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Abstract : Aquilaria sinensis, famous of its fragrant wood, is listed as national Level Il protected wild plants. For sound con-
servation this precious population of A. sinensis in Wuguishan District of Zhongshan City, we conducted genetic diversity
surveys on it. Because population history such as shrinking or expansion would definitely leave signatures in population ge-
netic variations, based on the genetic diversity investigated in Wuguishan population of A. sinensis, we also made population
history inferences for it. Among genetic diversity studies, microsatellite markers are the most suitable tools due to their high
polymorphism. Therefore, using eighteen microsatellites obtained by restriction site-associated DNA sequencing ( RAD-
seq), we examined the genetic diversities of 83 A. sinensis individuals collected from Wuguishan District, and estimated ge-
netic diversity parameters by observed-heterozygosity, expected-heterozygosity and inbreeding index. Because the genetic re-
lationship between individuals could reflect whether Wuguishan population of A. sinensis was derived from a few ancestors,
pairwise genetic relatedness was calculated and four types of relationship ( parent-offspring, full-siblings, half-siblings and
unrelated) between individuals were determined. The population history was inferred for population shrinking (bottleneck )
or expansion. Overall, compared to the genetic variation of the species in the same genus and the species with similar life
history traits, the genetic diversity in Wuguishan population was slightly low with the observed-heterozygosity and expected-
heterozygosity being 0.523 and 0.522, respectively. The value of —0.002 for inbreeding index, which was close to zero, indi-
cated that the whole population was under random mating. Bottleneck analysis indicated bottleneck effects did not happened
recently in Wuguishan population, which meant no population shrinking. Pairwise relationships between individuals con-
firmed this by showing most of individual pairs (>81.810%) were unrelated. Finally, we detected the evidence of population
expansion on the basis of allele size distributions. Accordingly, these results indicated that Wuguishan population of
A. sinensis is generally genetically healthy. Such information provides the reference for the conservation and the reasonable
uses of A. sinensis in the future.

Key words: bottleneck effects, genetic relationship, microsatellites, genetic variation, population expansion

+ U & ( Aquilaria sinensis ) N ¥ & Bt
( Thymelaeaceae ) L7 & (Aquilaria ) 2254 3447 1
PO s s ook, R R A YR, B Oy E R 2y
DU I IE R T At J2 3 B A= 7 v 2 350 A 1) M —
FEPIGE IR (B SRS 2010) , DR A T %
S REZTR v/ N R 1 B i N B2 D | = e o i<
TR ERN YR, HERES
TENTLA W, DU Y s, + 455
But, B LUUER FE A TRE) R )0
M. M8 (X)) BERE G 001548 A K
o AT N 22 R A R LA, 1 0T 7 1 2
JEERIN RN B R AR R RE ) 85, B TR
PG BB, Hl, RIiE oy E K
P R B A (R R SR B 4
F),1999) , % TUCN 51 Sy 4% 1k 52 5 1 Fh 2k
2016 4R AR MUAT 19 () AR W B v 2 R IR A 2%
) FELELAE A= A 7R N 08 /T b 5L 04 g R € 1) rh
MR A DT R A B R AT IR RO &, A
SR IE A U0 A BE U, A 2 M IX B TR 7l

SRR K R . DU TR B BAT IR AR by s, 2
BT, TR, MARZEM X2 LU0 i
TR, SR . AR SE AR SE L s
JUR AR T AR A R R Pl KR SE
(A2 ES,2007) Pl 4w I H 2 AR5
Hi X0 A b A T (Mg 4 A 2007,
2011)  BILL“ B AR A4, b E LA Z
27 MRRZEM X PUEM EHH R R, BART
LU D0 A T 28 5 A s AR A B IR (R AE AR N
T I R G i KUK bR i B A — Be AR + T
R B AR B (428, 2016) o iREILR T
L By E =k, b 265 R E A R IR o
DI & 44, BUE 2R A, 2 H Al Xy 5t
U6 A B U T A 2R D PR D U % OEE L e
TREA R Z B G T UTF, X — DX 4 P B¢
B, BAREZ I KA1,

A 22 e M I W) b A U A A7 3 0 B Al (2R
2R OM 15 55, 1999 Shi, 1993 ; Lankau & Strauss,
2007 ; Kettenring et al,2014) , 1980 419 5 A
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38 &

IRVEPRAR A LYY F1 1992 4E (LR Z REVER 3 2
2y) PERIE LR W R s AL Z R ARy b 28 H
bro 2014 AFE3R E AL T s A= P st 4% % R4S
FRE K TAE T % (2014—2020 4F) ) R A=W £ HE
PR K TR St € (2014—2020 4F) ), i
1% Z2 BT MOl AR 7= [ R B A R B2 A
. 2013 4F  BEA EARAR A LU E T (FRpRB L %
PRI 0] RS A AT & 4 kAT sh iR 52015
AR AR R P MR 38 £ B TR A S T
P F AT 3321 (2015—2025 4F) ) $E AR 358 1%
BEURAE R 3 e TR, AR A AR R D SR
FF 45 Z2 A4~ T T )R 1 3 ARl a5t 4% 9 R 1 2=
ST EE R Y i B FE AR 58 1L 2 B G A
& PRPRIT & R PR, B IF R i A
e LMl X A A 38t 45 22 FE PR 58 X & B AL 9 FD
FFEX —B SR Y R vE R B AT B L, ET A
U, R B RSy AR, FRATTHF R W R Wy
AIEST . (1) BT ke L+ U0 & 5 R 1% 2 RE
(R/N)IRBE, (2) % &3]y s 1 X 4 U0 /i
IR, R L ZRE VS, T ff £ U0 R EIE 1 T
SURBL . AR FEE L DO R T 4 i
RN 7 AMRIEEZ I R N7 J& 7t /0 5% B 1
AR A (SR R & RARIE ) 7
FOE S BR A A AR KRG I 2 RIVFP R /N2
H—ERREE R A RN K,

R =l S

1.1 ARSI FAEMEE

WA T AR 48 Tl o L AR S AR X
P, R A SR XA F T AR A T, b 2R
VLA TR FT, Hb B AR AR A 113°20°—113°35" E,
22°16'—22°27' N Z[i], J& W #afy 2 RS fi, i
FoA TR T, AR YRR R 22.0 °C, o B
i 36.7 C, Wim LR -1.3 C, F¥FEKE N
1 738 mm (A %5, 2005) . BF5E X 8 N+ 2%
TRy R 21 46, A B AR 38 20 Oy $AHT 2% R PR AR 1) R
SRR, AR F IR 531 m, ST i
W s A e I AT A« T, BT AY 198.3 km®, EERTT
1 PG 2 I — 119 R T B AR MR & s ( B AT 45, 2013)

FoHE A SR X N S AR ) B8 R R TR 5%,
2005,2006, 2011 ; A4 B 45, 2006 ; B2 {15 45, 2011 ;
sKE A ,2012) 25 Z T2 WG AR, 445
AARO LU,

e FUARE L TR £ rh 2 A1l IXR 4R i 42 4 R
T 5 em By L UCF MR, BRRCREE 2~ 3 At
5, R R AR 5 ST 20 A BT i TR Y R AR A
[ SEg s, AHFFEHCRAE R 83 MR TIF AL,
1.2 BEfE SRR

I FH e [ R 2% 6 A2 e AR ) el - 0 06 iy 7 S 0
OB 18 A TR A ok Ll 83 Bk LA
FESLIERT PCR P78 53X 18 AN 122 R HBR il
P B Y A7 5 A & DNA I /% ( restriction  site-
associated DNA sequencing, RAD-seq ) J7 7% 3k 15,
AP, & SR 0 b R 27 B A ) el R £
1) —A> L UTEAE A, L EcoR T N U1 & 1 &
DNA #EFTEEY) ., W 350 ~500 bp - BElb AT #EFE
A Mlumina HiSeq 2500 e A 47 X 150
bp M o X5 45 R AT U8 DR, W PRI
175 27 F I (2016 ) 5 AT i B R K7 51
PR X A 4R B By I TR AR R 8 FRATT R AL Pk
P 100 A 50 AT 51 it Z2 8,
RATE 18 MARE Z SR TR KIS -
DUt ZREMENESE . BN EIR PCR &7 451y
i 20 pL KWK R KR UF .2 wL 10x PCR £
M, 0.5 mmol + L' dNTPs, 1E JZ 5] %) 4 0.4
pmol - L', #) 50 ng DNA #%#,1 U Tag ., PCR
SBARFFUN R AR S min 95 °CAEYE, B S 35 4
TG AT 94 CAEM: 30 5,55 CiB K 305,72 CIE
45 5,35 MERZERG 72 °C LEMH 10 min, B4
T T R A A AR [A) iR KR EE . PCR 934 724
FE ABI 3730 4= H sl 748 1 H B 408 R kL i AT
TR AR L5 HT
1.3 o

LY AL Z AR5 BT B GenAlEx 6.501
(Peakall & Smouse, 2012) i3 AL+ I0F P EE
A5 AT a5 A5 AN DR, A5 57 1 B HL A R A O ) 2
& £ ( Observed-heterozygosity ) Fll ] B2 2% & J& ( Ex-
pected-heterozygosity ) ; H| i Genepop-4.5. 1 %k {4
(Rousset, 2008) T3 FPRERS A i SRR L A4
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Table 1  Genetic diversity of eighteen microsatellite loci in Aquilaria sinensis and its comparison with
species in the same genus or with the same life history traits
. IR ki Nokak R A Genbank 1%
Locus Numbe(r Xg alleles heterozygosity heterozygosity Inbrce(él}l)g index (Jeannl;‘
(H”) (H,,) accession 0.
TCX-10 5 0.602 0.574 -0.049 3 KY304005
TCX-12 6 0.795 0.716 -0.1113 KY304006
TCX-16 6 0.253 0.283 0.105 2 KY304007
TCX-18 5 0.578 0.564 -0.0259 KY304008
TCX-20 5 0.663 0.648 -0.022 6 KY304010
TCX-22 3 0.049 0.094 0.484 1 = KY304011
TCX-27 4 0.488 0.465 -0.050 1 KY304012
TCX-39 5 0.482 0.507 0.050 2 KY304014
TCX-40 13 0.831 0.800 -0.039 KY304015
TCX-42 3 0.482 0.462 -0.044 4 KY304016
TCX-43 4 0.639 0.565 -0.1319 KY304017
TCX-53 3 0.241 0.240 -0.004 6 KY304018
TCX-61 4 0.627 0.713 0.121 8 KY304020
TCX-64 4 0.446 0.475 0.061 KY304021
TCX-65 6 0.732 0.723 -0.011 8 KY304022
TCX-67 5 0.506 0.520 0.027 4 KY304023
TCX-83 2 0.518 0.498 -0.039 8 KY304027
TCX-91 3 0.488 0.556 0.123 3 KY304028
FiRE LR — 0.523 0.522 -0.002 —
(Total)
[FJE B F (Species in the same genus)
P SNk 0.811 0.597
Aquilaria malaccensis
(Singh et al,2015)"

R UIAF 0.568 0.545

Aquilaria malaccensis

(‘Tnah et al,2012)

KARAWFh
Long-lived perennial

DX I3 i Yy Fh
Regional distributed species
Outcrossing species

i Ff 4% 77

Seed dispersal mode
LR R
Species by gravity
REE AR Y B

Species by ingestion

R R

Mid-successional species

[A]— 4= 1% SR 1 Fh ( Species with the same life history traits) "( Nybom, 2004 )

0.63

0.65

0.63

0.60

0.68

0.65

0.65

0.47

0.73

0.63

. # B Bonferroni 2| IEJ5 P<0.05; “ =ANFIEEAYFEIMHE 5 " Al — A 15 L W Bl 25 SR 35 R FloBE K25 38

Note: #* P<0.05 after the Bonferroni correction; “ Average values from three populations; " Within-population results for the species with

the same life history traits.

EE KL f(Weir & Cockerham, 1984 ) , K i H: i 3%
P, 31 % F Bonferroni 24 1F ( Bonferroni correction )

(77 1k AT 22 i LR Y 35 1 7K AP %2 (Holm,
1979) o f{ELSCBRARRE 2 75 A0 T i il —JL A 45 ~F-
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F1 o TRl RO A IMATE TCX-40 A 5 1 B 404 L ik 45 2R

Fig. 1  Electropherogram in samples of Aquilaria sinensis from Wuguishan

in locus TCX-40 using capillary electrophoresis

( Hardy-Weinberg Equilibrium ) , — Ff H /1 32 fic ik
Ol WRFPREAL T3k — P, f B8 0, F I
A7 a5 TCX-22 BH Ak fd 185 M b — i A1 445 - A
(WEERG500r) e T =0 brrh AT EHBR T
TCX-22 i /5.,

Tl BRI 25135 % A1 Fl BOTTLENECK-1.2.02 ( Piry
et al, 1999) AT/ M . FERCILR R BOR e E I
X HEL 1k 5 9 AH 28 ZE A5 Y ( Two-phased model of muta-
tion) , HIBUR B 58 AR 455 BR AL 3 ( Wilcoxon Signed-
Ranks Test) {2547 R 200 0 f 35 B 4G
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ANAKTE] 27 2% 5% 22 A F ML-relate ( Kalinowski et
al,2006) #4753 M1, ML-relate 438 33 115
TR TR S ) 118 53 2 % 850, A A R =2 Tl 2 % 2
KR . EZEA—TC (PO, parent-offspring ) X R s 4[]
ffl ( FS, full-siblings ) 3¢ &, 2 [F] Me ( HS, half-
siblings) X R MK R (U, unrelated ) PUFPEAL

FhED 5K K FH kgtests # 44 ( Bilgin, 2007 ) H1 i
K-test Jrik A7 o0 Mo X — 5 vk 09 R B X T4
KRR, B 00 A A 3 R R/ A St LA P (Ui
modal ) ; 1 X R R /NE G B9 FhEE, H 25 7 FE A
KN A 5 22 0 M (Multimodal ) o K-test HH ) & J&
1 I & (Kurtosis ) RS, HRIE N 0, 17 45 & {H /)
T 0 RRAFREY SR AU IE o A0 SR A A D Az
HkAE/NT 0 AL R 3 A, SRR R A
ook,

2 HREH M

2.1 EfE S

18 AN TR ARAE FLRE L U FhEE b2 5
B 2 ~ 13 ANEEN S, WL 2% A5 B 7E 0.049 ~
0.831 2 [a], WIEEZ & FE7E 0.094 ~0.800 Z [i] , 3T
28 F BRI 25 LR WIBR T TCX-22 33X 4~ A5 i 75
W 2t — AT A T Al G A 67 A5 38 Ak T R il —IR A
MAPMRRAS (1), B 1 g HAEL Sy L FA
TRATE TCX-40 137 57 1Y B ANAT HL TR 25 2

FRREKOF 3t AL ZRE M2 R B, kel £
TUE WL % A B Fn A 28 % 6 B 49 0l J2 0.523 AN
0.522 B H T, A RE AL 0, R ML
A Ak T i 2t —R AP S A
2.2 MIMRLAL 53 ¥y

I FE AR T AR A 79 R 5 A2 S TR R 381 48K 43
B R B S AR AT 5 BR R I 25 & P=0.189, 2%
R R AL UUR A LT
23 MEEELZ X RSN

55 AR R Fy EA—F LR, i 28
AMEXFH) 1.616% (55/3 403) ,41 DAMEXT R B K
2 A L OC &, A BB A AR XY 1.205% (417
3403),523 NAEXT R LR E R, 2
AR 15.369% (523/3 403) , HiA2 78444

X R A LG LR, fi 81.810%,
2.4 FhEEY KT

FHRED 3K AIHT Y k-test 25 3 on K A4 17 4
B RO T, 13 ANk H/ANTE(P=
0.018) , FHHH AL VT DT L _FAFREY SKREIE

3 Wws &%

F| F ISSR ( inter-simple sequence repeat)
AFLP ( amplified fragment length polymorphism ) A~ [A]
o3 ¥ AR bR, B SN AF (2010) B B B AR
(2013) FIEE A 7 45 (2014 ) #XT £ U0 2 1% 22 #F
PEIT Jad — 2Lt 5T, SRR L UTH YA K-
AT IR Y 35t A 22 MR T (B RP R K a5t 4% 24 1
FHXTREE . f1 T ISSR Hl AFLP 43 F st £ hRic i
Pt L ARIC , Touk X ar A G 1A, BR A T HAE Y R 22
FCRGE EA o3 B S GUR B . H i T HBE 48
AN AL Z R (R S R I ISSR A AFLP 43
FHE R ICIE A HAL B

ABIEFE I 3 SCHR A R, A DR AR 2 bR
18, X T [ e AR ) T R 5T A Bk Ui
(Aquilaria malaccensis) , T Singh et al(2015) [ HF
FERA T = A FRE WL 2% 5 B 70 0] B 2 5 B 4
R PRI IX AN B 1) 45 R AR s T IR L R UL
FhERSAE Z AR, {05 Tnah et al(2012) % 55315
B R AT 1 3845 Z2 B PR 45 R L, B Ll 30
L ZREER IS TE BRI A

AWrgEh, 56— R H YRR L, TR
Ll O RS AL Z AP HE R (WL 2% & B2 A
WERZRG R ) #RAAR, HOULI Z% 45 B A B2 2 5 32
N TR 5 SRk Fh, B3 3085 (2010) BF
FEA, RO R T e L A A AL
. LUIER B, L, KA 1 em, 52
5.5 mm, LUCEMTHALESYE, B R Y oy
WM A 5 5 T e JBCRL ) e U I (] I b B
ULEF T B (48 ,2012; Chen et al,2016) . % [F]
J&ILE PR R DUA (A. malaccensis) P4 HbF 5T
R, WA 4 (Vespa affinis ) J& H M —Fp T 15 7%
# B AT AP B B A LA AT 1] 500 m RS
(Manohara ,2013) , % &3] L UIFHFF1X FrER:
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HAFALRE I AR BB 47, Kk, 7EFh+
1R b TR B AL Z R RZ AR R i
YR L, AR, MR R R s
ZREEMSHE bR, WL 5 B A B A5 B, 41 )
0 0.72 F10.73 & T I L R PR A 35t 1
R bR, 25 L, AT LA, FoAE L H U0
PR 15 Z AR AR, S AR I I A IR K R, [
BF, IR SE RELf S5 R E , HABZ N 0, R LR B L AR
AL AR .

M Tk = D s Bk, AR LA o L - DL
FRRE RO TE R A= AR b O LA SR i 72 93K
WA 33.9 em , fHIH R 46 M 5 TO I FI W, AR
EACKEASE AL Fh A f B, 3X S8 1R /Y - U0 A
RAMGIE N Rl Y, A5 8 8 Tl A R R L
K RAL G DT B X, A7 A8 I AG N T Fh
MG, R kR L3 i L D F R A v RE & Y
AR N T RIAR %) 1 DU Fh 4 50U 85 & 1Mo

N TR 2 F B0k Y Fhis % ZFE R i
FEAR, X AEAR Z2 R B VE W) vh A Hi 3 (Fineschi et al,
2000 ; Lumaret et al,2004 ; Allan et al,2008;Li et al,
2017 ;Sahu & Chattopadhyay, 2017) , FZJF K JE A
ATHEAT N T ARG h 2 e B3 A R MR i AR
YERBEZR SR G TG AT ik 26/ H b R BH/ 1k,
N S BOR IR R IR L — | 35t 4% ZREPEREAR []
BF WA A+ 0 A A [A] T i 52 4% 3 AL O 25 2R
T UCHEFRE R R R sfL orfh, anE A 5
(2014) X 7R 58 B FLAB T M X 1) 4 0T & F B 1) 35t 1%
SHEIFREEE B R 0.227 5 11 B SCASAE (2010) X 4R
IV DL R A 8 A REIIF S A SRR, -
DURFNRE (8] 1 382 1% 53 4k 15 0,443, 338 0F 58 3R W
(Wright, 1978) , 35tf% 43K E R 0~0.05 Z 1], FiE
)35t AL R BEAR s 238t 4% 7 AL (E ) 0.05~0.15 Z
(i), FpE 1] 4 388 1% o A0 R B vh 46 st A ARl R
0.15~0.25 Z [u], BRE ] 1 35t A5 0 AL R BE AR OR 5 it
o AE K T 0.25 B, B RE (] 19 352 1% o AL R B2 AR
Ko MRS R, £ UTH PR R 3R s L
3 3T BOR R ) 2 IR AN 4, B AR R PN a5t 4%
ZFEE, BRI, BEie BA, N T AR 3SR A 1
Hho P ECL TR PR 8L ZREPE YRR, SR T
TATIMIR G, FoAE L R UTF I BA IR

L AEPEREAR, HnT REAY I DR ORI B X+
DU N TR oA o BR AR, PRI IE R ), i
TURE L L TUR R AT 32 B SU8ON (AEL
PR ) R, AR IE] R G OC R AR SE T X
BIRBEATRAK R AL ZREPEREAR , (H A LTI X L
IR N TR B i S e — 5 P b i T
st X A PO /N 1AL ZAEIE R AR, A
22 N U L M DX B AR B IR R A o A DG 1A A
AR AT IR 24 4 T bR (425 ,2016) , 3R
I — 3t XA L DA AR A BRI R 47, 7 5 3K
AT TR HERHED SR A AS I 2523

gi bRk WA SRR ORI D0 A
AL ZAETERS AR, AR AR AR B, D i IX 1 37C
OR3P A IR AL T 3812 ZREPEOR B

it R A AR AR Y K AR B R AP Y
e,

SE k.
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