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ZHEEEFE R T FR=EE ZHFHER ISSR 537
THEHET, HXH, EF K
( PEBERETE SRR , =8 BiE 666303 )
B E. N ISSR A FARICEA X rE rEHh 7 A3 XA B A KT T35 ( Flemingia macrophylla) J&RBE#EFT
T BT, B5RRW . 2R E R T T B R R WL 2R RO L SR
2235 KA 70 F (PPL) 2 94.85% A7 BLAFA HE N KL (Ve ) 2 1.462 7, Nei” s BN ZHEVESE B (He ) 2 0.281 5,
Shannon’ s ZHEVEAR BIEEL(Ho) 47 0.433 7, 7E B RE/KF I, PPL = 43.44% ,Ne = 1.298 1,He = 0.170 4,Ho =
0.249 9, JET Nei’ s AL AP HT ol 45 1 S e (R] 93845 204k 2R B (Gt ) Ry 0.397 5, 6 BH JR R PN 1) 3t A5 48 S
H 60.25% , JETER AL AR 54 39.75% , 33X 1 BA J AE (] 938 1% 0 AL I T Fm B N 138G b . AR L 20
PO BT RIS LE L W AE K T S0 G ZREE R R B i 5 sk (MY ) | Fedb (QB) 17 (NE) HiL X, 3% 37 f#
PSR AT L SR A
KB RMT&9K, BiiEZFEE, I1SSR
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Analysis of genetic diversity of Flemingia macrophylla
resources from South Yunnan by ISSR

WANG Gui-Juan®, XIAO Wen-Xiang, TANG Shou-Xian

( Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Mengla 666303, China )

Abstract; The genetic diversity of 135 individuals collected from 7 wild populations of Flemingia macrophylla was esti-
mated using ISSR method. An high level of genetic diversity was detected in wild populations of F. macrophylla from
South Yunnan Province. At species level, the percentage of polymorphic loci PPL = 94.85%, effective number of alleles
Ne = 1.462 7, Nei’s gene diversity He = 0.281 5, and Shannon’ s information index Ho = 0.433 7; at population lev-
el, PPL = 43.44%, Ne = 1.298 1, Nei’ s gene diversity He = 0.170 4, and Shannon’s in formation index Ho =
0.249 9. The level of genetic differentiation ( 39.75%) among populations is lower than that within populations
(60.25% ). Based on the results, we suggest that the protected areas of F. macrophylla should be build in MY, QB and
NE because of the high level of genetic diversity.
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KT 1 3% ( Flemingia macrophylla) J& 5. F}
( Leguminosae ) T4 ¥ J& ( Flemingia Roxb.) , /i T
PR R i) CEHE BT ROETZE | Bk e A
EJJ B2 J& V4 375 7 P v AU By X, AE [ R
ST T SN TR B s A,
HA S BRI O (T, 1991) o KM
JTRCH K TR 260 ~ 1 800 m B 53 FIVE A M,
AR AT AR XURIE &7 37776 4 o it B Sl R 1k
TAAF IR, IR T 6 i XS e 4 52 05 #4401 R
L R N e el il e o S G T
2007) o RT3k F 5 R B s il AR b & &
AP BT 2 DR, 2 R AR B IR (X9, 2002)
WA, o TR T4tk B B A [ U 3 ] LA
FHR MR 58 (B AR HESE 1991) o ST AR BEE X Kt
TR RN, LA R R 5 1L A s i T B
AR T B3R B UR H s/ PR ook 3t 4% R
5SS OR3P TAEC o3,

ISSR ( Inter-Simple Sequence Repeat ) { A — Ff
Sy FARICTT I, T HEOR T 505 | 9% AR JE A
PEGE  AEREY) 13845 Z2 R P58 b Bl 2 A T ()
PR B4 ,2007 ; Wang et al,2012; Liu et al,2013) , 5K
B BRAE (2011) N ISSR FARRS T T 44w 1Y 14 Bl
YRS R IAT o, R T B B A e
s L 2. T SR R Y 32 2000 R o) R B
APy 00, W AE & A LR e FE R RIS
NRIWTRRASAF Y BT, BA HURBUR  PUW A9 $t
Ak Bl | DR AP Rl 2 K i 2H 21 25 T RE (2R 4
2009 ; FE SR AE, 2009 2 B ARG 2011) o HEAR, XK
T 4k B B A B b5 AR S5 07 A —E
BFFE (R HEZL 55, 2009 ; 48 05, 2011) o A5
K ISSR 3 FHRICHAR XS 2 i 48 J3 A 1 B A= Kt
TBRSEREATOTIT , X HJa st Z A K F F
AL AT 3T, 925 B LR 4 A0 A B
IR B A T4 4R B TR R AL BB ARHE PN AR S HE

1 #eE &k

1.1 ¥

WFFEARLER B =R B T edb B8 5
R R s X (E 1), i 7 AN ERE, 135 4
FEAS, SRAES R T X FMAEORT 20 MR SRR 3
WA 59 4341 RERLIBORE 04 SR R4 T2RAT: | A 14
T B TR R AT AR Rt F

WERA SRR R A AEBE 4k MO A A
AR A v [ B2 e P XU 4 $AHT AR 4 el 1 A7 i A
fE(FR1,E),
1.2 EEH DNA $2EL

KA RS ) CTAB 35 2 BUSE I 41 DNA, H
0.8% I By W 6 J FiL R G o | I 7 58 4ok
FERET (Beckman DU 800) il H: Ji £ Rk B, fi
JE R BEARES] 10 ng - pL', HA-20 °C VKA BLAEAT
#H
1.3 5|¥0FiE5 PCR ¥ 18

B 5 12 B & K58 LT K 2 UBC 23 H]
IATHYEE 9 B ISSR 5I¥F5, AE T AW TR (L
) B ARR TR G, B TE BRI 2 DB RTE
20 pL MY SNAR R AT S I AT 60 514
HE IR 11 DY ISR T B AR (R 2)
FHTAH T A SRR

PCR " 14 W 7 Bio-Rad PCR ¥ I ##47, &1t
e S E AR A ISSR 748 4644 20 wL A
AR Z , N5 1 x Buffer,2.0 mmol - L' MgCl, , 250
pwmol + pL' dANTPs,0.5 pwmol « pL'5[4,0.5 U Taq
DNA B4 (TOYOBO) ,25 ng #fit DNA, PCR §”
WARFE N 95 CHIAENE 7 ming ZJ5 AT 35 DEI .
95 CAEME 45 5,46~ 54 C B Kk (B K I Bt 5 | 9y i
FE,722)45 5,72 CHEMH 42 5,72 CIRT 7 min,
1.4 =48

PCR 3" 54 7= 4 FH 1% 1) B i W 068 Jise 147 LUK
RIECBEYL (0, 78 80 V HLE T HL UK 30 min ZE 47,
Marker 5 100 bp DNA lader( EH=REYERE
MR TEBRSIR RS (UVP) HULgE il s A
eI,
1.5 HIRSIT o4

Xof H ik P o TR)— 62 B DNA 7% ()78 o 47
£S5 R S H O R Tty Rl R wh 8t OB TRty Bl M ) S TR 2
W A4 | FLCEALE 300~ 1 500 bp 36 Bl Y 4 1835 |
TE R 071 HE R E S ATHRAL, B H POPGENE #ff:
(Yeh et al, 1997 ) X 4= Ji& F R 45 BRAS J B 43 0) i
P A S BT, s B T 28060 8 3 R
(PPL) WL 55 A5 55 DR K (Na) A RS A i PR
(Ne) Nei’s(1973) BN Z 44844 ( He ) . Shannon
FEASE(Ho) JEBERIL ZHEME (Hy) R REP 3
I (Hs) | J& B 0] A9 35t 1% 70 4k R 8 (Gst) |
Nei’s(1978) st & #E & (D) At — B (1) .
PENei” sist (LB FFINTSYS-pe2. 1ER {3547 e b
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Table 1

Locality, habitat, altitude, geographical location and sample size of Flemingia macrophylla populations from Yunnan

S

Population code

RIHL IS

Locality and habitat

Sample size  Altitude (m)

PR

Geographical location

T (LC) T IR LSRR I 2 T U AR 17 1200 23°34' N, 99°57' E
The secondary forest in Lancang, Puer City

TH(NE) P T AR ] & BORFRAL 34 20 1 500 22°50" N, 100°59' E
The field in Liming, Ninger, Puer City

FeAb(QB) SCHH BRAG S b 32z 1 321 20 1 600 23°51' N, 104°36' E
The field in Qiubei, Wenshan City

B Z I (XM) il 5 EL 52 ) & TART BRI U AR 20 1150 22°08' N, 101°20' E
The secondary forest in Xiangming, Mengla, Jinghong City

B B (MY) B EL 5 R 2 BRI U A Ak 18 1 300 21°41' N, 101°38' E
The secondary forest in Yiwu, Mengla, Jinghong City

FEHR(YY) FEA R AR 20 1 500 23°15' N, 102°20' E
The secondary forest between Yangwu and Shiping, Yuxi City

SEULELT (GS) ST LB b 2 AR W 20 780 21°30" N, 100°30' E

The swidden land in Nanlin, Gasa, Jinghong City

&3 I A O 5 22 E N s e iy £
BRI ERpt e R 1
Locations of the 7 sampled Flemingia macrophylla

Fig. 1

populations  Population codes are the same as those in Table 1

UPGMA E253 BT ( Rohlf,2000) . J& B A] f14 5L A i
AR Nm = 0.5(1-Gst) /Gst [al 5

2 HERH4M

2.1 YIFMFNEHEK FREE S HEEN T

FAGHZERNA 11 45 ISSR 514, SR %] 97 4~
SRESI T 6~ 11 ML), i 2 BN
S92 TEYFOKE I, 2B E R (PPL) A

K2 WAMHFL£HKTANBEE, 135 %
AMEFITY 1 HY ISSR 514

Table 2 ISSR primers used for generating ISSR markers

from 135 individuals of 7 Flemingia populations

KA (5-37) BKREE  SILEE BN

5|4 S (°c) No. of No. of
Primer eq}ler}ce Annealing bands polymorphic
(5'-3")
temperature scored bands
808 (AG),C 53 8 7
810 (GA),T 46 9 9
813 (CT),T 48 9 9
814 (CT) A 46 6 4
1 4 1 1
816 (CA),T 6 0 0
818 54 10 10
(CA)LG
825 46 9 9
(AC),T
828 46 8 8
835 (TG) A 53 11 10
gss  (AG)YC 48 10 10
856 (AC), YT 48 7 6
(AC) YA
Note: Y=(C,T).

94.85% ,Nei’ s 3 [N Z M8 50 (He) y 0.281 5,
Shannon {5 B 7840 (Ho) 2} 0.433 7( % 3), TEJEHE
KL, A A FE B (Na) Sl 1,257 7 ~
1.628 9, V- 318 1.434 4, AR HEF B (Ne) K
1.161 6~1.436 0, F-¥H 1.298 1, ZELLEEHHR
( PPL)1E 25.77% ~62.89% 2 [i] , F-14 1y 43.44% , f%
ESE BN 2 (MY ) JEHE, B R E K ES R
(YY) JE#E, JERER Nei’ s LN ZBMAE% (He) 7E
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Table 3 Genetic diversity of Flemingia populations

PUEZS FEESe Nei's  Shannon ZAS{75H

JERE £ EZA HEH f5E  BEHXR
Population HERE HERE SR IRE PPL
Na Ne He Ho (%)
T (LC) 13505 12495 0.1405 02047  35.05
TH(NE) 14845 13153 0.1859 02753 4845
FAb(QB) 15567 14186 02321 03356  55.67
BRI (XM) 13814 12588 0.1485 02178  38.14
SR (MY) 16289 14360 02475 03621  62.89
LEBE(YY) 12577 11616 0.0949 0.1411 2577
SHUEI(GS) 13814 1.2470 0.1435 02125  38.14
45 Mean 14344 12981 0.1704 02499  43.44
Yk 19485 14627 02815 04337  94.85

At species level

Note: Na. Observed number of alleles; Ne. Effective number of alleles;
He. Nei’ s gene diversity; Ho. Shannon’ s information index; PPL. Percentage of

polymorphic loci.

R4 KMTE&EHEHERESHM Nei's(1987) 5317
Table 4 Nei’s(1987) analysis of gene diversity
in Flemingia populations

JEHEA

BIEH [ 4y
WiH - WU MR
LR \ FRE
Item ZFEE Nm
Ht Gst
Hs
-4 Mean 0.2828 0.1704 03975 0.758 0
tRifEZE Standard deviation  0.0255  0.012 1

Note: Ht. total gene diversity; Hs. gene diversity within populations; Gst. coef-
ficient of gene differentiation; Nm. gene flow.(Nm = 0.5(1- Gst)/ Gst)

0.094 9~0.247 5 Z[a],F-4494 0.170 4, Shannon {5
BI85 (Ho) 1 0.141 1 ~0.362 1 Z[a], F¥ K
0.249 9, Wi#E K/ 5 JEREZ 8005 H 73 00
AR 3), B BRGNS 2 (MY ) >
Fedb(QB) > THH (NE) > B R B (XM) > S tig
WAL (GS) > IR (LC) > EEBR (YY), %
R AR 2T, Hrhailgs R (MY)
JERBER I8 AL Z AR K PRy, PPL = 62.89% , Ne =
1.436 0,He = 0.247 5, Ho = 0.362 1; E &/

HER 8% Z BEVE KPR, PPL = 25.77, Ne =

1.161 6,He = 0.094 9, Ho = 0.141 1,
2.2 BEEIEE SR EMLER
PN I i X1 Qg L R e e Ryl U puid i

(R4, THTHARBEHLAMBEEZHENE B =
0.282 8, Hrh R HF N st E ZHEME Hs = 0.170 4, J& ¥
(A FE N ZREREE (Dst = Ht—Hs) 4 0.112 4, Nei’ s 3
AL R B Gst = 0.397 5, KA 39.75% 14718
SEAEAE T JRREA] A 60.25% ()36 758 SEAEAE T IR Rk
WL ERER s L o AR T B RE Rl o34, B A
FERW (Nm = 0.5(1-Gst)/Gst) 4 0.758 0,

BES

KiFT44k 7 SR HEE A Nei” s 8t/E—30% 1
ARG R 0.783 2 ~ 0.904 1,38 fEHES D {8

A AL FE A 0.100 8 ~ 0.244 4(F 5) ., UPGMA
R R, S ULEE (GS) MEESE (YY)

JEREAY I8 AL — B 5= (0.904 1), 3545 B B d5cilt
(0.100 8) , Ak, FEE Hh X WA~ R i B S R TE— il

FHEIEL (GS) SR (LC) FE R 3L — 2U% i
5(0.783 2) , AL BEBS f it (0.244 4) , 76 B rh 1y BE
B (E2) .

3 i

3.1 AT riEmEfE S
WS 11 45 ISSR I MK H-T- ik 7 4
JEHERY 135 N FE i RN 2] 97 AN A5, Hirb 92
AR Z AN S FEYIFIKT I, Nei” s JEPH 24
640 (He) 24 0.281 5, /& T W+ FHAE Y 197 9 (H
(He = 0.191) ( Nybom & Bartish, 2004; Nybom,
2000) , F I B R 4G Z R0 (R AE SR BT 40K
V- I He 2 0.179 4, AHXTELAK . WyFhKF E i sf%
AR TR TR T ik T £
FEVE S5 (P RO PG i X | A 855 25 A Kk A A
FEREVERIE R, T AT Rl EL B A Fh A (1 b B
T 38R 2RI, PR o3 A 1 M 3L [T a5t 4% &2
FEPE BB AR, IR oA i1 s 2R
& (Hamrick et al, 1991 ; Hamrick & Godt,1989) , A<
L B AR R T T4 PPL = 94.85%, Na =
1.948 5,He = 0.281 5,Gst = 0.397 5, KT T4k 1Y
BN E R (PPL) JER Z RS E(He ) Jeiist
AL R B Gst) P B A =, BERH R T 4k 2L A
B st AL 2R X AT B S5 R T T RO 2 A
FEY AEIAE  SEAEAL A 1 > 1, A ) 3 A [ ) 228
WA K, ERM T TR & BT, B 5 (MY )
JEREB L 2R R, Z ML 4% PPL
62.89% ,He 4 0.247 5 HEWIZJEHFIE = B FE A
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x5 KMFT&H7 AN EEFER Nei's(1978) EE—HE (1) FiEfEES (D)
Table 5 Nei’s(1978) genetic identity and genetic distance of 7 Flemingia populations

LY T o Folliite il B 5 EEHR S LI G

(LC) (NE) (QB) (XM) (MY) (YY) (GS)
WV (LC) o 0.844 4 0.842 6 0.8159 0.813 1 0.843 5 0.783 2
TIH(NE) 0.1691 SRR 0.880 6 0.829 6 0.790 4 0.844 3 0.826 1
FAL(QB) 0.171 2 0.127 2 o 0.869 9 0.881 0 0.883 8 0.809 6
B G (XM) 0.203 4 0.186 8 0.139 4 ok 0.888 9 0.888 2 0.857 2
ERE S (MY) 0.206 9 0.235 2 0.126 7 0.117 8 o 0.879 2 0.820 6
FEBR(YY) 0.170 2 0.169 3 0.123 5 0.118 6 0.128 8 ok 0.904 1
FUEIL (GS) 0.244 4 0.191 0 0.2112 0.154 0 0.197 8 0.100 8 ' ok

TE: Nei’sitfe—BU¥ (WAL ) FgEEE (MMALT),

Note: Nei’ s genetic identity (above diagonal) and genetic distance (below diagonal).

e (Le)
E— - 1D
L Fit @B
THEESRER (XM)
{m&%iﬁ MY)
@;’%ﬁf& (YY)
|4 (GS)
0.91

0.83 0.85 0.87 0.89

ZEH Coefficient
B2 KMT 3 EEERE Nei’ s 5%

—BUE UPGMA RZKE
Fig. 2 UPGMA dendrogram for 7 Flemingia

populations based on Nei’ s genetic identity

T HRBC R 5 A ot . R UTRL G 2ER B 1
X, B ERE(XM) B9 2 8078 A % PPLAUH
38.14% ,He {0 0.148 5, 773X 4 K 25 S5 1 JEL P AT
B T =R Er Rk b IR B 5 i1 1 PR,
3.2 A FR#EREEER

KM TR 5% 28 S A SR R W, JE N
)i 15 A8 5 (60. 25%) K T & B | (1) A2 K
(39.75%) ,istf% A8 53 TR AE SR RED, HE Wi ] fig
TESERE N AFAE — & WL D 2SI i, B T4 (BRI
SR SF R R e, R, ZESEA T R T
JT 4 s b s b PR AP s R 3 R R ] — SR A N
AR BT GEUR Rt T 45 8] A9 56 K Vm
4 0.758 0 < 1, 7R JE B[Rl A7 7 — i 1 R 22
TR X AR AT BB 1 T 2 R 0 b B A A S
W, KT kiR R (K 2),7 K

TP 45 AR EURT LAY S PR S, B IE 77 8
Fedb o —32; EEHK 8 —30, HBl e R i
e, b SR AT, ERR SR B S
BRI BE G | 70 R 2 ¢ AR L AHG, Al AES == P
DX FR) A5 3 ot PR I8 UM 2 A B IR A R
G oy i R A b PP 2 1 % O R AR AT,
WAEBEAT AR B GRS AR I, Al 40 — A~ aR 2 AT 4
AR

SE
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