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Genetic diversity of natural populations of Acacia pennata in Xishuang-
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Abstract: Acacia pennata is an economically important plant that is used for timber and food by the local
people in Xishuangbanna, Yunnan. The objectives of this study were to evaluate the genetic diversity and
genetic differentiation of natural populations and present a scientific framework for the conservation and
utilization of A. pennata. We estimated the genetic diversity and genetic structure of seven natural popula-
tions in Xishuangbanna using SSR techniques. A relatively high level of genetic diversity was detected in A.
pennata using six polymorphic microsatellite loci. Based on six primers, 23 alleles were detected. Average
(N,) and effective (N.) number of alleles were 3.381 and 2.460, respectively. The mean expected heterozy-
gosity (H.) was 0.573 and Nei’s diversity index (h) was 0.567. The highest genetic diversity was found in
Jinghong population, while the lowest was found in Manla population. The majority of genetic variation oc-
curred within populations and could have resulted from low genetic differentiation (Fsr = 0.113). Acacia
pennata is a perennial species with a wide distribution; these characteristics could account for the relatively
high genetic diversity we observed. Furthermore, this species has an outcrossing breeding system and its
seeds are widely dispersed, a situation amenable to high genetic diversity and low levels of genetic differen-
tiation among populations. Therefore, we should focus on sampling more individuals from populations with
higher genetic diversity and sampling different populations for ex-situ conservation of A. pennata.
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PIm4xA Xk (Acacia pennata) X 4% 13, TR
B XE KR TTREARY), A T ER s |
v ARG TTVELLENREAREE . e s B R
BORIN B 20 AR 1,900 mEL R IR L e f%
T EM T BRI . FCI . R R B A 2
Wrfl, ZE0EARM . RFCEFRFE, Rl a .
AR S i, MRARE, BB E & s
N, 2004). KHILISK, 2 45 /0 S s b X )
2oy SCils PSRN AN PR P A b X DL S A
()4 204 FH 2 B RV 22 IO (R SR, LR
b BRI B AR AR AR BRI, T AR
(R B SReAR, R TR 11 B 2 B S bk L R AR /D L 3,
S DB Ao DRG] L3 A W5 5 O 5T M
Ty TAEC b 2. Br, ST SR se 84
FEEHEAEY S T N TR (E A esE
PR, 1995; WET, 2004) E IR 73BT 5 5 1H (2 SLEL
&, 2004), KT ILIBE 2 FEE DT IR TR WARIE .

i Moore %5 (1991) 61 37 ] SSR 43 T ¥ ic 4
P, 3RS R S (Levinson & Gutman,
1987), ATRLI B4R 2 (AL KL s . H ATSSRAY

F1 PHEEREARABHNEHERNBERNE
Table 1

FhRdH AR T Z N H /KRR R3S, 2005). K
SRS, 2001) TOK(BOETAE, 2006)55 25
WICA S ILAAED) (TR /INREE, 2004; 2545, 2005,
KGR AE, 2006) 135 E 2 AE M SR T S JR R AT AT
T o AWFRFHSSR 2 FAR LA 34 T8 H
25 A8 TE SR 40 1 DX TR 7 AN P I 45 0 AR e A 1)
AL ZREEEAT 08T, BRI LA B IR AR AT SR S,
IR A G I RR A SR LR 2= 1 o

1 #RFAHE

X} 2 B P U AN I X PR DI i) KBl e 35 3
soits B, BRSNS RS ILTASPIM S AR H AR SR
FEREAT T BENLREE, &N RE AL B FERFE N A5
TEIWLER 1o PrCRE S 3 0 e, e B AR IR Ak
SR ARAT o
1.1 DNABYIEE

BATR Zeng5(2002) 1) J7 54 T RS VB o, 44
BT 1.5 mL Buffer I, 6 pL B -4 ZBEAIRDRI K
(D8, V2% 5n TS DNA TR I W s, 2%
P o VRO R AR TT 1 (2008)

Locations and sample size of natural populations of Acacia pennata

JEREAR S PR ZH FEA A5 FEARD
Population Origin Location Sample Habitat Companion species
code size
KB ST 100.91° E 17 1)/ N RS BRI Pometia tomentosa
DDG Dadugang, Jinghong 22.50°N Mountain foot, T-HHi{= Terminalia myriocarpa
City ravine forest
Kihl B LR 100.50° E 20 ARSI % JEHL P. pinnata
DML Damenglong, 21.50°N Ravine forest AR Celtis wighetii
Menghai County e} Lasiococca comberi var. pseudoverticillata
W Sk s 101.38°E 15 HAEES/S EFfME Chukrasia tabularis var. velutina,
PW Puwen, Jinghong City ~ 22.55°N Ravine forest iAh Celtis wighetii
st Sk 100.78° E 18 VAR, KL iR P. pinnata
JH Menghan, Jinghong 21.93°N Ravine forest, wiAh Celtis wighetii
City hill ¥k Lasiococca comberi var. pseudoverticillata
Bt Fol) AT /Ky 101.25°E 20 Va1 RIFMIFEAR Cleistanthus sumatranus
MDJ Menglun, Mengla 21.91°N Limestone forest, I Lasiococca comberi var. pseudoverticillata
County mountain foot
BhE B EL b 101.63° E 17 IBYIININAESY /N ~MJEFEFE Cryptocarya yunnanensis
BB Bubeng, Mengla 21.53°N River bank, ravine 4% Gironniera subaequalis
County forest
Z i BHIE L& i 101.50° E 17 b, WA KARHE Bombax insigne
ML Manla, Mengla 22.21°N Mountain slope, —3JHLE Colona floribunda
County ravine forest R HH Erythrina subumbrans
Bt 124

Total
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1.2 5|90k 5SPCRY &

BE LI I 2 AN al, MRS T4 5 W 8 Ho A A
o A B (A. mangium) (Buteher, 2000). B 74f1 44
X (A. nilotica ssp. indica) (Wardill et al., 2004), K
AL (A. auriculiformis) (Ng et al., 2005)F1%5 fli 4 &
X (A. brevispica subsp. dregeana) (Otero-Arnaiz et
al., 2005) FI82XJ 514y Hh ik th 1 1A A7 4144 H.
PGS TEMT I D14 BEAS R BB DL B3N A,
TR B 60 2 PR B 5 | T B A4
FIwrst . H sl %P4. PSR H & & WIS DA,
mangium, 51%/P9. P11. P18k HA. mangiumXA.
auriculiformis, 5|#/P132K FHA. brevispica. 5474
SR KR E L2

PCR 4™ M4 Jo [ A& 28 TF DL i vl FH 2% 15 1Y
(2008).

1.3 PCRE=4#&

4 pLy =Y in N4 uL 3 X Loading-buffer,
94°CANES minf5 B TUK EARFH . SRR 6%
9 70 P 2R TR O O e B S 3R 48, LUK M Bio-Red A
] [FJPower Pac-3000, ZZ#i 1 X TBE. 80 WTIH
UK1.5h, #RJ5110 WHLIK2.5 h.

HUZ G FH10% L BE 1%0K Z PR 3 min; 22
TAKERVES-10 s; HIERHT A 0. 2% R R 44 45
min; £ 5 T /KEWES-10 s; &EERRE T3%5
FALENFN0.1%K37% H T R 0 #5630, 32 I f 4%
T AE I T L 2 B KIEE R IR, AR A T

F2 HEHMA TP EERI EASSREIYIFS MR KEE

14 HFENBSSHF

FREXTSSRG [Pl — /N7 a5, MLARRS& 2 A PEAly
H— AR, EAH AT A E Bl
1, £ h 0. K H GenALEx % 4 (Peakall &
Smouse, 2001) T4 4 Fh 7K - FlJa B 7K T 1R S5 4 ik
DIEI(Na ) A RCEAL BRI EL (N« AR A FE(Ho)
W2 (He) Nei’sHERI ZFE M (h) . SERE b &
H(Fsp)s A RHU(Fis) (Weir & Cockerham, 1994),
Nei’s 1t 16 §F 8§ At 4% — 3, R H Li M
Horvitz(1953) ) 77 V2 k56 55 0 Jk PR A 2 2 15 fh 9
Hardy-Weinberg 1 . 4% Wright(1951)/JFsr /72
TR S W R gt ot 88 ) S B R AR B B (N ), L8
X MN, = (1-Fsp)/4Fsr. 7EIE, Ferrl k445 [H T
Gsr(Nei, 1987).

1IZHIDCFA 1109k & [REATE 2, 2002)%f SSRFE
TRUEGH A PR REAT V5, 49 23 [R) R BE 2 R A, 4
FCWINAMOV A JiT 75 %2 1) B 25 SCAF(.dis), #8518 H
WINAMOVA (Excoffier, 1993)%} Ji #E [i] F1 Ja 2 P4 1)
BUEAR ST 0T, FRHRAR S R R R
BHE R EL

R 4 GenALEx T 5745 21| [ Nei*s 15t 4% 25 Fl 15t
{3 JZ, IEFINTSYS-pc 2.10e ¥4+ [(JUPGMA
JNEATERIE, /i & Fa i 2 [ s &R

iz JITFPGA 1.3(Miller, 1997)%1f#E47 Mantel
ROLIG:, ST JFE R TR 11 T3 A 2 25 R0 by B B 2 ] (1 A 5%
PE.

Table 2 Primer sequences, annealing temperature of PCR amplification for Acacia pennata

519 1Y 4(5-3") IRk S 69w ElL/PRUA 225 3R
Primer Sequence Annealing Original Source References
temperature ('C) code

P4 GTCGCGTACACAGACACAGT 50 Am367 Acacia mangium Butcher et al.(2000)
GGCGCACCTCTCTCTCTCT

P5 GGCGCAACTCTCTCTCTCT 48 Am429 A. mangium Butcher et al.(2000)
TTGGTCACTTAGCGCATGCC

P9 GAGGTAATATTTTGAATTCCTTGAAC 48 AHO8 A. mangium Ng et al.(2005)
GGTGTATACCTCTTTCCTGTGG A. auriculiformis

P11 CGCAACTCCATCTGATTTACTG 46 AH18 A. mangium Ng et al.(2005)
TTATGTTGGGTTAATACGCTAACTG A. auriculiformis

P13 GTGAAGGCTCTCTCTCTCT 48 Ab22 A. brevispica Otero-Arnaiz et
GGAGATGGATAGAGATGGCC al.(2005)

P18 GTCGCGTACACAGACACAGT 50 AH37 A. mangium Ng et al.(2005)

GGCGCACCTCTCTCTCTCT

A. auriculiformis
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2.1 SSR-PCRy¥ 1##:E R

6% 5 | P AE ) I 4 5 K A R o v 38 4 1
H TS A, I HRA MR ES . S
BEAE100-300 bp f] .
22 BIEZHEMN

T TR AR AE 2P i 0 R AR I o
12 80 AEPRIKE L, 67 3Ly 18 1234
ST IEDN o BRI R E(NR) 412.000-5.286,
SN 3.381, A7 RS A R A (Ne) 4y 1.877-3.113,
F1)82.460. Nei’sH:[K Z HEPETRSh = 0.644, 11
WIsH A EH, = 0573, F¥MEEIREEH, =
0.483(#3),

108 BE K b, REASAL R 5 A FE DL (Na)
3.000-3.670, “T-¥J43.381, F7 %5254 HE KB (N) A

B3 PMEESRYMKTMEREHESERSK

1.920-2.809, “F-3J°42.460. Nei’skt X £ FE1EHE%h
= 0.567, THIHEIAEEH, = 0.592, T %25
HTEH, = 0.494(34).

Nei’s K 2 FE M FR H0 7R T % Ja BE s 4L A2
FE(F4) e BUE AR O S it (JH)> K B (DML)>
& (MDI)>H it (BB)> K i (DDG)> 3L (PW)>2
H(ML). 45 R 5 B e 5 FE o M 1 25 SR A—
o For SOt AT T At e B AT A
WAL Z MK (h = 0.628, H.= 0.805, N, = 2.809),
20 E s 2 MK G (h = 0464, He =
0.464, N. = 1.920)(£4).

23 BHERTR

BRI A R B (Fs) TEA R, R BN ZE 7, A2
b3 24 0.039-0.182, V-3 4 0.113(K3). WA
11.3% a5 A6 AR S A7 A6 T Fa FETA), T 88.7% A7 A1 T
BEW o FEPIARNG = 1.962. HIAMOV AR T ) 5E TRk

Table 3  Genetic diversity and genetic differentiation of Acacia pennata at species level

5 K] PR MG A EEARL Nei'skEPH  WERGE WAL EERH SR L RS
Locus Sample size FERBIN, FE RIEIN, ZHtEh H, H. Fis Fsr
P4 124 5.286 3.113 0.787 0.431 0.643 0.331 0.182
PS5 124 3.714 2.705 0.739 0.460 0.610 0.246 0.175
P9 124 3.000 2.478 0.643 0.518 0.592 0.125 0.079
P11 124 2.000 1.877 0.485 0.449 0.466 0.036 0.039
P13 124 3.286 2.251 0.578 0.528 0.602 —0.140 0.086
P18 124 3.000 2.336 0.632 0.509 0.560 0.091 0.114
“F#4 Mean 124 3.381 2.460 0.644 0.483 0.573 0.115 0.113

N,, Observed number of alleles; N, Effective number of alleles; h, Nei’s gene diversity; H,, Observed heterozygosity; H., Expected heterozygosity;

Fis, Inbreeding coefficient; Fsr, Differentiation coefficient.

F4 PHEEREFHKTHEESHESEES K

Table 4 Genetic diversity and genetic differentiation of Acacia pennata populations at population level

SRR FEA & MGLEENT R E A Nei’s3: [ MERAE G WA RK
Population Sample size FE N % FE R % LR Ho H. Fis
code Na N, h

Kéik DML 20 3.500 2.779 0.607 0.480 0.607 0.200
Bt MDJ 20 3.670 2.675 0.602 0.508 0.602 0.153
syt JH 18 3.333 2.809 0.628 0.435 0.805 0.294
BiliE BB 17 3.500 2.490 0.582 0.510 0.582 0.111
KK DDG 17 3.000 2.341 0.553 0.520 0.553 0.056
2 ML 17 3.167 1.920 0.464 0.529 0.464 —0.150
L PW 15 3.500 2207 0.530 0.478 0.531 0.108
SF-¥) Mean 17.7 3.381 2.460 0.567 0.494 0.592 0.129

N,, Observed number of alleles; N, Effective number of alleles; h, Nei’s gene diversity; H,, Observed heterozygosity; H., Expected heterozygosity;
Fis, Inbreeding coefficient. Population codes correspond to those in Table 1.
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Table 5 Nei’s genetic identity (above diagonal) and genetic distance (below diagonal) among Acacia pennata populations
Kihle e Sk B KU 2 & W
DML MDJ JH BB DDG ML PW
Kihle DML HAAK 0.861 0.868 0.877 0.872 0.850 0.785
Bt MDJ 0.150 Hokkk 0.873 0.839 0.805 0.736 0.799
St JH 0.141 0.135 HAAE 0.853 0.891 0.750 0.805
#hiiG BB 0.131 0.175 0.159 okkok 0.742 0.838 0.654
KiZix DDG 0.137 0.217 0.115 0.299 okl 0.654 0.857
2% ML 0.163 0.307 0.288 0.177 0.425 Kok ok 0.581
T PW 0.242 0.224 0.216 0.424 0.154 0.542 HkAk
JEREC S A1  Population codes correspond to those in Table 1
6 P EEWEFHHAMOVAS T
Table 6 AMOVA analysis of Acacia pennata populations
AR SRR Ji 72 ST 7 AR S 4y LS TNER p*
Source of variance SSD MSD Variance component Variation (%)
JBE] Among populations 90.6407 15.107 0.6351 14.09 <0.001
JEREN Within populations 453.0690 3.872 3.8724 85.91 <0.001

SSD, Sum of squared deviation; MSD, Mean of squared deviation; * P-values, The probabilities of having a more extreme variance component than
the observed values alone.
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Bl ETFNeisiEfZlEHRLFHPHEESREFHUPCGMAREKE(BHRSIE]
Fig. 1 UPGMA dendrogram of Acacia pennata populations based on Nei’s genetic distance. Population codes correspond to those
in Table 1.

PG I 2 1 T A AR S 3 X T 22 4 B 45 SRR B
PIE G A KR I AL AR S B AE TR BN, AR
5 H 85.91%, JE BE IR B Wt 4R AX 7N 14.09%

(P<0.001) (£6). BEAEHERIWright’ s A8 R Fis
4 0.056-0.294, 134 {8 4y 0.129( 3 4), £ Hardy-
Weinberg 4t v K 5, 80% 7 sl 32 A i 125 V-1, ¢ B
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PG H AR A A B ALAS 8 B
24 FEEEEEEBESBE—BE

F GenAIEx V5t 7 2Pk 4 5 R 7AN J B v
[F] R Nei’sigt 6 — % (1), HIEH450.581-0.891; it
A BH 25 (D) IR 3 Bl 40.115-0.542(465) 0 Ho i K I X
Ji& BE(DDG) A543t Ji B (THD) 18] (1 38 4% — 2503 S e (I
= 0.891), WAL B HIT(D = 0.115), {/EUPGMAZ
KE(EN) R T i . 30w FEPW) R = it 5
FEML) L — BUS (1 = 0.581), ik B
(D = 0.542), 7EREE % H 53 3CHE 3 b
(s, E1). ZMantelfl, P44 XK A4 2H
ML PR R B 2 [ 0 2 A G ME(r = —0.3240, P
=0.8350).

3 it

T TSN 38 ) A Jas P ol ) R 55 5 00 R 4l
1) [ A2 A RS 1), X — 4P fEBE e T i P A S
I B HEA . MR A AL S A 1
IR ZE LA iy, RO 00 R AR I Fh ] — i g g St
F, JE T3 P A R 2 B T (R SR 0K & (13
1T (Thelma et al., 2007). Hur AR 2 L EAE
PN B ) 3 FH A AIE 57 4108 (Rossetto, 2001; = W F#X
FEAT, 2005)0 AHFFT M G5 W FLA R 1 8254 51 4
HE L6, RSB e SRR B PR, JF
HA6ext BRI 2. RWEEREMHYT
SSR %G| WE I R JE I R PI i 4 A Wb AT 2 1)
o

Hollingsworth % (2005) H SSRAR i W 5T T #b &
/] Ay 5 B R BN N 5 (Ingae dulis), 74 %h =
0.665 . Madan®5(2002) /JRAPDH5T T W 75 RV 4>
& B M) Acacia raddiana, KIS H A E T
AL Z RN o ARBEFTFH 60X SSR [ 145 7% H B it
G W A A e AR 2 A

Hamrick fl1Godt (1989)iAhy, 50 Jig i ist 4 AR
FERANHFER BRI ET RGEGB3%) i
F(28%) AT A5 S 1 (12%), Wil RAL . Z4E4E
] A A E A B e 1 WAL 2 A % (Korron,  1987;
Hamrick & Godt, 1990). 4 ¥ 14 k2 5
HOAZ AL, R m BE 1) H A AR A B 2 D 2 4y
) AZANSE R (Ross, 1979; Bernhardt et al., 1984;
Kenrick & Knox, 1989; Oballa, 1993; Morgan et al.,
2002; Broadhurst & Coates, 2002), H 2\ {8 &

JE B Y25 (Graham et al., 2003), [FRFPH-44
B R AR A G R, IR HER LS F R
G AT, I PN E A Z AR, Hy
MYEH) 2o LA PR A0T B 2 1 AL 2 ik
ISP e TR D AT

Hamrickf1Godt (1989)4¢ 11 T 1968—19884F204F
HLARTE 1K) 165 J8 449 T BR 1~ R ) A1 4 1 R0 (RO 9
5, s e A sk i FE N RS EH
RGMIER ML . A A ERPIF, FGsr=
0.51, BV Ja B ) iyt 4% A S oy A8 S () —2F LA b
M2 R EWYIF, Gsr = 0.10, HI90%[H) st fLAr 5
RAAETEHEN I ARBTG5 I Fer =
0.113, AMOVA /3 H13 W]14.09% (354628 S A7 4E T
JEHEE], TM85.91% M EHE AR FAFE T RN, XY
HEF RS FAH K PSR rT
TEEE B ARG, A, PG W I T A A e A
Fh B0, B o RS Bl 1A R b PR
IR RAC PR HE T rTRE R . XL R R A T
JEBEZ AR SRS (N = 1.962), TN T
JeE TR T (R s A% 53 A o

Harmrick F1 Godt (1990)IA Ay, o i)t 43 Af
MG AL Z2 FEIE 3 A B B RIAH O o A TUI 45
RCFE T LR 518 o LEP i 46 MR A 20 A (3R
1A UPGMA K 1), AL, &2 (PW)FI
2 I (ML) JE e (0] 0 BRI 38 BT, 1SR 25 L
PR SC b T B PR R G (1) K B e (DMIL) A il i
(BB)EHEAIZEAE T —i . 48 Mantel 0, *PIH4:5A
X i TR TR (4] 388 A B 0 R s T P 5 2 ) VA A Y 2
FHIRE o

ZEMTEXR X 35 L. e e A
HEMBANDERIGE . T H A5 K BRI
FHAL, KT8 BT AR 9 oo R0 3 4R B2 IR
X, AEFEENRMHBE MY ER LS. 754
i/ H50 B i BRS 1R) JE frd v AR K 8 0 R 5 A 4 B
A Y b B A R, R e B AR ] B R
), WP A, ARIMIE AR, FRATTA 2 R 7 AL
IR 240 0 DX 3 I T A i 2 5 e K T A
(AR E AR LR, PR e HOR AT R+
GrbhE . RATA AR H LU R UG (DES PS5
AR R E 2 A, HILEHE AR 4K
o #RAAE T B N aX — R, 7R HEAT Wt H LR P
I, S 70 23 AL A Y AS R SR BANMA R ORGP ()Xt
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RRIT IR o 2 RS Bt A A2 7 1 BT AE T S N
P, N2 DA PN S 2 PRk — SR ANA, [ It AL
AN IRV R REA T 3 R

it AMAF ARG E N RAEIT R TR T 6 A A
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