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FXW, mEN, £ 47, FEK

(FEREEERAYHRFEDEIRIESEMRAEIERE, =/ BH 650204)

WE: RAKNT LS DNA (RAPD) 2 FHRICH I, MKEBLE (Pedicularis rex L.)
AHRESESM, WL, kE, RENEWKN S ER (R aBEE 3 T EEH) il
EEREMBEEAAT TR, ER7%Y, KEBAEEHAARRKBEZHE, £5
RIS EH P, Shannon HRIZHHEIEE 1 M0 Nei MEFHZHIE S A 21514 82.0% . 0.361
0.240, BEZEHKTESRBENGEEIMEENE,; KEDAEEFRANRETRER,
BIETRIBELAEEERZE, MARBHEAN,; BRMABEMERY Gt 50747, #ik
M E, BRRERZHERD, BEENEEER S EERE A EEER A —E M
¥tk MzEILEPEERE 3 LR BAEE SHEMTRY, BEKREZEAEKE
5BRREA—ERAXME, BRERABAERBATERBFAESEE HEMEZFEM
Y, EERAMBRZE, HAXSBRKXHAIFFREERN.
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Genetic Variation on Five Populations of Pedicularis rex
(Scrophulariaceae) in Yunnan

LI Wen-Li, GAO Lian-Ming, WANG Hong™ , LI De-Zhu

( Laboratory of Biodiversity and Plant Biogeography, Kunming Institute of Botany, Chinese Academy
of Sciences, Kunming 650204, China)

Abstract: Genetic variation of five populations (one of which with three subpopulations) of Pedicularis rex
L. in Yunnan were examined by using 14 random amplified polymorphic DNA (RAPD) primers. The results
showed that the overall genetic variability of P.rex was high. The percentage of polymorphic loci ( P) was
82.0%, i.e., 132 polymorphic loci out of a total of 161 loci. The Shannon’s Index (/) and the Nei’ s In-
dex (k) were 0.361 and 0.240, respectively. Genetic diversity among the populations was higher than that
within a population. The genetic variability occurred mainly among the populations. The genetic variation
was related to the geographic distribution of the populations, i.e. distant population having larger genetic
divergence. The populations of Zhongdian and Lijiang in northwestem Yunnan in high altitude had greater
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levels of genetic diversity than that of central Yunnan. According to Nei's Gst (0.747) calculated, the
gene differentiation among the populations was conspicuous, indicating low gene flow among the populations.
A separate analysis of the three subpopulations of P.rex from Zhongdian county, northwestemn Yunnan re-
vealed that higher genetic diversity was found in high-altituded subpopulations. It was suggested that P. rex,
being & short-lived perennial species with mixed breeding system, could be mainly self-pollinated.
Key words: Pedicularis rex; Population; Genetic variation; Geographical distribution; Yunnan

KEGSHEH (Pedicularis rex L.) BFIMDEER (Pedicularis cyathophora group) (#h
K, 1963), HABA TR, A TR, 1 BF, HEDRRENE, EPOAEBEKLR
X, FMSHIHREETHENES TR MR AELRN, EHEIHRDERRAS
RE AL LA,

KEDEGENBELER, H10~0em, ZHT, ARANERLY, B0, HHAH
REWFHEH, £3.5~12em, Fl~dem, RAERKAEZKEAE, H¥ 4HRE,
HHREATSRREES IR, EES~15mm, EKAE2500~4300mBHEH LR
W WA AP, EAHDEERYAEDAEMART, BREN)IEES, ZBAK
L. PEAREBZEAILB S EMFERS A G, EERRE, SIARZR
WBRIEHERE (T4, 1998), FASEMERAR, HEAHIROSRT FHEM 4
~TBA%; HEFE2E. TRARGRGEAETAE, BRF (2003) YMNHERE
REESHFARE, HTFREDRBEESRESMEEKR, WARBEHEAFBED?HRF
FHRBREEROMTRAAEERE L,

DNA B8R A Y B B R TR R AT Z MR A, 0% & A mE BRI
BEEERATIRN, EFRENNT, LERBTROMAS (Weising F, 1995). FEHL
P %% A4k DNA (RAPD) 2 20 tit42 90 FAR BB —F s Finic, HT RAPD AFEEH
B AREME . LR ERATRIEM A4 8RS0, RAPD EAER %A
M EAYEE SRR ERT MR, TR k88 0K B bR
1 (Williams 2, 1990),

ELEERY, HRAZ TR HRETROMELRERZ, Fji % (197)
BRW T Pedicularis chamissonis A7) /EHEA cpDNA FERBX A BEZ Y, AR P. cham-
issonds &£ 25 YK VT B 1A A BT 68 o1 % 2R T ) H A S 2B o

AR A RAPD 4 FARic M K E D AR A BRI BAR BRI HH S M4
A AR BB A BRI AR E SRR T RS, NG ECER
It AEEMN 3N TEROBREEHET TN, RAMNAESEERETRAESH
HARMER, UEEHEHREMMEIERRATNIWR, I#E—FFTAED
FE OIFIE AR AR AR SR

1 BREFE
1.1 #Ye

BHRBOXEDAEFHH, AEARBRETREE. FREN S/ HEBBIBEZRET
WAELR (H1), BMEREVRE 18~ 20 MFRFRME (HYFABBHEEINEEH). HHEEE
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REEGARK |, BiARIERESETFEMERRFRYRATITAE (KUN),
£1 XBMEANZIERE
Table | Material and Voucher specimen

B (EEH) R34 iR (k) REMS AN S
Population (Subpopulation) No. of individuals Altitude (m) Locality Voucher specimen
1. "4 Zhongdian 20
HK I BB 6 4060 HKEREHHA Li and Yang 064
JETEAR M4 T S 7 3760 JE IR B4 S L Li and Yang 050
AR A e I SRR 7 450 AR b1 2 JE G pioA Li and Yang 083
2. WAL Lijiang 18 2600 L EfH Li Wen-li 012
3. K Ddi 16 2780 KEEL Li Wen-Li 723
4. RE Wuding 19 2200 REXL YL 130 i
5. B Kunming 20 1980 B/ Li Wen-1i 128

28°f 128°

26° {26°

24° 24°

122°

HE#R 1:4000 000

i 60 t2on®
- ___—
98°

B1 XKEGAESATERESHEMAA (Z: 7E; L: WIL; D: XE; W: RE; K: B#)
Fig. 1 The locations of P.res populations in Yunnan province (Z: Zhongdian; L: Lijiang; D: Dali; W: Wuding; K: Kunming)

1.2 TRFE

1.2.1 S DNAZER %A CTAB¥ (Doyle and Doyle, 1987), FFHEiE %4k, & DNA FI RNA 8§ A 47
aift, ZIERRIMHNETRE 260 nm 1 280 nm KXW EE (OD ), FARIE Ausubel % (1995) By :
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FEHE B DNA KR EEFUR R, AT PCR A FAHIE DNA WREER BN 50 ng/pl,

1.2.2 PCRYH¥ 3 W INTE Perkin Elmer GeneAmp PCR System 9600 b #17, RM AN 20 pl, H A5
%: 2 ng DNAREH, 2.0 mmol/L MgCl,, 0.5 pmol/L dNTP, 10x PCR buffer, 2.5 pmol/L 5|¥1 (Operon 2275
FEF)) 2U Tag DNA BARE, T MBFHN: MC 4mn B, MT 155, 36T 45s, 72T s, 40 KE
H, BIGHE 12CEM 4 min,

1.2.3 PCREMIMETE FIEEN 19895 Rk (TAE R4), EBJ¢f, Ll Gene Ruler™ 100 bp DNA
Ladder Plus (MBI Fermentas /A &) {EJ#8%5 FRITME (Maker), 7E Gel Doc 2000 %! (BIORAD 22 7)) FE{
A TR H A

1.2.4 HELBRENT ST MEEAEERN 143197 T MRS MER, fERKE#ELE
[fl— RAPD fir 5 b & e k4P A0iC R 1, TARBKH0IEH 0, X RAPD MiE#17 0, 1 Wi, 0, | FREER
A POPGENE B #4740 47 . RIEBIEZHEMERRE S BN S RARETE S/ G0N E BIK S0 3%
B3 (na, Observed number of alleles), PHBMLANFMEREHUEE (ne, Effective number of alleles,
Kimura and Crow, 1964), Z5AIE A% (P, Percentage of polymorphic loci), Shannon B ZHEMEHE 1
(Lewontin, 1972), Nei (1973) MRBEZHHEHEE (H), Nei (1973) MBEMEER (6x) MEHER
THH (Nm, Estimate of gene flow from Gst, Slatkin and Borton, 1989).

2 TRER
2.1 RAPD 5|#H90%i%

EREDEE 5 MRS, 8N ERIRER— M, REETEMNHE DNARES,
FIFIE A B DNA X 124 1519038047 Tk, Ml ith i &NEN, ERHEHN 44
519, MXEs|P%t s MERANATEEST PCRYM, Y HMERELEIT S,
2.2 PCRIMWER

1413|199 1418 B9 DNA KA 3L 161 &, B5IW™E 4~ 20 7%, FHEN5Y
ALK IS 11.5 %&, KB 150~2000 bp 2/, Hb 12 £ HESH, S8EWK

82.0%, FHHME (F2). UATIYKTIERTEEW LRI 58.3% ~92.9%Z [l
%2 RATRESHUEMOBEHRSINFNRKENOL M
Table 2 The sequences of 14 random oligo-nucleotide primers and the number of amplified loci

519 7 Y EEHW EZEW | Y ;2 FHW  EEHU  EEW
Primer Sequence No.of  No.of poly- W3 | Primer Sequence No.of  No.of poly- H.E
Loci  momhicloci  P(%) Loci  morphic loci  P(%)
OPC-7  GICCCGACGA 12 7 58.3 | OPM-17 TCAGICCGGG 8 6 75.0
OPC-13  AAGCCICGTC 8 6 75.0 | OPS-2  CCICIGACTG 19 17 89.5
OPJ-11  ACTCCTGCGA 9 7 77.8 | OPS7  TCCGATGCIG 8 6 75.0
OP)-15  TGTAGCAGGG 20 19 95.0 | OPS-11  AGICGGGIGG 14 13 9.9
OPJ20  AAGCGGCCTC 13 1 84.6 | OPV-2  AGICACTCCC 9 7 77.8
OPM-7  CCGTGACTCA 8 6 75.0 | OPV-3  CICCCTGCAA 16 13 81.2
OPM-15  GACCTACCAC 13 11 84.6 | OPV-20 CAGCATGGTC _ 4 3 75.0

2.3 ZHAEGEE S ERNBESHEESRESN
REDEBEHRTBRESHEMBESHSENE 3 PR, PEBEARLERK

BIFZHMER, Nei NBREZHAERRRNES S AE2ESN 0.093, 38.5%7 0.085,

02.3%; REFHARBEROREZHEKZ, Nei WRESHERBMESMNEE S
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HA% 0.056, 21.1%F10.040, 14.3%; W AEFHABREZHEERM, Nei HBEL
B BAE AN A EHEMN 0.029 M 16.8%, TEBFFRE 5 MERES, FHEMIAN
TR RIE ne. ZBHMEAHE P, Shannon RRIBREHAEH 1 71 Nei MIE R %
PEVERRB b 53500 1.414, 82.0%. 0.361 #10.240 (£ 3), BANKEDAHERMRIES E
B (H) 50.239, BNMEBRNTHRESHENE (Hs) X0.066, BREMBEILR '
¥ (Gst) #0.747; BREGATHE Nm H0.169 (£3), XARBKERTIEFETRE

BZE, WERPRERERR B,
3 ZHAIDARRESHESRHRAEEN
Table 3 The genetic diversity and structure of P.rex in Yunnan

Parameter na ne h I P (%) H Hs Gst Nm

RERE 1.211 1.003 0.0  0.087 21.1

X 1.143  1.063  0.040  0.062 14.3

Gili)eg o 1.385  1.14 0.9 0.149  38.5

WILEH 1.33 1.1 0.085 0.13 32.3

KEER 1.1  1.041  0.029  0.050 16.8 !

XEDEERE 1.820  1.414  0.240  0.361 820 0239 0.0 0747  0.169 I
"na = Observed number of alleles; ne = Effective number of alleles [ Kimura and Crow (1964) 13 & = Nei’s (1973) gene diversity; /
= Shannon’ s Information index (Lewontin, 1972); P = The percentage of polymorphic loci; Nm = Estimate of gene flow from Gt F

(Slatkin and Barton, 1989)

B4 RENd KRENHQOBHBEEEE (RERLH) MEATUBE. REERMEH
e mﬁ,ﬁ““f‘ﬁ?:ﬁ’(m sy EEINBARIERE, b 0.80,
e €L 8 unbi, measures of genetic idenuity ve == \ N \

nd disme (below disgonal) KIBE AN 7LIR B2 (B G A
1 > ; 7 P KZ, X 0.868; HiEFHEE ) /E 8

REREE »+++ 0822 0676 0751 o701 [AHEREHUESAD, K 0.678, K
BHIBHE 01140 +xxx 06815 07664 0.7344 FRBER S 4 ERAEK 0.682,
WK om0 ox0 o eer osu TR, KEBEEERTEMRLH
KEREE 03105 03087 038 09411 «+x+  PESEHENHEXHERRMX, W
BRI PE IEAFHH
ETPEEEBIANAEIAEABRARMN UPCMA RIEES (B 2), RHERS
RERBEMBR—42Y%, PEABRHSWILEN + KERBER—2X, 8 EHSHARY—
NG, 3% P TR AR 1% BE S 5 TR R O A X M PR S 2 — A R
2.4 KEIDEETARENEESHEENBEEN
HEERS A 4 BRI, HEBAMAEE P, Shannon REBHHFER 1
N Nei HER SIS E b IR THMER (R3). £PEEEN, 3P EBHZ HK
Nei (KR 12 ZAEVERSEL (), Shannon RRIZHHHER (1) MEBNEENE (P) B
BEHAK, 4515 0.058~0.074, 0.088~0.112 #1 17.3% ~ 22.3%, EHETIEHNK
BIEBHERMK (X5).
REDABTARBNREERE B 50107, STFHEAKNTEREERE Hs N
0.066, WEBRIEEEMEARE G 5 0.387, BAKEDARPHERNBEETREAK
(H=0.107), {BREERFEREATVERE, MARTEHKANT (Hs=0.066) (%S5).
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Fig. 2 UPGMA dendrogram of P. rex individuals based on the P-distance
5 XIDEBHAERMRESELNREAR ‘
Table 5 The genetic diversity and structure of P. rex at Zhongdian f
B (LR é
) ) na ne h 1 P(%) H Hs Gst Nm ;
Population (Subpopulation)
PRI B 123 L1266 0.0 0112 22.3 ;
JEFIBR L4 TSR B 123  1.106 0065 0.101 22.3
ARV Z R B LI2 1102 0058 0.08 17.3
TRATDERER 1453 1.165 0.107 0.172 453  0.107 0.066 0.387 0.79 ;

*na = Observed number of alleles; ne = Effective number of alleles [ Kimura and Crow (1964) ]; h = Nei’s (1973) gene diversity; /
= Shannon’ s Information index (Lewontin, 1972); P = The percentage of polymorphic loci; Nm = Estimate of gene flow from Gst
(Slatkin and Barton, 1989)
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3 a5
3.1 ZEAIDABHRESHFESRESES

THATDASEHEAARRNBRGEREYE, REBMNSASE PN 82.0%, Neify
BEEEZRAEIE 1 9 0.240, Shannon FRIZHEAEIEH 1 5 0.361. KELEHE 5 NEHE Nei
MR ZRE R R RENR AN PEERE £ =0.003> WILER b =0.085 > REBH
h=0.056>EMEH h=0.040> KEERE £ =0.029, EWZHKTELEE 5 MEREKY
BIEEZRUGFERKER., HPhaERNRESRERRKERIRIZ SN 3.2,
AEhTHEERESAHBBERE L KBEERRMRESHHEEKE R, BULERBET
Hilde and Lgor (2000) HIZ¥¥,

BwERNEETRNERRE, WAEE, 26EE. EERLE. HTy#crm
HEEBB% (Hamrick, 1089; Hilde and Lgor, 2000), KEBHAE BHIBRELRE H K
0.239, BHAKTHERE Hs 5 0.061, ZHKTLAEKTHBETRFETREEER,
iR R R 8D, BRRMBREF R o BH, X0.747, RYIEH
R BRBREER, BRAEEZREMK. X RAPD fFiCaHi&H, FHK. B,
EENBRBMARERBARFENBREER, T—F4E (REwEE4E), AXHESE
B Bt BR R B R ISR AR (Hilde and Leor, 2000), AR FHKEDAE
ERFERFEARMBRESL, BIEMMCRE G ik 0.747, TBBENBEERWRE,
HPHR e RE Hs (U5 0.061, WIS KELATH N EMBFEMY A X, Hilde and
Lgor (2000) iid % RAPD ARic ARG iTRB, AXLHFHMREST LRI Gt =0.59
(dst =0.70), RARHMBES LAY Gt =0.23 (P =0.28), F4 (1998) X KED
EBENEREYENEFTEYSHREY, ERHBRAERHRTEEY, BEXHKE
O RBRRRENREMERE (6 =0.747), THERATDAEFEZBHRR
Kif, FIEERY - RBXMSEEF AEEHHL (Wilians and Batzli, 1982;
Eriksen %, 1993), BMRITANKEDEERITELBLEEY, FEALSRKLH,
XA EREFHKE LB EFRFENEREMNFERE, H55HBRRAZY [
HaREAEEILE X R, ?

FHRRVREGER (HREHLYE) SHBHHE —EWMXHE (Hamrick and
Godt, 1989; Schmidt and Jensen, 2000). HFHEHSEHEHMOMXBEERE, B
fERER K, 40.385, B/ hFrhAEHSREERN 0.389; RERHANEHERY
BIZEE R/ 0.114, EAIZEKAMEEEE/D. 2T PEEEBIANKELLES
FBHXAK UPGMA WEET (B2), BMBRSRERHNR—4X, waREESwWIL
B+ KEBERME X, BMEREEFENI—/2. AR, #EEAAEEn
BHRMERSZBATLAEENENREERE —EMHXYE, XTS5 REHFR AL
R, HrEd iR RENREEEEE L.

3.2 AEDEBNAERNRELEN

ERIDAERERERERY, 3 MBS - cREVTER: SKIEEF. BH
MY T REFEAIGEZCREER. ZERAMENHHEESS, XTEEREEAEK
B4T% P, Shannon ZEIBHEHEARE 1Al Nei WEEZHEUEE A X THRERENTE
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BEH, EEEA, 3N TERENESSMN AT P, Shannon REBHAERE 1 F Nei 19
LRSS B Z IR/, 4808 0.058 ~0.074, 0.088 ~0.112 #1 17.3% ~22.3%, &
AR T RN RNRELRERME. BREBNSKTEEBSTEEERE, mExBKRIE
R EBEERETERRE (£5), STEHNRESHEERSERRENEETNE
B, 5&WEHEARERERE—E R,

#ANPREERNBETRE B 70107, ETEERNTHREERE Hs 5 0.066,
HAEBANREERARFAAERTRBHZE, MARTERA, TS RERE
BRERTPBORNSE, BT ERERNBENTEEAMEHRE. W& TR EMiRES
ER Gt 79 0.387 XE, ETREHEHFE—EMBESL, NMIERATRKEDEETHE
RIEXEMY, JFHBARZHRA AR,

i AZBRFMKSHELABRKRE L AEXREHAEEM A TFFEHE; 53 XL2 55
T HERTRERY LEMR.

(3 % X W)
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