.1 5 DNA f942B0  fH TaKaRa & ¥ H AR AR 4521
P DNA BRI BUAR & 3B DNA, JFH 1.5% M35
EREEEC K I DNA BY A&
1.2.2 AFLP R 5k FEE4H 5 DNA A EcoRI (NEB)
F1 Msel (NEB) 37°CAUE#Y] 3 h, 65CKIERE 20 min, RJ5
WATIEBER N, FRFY) T S, AFLP [ R k4
Vos % (1995) HYWIZBY 18 BtusiEB M. WY 851
MY W31 W FF 2% 2, T PCR B Taq B
AL A TaKaRa A A,

F2 SlMELES
Table 2 Primer and adapter sequences

3k Adapter

EcoRI #3k EcoRI adapter
5'-CTCGTAGACIGCGTACC -3
3-CATCTGACGCAIGG -5
Msel $3k Msel adapter
5'-GACGAIGAGICCTGAG-3'
3-TACTCAGGACIC-5'

5| #) Primer

ikl

Msel + C 5-GAIGAGTCCTGAGIAAC-3
EooRI + A 5'-GACTGCGTACCAATTCA -3'
R 951
EcoR1-ACG/Msel-CTA

EcoRI- ACG/Msel-CTG

Y ERBF N 94°CAHE 3 min; 94°C 30s, 56°C 30
s, 2°C 60's, TEIF 30 K ; 72°CHEMH S min; 4CE L, BBE
P RT3 94°CHEE 3 mins 94°C 30's, 65°C 30s (F
MEFR AR 0.7C), 72°C 60s, fEHF 13 K; 94C 30 s,
56°C 30's, 72°C 60's, f&¥F 27 IK; 72°C 5 min; 4CH L,

BRI =) 04 CAE G BT R R NI Bk it
B (6%) MMk, BREHEEEHN.,
1.3 JEE

PREWRAATIERY, ERWESERIT, W
“17 3 0" RARZXWHARL, MESEBESE, ¥

#&H] POPGENE 1.31 (Yeh %, 199) #{Fit®53: ¥
M EMEDINEMEE (A0), FHENMLEANE
MREMARBEE (Ae), BEMEESE (P (%),
Shannon XTI ZREPEFEH (H,), Nei IR R R MEHEK
(H,), BIEHEIE (Nei), G, MEREMRTBE (N,).

AMAEIRIFILLEE RIARIAZREGTE (Lynch, 1988, 1990):

S, =2n,/ (n, +n,)

Hep, n, Fin, $& x My KR AFLP 2768, n,
x My AEEFR. RIHBEESMS.

WS REERITE N BRARR: (1) G/N: GREHKk
B, NAMBEFEG (2) Simpson ZLHEMEFEE (D): D=1-
[n, (= D] /N (N-1), Hd n HEE R
B, NREHEERE (Pielou, 1969),

2 H£R
2.1 A EEE AFLP YRS 54

TS| P& 3E7 4 104 Mz, 86 NEBAL
A, BEAREN R.60%, FXFIMHENEES
PLEEORFE], ACG/CIA PH LI 48 (85.71%),
ACG/CTT FErE 84 &5 38 (79.17%) . AR BE
R 2 BALETEEM 59.62%F) 68.27% A%,
2.2 BESHMKFEMERSLERE

EYFMAKEL, SMNERMEREB.
Shannon FRRI L HEHEFEEUR Nei WER MR
B a)k 1.4961, 0.4312, 0.2884, Hrb, Nei §)
HEZRMERBBERWERZ /NP ME (H, =
0.2618), BARMRANFERE (H, =0.2237), &
TEHI 22 BHBREE R H, 7 0.2805, Hd/EHEN
WEESRE H R 0.2449, RUIHEW 2B
AR FBEAETREHNT, &EH NS
SHLERE G, 0.154, BEEIFGREBE N, N
2.7460 (% 3),
2.3 RESHMRRESH

M TR AFLP RN M AT EE M, EHE—-1
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Table 3 The genetic diversity of Cypripedium flavum and genetic structure of its population
Population A, A, H, H, P (%) H, H, Gy N,

TSQ 1.6827 1.4591 0.2610 0.3838 68.27
WFS 1.6346 1.3988 0.2296 0.3406 63.46
NX 1.6827 1.4542 0.2582 0.3796 68.27
XRD 1.6154 1.3816 0.2237 0.3328 61.54
NPH 1.5962 1.4211 0.2353 0.3429 59.62
XZb 1.6635 1.4592 0.2618 0.3838 66.35
Mean 1.6459 1.4290 0.2449 0.3606 64.59

Total 1.8269 1.4961 0.28384 0.4312 82.69 0.2895 0.2449 0.1540 2.7460

A, , observed number of alleles; A, , effective number of alleles; H,, Nei’s (1973) gene diversity; H, , Shannon’s Information index [ Lewontin (1972)]; P, the
percentage of polymorphic loci; H,, gene diversity of specie; H,, gene diversity within populations; G, coefficient of gene differentiation; N, , gene flow

BEGEAEIRET 10 kK DNA, FI=X5I94&
EcoRI-AGC/Msel-CTG, EcoRI-ACG/Msel-CTA, Eco-
RI-ACG/Msel-CTG, KM E—E, tHEATES
M8 Arens (1998) M k. SRPAFEamZE
BRKHEREN 6.8%, H A E]HHLLE X F]

ST 93% WIHIE B~ Al — sike A

adopsdn

FAB AR L JE B 9 o e = ] S5 A ] 2
B, [FA—A R s REE R AR, P IERESL
B NA R, HRABAEFBARBME,

T4 HENZRFNREESFE
Table 4 Clonal diversity of Cypripedium flavum populations

Population N G GIN D
G/N 72184 0.83 ~0.96, Il A iR F1fe FH R4~ i;% ﬁ ﬁ ggg ggg
SRR B A R L WS AETEIEED NX 25 21 0.84 0.9867
75 B8 4 0.9638 ~ 0.9960, 45 J& B 2 [BIAH 2 R e " " pop o
X, IATFHBEBERMK (£4), MBI RES XZD 15 14 0.93 0.9905
PRER A A — BESR P R ARSB A
P X X %X X X X X X X X XXX OXXXx0O0Hh
X O ®® C X X X XX XX 0000 X O X X
X X XX O X 0O X XX OO X OO0OO0O0O X 0O X
OX X @ X0 0QCO0O X X OX X O0O0O X X X
X XX X OXXO0OO0O0 QOO0 OO0 & X X X
X O X X X X X O X X X OO0O0OOXO & X X
XXX OXOX XOX OO0 AOO X XOXX|_
OXOSO0O0X O XX OO0OAOOQCO SO X & |L
ODOOXOX X XXO OXAOOOX X O|*
X OO X O X X X X X QO OO0 0 X.X 0O X
O X X 0O X X X X X X O O0O0O0O0O0O 0 X O O0OCO0
O X X X X X X X X X OX X O AOOO X X
O OO X XX X X X X X O X X X XO % % &
X X XX XX X X XX X X % X X A X X &% 4
X X X X X O X X X X X X % X XX OO 4+ 4
O X X X X O X X X X X OX X XXX+ ++
FRW (WFS) S FAAE (T50)

P 2

HRWMREFE RN TR RSN, HEREREQHEFRIMHE, O TABRREMERE, X HEAEHER
Fig. 2 Map showing the spatial distribution of Cypripedium flavum clones at the sampling site. Each colour of different shapes
corresponds to a single genotype, while colourless, O correspondes to different genotype, X corresponds to no samples
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3.1 BEEMNEECSHEMERBESEH

HIEM Z RS SR MK S (P=
82.69%, H, =0.2884, H, =0.4312), HXH22R
AR JE BB A N IRGE £ F LB RR I,
. #2% C. calceolus (P=45.5%, H, =0.184, H,
=0.156, Brzosko %, 2002a), C.caleolus L) ASHh
(H,=0.180-0.274, Case, 1993), C.reginae (P =
18%, H, =0.037; Case, 1994), C.acaule (P=5.3
-15.4%, H,=0.0016-0.023; Bombush %, 19%4),
C. kentuckiense (P =25%, H, =0.045, H, =0.050,
Case &, 1998), LK C. parviflorum var. parviflorum
populations (P =35.2%, A =1.4; Wallace and Case,
2000) FYZEFRELLEE LA 22 B8 1E ZREME KR,
M C.pariflorum var. pubescens F C. parviflorum
var. makasin EEHBHAAHKEHNEZENE (P=
81.8%), UEEMWBHENMEE (H, =0.22-
0.29, Wallace and Case, 2000), C. parviflorum var.
pubescens (P=83.3%, A=2.83, H,=0.166, H, =
0.198, Case %, 1998), HZER5&HIEN 2ZHMHY,
MK ZEAEMEY), ST Y, ERBL
TR Y, SCRAR RPN Ee T
KA EA & &S W E LMY (Loveless and
Hamrick, 1984), L4k AEXT B AEH) 22 BF 4 3
BB B R AT, AR EAEA 2 RS
SRR RE; BEENZSAE), XERZRZRX
ALZRGE, HAEMKSE MR L IRHR 2F 4 T ot S A
HAERFAHERHWEE SN, FERENZE
BRI AT 1 i84% 2R

Nei MERZHERBEEWERE/ N4
(H, =0.2618), HX2Z2XEH (H, =0.2610),
BRI ARER (H, =0.2237), /hHEH
FEERCE A K, HBER AR, 15 MK
U RRF— R mAl A IRRR R
MESHEEE, REEESERRALE B
WE AR IR — BRIk, RAZK
BES TR BT LB, R R R AL
ATREtE K, FHULSRE BB ; KA
MRS ER A, FHitsfrstdss,

Forrest % (2004) B45 7T SCBRH =B H)
G, (F,) BAIER 0.012-0.924, ¥ G HA

Y EIE, B R EERET 2 B
B&, BAAFKERER . 2 6EEMS 55
A, PRI ERKNBEMEERBIEEK;
Hamrick and Godt (1989) M5 KELFERHA
WY G, =0.213, iYW ERHEY G, =0.197;
Bussell (1999) #.457T 35 -4l i) RAPD 45 R,
BB 29 /i 38 ) P i) JE R [E) AR AR BB R A R
V15 19.3% (G, =0.193); 6 M EYFIE
) G, M 0.625, BHAEFIZE (G, =0.154) BB
[H]3814% AR F RIS T 2K 7, HIEE g
FiEZHME G H, IERARENZELER N
TR BB, EREEMASESEARBR, NF
15.4% W22 7ok BB #EH

WU ERER BRIEEMNERERE, WEF LR
. SATEE . EHRARFIEREIHS, LER
EEAREBE N, > 18, ZEFE AT AR 1k &
Fis R R ERZ E M BE 2 (Sl
kin, 1987), LM 2 RMRBIMREE, BB
¥, EERIEGMRTHE N, 5% 2.7460, EXHHE
e 22 SRR LR RS MBI, wIRE S H At
BMA X, 2R NRFR/DN, BEXBE, B
AREESANEES, BEPTIELHTRER
AE B EEFEF (Squirrell %5, 2001; Cozzolino
%, 2003; Trapnell and Hamrick, 2004), {H &
Chung % (2005) W5 T —Fp A 2% Orchis cyclo-
chila TP REZS [ B AR 4540, R BE KB B1E
U RMRMFIRERZ R (F, =0.030), =[H
H AR TR 2 F T & A DHRMEE . BRI
sh, SEEERMARAEHREERRSBEIMEAKR
FREEZ —,
3.2 RESHMREERNZESH

KPR, RN R EESSHA A
HERTRFABRIETE R TR, —REIE T
XFED, RIEREAEYFRERBHE 2R KF
B% (Ayres and Ryan, 1999; E 0] % %, 1999;
Chung, 1995; Bombusch %, 1994); HLH —
BB B E A RS W S1E Z M (Mayes
%5 1998 Brzosko %%, 2002a, b; Jover %, 2003;
B, 199),

FPAh B ML SR (Yan &, 2005) #HPiE
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BIEIEFI 2 R e R FERE ), @ L AFLP 43 F
PRic R ST RE Sk, IESE A KRWFTE,
HERMTEIHRIFAL ., SFRIEEIKZHEY
MW, BENZEERNEESREEERES (D
=0.9638-0.9960, G/N=0.83-0.96), Ul Brzos-
ko and Wréblewska (2003b) % F 1 B 7 1 66 Bl
Cephalanthera rubra B 401 MHE G434k, RA 14
MERE, FESHER (G/N=0.068, D=
0.664); WA XEPHIR THZ C. calceolus K 3
MG EHEEBTERSN RS ALK
(Brzosko %%, 2002b) .

BN ZHWPHRETREN 1.34em, R
EMENKEAR, Wil 7T ERERT W
AR IR A TS R, AP R BERE N
REEER, RFEET-AEH, HF-—REN
SIRAHAR, BA—ATERAAME, RPEEAE
KEMBEERE, B2, RENEGERENZA
YEEH MR Z BB LB, (AT DAHERT
FREARKIA G ERMAL; FFEEEIARRIES)
HANFEARD, AT BE4EReE =N ML £
FEEZKF  (Soane and Watkinson, 1979; Stehlik and
Holderegger, 2000) ; BALHF 2% J& B Z BT LUR$FEE
KPR S 2R, RS HEBRRBE o LA 4)
EIMEREKREE, XEd s HwiENne
A T RA Ko
3.3 HENZHKRP

R RGEREY, BN ZH8E SRR
VR, BEEgE SRR, HILHERNEERN
LREHEZEBRNEERERARTH, W
ANEERE, RiTT R, BBUESH, SEXREZSE,
X B LA 2 B AR TSI AR R BN, PR
BoREITH, Hit, FEAeEMASREP R#ETAL
EHRBAEENRIPER,

B SEmEMERSLBRMRXEEDS TR
HENR, R EMERSREPA TR,
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