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Mk B, RMRD, TAE, BKE, BRE, AEKAT
(1 FER R RIBT, 20 BN 65004 2 hEEB IR IR, =0 BB 666303;
3 ZHRAKLERE LE, =0 B 65001)

RE: N ISSR 4 FAREHEMN R B ZRM 8 NERN/MATF (Jatropha curcas) 3% 158 M MEH#ITH#E X
HtEA T, 84 ISSREI LT BT 67 MLk, Hb 6l MREBHALE. MWEREH: (1) EH/MA
FHIBE MK HRE, EYRKEL, PHASMIAMESMEE 23 PPB=91.04%, HHEik
BN, = 1.5244, Nei's ELHEHIEE H, = 0.3070, Shannon ZREHEZEIEH H, =0.4618; TEREBAKFEL,
PPB=55.04%, N, =1.3826, H, =0.2171, Shannon ZHHEAZEIE H, =0.3178, (2) JEBHIIK#1E LML
TRENNBRED L. BT Nei's BI5 BRSO BB B E SRS LR G, =0.2944, AMOVA
SBR: ZBE/MIFHREEREEFETERAN, SEERN63.50%, BHEMNBEERS
36.50% . (3) JEBERIN IR K —BUE H AFFEM XN, STU L, BRIAEN A/ MITA
BBk B RFMHIX

XA /MAF; BEER; ISSR
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Genetic Diversity of Jatropha curcas (Euphorbiaceae) Collected
from Southern Yunnan, Detected by Inter-simple
Sequence Repeat (ISSR)”
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Abstract: The genetic diversity of 158 individuals from eight semi-wild populations from Yunnan Province was estimated
using ISSR method (8 primers). The results revealed an extraordinarily high level of genetic diversity (at species level,
percentage of polymorphic loci PPB =91.04% , effective number of alleles N, = 1.5244, Nei's (1973) gene diversity H,
=0.3070, and Shannon’s information index H, = 0.4618; at population level, PPB =55.04%, N, = 1.3826, Nei's
(1973) gene diversity H, =0.2171, and Shannon’s information index H, =0.3178). The level of genetic differentiation
between populations is lower than that among populations. The low level of genetic differentiation among populations was detect-
ed, based on Nei's genetic diversity analysis (29.44% ), and AMOVA (36.50%). There is no associations between geographical
distance and genetic identity. We suggest that Jatropha curcas of Yunnan Province might not be introduced from the same place.
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620 = W OME® B R 9%
/N F (Jatropha curcas L.), B RKBHR  HEZHEHEKFHBRESEHSE,
(Euphorbiaceae) , BHi/& (Jatropha) ¥, EIE
TREEFTEMN, HAERTEN. EMEEN 1 #HRE5HFE
WrZERXRBIFE . ER—THTREHYH, 1.1 RBHH

TP X LR E 7 gz #sE, K rxd
ALY BRI, MIFREZMEE, R
&% K 22 (Heller, 1996) .

MMAFESIFBIRER 100 8, 285K
A X R R AEBCEE A RS, TEAG TR
EMzrE. @i, #M. Tl TAREES
Ko MiAdFR{-HWEEEWMEANRN 60%, BT
T3 K KT S5 WATHBHEY ; I/MiF 4
RAEY s E T &R EmAkSIPL, HENR
A BEA. SHE. —HAumEiE. BhiE
SXRBHEAER LR TEANZTS M, Bik/h
HFR—MERAEYSEmEE . BEr, 75/
FHIR 5 SRR 5T T R WAHRGE .

ISSR (inter-simple sequence repeat) 4+ #ric
=R EE I XEY 828 Firid,
HA DNA B B, BIERA, REREAM
EEEARERS, MALKREEHRHE. FER
KA LA, EmRE R BE N Y
WL RS Finic, REW N TR
RSB EDFHITR (RREHKE,
2006; HWUASE, 2005; FKFESE, 2006) . FE B
B%E (AR, 20065 XPfE RS, 2006), LK
VIR R G5 K% L3 (Huang and Sun, 2000;
Joshi %, 2000) %7, [E6dLE R R G
WA TR (Kojima %, 1998),

AICRA ISSR 2 FARICH = TR rE Rk 8
MEBNBRESHEEHIT TR, S7EMEAELS

SERMERA TEEMRL., AXURS, BE.
EE. b, O, e, SESHm (-1, HEiFsA4
JEBE 158 AR, SEIRET BT A9 AR 7E P E R Be TG
SURMMHERYE BT S TR, RESED, X T
AEEORT 20 BRIV B BRS04 . FEVLEEER RN
SITREE, WX T MEDS TG B BEHT2PMER
B, REERTETRM R R4, & EREM RN
BRMREMERELE 1 E L

B1 s EF/MAFREENBRSHAE (BRASFE LD
Fig. 1 Locations of the eight sampled Jatropha curcas populations.
Population codes are the same as those in Table 1.

%1 AT ISSRAFH S MATEBER
Table 1 Population information of Jatropha curcas for ISSR analyses

RS S5t 3 ﬁ]’i"n fm‘fjf Wk G By
Population code Locality . . Altitude (m) Latitude Longitude
s1ze size
{£1L BS ReM, Brh, 87 20 20 780 ~ 1800 24°08' ~ 25°51" 98°25 ~ 100°02’
FHXXARZA XSBN B, B, B 20 20 380 ~ 800 21°10" ~ 21°41" 99°55' ~ 101°25'
5% DH ey, B, B 20 20 870 ~ 1400 23°50" ~ 25°10' 97°31" ~ 98°43'
EE YX ¥ 19 19 1600 23°19’ ~ 24°53’ 101°16’ ~ 103%9’
X ws M, BT, REK 20 20 700 22°40" ~ 24°48’ 103°35' ~ 106°12’
£17 HH JTH, &%, &% 25 2 380 ~ 1100 23°30" ~ 23°59" 103°04’ ~ 103°43’
I LC WL, Bk, Gk, 13 17 17 900 ~ 1200 21°8’ ~29°15’ 97°31' ~ 106°11"
#H PR EAM, MBI, BEH 21 20 800 ~ 1400 22°51" ~ 23°59" 101°8 ~ 102°34’
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1.2 ZEH DNA RE

FATHERGH CTAB BRI DNA, 7£0.8%
BB BE 5 e v B 3K 30 ~ 40 min, FH4E 4N 43 66 i
(Beckman DUS00) #a JL f & K ¥& & /5 I A - 20°C vk 56
BREFEEH.
1.3 S|90§%5 PCR ¥ i

Bt GRS i KEHE L K% UBC 24 Rl A A
1% 9 ISSR F#F5] (hip: //www. michaelsmith. ube. ca/
services/NAPS/Primer_Sets/), i _E¥4 TH M. 519k
A E BBk e 2 MERRAE 20 p R DL IR R AT
P HETRE, MAT 60 1519 PR 8 MY A EMT . &
BHEFH51Y (K2) AT2H 8 MEEERS,

F2 BT NRFESY @Y ISSR5|Y
Table 2 ISSR primers used for generating ISSR markers
from Jatropha curcus populations

519 #3 (5~3") BARE (C)
Primer Sequence Annealing temperature
836 (Ag)s YA 48

840 (gA)s YT 47

846 (CA)s RT 44

849 (gT)s YA 51

852 (TC)s RA 45

856 (AC)s YA 55

858 (Tg)s RT 54

860 (Tg)s RA 44

PCR ¥ $# X Wi 7E Bio-Rad PCR {¥ F#1T, 3By
AL E B ISSR Y &40 20 d RBIIAR, HE 2
x buffer, 2.0 mmol/L MgCl,, 250 pm/gd dNTPs, 0.5 pm/pl 5|
¥, 1U Taq DNA BB, 25 ng #4K DNA,

PCRY R F: 9SCH A 7 min; 95T 45 s,
(44 ~55)°CiB Kk 45 s, T2°CEEMH 1 min (35 MHFF); 72°C
FEMf 7 min,

PCR Y 7™ YI7E 1.8% MIBRREREEEE b ok (0.5x
TBE, 5 V/iem) 4385, LA DNA Maker DI2000 (100 ~ 3 000
bp) (KA TRERAF) AFFirid, RULZE
(EB) ¥ B4, DNA FBUEEKBBRRE (UPV) W
itx,

1.4 BEZItSH

ek EE R — (8L DNA FHNEXHETSR
i, BHACA “17, THEMNICHR “07, iDREW. 12
FEHKELE 300~ 1300 bp FEBARIY A, R O1E
BRI AT E L, JH POPGENEL.31 (Yeh %5, 1999) %k
BAEMLEFBELL F Hardy-Weinberg RS T, Xt&HE
BMSRBRESHHTRESEST, SHHETE
SPLEESE (PPB). MWEAEEL (V). FBEH
HEEB (N). Nei's (1973) ZHE B HEERE (H).
Shannon's fE S 153 (H,). BIEBEHERE (H). #

AERNERZHENE (1), BEENREILRE (64).
Nei's (1978) B&HEE (D) FEE—8E (D, HEHK
JH UPGMA ik AT IR 2K, A& BIRZ EMBEX R,
& H DCFAL.1 (3 RAEEAM, 2001) Xt ISSR FREIEIE
BEHATHR, BRIREMER AR, HH WINAMOVA
FRENERRY () BRI, ERXH (ds)
5 K WINAMOVA {4 (Excoffier, 1993) Xt
FEEANBEERETSTFERST (AMOVA),

2 #R
2.1 FRBEKENEESHME
NEB | YLD 67 M, H 6l M
HEZBHME., EYMKEL, af/MiIFAE
BREMESA A B TE PPB=91.04% (£ 3).
I FMLE MBS EEB N, = (1.5244 +
0.3482)., Nei's B:H ZHEMHEE H, = (0.3070 +
0.1673) . Shannon {5885 H, = (0.4618 +0.2208)
(F4), ERBKEL, SEBNZSMSES
REFK (43.28~67.16%) (£ 3), FHHEN
55.04% , FHBMLEMESFMNEEE N, =
1.3826, Nei's ZEEH ZHEMEIE H, = 0.2171,
Shannon {5 B8 H, =0.3178 (¥ 4),
£3 ZHIMATFEERNSSHATHE
(PPB) it (BRHRERAE 1)

Table 3 The PPB values of all Jatropha curcas population
Population codes are the same as those of Table 1

REER (k)  EBOLAE EEPIA

Eﬁii code San.lpled No of [ERg:

size polymorphic loci  PPB (%)
fRiU BS 20 29 43.28
TR XSBN 20 45 67.16
4% DH 20 37 55.22
FE YX 19 32 47.76
il ws 20 43 64.18
217 HH 2 37 55.22
e LC 17 a1 61.19
HH PR 20 31 46.27
Y15 Mean 19.75 36.63 55.04
%tztlz lovel 158 61 91.4

Shannon 15 8 BB R FUE /R T 4 J8 B (9 35
175 57 1 /& BRI I P XU (XSBN) > XX
i (WS) > (LC) >4 (HH) > &%
(DH) > E& (YX) >¥E (PR) >R (BS)
(%4), 5 PPBEAMTNER B, &/aRtEY
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Table 4 Genetic diversity of Jatropha curcas population. Population codes are the same as those of Table 1
o4 L EE AMEMEREK Nei's ZEH B HEHE Shannon {5 B &3
Population N, N, H, H,
fR10 BS 1.4328 £ 0.4992 1.2875 + 0.3790 0.1644 +0.2051 0.2422 +0.2944
FIXLRR AN XSBN 1.6716 + 0.4732 1.4894 + 0.3985 0.2744 + 0.2082 0.3992 + 0.2946
7% DH 1.5522 +0.5010 1.3670 £ 0.3991 0.2079 +0.2125 0.3057 +0.3017
EZR YX 1.4776 + 0.5033 1.3278 + 0.3840 0.1880 + 0.2087 0.2762 + 0.3003
Xl WS 1.6418 + 0.4831 1.4844 + (0.3994 0.2705 £+ 0.2127 0.3912 + 0.3026
#1 HH 1.5522 £ 0.5010 1.3774 £ 0.4051 0.2125+0.2143 0.3115 +0.3040
I LC 1.6119 +0.4910 1.4221 £ 0.3794 0.2425 + 0.2087 0.3547 + 0.2996
EH PR 1.4627 +0.5024 1.3049 +0.3734 0.1768 + 0.2039 0.2614 +0.2944
15 Mean 1.5504 1.3826 0.2171 0.3178
Y1#p7KF At species level 1.9104 + 0.2877 1.5244 + 0.3482 0.3070 £ 0.1673 0.4618 + 0.2208

N, , Observed number of alleles; N, , effective number of alleles; H, , Nei's (1973) gene diversity; H,, Shannon’s information index (mean, Hpq; At

species level, H,,).

x5 MaFREERESHEY Nei's T4
Table 5 Nei's (1987) analysis of gene diversity in Jatropha curcas populations
BEREEN ERRER LN HEEMERE HE M
H, H, G, N,
-1 Mean 0.3077 0.2171 0.2944 1.1986
FRUEZ Standard deviation 0.0278 0.0151

H, , total gene diversity; H,, gene diversity within populations; G, , coefficient of gene differentiation; N,,, gene flow, (N, =0.5 (1- G,)/G,)

% 6 /MATH AMOVA 247
Table 6 Analysis of molecular variance (AMOVA) for Jatropha curcas

WREH HERH Tk % TRHAS TRESFR (%) pr
Source of variance SSD MSD Variance component Percentage of total variance

JEBEMA] Variance among populations 498.6386 71.234 3.3167 36.50 <0.001
JEBEP Variance within populations 865.5956 5.771 5.7706 63.50 <0.001

P EFRRFEWEENERKOBR, XERLESEEREPOEAZT 1000 KEEHHF BUETHEB RN, SSD, Sum of squared devia-
tion; MSD, Mean of squared deviation. *
Probabilities were calculated by 1 000 random permutations of individuals across populations.

P-values are the probabilities of having a more extreme variance component than the observed values alone.

RiafEEZHEEER . RPANRARBHRNBEES
BeMK 5 (PPB=67.16, N, =1.4894, H, =
0.2744, H, = 0.3992), %11 (BS) B ML
LR K BM% (PPB = 43.28, N, = 1.2875,
H,=0.1644, H, =0.2422) (% 3, 4),
2.2 BEEESULEBENILERS T

Fi POPGENE i+ B i M {EERFIHER
(5 £H: MIFEEHEAEES R
£ fk. ST ERBBHEMBEEZRMEH =
0.3077, K EBHABREEBHENE H, =0.2171, &
e ENESHEE (D, = H - H) 5 0.096,
Nei ZEH L BB G, =0.2944, RIH 29.44%

WB 5 ERFAETREEE, & 70.56% Wik 4
REETREHEN, BRARNBEIERTERE
ik, BEEERR (§N,=0.5(1-G,) /G,)
7 1.1986,

Fl WINAMOVA 47 2 F Bk 2 BB 29 °F J7 19 38
15735 7 LA 7 & v a5 R BoR/IME F & AR
REIBEFETREHAN, SLMBEERM
63.50% , J& ¥ 6] B2 B R & 36.50% (P <
0.001) (k6),

BRABM T ESTMERERHEH LA E
5, {HFERR /M FREERABRE R R—
B, SRATRETRIEFETERN, B
B MRE LK T BRI L 51k
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£7 MAT SN EBEEIN Nei's (1978) & —HE (1) (MmELH) MBLEE (D) (HAKTH)
Table 7 Nei’s genetic identity (above diagonal) and genetic distance (below diagonal)

fRi BS  PFEXRRAN SXBN 8% DH E& YX X WS 408 HH &% LC T PR
#1011 BS xR 0.9426 0.7824 0.8506 0.8282 0.8361 0.7913 0.8484
FEXE AN SXBN 0.0591 > 0.8610 0.9016 0.9077 0.9274 0.8388 0.8985
2 DH 0.2454 0. 1496 **x 0.9157 0.8948 0.8541 0.8297 0.8312
Fi&YX 0.1618 0.1036 0.0881 *xxx 0.9262 0.9159 0.8662 0.8716
X1l WS 0.1885 0.0968 0.1111 0.0767 *xx® 0.9155 0.8859 0.8212
41 HH 0.1790 0.0754 0.1577 0.0878 0.0883 * %% 0.9319 0.8884
fi# LC 0.2341 0.1179 0.1867 0.1437 0.1212 0.0706 *xxx 0.8988
H PR 0.1645 0.1071 0.1849 0.1374 0.1969 0.1183 0.1067 * %% %
%H PR
e LC
413 HH
il WS
FEYX L
4% DH
PE AR 44 XSBN
11 BS
I 1
0.00 0.12 0.24
Coefficient

B2 /MATFRERE Nei's (1978) BEEEEK UPCMA BEE (BEHASHEE D
Fig. 2 UPGMA dendrogram of Jatropha curcas populations based on Nei’s (1978) genetic distance.
Population codes are the same as those in Table 1.

2.3 BEEEEEENEE—BE

F POPGENE 113§ T/ Mg+ 8 MR HEP
JEBEE Y Nei's BE—BE (1), H{EENK
0.7824 ~ 0.9426, BIEZWHE B (D) MW E M
0.0591~0.2454 (£ 7)., HPRIL, FHXRHNZ
BB — B B A (0.9426), BEHE R &I
(0.0591), [RIATZE UPGMA BKE R, WBET
—&; RILSERMEE-FERMK (1=
0.7824), BB &IE (D =0.2454) £ UPG-
MA BEEF, FAMERRE (B 2),

3 itig

Hamrick % (1992) % 8457 662 R HH ¥y )
% SR AR LTS P HE N PPB
=51.3%, N, =1.97, H, =0.150, G, =0.228;
T o oA X R Z IR I i % B REPE RIS
LT I E8{E . PPB=67.8%, N, =

2.11, H,=0.257, G, =0.033; =@/MiTF 81
SN B O A SRRV K BB PPB
=91.04%, N, =1.9104, H, = 0.3070, G, =
0.2944, 5 Hamrick 18 M FEXEAM L, /b
MFRZEBNMAEE (PPB), HEHEEH
¥ o(H,) RBfESESE (6,) HHBRS,
VMR FRABRR MG SN, BERRER
iB1E BRI R . X—&5 R AT i K R
i F BA R e ZHEEMEKFE (Karron, 1987;
Hamrick and Godt, 1990) MR, /MMiF /=8
]3g 5 SRR, AIRERm T/MAFRIIAERK
R B KR AR A, HASEHANKE
WA 73 5 B R W OR B R R BT B

HR#E POPGENEL.31 } WINAMOVA F§Ff 5K {4
R REN . IMAFRBRIGER FEFE
FREBEN (70.56%, 63.50%), JEEEMHBE
TRRKFREERNREER, XURRHTEH
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FPRRMEEING , SREREER, FARMEE
B —fEi, iR, BERESHRHHEE
BRTERW, ETFEHRANTE LB DR
B RS H/IMEFIE A EBA DB RRF A
iz Wi DL e 38

ME 2 B2rp, ATLIE H/METFEBE — 3
FET T RBTLASY AR, BIEE. Ihik. 4
.30l BB AKX FXURA. R
IWA—K3, ZaE 1 JUEN, EEHIER
X—3XH, BRIV FE B & IS —
&, MIERKR XRE—R, BE—BER. T
RN X LA X 9/ TR RE R A R — # X 5|
AR, WATRRRMESIFER, HENMH
BE—BUEHASEEME, FAEXHENAR, &
MG T RE R T R R R B, EARE
Wi, ARURSN R URNZRFEHT &1
WX/ T ARKNESR, EFIREARN
100 FF EPTHBIAYZE R A 2 AT LA Hi PE X
FRAAS LA X /M TR A —3Z, EAE
1A, P HXHFARB, EMN5 E—XK
BEE—BUEZHBKR, WM X — SRR
RSEH - EE-XHERARE, Fa, XM
o X AR PR LB A o ALV DR 494 3 IX 3 %
ZHAEER, RIVEXEBEZRERK, T
A~ DX/ M T B A — B UBARIE, ATIRSE
AR L3 X A4/ R PSR 9 5 1 R 2260,
B HAR R REER/D.
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