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Genetic Diversity in the Ancient Liquidambar formosana Hance
Revealed by Simple Sequence Repeat Markers

ZHONG Xiao-ru',KE Ding',HUANG Xian-feng', HE Xiao-san’, WANG Yu-juan’, SUN Rong-xi'
(Wiangxi Provincial Key Laboratory of Silviculture/College of Forestry, Jiangxi Agricultural University , Nanchang 330045 ;
Jiangxi Academy of Forestry, Nanchang 330013)

Abstract: In this study, a total of 222 samples from nine populations of ancient Liquidambar formosana
Hance that distributed in Jiangxi province, P.R. China, were genotyped by capillary electrophoresis using 14 pairs
of SSR primers, followed by the genetic diversity and cluster analysis using GenAIEx, CERVUS and Structure.
The results showed that the average number of observed alleles (Na) of 14 SSR loci was 8.143, with the average
number of effective alleles (Ne) of 2.819. The average value of Shannon information index (/) was 1.009, with
a mean polymorphism information content (PIC) of 0.513. The average expected heterozygosity (He) and
observed heterozygosity (Ho) were 0.504 and 0.470, respectively. The Ningdu (ND) population had the highest
genetic diversity (He=0.551), and the Wanli (WL) population had the lowest genetic diversity (He=0.394). The
South region of Jiangxi province showed the highest genetic diversity (He=0.534) and eight private alleles,
followed by the North region of Jiangxi province with He=0.505 and the largest number of 14 private alleles. The
lowest genetic diversity and a small number of private alleles were found in the Central region of Jiangxi
province (He=0.473, n=2). The results of AMOVA showed that the intra-population variation (92%) was

significantly higher than that of the populations (8% ). This was in line with a coefficient of genetic differentiation
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(Fst=0.133) , implying higher gene flow (Nm=2.995). According to principal component analysis (PCoA ) and

structure analysis, 9 populations could be divided into three groups, and there were different degrees of

introgression among populations. Collectively, this study provided insights for the utilization and protection of

ancient L. formosana, indicating the importance on the protection of ancient trees vailable in the future breeding

program. In order to maximize a long-term genetic gain, the selection of superior trees in the populations in the

North and South of Jiangxi province should be strengthened which may contain specific gene type resources.

Key words: Liquidambar formosana; ancient tree; simple-sequence-repeat (SSR) markers; genetic

diversity ; genetic structure
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Table 1 Basic information of the sampling populations

4’5 Code  Bf{A Population  HiIX Region 4%k Sample size
YS FEil #t 26
wY ZEY5 #d 26
DX L #d 10
YF Ji &3 s 25
JA i 7g g 32
WL L i 8
LN Jera ] 31
ND THS i) 34
DY K ) 30

1.2 EFADNA RSN

K CTAB VAR BUNA I R (12 K 4 DNA , fif
FH 19 By He B 66 1 i Dk ks i L 52 48 1 R 4841093k
TR DNA W B S 4l 3 oI5 B B Uk 2l T
Wh , 55 DXL 2 Ay 4l v 50 3 B 1Y) DN AR i 1 31
50 ng/pL, BRAEVKAR-20 CORAER
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Table 2 The information of 14 SSR primers

SSR {37 &% S19F 4 (5'-3") CICESTH B JGREE(C) S BeK B (bp) et

SSR locus Primer sequence(5'-3") Repeat motif Annealing temperature Fragment length Fluorescent dye

LFL80 F:CCTAGGTACCCCAGCAAGGT (CT),, 59.3 295 ROX
R:GATAATGTGGGGGATTGGTG

LFL34 F:CAGCAGCTGCAGAGGAAGAT (CT), 57.8 187 HEX
R:GCCATTCTGATGCTTGGTTT

LF29 F:GACAGACCCTCAGAGTTGCC (AGA), 58.3 138~144 FAM
R:GTTGAACGCCTCTTCTGCTG

LFLI2 F: TCCCTATGGAATGCAGGAAG (AG),, 54.1 196 ROX
R:AGCTGCAGAACTCAATGGAA

LFL86 F:TTTGGACACGCCAATATCAA (TATT), 51.6 244 TAMRA
R:CCCATGCTCCACAAAAATCT

LF37 F:TCGCCTCTGTCCTCTCCTAC (AAC), 58.5 163~178 HEX
R:ATGTGCCAGATGTGTTCCGT

LF69 F: AAATAAGCCCTGACGGTGGC (TGG), 583 169~205 HEX
R:GAGACAAAGTGCGGTGGTTG

LF3 F: TGCGAATCACTGGTCGAATCA (TCT), 56.5 138~144 FAM
R:TCCAACAAGTCAACAACAGCA

LF19 F:TAGAACGCCGACTCAAGTGG (GCA), 57.2 222~240 TAMRA
R:AAGTTGTTCTGGGCATGGCA

LFL90 F:CGCTTAGCCATGGAATTTACC (GA), 53.9 200 TAMRA
R:GGTCGATCGCTTCTATGTTCA

LF62 F:GGTTGCTCTTGTTGGGTCCT (TGA), 58 157~160 FAM
R:CAGCCTCACTCAGCCAAGAT

LF17 F: TCTGGTTATCTCGGGGCAAC (GCC), 572 214~232 HEX

R:TGTCAACCAATCTGCCGGAA
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&2 (%)
SSR Vs SIYFA(5-3") HIZHIT R JGREE(C) Jr Bl (bp) POLZER
SSR locus Primer sequence(5'-3") Repeat motif Annealing temperature Fragment length Fluorescent dye
LF40 F:CCCACCTCAAGCAAGAACCA (AGA% 58 230~233 TAMRA
R:GCCGTGGAGAATGAGAGGTT
LFL89 F: TAGGGGAAATGGTGGTTGTG (GA)]3 54.8 192 FAM

R:CCCTTTCTCGTACCCATTCA

OBFRARITFRR, OFMTREEZ B

The letter in () represents the motif type, and the number outside () represents the number of repeated

K H Touchdown #2 J# £ 47 PCR #7312, 25 uL
SRR : 50 ng/uL DNA B4 1.0 pL . 2xBuffer12.5 uL
(Takara, 49 TFEABRZ F]) L 10 pmol/L F-Primer
0.5 uL (4 ¢ Y6 FE A1) (10 pmol/L R-Primer 0.5 pL .
H A dd H,0 #h 57 . PCR Y™ (19 7~ ¥ & F ABI
3730xl DNA analyzer (Applied Biosystems, Foster,
CA, USA) kAT — ol = B AN HLIKAG I .

14 BEFIT55H

% F GeneMaker 2.2.0 (SoftGenetics LIC, State
College, PA, USA) #F32 B SSR Finic v Be K/,
K GenAIEx6.51% #1555t A% Z A6 S 450 W
WG B BT (Na ) AR BE R4 (Ne) . Shannon

FEIRE(D) B G E (He) LN Z%45 ) (Ho)
S5 [ TR N I A2 R B (Fis) R BT AE 5
B (Fit) Get A% b ZE0(Fst) LR (Nm) o R
CERVUS 1 Z &5 B &5 (PIC) , 24 PIC<0.25
0.25<PIC<0.50 Fl PIC>0.5 i, 43 3| 2 B LA 25 225
PERAR P SE AL o 7T GenAIEx6.51 #FIH5
AR E TR R, IF AT 05707 (PCoA ) o

FIFH Structure2.3.4 AR AR A 9 15t
TR EER AT o3 AT B KAE N 1~10, A4S K(E /Y2
FTRECN 101K, BRI AMEEE R (Length of Burn-in
Period) #1 MCMC (Markov Chain Monte Carlo ) 3%
B N 100000 X, ¥4 Structure (1) iz 17 45 4% #]
http : /taylor0. biology. ucla. edu/structureHarvester/%
w175 Delta K(A K ) BHTERIE, IF45 2 F 00 70 41
{8 , fixJ5 R i Clustering Markov Packager Across K
(CLUMPAK ) % 3 (http : //clumpak. tau. ac.il) #F 17 5
eSS

2 FERESH

2.1 SI¥IMSEMN

1449~ SSRA s ZEANA th 1 O AN HEAA 222 A~
A ) 114 A0 SER . IS5 3 PR 5 (Na)
AL 3~22 4>, P35 SSRALAS A7 8.143
NI HEH . LFL8O {7 s Wi &5 (v B R B e 2,

224, i LF40 o7 55 2 7 B R B D AR 34
8 3 HE R (Ne) i Bl 2 1.172 (LFL90) ~8.912
(LFL80) , V-4 Ne {H 4 2.819. Shannon 1§ B 35 %%
(D72 AE G M 0.369 (LFL90)~2.240 (LFL80) , ‘-1
fH}1.009, MIZA B (Ho ) FIMERZR G i (He) A5
Ak 35 B 43 51 4 0.198 (LFL90) ~0.926 (LFL80) FiI
0.204 (LFL90)~0.872 (LFL80) , “*F-2J{ 43 51 4 0.470
F10.504, B LFL80, LF29, LFL12, LF37., LF17,
LF40 A1 LFL89 4b, Hi4x 7437 5.1 Ho #B/INT He , it
B S A E R B I 2 Tk . 2845
B8 (PIC) 4K} 0.212(LFL90)~0.926 (LFLSO0) ,
S R 0.513, Hodp 2453 5 (LFL9O Al LF40) HLA
AR 2 251 (PIC<0.25) , 7 4~ /5 (LFL80 . LFL34
LFL12 .LF37.LF19 .LF17 fl LFL89) B f5 £ 254k
(PIC>0.5) , H: 4% 5 4~ s (LF29, LFL86 . LF69
LF3fILF62) A28 ((0.25 < PIC<0.5)
(#£3).
22 FAEWNEHHEERSEE SN

O AR T R AA RN 55 57 JEE DX 28 (N ) 2 Akt
Fil 4 2.286 (WL)~5.929 (YS) , V- #4118 Jy 4.627 4>,
AR FE L (Ne) 284k 3 [l 8 2.034 (WL )~3.334
(JA) , {8 4 2.819 4~ Shannon {5 B35 % (1) A8
b3 4 0.677(WL)~1.153(ND) , 3418 H 1.009.,
WL 2% A B (Ho) 722 A6 3 [ 24 0.391 (WL) ~0.537
(DX), FHME N 0.470, HAERAR G (He) 284k [l
40.394(WL)~0.551(ND) , F-H4{E 4 0.504, F VT
PO I HA Tp AR et (6 4) .
A BE AT LMAE N P E A 8% Z2 FE PR i B84
THB(ND) FEAR HLAT f5 i (st % Z e 78 HL(WL)
PR I3 % ZRE IR AIG, T8 LRI 1 st % 2
LA AT RE R R AN T R . LXK
i#5% B b DX ELAT B R 18t % 2R (He=0.534) ,3F H.
EA 8 MR 5051 5P (n=8) ; B v b X ELAT B IR
WAL ZHEPE (He=0.473) Ml /D R 0L (n=
2) st X HAT S5 38 AL 2 RE 1 (He=0.505) ,
{HEA e 2 R A S B B (n=14) .
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Table 3 Genetic diversity of 14 SSR loci

(A SN SR AR LR Shannon {5 B FE 4L W 245 WAL MG R E R
Locus Na Ne 1 Ho He PIC
LFL80 22 8.912 2.240 0.926 0.872 0.926
LFL34 12 4.614 1.691 0.466 0.776 0.781
LF29 5 1.519 0.538 0.338 0.328 0.307
LFL12 10 3.444 1.385 0.732 0.676 0.706
LFL86 4 1.864 0.790 0.238 0.460 0.477
LF37 5 2.240 0.962 0.624 0.532 0.513
LF69 8 2.121 0.885 0.429 0.506 0.474
LF3 6 1.614 0.654 0.270 0.368 0.334
LF19 7 2.103 1.012 0.463 0.505 0.566
LFL90 4 1.172 0.369 0.198 0.204 0212
LF62 5 1.478 0.508 0.259 0271 0.266
LF17 7 2.298 0.917 0.517 0.516 0.554
LF40 3 1.412 0.453 0.277 0.263 0.246
LFL89 16 4.675 1.723 0.840 0.776 0.813
HJ{H Mean 8.143 2.819 1.009 0.470 0.504 0.513

F4 WEHWEHEFEESHE

Table 4 Genetic diversity of Liquidambar formosana ancient tree population
TN HX SO BRI Shannon {5 BA6%L  WZEE  WIHBEREE RSN
Population Region Na Ne 1 Ho He Private alleles
ENIIRS [ 5.929 3.060 1.108 0.446 0.513 7
ZEV WY frald 4.929 2.796 1.051 0.507 0.521 4
24 DX #db 3.571 2.356 0.889 0.537 0.480 3
Y{E Mean 4.810 2737 1.016 0.497 0.505
7K YF i 4.286 2.668 0.974 0.426 0.489 0
YR JA [ 5.071 3.334 1.100 0.481 0.535 1
H WL o 2.286 2.034 0.677 0.391 0.394 1
{8 Mean 3.881 2.678 0.917 0.433 0.473
Jem LN o] 4.786 2.881 1.032 0.464 0.509 2
TH#E ND L47) 5.786 3.236 1.153 0.509 0.551 4
K4 DY W 5.000 3.008 1.096 0.467 0.542 2
HJ{H Mean 5.190 3.042 1.094 0.480 0.534
¥I{E Mean 4.627 2.819 1.009 0.470 0.504

23 FAEWNELHWEHEHNEESIULERETR
AMOVA J7 202 (2 5) , IE i iE(AR a]
WL AR 50 8% , REVR N8 A% 748 551 92% , i WA 14
A )34 A S R A T AR S i) BRI . R 6
AT, AR ol BB A PN 3 58 3R B Fris 115 LR —0.173
(LF37) ~0.482 (LFL86) , *F- ¥}y 0.069, H
LFL80.LF29 . LFL12 LF37.LF17.LF40,LFL89 {i
MHA—ENARA T RIS, w7 4 A7
FES A T e B G 5 B4R (8] 35 58 3R 88 Fie i [

-0.113 (LF37) ~0.624 (LFL86) , |4 T v & LFLI12,
LF37 1 LF89 M H A A 1E A, *F- 34 {E 4 0.190, 3
BB () HAT — 2 A A PR G2 5 BEAAR[A] A 3t A% 531k
ZH Fst 151 4 0.043 (LF3)~0.489 (LFL90) , ‘F-44{H
40133, FRAFHIAR R B A &8 1t k. 54,
51t % o b 5% AR O 19 3 [ 3 Nim Y [ 7E 0.261
(LFL90)~5.534(LF3) , V- ¥J{H 4 2.995, #% = Y i
TBH L TR AL oA B AR XL R A5
TLPGA WA R A B R A st e b A
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Table 5 Molecular variance analysis of Liqguidambar formosana ancient tree population

RS 2l H By JrA ¥t 2 WE =iy 5 253 R E 5% (%)
Source of variation df SS Variance componets Proportion of variance component
44 A] Among populations 8 326.526 40.816 1.161 8

FEPR Y Within populations 213 2693.483 12.645 12.645 92

ST Total 221 3020.009 13.806 100

Fo6 WMELHBEGEEESURBEERR

Table 6 Coefficient of genetic differentiation and gene flow in

ancient tree populations of Liquidambar formosana

24 AEWNEEWEEETRD REBEDH
FETF AR Y B0 10t A% B SRR R A T 32 kA0
¥t (PCoA, principal coordinates ), i] 73~ 325 &

7 A5, BEARPIEAS 25 BEATIIAC R AL &b 25 FEH N [N it N TPy -
Leens i i o mﬁ?{dx(?{s) EEURREE (WY )R ,ﬁxﬂﬂzl:(mf)%z%
LFL80 Z0.061 0.004 0062 3812 R, ULHIX 3 AR A 38 A4 R 2 A FL BT, T
LFL34 0.400 0.426 0.045 5328 L Hb PR A B A, #0 Fagdt b IX, 75 B (WL)
LF29 -0.032 0.024 0.054 4373 TR ST 0 —28 R EIR R oy — 28 s
LFLI12 ~0.082 -0.008 0.069 3377 N RN A BT D) A 04 A
LFL86 0.482 0.624 0273 0.664 F R AR — K ﬁ‘ﬁj‘ﬂ T DA R 22 E Hy
LF37 ~0.173 -0.113 0.051 4.625 87.71% H15.72% (&1 2) . FIW I 73 Hral REWIHEIR
LF69 0.152 0.197 0.053 4500 (B2 A B S (%) B 2844, B A T A R AT AN
LF3 0.266 0.298 0.043 5.534 RSBy
o o o S KT e SO BRI B L 6 R ST
LF62 0:045 0:163 0:124 1:774 DU SR 28 5 %6 9 AN T A BE (A B T Structure
LF17 ~0.002 0.198 0200 1.001 BT, B 3T, 2 K=3 B, AK {E Bk, R o] DL
LF40 -0.053 0.039 0.088 2.595 O MM HEIAR A 3 Ik, ME4Fa[DLIE S, 94
LFL89 ~0.084 ~0.008 0070 3.323 PR T B AR I AN BE AR Tt e BB AN ) 2301 €2 1) ik [
P1{f Mean 0.069 0.190 0133 2.995
) ) 7 DeltaK=mean(|L"(K)[)/sd(L(K))
Principal Coordinates (PCoA) \
W °

3 st

v *DX '\

& +DY *WL X4 \

'E: +YS ND +JA i % \

..8 * Wk ) 3 lll",

= ¢ LN ) \

: \
Coord. 1=87.71% 1 \ i
2 EFBHEHTAEBENE SRBHE GenATEx ) e

FER S5

Fig.2 Principal coordinate analysis (PCoA) of ancient

tree populations based on pairwise genetic distance in
GenAlEx

3 Delta K% 7%
Fig.3 The distriction of Delta K

YF LN ND DY JA WL YS WY DX
BB R TT , ARSI EARAFIRIZERE . RS ANR— R, LM T 3 SRR LU FER 20 R R i
ERE VST RN PR iVS[ AN PR bk S

Different color represents different cluster and black segments separate the populations. Each individual is represented by a single vertical line, which is

partitioned into colored segments in proportion to the estimated membership in 3 groups: blue for group 1, orange for group 2, and purple for group 3
4 WEGWEE Structure BHE LR (K=3)

Fig.4 Clustering results of Liquidambar formosana with cluster number (K) of 3
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W XA, R WA RN iy A R (A A e A 5 A
(TS , BRI th T4 R AT 5 250

3 g

3.1 WEHWEEREE SN

15 15 22 R S i B ) o 0 PR 85 A AL RE i
TEARAR , 8L SRR IO R R IR G R S
FIFSRHEREIE 22 Sl i 55 ) [A) TR 161
BEREA Tt A% ZRE M0 T $8 R FOP S R 2 6
He}70.443, AR F RAPD 43 F-Fric XAy
B 10 A FEIARBIE I 45 TR WA SL I ZFERE H o 0.2554,
B SR S AFT A DY 55 28 43 3 % FH ISSR il SRAP B
FEWITTAE I S AR T SRR, 25 9 BRI F
HAT v 8 st A5 2 FE I (Nei 8 504301 0 0.3122 F11
0.2310), BRI ISSR 43 FHhric %t 6 M
TR 57 22 B V- 243845 Z FE 1 Nei 465100 0.3788,
g5 R TN A A L 2. At
5%, A SSR 43 Fhric kil 2 VT PG 44 A i 2o
AR A5 v () a8 A% 2 RE T (He=0.504) il 45 7K SF- 1
% 934k (Fst=0.133) , 15 T Z ik F SSR 73 F-FRic
X 3R [ 4434 XA E F AR BRI L T 45 (He=
0.399, Fst=0.0757) , Ifii H. = F A 1845 50 A o0 v
B Hb DX 19 35 15 2 FEVE (He=0.435)"  AWF5T 45 1
& BB oy A LA A v B AL 2R 1 (He=
0.504) , Z5 NP & A Hofth A v o s 2 PR, QAR
15 (Ginkgo biloba)™" 8. =5 2 (Picea abies)"'* Fl
WA (Populus) "™ 5 o B2 B R A A2 2111
NA T Z e Fh A, 4 vl R 2 e 230
oyl ZRENE SR BIFT 25 AR AR 2 AZAS [ it
PRER A R I, Maghuly 25055 2 W46 8k =
T2 R BRI 315 Z R b AR

v LIbi 2 SUR L AN (AR X e S R = 2 )
FE 2S5 B X AR 5 A7 55 R O L e
A NI B RS IR T I AR . —
P ST Ay N S A i S Ve SRR RS
HENFEN . ¥R (He=0.534, n=8) Fl#% dt (He=
0.505, n=14) #h X _HA 55 1 1844 Z AR R A 55
AL FE DR R L AT T e 0 8 i A b b DX 1] BB
T 0 VKT REXE BT , P Tl b A R 1 ik A R 5 i
X ARG I L ik, HUTE BREE e i 2 2738 IR 19 <
i PR B A A3 A RE O 76 LU AR B8 T, vk e gt
5% T b X R AR [ 8 v L X RS 9 B, 2E A IR
WA R AR, o7 LU sk e S5t 6 o X R
PTI98 R 1 3 R 2 AL g%

U5, W] DASRAS B R s AL 4 25 o
3.2 WELWEENEESLFEESEN

AWFTE, A% oAb R B Fse {577 0.133, UL B
R HA th 88K 1L oAb . 8% st L 748 5+
KAAERERZ 0], 1M 929% (1)1 4% A8 A7 7 T RER
o B R B JE R (Nm=2.995) J& 5 | i &
AR A R — R RE R RN (T
R HA R 3.1~5.5g) HAFE, AT LA TR BE B AL 45
A R TR ] A DR S8 0 5 I A0, AT R T U S
SR AR B AE R RO 12 5 e g % 25 )
1) B AL T, DRI R ) Y a5t A% o3 A R A
ANER AR S R B IS A A ARV A
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