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ISSR Analysis on Genetic Diversity of Medically Impor-
tant Zanthoxylum nitidum (Roxb. ) DC. in Guangxi

@I’J'}%,jgjéz%,z’j& éj_’;]‘%ﬂ(]tx—%
XIANG Qiao-yan, HUANG Xi-yang,LI Hong,JIANG Shui-yuan

7P AR X rh E R =B ) AR B ST )P EEAR 541006)

(Guangxi Institute of Botany,Chinese Academy of Sciences,Guilin, Guangxi,541006,China)

HWE LB B YH §HE £ Zanthoxylum nitidum ) B A= 8 W5 8 08/ FF i o H: i 8 3 A% 22 0F 52 A A W0 1 &1
B A IR B AR R AT HRESE R A . LA SRR ISSR 4 FAmic 6 11 AS) 78 5 18 £F 3 SR 8 BE 3% 138 S REAR IE 47
DNA Z&Ma0r. [ERIN 100 ©SBEVLS 9 ik 8 ~F 3519, 3L 1 63 4~ DNA F B i 28 M4
WA ETECP) N 100% ., P £ R KT EBABEBRE SN, Nei” s R Z R CHe Rl
Shannon {5 B 55 140512 0. 227 F1 0. 356, B4 11 A8 BERIBAL 0L B EC GsO R 0. 490, J& BE S B
51% o JEREIRIAE S o5 49 Yo o 15 W] i 40 [R) R0 J HE PN 109 33 4% 43 A0 B AS R 1 5 i 0 ) 86 XU ( N'm) o 0. 52, % B JE 4 1)
HRFNBERZ . 4 TR A8 AL BB e 0. 053~0. 334 Z [A], J& BE A 19 2 28 & Mantel K256 ( » =0. 391, p =
0. 040) ¥y R W] ™ VG 93 17 B 2 4 by 3L o5 15 38t A% I o 22 ) A AR DG ME AN T . K58 ) V4 B9 A 7 T 4 A T 3R R 22
FEVERE A R T 558 = 0 TR 2560 B Al g R AP R W A R AP R E R RN R RS EHAT R R
B, BRI 5 32 B 32 0 1 R AR JE BE AT AR 3P
XKW ZAMEY WEE REZAE ISSR
HESES . S567 MR A XEHS:1005-9164(2014)05-0541-09
Abstract:[Objective) Zanthoxylum nitidum (Rutaceae) is an important medicinal plant mainly
distributed in southern China. In recent years, however, the distribution range of this species
has been reduced greatly due to human over exploitation and deterioration of its habitat. Stud-
ying the population genetics of this species is essential for the conservation and sustainable uti-
lization of the plant germplasm resource. [Methods)In this study,we used eight ISSR markers
to measure genetic diversity of 138 individuals from eleven populations of Z. nitidum in Guan-
gxi. [Results]J A total of 63 DNA fragments were scored, and the percentage of polymorphic
bands ( P ) was 100%. High level of genetic diversity was detected in Z. nitidum ( He=0. 227;
I =0. 356). AMOVA analysis indicated that coefficient of genetic differentiation ( Gst) was
0. 490 (51% of the total genetic variation resided within a population and 49 % between popula-
tions) , which demonstrated that the genetic variation between populations and within a popula-
tion was roughly equal. Gene flow ( Nm) between each population was 0. 52, which showed a
relatively lacking gene flowing. The genetic distance between each population ranged 0. 053~
0. 334. The results of Mantel test ( » =0. 391, p =0. 040) and UPGMA cluster indicated that
there was no significant relationship between

geographical distance and genetic distance. [Con-

S EHHI:2014-01-18

&[5 B #1:2014-04-19

EE BN IG5 2 (1982-) . 2 By BLAF 55 B3, 3 38 A3 245 F R 90 %
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T T ER S ML A B R F 5 R I B R Ik B R B R BF

ST VR A BE R AT H (2010ZW002) R B .
EIRVEL - #Ko0 (19720, B P58 By, BTN R A2 4 5 Fl

s

3 2014100 %21 5% 5 M

clusion] This investigation indicats that the ge-
netic diversity of Z. nitidum in Guangxi is high,
which is good for the cultivation of high quality
herbmedicine; In situ conservation is advocated
first,and keeping a stable environment for this
herb is necessary.

Key words:
nitidum ,genetic diversity,ISSR

medicinal plants, Zanthoxylum
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[TFREXYHWMEE [ Zanthoxylum nitidum
(Roxb.) DC.] & % & #} (Rutaceae) £ Hl JB
( Zanthoxylum ) ZFH KA Y, A H ot J
O TR S5 A /N B ORI TE T, S5 B AR B A ML
Ae CEEARLOBUETER LT BT BT AR A LI RE L RR 24
TR ATV TR S AR ST A
A A TR B B M Y E R A
G A 2 A R R KT 4 44 1R N A
P T 24 4 72 3 [ PR T 2h 2 B FAR P A ey
AN EE S PR TR S L0 0 ST RUE
B S A T TR B 4 22 R A W R A L R AT AL
T AR R X 2%, 32 9A KU B AT 400405 L B 0
IR BEME AL SEE AN TR K A RE) Tz
o7 FH TR T T A B R M . LA I B D 3 2
LU RMVFZ M TR 7 B FHRIE N RHEE AR
RAE R AAE L F R SF AR 25 s W AT 2 = LB
VIR K BRET T A0 A5 2 44 v 2 A H R T
L T S S SR o N s s G D IR P
B rb 2 28 B 0 A 2 R S 0 TR R IO 5
Pyl g e LS A T TR B A AR 3R 0 R R
WE 8 A= W 3T AF BT MR BIF 5 0 AR R X AL L B
Gy C Lewis) Jifife | FT-Ji A 5 W 268 24 A1 B0 7 A
X o 4 S R R O A AR B T2
MITF R A A . BEE L2 2 T Y A JR , T T 1 4
P S AR AR - AR B DS RN S NN
T AR P T B A R D T RURHEL 25 32 SR R
FEHY P A RAZ . |y T 9 T o A K AR A bR L 1Y
SEHE B, B A AR T Ml 25 K 1 AN TR 9 R G4 O B

AR T R 28 % SRS 2 H 4 050 26, 7 10 A B8 32 3
JEEE RN 0 bk EER A B AR T R 2l i
PATET BT 25 14 1 b D7 307 12 1 B0 9% 05020 e L 2 3K 3 T
BRI s B 38 2 R M R W R 3 N BE B AR Ak
AVAEAE BT ORI, 1 Ak s B P R J A 1 gt %
ZHME X TR EE IO E Y LA A5 it
RYH i, X P9 e et EEE PR M E
FEN AR LA 2 B R i xR 2R
P K FC e R it e 254 O BT 52 i /0 . ISSR (Inter-
simple sequence repeat) 73 FAHRic & JH 2 B BE N 1 =
T ]38 15 Z AR R A ) TR oA o 52 1 s A o il
FEARAG P HAE B AL A0 B TR Ja fr gt A% 2
FEHED kA AR N Sy A AR T W T £ ISSR-
PCR 1A Z , Wi I 61 ISSR 8t 15 2 BEPE M BT 4T
Hefifi, [(RFRTWN ZIAD S AEAT A A6 iz
ISSR 43 FHric HAR , LB W £ Sh 2 BE . BF 52 78
7 1L AN T A FE R A g5t A% 22 R R s L A5 4 L CHURR
TR B 3% 48 18] /B LA A i b DX T T B A DR Y AR
PRI AT R 2 A SR AR AT AR AR A BT

1 M5 RF*

SR
WM T 201148 11 H~12 AL R AT BN,
LGP 11 A F8 3 A0 B W 1 AT 1 A R B Gl it
G 75 E) I 150 MREAS, SRAEHE S AT B
BE IR SRR RERE AR ER 1. REM FER
FEAS, FARE IS T W R AE 4l M1 92 55 = A F DNA $2HL,

1.1

*1 BERERS—REHENEREE
Table 1 Locations and sample size of each studied population
Bt oA B 9% I 8 PERBCH ik
P . ) Latitude(N) / : ] N = <
opulation Location I . Altitude Habitat Sample size Comments
_ongitude(E)
hj Al b L IR 25°45'/108°19' 285m (% :82") IR ST % S IRE$7i) 9 JLJT KILFE A
nn T LM T 22°49'/108°19' 78m 13
wx ke, RE 23°52'/109°36' 56m(dL:0" Wi bl B, /NE D 19 —
dl T, AR 22 24°30"/107°19' 340m (R V4 ;248" Wi b, B, MR 17 JU R IE E N
cw B ER 2gsamocsr S2OTENIMORSS0TAR e g 8 AR O 5O
mix ki 4% 2400110012 LLHImOHL168D) W i3 12—
dwl A, KT 23°48'/106°30’ 380m(F :199") TR 3700 N -3 % 7] 17 i\iﬁfgﬁ(*’ﬁ)a
Is ML Rl 22°25'/109°11 fjmutm‘ 2900 = 122y g s AR T 15 Ey NG
Sl | P
sl T, Bk 23°24/108°38' 108m(H 74K :158") IF-SUMIE $u R u 11 ﬁﬁjm(ﬁﬁ)ﬂ
Sl S
Iz S M 22°28'/106°57"  160m(%<:84')~175m i Supvainy 13 ‘ﬁ;ﬁ“‘(ﬁﬁﬁ) H
zm T, REAR 22°29'/109°57' 78m K % ) Rl 9 -
ss B ks, 1= S8 22°02'/107°59" 229m (7R :89") L& 0, MR 7 —
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1.2 FHik
1.2.1 % DNA & B 5 0

Mgk B CTAB ¥ #2 B Wi i 41 &L DNA, 78 fff
CTAB Wi, H CTAB %5 FITRVE ¥ 1 K HoAx 20 B W)
CTAB ¥, ¥ DNA KT 50pul 1 X TE 28t . FH B

A R JZ FEL UK R 55 A1 A Y6 0T BE ARG R R A A E L R
FT —20°CokA .
1.2.2 ISSR R m &M%

ISSR 51 ¥ 2 BRANE R EF48 H O R 2 A A B9 55 9
9], B EEA TAEY TRERAFRG K. &85
i % i & £ U826 (5'- ACACACACACACACACC-
3D MAL I 51 .

FESKEE S NI SR A5 R L B dNTP X —
FHERNZK, ¥ Mg® (ANTP. 514, Taq F( Takara
Ez Taq ) FIEH DNA T K & U K (F 2), 4
EAEH Lig (40 HATIEAC 4 A it (3R 3) s ISSR i
K H 25 PCR MR FR L, BR 3R 2 i B &R 5k, B4~
KW NiIAA 1 XPCR Buffer,

£ BIO-RAD PCR Y #4741, = MK 75 55
AP RN AR RSB A 95°C 3min; 94°C 1min,
52°C 1min, 72°C 2min, 35 13 ; & J5 72°C 4E ff
10min, PCR =¥ 2 1. 5% B JI5 b B i i UKk 5 7 B
e A% R 58 L SR T REAH

HE— 20 X ISSR 2 i A8 7w 14 40 20 O B0k 47 5
PR 28 8 B O AR T 32 » I LU A0 3R U B0 9 38 2% B0RN
T U RE Y 52 R R OB T 4 AR B 30 IR 35
W40 W45 K,

X2 REGFREXHAEEEZEKTE
Table 2 Orthogonal combination of each factor level for reac-

tion system

B BE R 519

Gradient MgCl, dNTP Prim Taqg DNA
radent - Cmol/L) (mmol/L) - ST (W) (ng)
levels (pmol/L)

1 1.0 0.10 0.2 0.75 50

2 1.5 0. 20 0.4 1.00 100

3 2.0 0.25 0.6 1.50 200

4 2.5 0. 30 0.8 2.00 300
1.2.3 31#imik

ISSR 4t 100 55| ¥y AT 1 52 96 F G 358 . DA v 2
AT LAY R 2 A A LA T O LB M 5
Wy o FH T R g T A A A 5 A R i) 1 48 SR
1.2.4 HE>H

HEHE ISSR 47 3 &1 335 i#F 47 A 3247 . L DL2000
G3FhRiC A BEE  [F]— 5 ) H A A () B AR I 7
PR ER . A e 1" (&85 . o id b o”,
ARRIR I 0,1 Zn B . (D7 R IE A 535
JEAE 201454108 H21 5% 58

1 ZREE S8 7 GenAlEx 6. 5 314 F) F 7 AR 12
T BV 45 7 3 PR30 %, JF DL b 4% 3 Shannon {5 &
&R T) Nei’s BIEHEE (DY, ()T %450
Br(AMOVA) . £ GenAlEx 6. 5 3k 4 b 47 35 T 38
e b &AL Gst, i 4 A X Nm=<0. 5(1 — Gst)/
Gt ORAGF R ER DT L R R, (3) B R
P8 GenAlEx 6.5 BRAE A H B BE 8] Nei’s 5t 15 B8
FEFE A H NTSYSpe 2. 17 B v i) SAHN 5 He ik
A7 AR AL L - 4932 (UPGMA) B35, My st bR 1
3 ENGREZAEERIT

Table 3 Orthogonal combination design of the reaction system

514

S MgCl, dANTP Primer Taq DNA
No. (mmol/L) (mmol/L) (pemol /L) [QED) (ng)
1 1.0 0.10 0.2 0.75 50
2 1.0 0. 20 0.4 1.00 100
3 1.0 0. 25 0.6 1. 50 200
4 1.0 0. 30 0.8 2.00 300
5 1.5 0. 10 0.4 1.50 300
6 1.5 0. 20 0.2 2.00 200
7 1.5 0. 25 0.8 0.75 100
8 1.5 0. 30 0.6 1. 00 50
9 2.0 0.10 0.6 2.00 100
10 2.0 0. 20 0.8 1.50 50
11 2.0 0. 25 0.2 1. 00 300
12 2.0 0. 30 0.4 0.75 200
13 2.5 0.10 0.8 0.75 200
14 2.5 0. 20 0.6 1. 00 300
15 2.5 0.25 0.4 2.00 50
16 2.5 0. 30 0.2 1.50 100
2 HRESH

2.1 FME$H ISSR R Mk ZMIER 4L

PCR JZ 7 H B — R 28 1 el 28 34 6 97 388 2 i A 52
me) , I H 45 3R Z A A — > 2 24 19 38 6 W B Lol
P AR Ly (4°7) IEsZ R Prigit iy 2 i PCR IE
BRI R T ZILA 16 A0, AT XX 16 4>
REPRHEAT T 3 IR A S (B 1),

M1 2 3 456 7 8 91011121314 1516

Bl 1 519 U826 MY IEAE 4 & L1k ISSR 45 5%

Fig. 1 Orthogonal combination design results of primer
U826

TPk IE 1~16 3 S X R AL B 1~16 55 M A Lambda
DNA/ Hindlll + EcoR | Markers,

Note: Lane 1~ 16 are corresponding of No. 1~16; M is

Lambda DNA/ HindIll + EcoR | Markers.
ME 1A AE H . MgCL ¥kl 1. 0ommol/L B,
1~4 5 Z¥RY 58 20 & s MgCL W B
543



2. 5mmol/L B}, BT 14 507 £9 8 19 5% M1 4b
13,15,16 5 )y B R P 1 1 58 B 09 4541 . LAh, 5
SO ERWHAZ B E;6.8,10 S LS
BB, AR, A 7.11,12 5 M9
B R BAR R, o 12 By R R g,
M H 3 By SEg 45 R HA 12 507 R MK & —
B BT MRS E B9 L T LA 12 5 RO AR R R I 16
N AP R R AR R BN AE 25l R N AR &R
Kbk DNA 194K 200ng,10X Ex Taq Buffer(Mg?"
Free) ) & & 2. 5pL fy. MgCl, (25mM) ¥k & N
2. 0mmol/L, dNTP Mixture (2. 5mM each) & J&
0. 30mmol/L, 5 EEH 0. 4pmol/L, TaKaRa Ex
Taq (5U/pl) K 0.75U,
2.2 PHES ISSR B R B R ZMA

PCR Sz I A% ¥ (96 BRI B 3 A7 4 S ab 3, 43 )
XX 4 NP AT T 3 IREE K, NE 2 A
th o A 30~45 YRAE PR UKL, HL UK S i 8k RV IR, B
KR AR S H PR KO N B 45 K, Al IR T
40 WKAEFA B I8 A X BTG 45 AR R
R BT B R B 2 N 58 4 74 I DNA Ve B
C AR KA k2 1 T & DNA ¥ JE A 25 4
)11 d i 1 I T S I N R R RO S e F A 282 N
TREy Ed . M HY 1 40 DEHC S a0 1 AR E
W B B SR T B LA FRATT AT LA OA Ry S A 19 70 2R Ik
BN R 40 K, PIGREY R 94°C HAE PE 3min;
94°CZE ¥ 1min, 52°C 1B X 1min, 72°C #Ef#i 1min, 3t
T 40 NMEH AFGALE ARG AE 72°C LA 10min,

M 1 2 3 4

B2 514 U826 it P2 4 AL A1 5 Uk B

Fig. 2
U826

Ve VKB 1~ 4 4350k 35,40, 45,50 WG M K
Lambda DNA/ Hindlll + EcoR | Markers,

Single factor optimization cycles using primer

Note: Lane 1~4 represents the cycle 35,40,45,50, re-
spectively; M is Lambda DNA/ Hindlll + EcoR I Markers.

2.3 ISSRyHEEETHEREERESHEN
M 100 45 ISSR 51 9 H i e 75 3] 8 Sk AE 4 48 1
HEMW RS FEE NSRS R 4./ 3) .18
544

FAPLAR I R R FNIX 8 2551 %t T va WG T 4 11 A&
FEEATY 3 LY 3G 10 63 DA% WO 2 AN,
EZRAMEASECP )N 100% , 4451 W 14 4~16
NG P REATI Y 7,815 4, KXW R B
KNI A AE 250~2000bp,

ZHNMMASFE(PHRATMHARN ZHZE
FEVEFR AR, JE BE X PR 58385 N AR T iR 5 5 2 A s A
A3 R IE L L R B 22 250 05 A 22 U B HL S BR 5 1)
DN RE 7R L 7E B BE B R R Y SE S s Iz Ll
I FRBE Y BE ) B 5, 7E HE AL B rh R k. ) 11
AT BT B AR EBE T, B JE B 2 LR H R AR
LTS A 18, 75% ~67. 19 % , 1 K B /MK TR S 3R T
(hp=>Je M (12) > R 1l (1s) > E (wx) =>4 22 (dD) >
BT (> EHRGD>RKFEIBdwD > FEE(ss) >
o Cow) > K (zm) (% 5) . 1d B 0Tt 24 V1 79 T 461
BEZ M 6 1A% TRl S5 4, 38 N PR R R ) A
SR, MRS A SR TR 1 R B £ AE ) A9

Nei’s 3K ZFREMEFEECC He) MFRIE N ZAE B,
RFT RN LA R E , Shannon 1§ B840 I H L
T ALY FLEE . Shannon 15 8 18 5045 1
INTEW) Bl K S R 0. 356, 4% fE BERYAE 0. 097 ~
0. 322, Ho i 85 55 19 4 380 3t 3R VT Chy) S BE 0. 322) . B
A B89 S} K P 5 K Cown) T RE 0. 097) 5 15 I 41 454 J
KoK 36 2 B ( He ) 5 Shannon 4§
B S5 IR AAF (R 5 S BB MEN 0. 117,
Rk AR 0,227, MR4E Hamrick 557 %F 165 4
J& 449 YR IL 653 A AL EE B 5T 18 ST g A
FEWT O[] 2 TR 0 1 st A A8 S D R st A% v A R TR
ZREVEE B Y R 0. 177, 2 2547 5 L 4 F (8
0.647, FEAMFLLE R EiRgs B il LA LB
T & FE P PP K- Eastfe Z R .
F4 ISSROWRMEEN S K MBY HER

Table 4 Amplification results of 8 primers used for ISSR anal-

ysis
Ly ABE SEMEWH
P?ilxiﬁ]cr Siﬁ?gizg;_;) No. of Nq. of polymor-
bands phic bands

U825 (AC)sT 10 10
U826 (AC)s C 15 15
U841 (GA)s YC 6 6
U842 (GA)s YG 6 6
U855 (AC)sYT 4 4
U856 (AC)sYA 5 5
U857 (AC)sYG 10 10
Ug61 (ACC)g 7 7

3t Total 63 63

¥4 Mean 7.875

HH=A.CH T),V=(A.CH G .R=(A = T),Y=(C 1k
G), Note:H=(A,CorT),V=(A,Cor G),R=(Aor T),Y=(Cor
G).
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UBC 825

=
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.

b - _
SNemE wme——=__

UBC 841

3 8 7% ISSR 54 Hatr il
Fig. 3 Amplified banding patterns of 8 ISSR primers

x5 NITEHENEEER(FHELHRES)
Table 5 Genetic variation of 11 natural population (MeanZSD)

‘ 735 P % St A R annon”s : -4 75 ik
2 £ 1 T E#%m H xi%[{i Shannon’s e T i 2230 LS PLE
po e BEEREC Tipiu B fir LA R W A A s
pula Na Ne 1 ’ uHe P (%)
hj 9 1.41340.112 1.36040. 048 0.3224+0.034 0.21140.025 0.2244+0.026 67.19
nn 13 0.857+0.115 1.19740. 042 0.1744+0.033 0.11540.023 0.12040.024 34. 38
WX 19 0.984+0.116 1.204+0. 041 0.189+0.033 0.1234+0.022 0.126+0.023 40. 63
dl 17 0.984+0.114 1.22540. 046 0.1930.034 0.129+0. 024 0.132+0.025 39.06
cw 8 0.714+0.102 1.10840. 034 0.0970.026 0.06340.018 0.06740.019 21.88
dwl 17 0.7624+0.105 1.14340.038 0.126+0.030 0.0834+0.021 0.086+0.021 25. 00
Is 15 1.01640. 119 1.22040. 040 0.208+0.033 0.13640.023 0.14040.023 43.75
sl 11 0.889+0.111 1.15640. 035 0.1514+0.030 0.09740. 020 0.1024+0.021 32.81
1z 13 1.238+0.117 1.278+0.043 0.25840.034 0.16940. 024 0.17540.025 56. 2
zm 9 0.5080. 101 1.13140.039 0.10520.029 0.0720.021 0.0760.022 18.75
s 7 0.667+0.106 1.16240. 041 0.13340.032 0.09140.022 0.098+0.024 23. 44
T
(Mean) 12. 545 0.912+0.035 1.19940.012 0.178+0.010 0.11740.007 0.12240.007  36.6544.53
(Hs)
Yy FpoK
Species level 138 2 1.37240. 044 0.356+0.030 0.22740.022 0.2284+0.022 100
(H
JmAE 20144108 F21 K% 5 545



2.4 EEHEEEHSW

JE B AR A AR 1 43 7 22 50 BT (AMOV A) R 1,
A5 A T BT S R ) 25 S Ak 2 C p <<0. 00D) L 43
L4550 GsH 0. 490, Buso K MBS T 0~
0. 05 Vi M AR 55 ,0. 05~0. 15 &4k ,0. 15~0. 25
JE LK KT 0. 25 RIS K™Y HE Ik, T E
T 5T [ AR TE B Z e K. BVAE SRy 49, 0901
AR S A AE T SRR ) JE AR DN a5 AR S R AL AR S
[ 51. 0% (3% 6) 2 B S| A 1] 5 J2 7% o4 1) 38 4% o0 Ak 3k
ARHEF o W38 A5 A8 S TR A A R R SR 2 .

B S 3 N N S =il ) i O L R
A TR EEAL AT b S AR Nm R
R4 K (=1, 00, H1 (0. 250 ~0.99) ik (0. 0~
0.249)3 MEFEHKF . Fe T8 AL /1L R Gst A
AL R T sk R Nm=0. 52, 32 W 35 R i 7k OF
TSR A o AR T 5 DR 32 i AR 2 T I 1 s A
AR
2.5 BE—HE.EEEBREELSW

1515 BRSO PE AN JE B 22 Il st A% o A AR BE RO &
KRR T 1) ELAE A 1A PR R RN B T 07,
¢ B 22 ) 1 3 A o AR R DN L S 2 O R R
RZ AL AL BB R, SR O R . VY 7 I
B 11 A AREREZ MY Nei”s 15 —BUETE 0. 712
~0. 948, Horp B ) #h BRI Chy) TR T (nn) DL R
F6 AESFERN AMOVA S 4R

T (nn) AAL b 7R 22 CdD) ) A9 3 4% A0 oL fe kL o
0. 948 ; Ja BEAE M 4 48 Cow) FIE (8K F 14 (dwl) 8] 7Y
BABAIE SR /N 0,712, 11 AN FE 00 18 14 1 25 7
0.053~0.334(3 7), Mantel ¥ % % 3 35 1% 5 25 F0
o R BEE B0 B AR OGP E (- =0. 391, p =0.040)
(K 4,

.400
.350
.300
250
.200
150
.100
.050

000
0.000

r=0.391, p=0.040

1stance

icd

[=l=ieleRelele el

Bt 4% JE 2 Genet

100.000 200.000 300.000 400.000
b 7 JE B Geographic distance

A AT B T B B 00 % R AT DG PR B9 Mantel

W, W,

500.000

Fig. 4 Correlation between geographic distance and genet-

ic distance revealed by Mantel test

R B 3 S G B, S8 2% 5 R I 10 28 R
BN—F R RE KRR M, R —E., UE
P T ET A 0 26 B L R Al UPGMA 5 B 25, MOREIR
(J# 5) EaT Ut 6 W0 T 5 e S AN s BETE) 2 ), 5
Py 3 5 SR — B0 W BT 11 A JE BT RLAR S P
R — REALHH T A RIS N 4546 21, HoR
JERER NS 2, REER GBI T,

Table 6 AMOVA analysis of the genetic variances among populations of Zanthoxylum nitidum

5 R H e B B % Y52 A5 S 4 A BAERHGEP Gst »
Source of variation d. f. SS MS Est. Var (%) )
JEREME Among Pops 10 509. 419 50. 942 3.781 49 0. 490 <<0. 001
JEBE Within Pops 127 503. 436 3.964 3.964 51 <<0. 001
B Total 137 1012. 855 — 7.745 100

®7 [EEE Nei's BEHAMNE(NALL)MBEEES (XNBHET)

Table 7 Nei’s genetic identity (above diagonal) and Nei’s genetic distance (below diagonal) between different populations

J& & Polulation hj nn WX dl cw dwl Is sl 1z zm Ss
hj — 0.948 0. 929 0.930 0.782 0. 844 0.916 0.902 0. 906 0. 824 0.878
nn 0.053 — 0. 946 0.948 0. 803 0. 851 0.902 0.938 0.909 0. 819 0.893
WX 0.073 0. 055 — 0.921 0.763 0. 810 0. 897 0. 890 0.877 0. 835 0. 854
dl 0.072 0.053 0.082 - 0.772 0. 870 0. 888 0.932 0.929 0. 804 0. 847
cw 0.246 0.219 0.270 0. 259 — 0.712 0. 869 0. 800 0.813 0. 826 0.748
dwl 0.170 0.162 0.211 0. 140 0. 340 — 0. 844 0.878 0. 856 0.752 0. 801
Is 0. 087 0.103 0.109 0.118 0. 140 0.169 - 0.895 0. 881 0. 836 0. 848
sl 0.103 0. 064 0.117 0.071 0.224 0.130 0.111 — 0.943 0.814 0.901
1z 0.099 0.095 0.131 0.073 0.207 0.155 0.127 0.059 — 0. 837 0. 866
zm 0.193 0.199 0. 180 0.218 0.191 0. 285 0.179 0. 206 0.178 — 0. 787
sS 0.130 0.114 0.158 0.166 0.291 0.222 0.165 0.104 0. 144 0. 240 —
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