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Abstract: Ramet of Blumea balsami fera belongs to perennial herbaceous plant, which widely distributes in south of
China. The objectives of the present study were to assess the clonal structure and diversity(monoclonal or multiclonal
population)on wild populations of B. balsami fera for the purpose of efficient conservation and reasonable utilization of
its resources. Eighty individuals of B. balsami fera were collected from four natural populations in different and typi-
cal habitats in its major distribution areas in China,and they were studied byRAPD analysis. Seventy loci were detec-
ted by using 10 random primers(10bp) ,and 60 of them were found polymorphic(85. 71%). Sixty-four RAPD geno-
types were differentiated among the 80 plants sampled. The mean Simpson’s index was 0. 973, and mean PD was
0. 800, slightly higher than the mean of Ellstrand & Roose(PD=0.17,D=0. 62). With UPGMA cluster analysis,
four natural B. balsami fera populations can be divided into two clusters, one is all the Hainan populations, and the
other is the Yunnan populaitions.
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R (Asteraceae) Y, THAEBE(TEE
BOAFXRMYERMTZ, REBEZE (Mika-
nia) YA KB (Taraxacum) . KT BB (Gerbera) .
BB (Cirsium) %P F BRI E T LUBT R R ZE (B
FEHKE WS RN E K (Lyman
&. Ellstrand, 1984; Ayres & Ryan, 1999; Sole %,
2004;Junming & Ming,2008), FLEE L KXY H
BEEHEMMBREENRFEERER, MHEY
MENREEWEREZEEREMBEEAIEFE
MERHER RARRMBNRREHN R ZIES
BEERTHEZEEYMBIER. EFMERILE
HEFHE,RSMHREYER EEMEEHIE
CWHEEEX. B, A TR TREREYMBESISM
HWUMER NMBEAEREEMRESREENM
TR RREEYNEERRAEZ—. EHT
TEEYMEREURA BN R TEEY R
BREFNHTAAXE L, BB RAEOMES FH
i8R, FNBERIMLEEL FRERE SR
YN REEHERTESHE, EFEkR, B
F PCR # DNA 4 FHRi2 B & & , i RAPD.ISSR,
HEREERERKEBRTIRARE, OB Z
ATREEYNRESHEEMMERESHHTR
i,

BN FE (Blumea balsami fera) PR L NEE
(Blumea) B EEEARMEY, B4 FHF AR
R ERSE, ATE. PE. SRET . NERHA

EHMEREEDRESENECRGREY ) ZRE.
HEl  XAEREVEFREEFEEE, — kKN
HHAAHEEARERENR L HEEFERS
ERFEEAR ENIFE. R, RINEFIIER
HAEMAERBHFRLRS RN, KM FRFRR
BUETF 1%) BMENITHRF AR RE RE
RATREMYLG AL AT A RMBHRARMERE
WA, AV EMN AT ARFETHE
EARMARFEERETHHREWETTH. &
TR FI A RAPD 4 FARiC X LA EF A R EF 4= Fh j¥
BT TR BRI A TR G5 M HEAT BT 5T, AR W 3L
FRREERK ESENE FRRE. I M8
R RULENERE T T REFSHRRMUERY
B AN 2R

1 H#5 77

1.1 ¥4

R SCRR IR B LA B 3 o [ B A A A 1R 1 K
KHFRAREIE, &8 KR, ERT 4 AR
MXREEFEMBETHA. F A Magellan GPS
T B RE AR BEAT RE AL ] Mapsend B4 4% 4 7 4
BARRR . RIEFEE B KD L35 18] B B9 9 2 28
B 20 MER K LAE B, I 2~5 g it A, LA 10
FRNBERRE (T MAFRENDE 12 h ARE
THREH.

®1 EABINTFEMBORERR

Table 1 Four natural B. balsami fera populations sampled in the study

MBS REBK e i LEXec it B G %7
Population Collecting Habitat Companioned Sample Longitude Altitude
code site plants size and latitude (m)
1 BRHEEMNTERE BhEm 78 SR #E (Paederia scandens) .3 20 19°50.093' N, 148
P Y E B (Cyperus rotundus) % 109°49. 224"' E
2 BEAELHUTE HHUKK L ¥ %EE 2 (Eupatorium adeno- 20 18°54. 357" N, 711
5y b3 phorum) \IE (C, rotundus) % 109°40. 258" E
3 BEAATTHXE S $5 8 ( Smilax china), £ B 20 18°41558'N, 57
A HE (Melastoma sanguineum) ., E B 110°13, 076’ E
i (Morinda of ficinalis) %
4 ZHETNRAMN BI# WL EILE  #BE (Uncaria rhynchophylla) . 20 21°57.704' N, 1374
&) R Hh #E B 2 (E, adenophorum) % 100°35. 446" E

1.2 7%
1.2.1 % DNA 3B FRH 0.2 g THRILMNEF AT,
MM R CTABBR(EEHF,200)EREHA
DNA,0. 8% Bifg ¥ s vk 10 ) DNA fy 2l | 5g %
k&,

1.2.2 RAPD 31 # & 5147 0 2& B 3R 5 40 0F
®EERAEAN M 2 AR R 50 & RAPD 5]
Y (EE Invitrogen) , #1758 — i1k, s B 1
FERIEW AR REFTIY 15 &K, A F X 15 &3
YIXTGAFPREE) 4 AR BEATY B, TRk b
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BEE EEEEFMN 10 £3[WEIETERT S
WGRE2) ., BRENMBEN 20 MERHIT PCR T
W, RA25.0 uL R FR MR 1. 0 pL(50~
100 ng/pL),2X PCR Mix(Jt i Tiangen 2y #])12.5
pL,5|4 2.0 oL (10 pmol),ddH,0 9.5 pL., PCR
PIERF N 94 CHAZMHE 4 min; 94 °C 284 1 min,
35°C 18k 1 min,72 *C ZE{# 2 min,40 PMEFF;72
CTHEf# 10 min. FEEH EB 8 1. 5% B BT IEHE BERL
LK 2~3 h, ASERR BB RAE LWL LB HF
BRAH.
R2 ATENEY WA RAPD 5|98
FIRERUE A

Table 2 Sequence of primers and the number of tested loci

a4 31 DNA BluA¥  SHMAK

Primer Sequence(5'-3) Total nurfxber No. of poly.morphlc
of loci loci

Rl  GGTGACGCAG 8 8

R4 CTGGGGACTT 6 6

R6 CTGACGTCAC 5 5

R9 GAATCGGCCA 7 5

R14 AGAGGGCACA 10 8

R23 AGCCAGCGAA 7 6

R31 TGACGCATGG 5 4

R37 AGCCTGAGCC 6 4

R42 CACGAGTCTC 10 9

R50 AGCAGCGCAC 6 5

L2.3 #EaABE %t o4 43T 10 £S5 YWER
A DNA R TP MBI FTFARESESHNE
B AHRIKFICH 1, THRIKEICH 0,4E 0/1 &M
AHEHL, EF POPGENE Versionl. 31 (Francis,
1999 B 4%t & A BEBEAT A S H S, 4 5 E
FRAMBERENEFE Na,. B3 F M EHH Ne

(Hartl & Clark,1989) Nei’s 2 H LR EHE H
(Nei, 1978) ., Shannon 3 & {= B #5 ¥t [ (Shannon,
1949 FEHMNEA B 5 X PPB., WEESHESEHEN
KRRAUTHEE:CIHE®REE GRS ERE
THREI BRI K 8 [ —Z 4k, G B Fr B P iR
BYG D EHFEEAR /N NC,NC=N/G,N N# &
A% il ) ZEE & b R PD=G/N; (]v) Simpson
ZHEEREHE D, D=1—3{(ni(ni—1))/(N(N—
D} HF i HEFE i MEHEE KNS (Parker
& Hamrick,1992); (V) BRHEERB (%) RE—
A Fhgerh LAY 2 A & (Elstrand & Roose, 1987);
(WD fAtEREEB OO . E SXLU EREHHIAN
FHHE & (Elstrand & Roose,1987).

2 HBEREAM

2.1 XMNEFEMBHNTTES MY

IHENES MR EESHERRE AL 3. KE3
REELEITHIREN 4 MM BN RERE (EEREE)
KARE, BROFMHBESHE 20, EHRE 134, FF
FHHHERSERRER, BE KN 7RG
B, XEMBHTHTEKR/N NC H 1.250,8
EREHR TS RN 1.000~1. 538 R4, 718
IR BERY B &, 2 1. 538, 1 Simpson 5% D K Bt
W REESHERER, AHE LMY D ERK, A
0.842;4 NFEEM DEIEE R 0. 942~1. 000, F 1y
A 0.973, TEFEEKFE L, Simpson 35 D H A
0.993, RERMBTLHHE, ERMBE KT, HEA
HERTEESEE.

R3 UHBETFEMNFORESHEY

Table 3 Clonal diversity in all natural B. balsami fera populations

Poﬁlﬁfﬁ%ode Saﬁ;?e%ize F bk 4> 77 Genets distribution within population NC PD D
1 20 20 1/2/3/4/5/6/7/8/8/10/11/12/13/14/15/16/17/18/19/20 1.000 1.000 1.000
2 20 13 1,2,3,4/5/6,7/8,9,10/11/12/13/14/15/16/17/18,19/20 1.538 0.650 0.942
3 20 16 1/2/3/4,5/6,14/7/8/9/10/11/12/13,16,17/15/18/19/20 1.250 0.800 0.974
4 20 15 1,2/3/4,5/6/7/8/9/10/11/12/13,16/14,19/15,17/18/20 1.333 0.750 0.974
{4 Mean - 16 — 1.250 0.800 0.973
Fh B /K SF Population level 80 64 — 1.250 0.800 0.993

NN EFEMBERELLEL G/N EEN,E
MM HEYE MM EREB L ERE R, N 1.000; H
TR R R B L R /N, O 0. 650, 7E 4 MR EEP
R IR TS E N 0. 650~1, 000, H & 0. 800 F K

b, HEB RN 0.800, 4 MFEEH, 4T 80
Ao, I B 64 NEEE,FHEANMER 16 1
e, ## Ellstrand & Roose(1987) 5 #b 77 3 A
B AEEBORE, AT 1000 ERE R
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RREAR BA HEER,
22 XMEHFEMENRESHY

Fi POPGENE Versionl. 31 %} 4 3L 9 & R g
MR ZRERTRITON, ERREXNEMH
FEREERUEFE-SERED. HP. 7R
% (y B ¥ Ne.Nei £ H LB HFE S H M Shannon
MR IFTRARNLAFTRBER N BESHEERE—
B, HMURARK S P BE 1> FPBE 2>FP8E S=>FBE 4,

R4 THABTEMBHBRESEY

Table 4 Genetic diversity in all natural
B, balsami fera populations

HEBERE B/ ERN PPB
Population Offshoots/Genets Na  Ne o
%
code (N)

H I

1 20 20 1.57 1.29 57.14 0.18 0.28
2 20 13 1.51 1,28 51.43 0.17 0.25
3 20 16 1.49 1,25 48.57 0.15 0.23
4 20 15 1.46 1.25 45.71 0.15 0.23

2I3INMEHFEMBENBE—BEMBREER
BAE AU R YR EBE R (Nei, 1978) B B
MERRESUCEBENREERG. BESTLUE
2 B 18] 69 18 A% — BUEE (D 7E 0. 8901~0. 9342
ZE A AEFERBERNEUBRERSE. X
PNEMNBRIAMITEIABREANREERIREN N
0.0680,F3¥ 2 1 4 B NFEERI A BEBEB R KR, N
0.1300, #R#E Nei TiWBZEBR AR BERE UPG-
MA REEE D, NEHETLIE S 4 MELE
B2 - F—HABEEM F_HAHAH.
5 UNEHFEMBANBRE—HENEMGEER

Table 5 Nei’s genetic identity and genetic distance
among natural B, balsami fera populations

AERE ) 5 ] )

Population code

1 * * % % 0.9207 0.9342 0, 9014
2 0. 0826 * X % o* 0.9275 0. 8781
3 0. 0680 0.0753 ® K % % 0. 8901
4 0.1038 0.1300 0.1165 L

YU MR LR Nei's 5 — B AR U T RBIFER. Nei’s

genetic identity(above diagonal)and genetic distance(below diagonal).
~ “
3 W

TR EE R B Z R Simpson $E$ D B, R Bt
HEMBEPIFEERBNWMEMER, 5 DEBEKE
TEBURE VO B A M B LR BB s LR
FL.DEST I REBIMIMTEEHEMBFHE AR

FEGE D ENRAEHBFAFT —LERBSRR
.M DEST ORBHFAMEE MRS
RERE.

+ po p1
vl
|
- pop2

L
+ - W

popé

B 1 XHAEMEE UPGMA REH
Fig.1 Dendrogram among natural B. balsamifera
populations using UPGMA cluster analysis

Elistrand & Elam(1993) .Widén(1994) BT} 5%
KU HEREHETHELSF K 0.62(0.1~1.0)
MO.75(0.13~1.0), R, LRAHREARKET
NFHRBEXAENEERETH, B TFREARAR
AEHEBEENBERREEETR, BHE R
FLEREZEEYK DEM PD EHRE. EF
¥ ,BEF % TF PCR i) DNA 2 FIRE R AR F W R
J&,1%n RFLP.RAPD.AFLP 1 SSR &, Z#H AR E &
FENRATFREEYH ZEZRERE METL
FHRiCH RAPD 4 FHRiC K 7L REAE 4 #h BE &) PD ¥
{8 K 0. 47(0. 08~0. 94) , D {H ¥ ¥ {& 0. 76 (0. 00
~1.00) (Hangelbroek %,2002), & FKHFIEHNFEF
% PD(0. 800) \D(0. 99D EM FHEHNBE F LR R
BT E, E B RN LR TR
HRZHEMEHEEA.

BRI N, ARG SRR
FodE SR EAR . 40 Mashburn % (1978) Xt & 1
B (Typha) BT R B, Halt 15 ZHEHRAR; Ayres
(1999 %1 87} (Asteraceae) B ZEA Y Wyethia re-
ticulata (AR R, KM B G DB EH A
B FhBE PR S REMEKOP K. AT BRBEH
BRI, TR Y 09 18 15 £ B M 30 R4 2 3
IR A, ~HREEYHHRERLA R RS
ZHEME. BRABL QDM BEMNELRE R
(Cyclobalanopsis glauca ) T B 68 70 /& 25 ££ 4 A 50
RO mEMEYASEERERN AR ZEME, K
Simpson F§ %43 5 4 0. 9882, T AT & (1999) fI
AL TC NI 48 (2002) F| F 7K S V& 4 88 BC i Sk AR R ¥
#a ( Psammochloa villosa) 5 22 ¥ (Leymus chinen-
sSIOMPBHREZHEEARER . TEEYERS
FHOERAEREWNRELZHY, K Simpson 1554
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B2 0.9156 7 0. 9839, X 37 % (2005) FIPRR R
#(2006) 43 7% A RAPD F1 ISSR 4> F4RiC X #7
BR F 3 (Potamogeton malaianus ) F B 8 18 (& £ #
HMTREEHHT THRERA,MTIHRFRHT
e ZAEMETRE D (HAE] 0. 9917, FHEZL 4 (2007)
218 (2006) X Bk ZE 3 (Polygonum viviparum )
B R (Siraitia grosvenorii ) B) B 4 F B 19
RAPD T FIRE R B, A H B 6B 18 SR, ]
Simpson ¥t 454 0. 639 F1 0. 8627, AWK,
XNEFMBER Simpson #E$ 5 0. 993, RERM T
ML

Douglas & Pamela(1989) ,H 37 $£ 4 (2002) 1A
M REEY B EHEENERFESYMHNAET
SARFER X SRR R EH RN, T
FaREREAEY R, KT LUGES A KRR T
BRE R BIR IR E B AR ERKEFH B
RAEMESR. X TEEREXBEOEY, Ha%E
TRORBAR: (LDBEZHEEBETHLERRA
(Douglas & Pamela, 1989; Maki %,1999), Bl H &
EHBEZEEREN, RBAZNMARERBA KR
AR, RE BTN R S e K, B AR AT
VL8 1t 41 75 8 37 (seedling recruitment) R 358 5 B
BB, () - BEZR/AECHERELEEYAT
TEFEHTAEHE B _EERgHTES
AUFHRREEELFEESLREERNERREE
(Patterson, 1978); (3) {& 4 8 & % (somatic muta-
tion) R WEM Y MEEF K H —EERIE (Essel-
man,1999) , X% Ik ) KB & B, & 2B K P
BRASKEVE, K REFAEHERSHEFBIK
B A B A% . Lynch(1984)F1 Gill % (1995)IA M 7E
TR AR A LA 40 5 A B 1R R A R AME E A AR
2K, DA T {38 5 e K 7 5 R R R A R 4L, SN DA SR RE
B0 EMF ¥ (Lemna minor) 1 I Y] 3 A % (Ta-
raxacum asiatica ) FIBEIE B (Ozxalis corniculata ) %
FRREPFFE O IN~1IINH B RELE, RIEH A
SN BEHAMK RG], miATEE N B,
RPREFL . ZHEELE (O TF-ETFELFTH
T REAE Y, R BE HEBR RN [6) A 4 B AR AR 9 B R R
(Esselman,1999) , & # 38 K £ TE A & H B A~ &
B SEFEAMSEFOERY,

ERRRP, LREENTTEFHEHE 1. 250
ANy ER(NC=1.250), 3+ 2 SRBFEEME R
FhREE) NC & (1.538), 1 S Rt 5k 2 5 7 #

WHEYE RN NCERMKA. 000), XS
FREEEAMEREAAFREX  EEEATEYE R
HhaTFELEREXKE. AN BR.FIYM
HERKHFTEARNTRE, TUERLHHF
BB XS RF A Price & Waser
(1982) 2 57 #Y — F 55 3 4K ¥ 3 #F (frequency de-
pendent selection) B B A &=, ZE BN FE
BREMRARARTAHEHEERSH FRMEEE
DREXKENEHME YT 8, HEHRXMEE
EXHEMNRAEERNENBERUFEXRSEEREEM,
HEERNT HZBRE  AHEEHAEREEER
EYMHBETRERT B CHEBEEHFELSHEZ
B, xR EEENEYN S, KR EEM
FHEETE A AR L B E R K K SRR &
ME RS YRR T W, P& Z 8 8 74 Bk T
FEAA THEX KERRKRAEYZ B HHEEE
A (Mandujano %, 1998; Aspinwal & Christian,
1992 ; Haradaetal, 1997 ; Wijesinghe & Whigham,
1997). BF RAPD BFR 0/ R, 4 BF 55 R Xf 4t
REBTHLAETFEMNBENLESEHMNESHE
HHTTHR. EFLATHIREAEH KD T
RFABANESHEERE.CERNESRER TR
A 45 T T W 7B AR — 2B AR SR AR T

B &0k :

4B, 2006 HAESZRREMBLHFEFHPRRFTELSH RAPD
SrR[D). FEERFTIE LT HMRERE
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