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b

Abstract; In order to understand the genetic diversity and distribution model of Liriodendron chinense natural population
in Guangxi Zhuang Autonomous Region, the genetic diversity and structure of six natural populations were analyzed by
using ten ISSR markers. The results showed that there were abundant genetic diversity in six Liriodendron chinense natu-
ral populations. The average (or total) effective number of alleles (Ne), Nei’s gene diversity (H) and Shannon infor-
mation index (I) of six populations were 1.454 1 (1.633 7), 0.257 6 (0.363 3) and 0.378 6 (0.529 3). A limited gene
flow (Nm=1.218 4) resulted in a high genetic differentiation ( Gst=0.291 0) among populations. The six populations
were divided into two groups depending on cluster analysis (UPGMA method ). One group (west group) contains the
populations near the west (RS-A, HJ and LY) and the other (east group) included the populations near the east (QZ,
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ZY and RS-L). The east group had a lower genetic diversity and higher differentiation than the west one, which probably

implied that populations in east group were strongly disturbed by human activities. Mantel test (R=0.545, P=0.041)

displayed a significant isolation by distance model among populations, which also implied that habitat fragmentation due

to human activities was an important factor for a highly genetic differentiation among populations. In the light of abundant

genetic diversity and highly genetic differentiation on L. chinense populations in Guangxi, not only in situ conservation for

the populations with abundant genetic diversity (e.g. RS-A, HJ) is critical, but also ex situ conservation by seeds or

cuttings collecting for all populations is also essential for further breeding and propagation.
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1.1 FFR AR SRR B

WEFEAL L R ) PO N9 6 A~ 5 HEh A BT 26 A
(1), RAEHL AT LT P M %R (QZ)  FEIE
WK (ZY) BlK % (RS-L) X% K (RS-A) AT HY
& (H)) BARHER (LY) 6 D25,

KAFEHR WS R BB BEPLPKE 30 MER S 5
PRUEBER PR FERR B BEZE 30 m LA (i LY BfiA
T HRRECR A (9 BR) MR N BT A fEAR EAT TR
) ARSI 159 A, RS 3~5 Al A
R A EAS, g 5 BTk E D RS E A
1.2 ARF*E
1.2.1 DNA 4285 4em b ARI F5 DNA SR
FE(BUMTEH ) $2H, SAJ5HL S wL DNA # 4, ]
FH 1% BiHEHEEERCEA T L VKA (DY Y-12 15 R HL
WAL, At 5 75—) o FH NanoDrop ND-1000 ( Themo
scientific, S [E ) K1 DNA (1) 4 B 55 4 B | AR 415 )
FELE R EEFRRE R 60 ng + L,

1.2.2 ISSR #1409k ISSR 5 H1iE T hin & K A5 i
B & H . K 2% ( University of British Columbia ) 23 #fi
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Information about the six sampling sites

Table 1

of Liriodendron chinense natural populations

EZEN G g Wk OMORIE B
Population Longitude and  Elevation ~ Origin of ~ Sample
(Code) latitude (m) stand size
&)l 110°53' E, 919 KIRM 30

QZ 25°40" N Natural forest
BRI 110°25' E, 1206 PN AN 30
Y 25°56" N Natural forest
K o 109°29" E, 664 PN 30
RS-L 25°39" N Natural forest
K2R 109°05" E, 896 NN 30
RS-A 25°23" N Natural forest
T 108°25' E, 668 PN 30
HJ 25°12" N Natural forest
ol 106°13' E, 903 KRR 9
LY 24°49' N Natural forest

(741 (Set No.9, No.801-900) , £:5|¥4 mi( i
FiESG ) O BE , SEHCT PR A I I RS OE 19 10 &
YHERPRICT 19 (3% 2) - TRE AR

1.2.3 ISSR-PCR # 3 =4 5 #:m  ISSR-PCR ¥ 3
R SRR 20 pL, K& 10 xbuffer 27 2.0 ul,
MgCL ¥~ 1.8 mmol - L' dNTPs &9k 4 0.2
mmol + L FIHLMIEH 0.5 wmol + L' | Taq DNA
REEE 1 U DNA 58z 60 ng, T Biometra TGradient
96 PCR ¥ (fH[E) L 74 3%, 18 )F R 94 C
A5 5 min, 94 CZEME 1 min,50~56 CiE Kk 45 5,72
C ZEfH 2 min, 45 NMIEFR,72 °C 52 FEM 7 min, 4 C
TRIE (A 524 2013) . PCR PE¥ K, BL 8 plL
PCR 778, 7K HL UK 73 2 251 (1% AR EENR ) .
LR 100 v, BLJKASTE] 1 h LA 100 bp ladder DNA
SR HIKGE R TEE I % ( Biosens SC750 %t
Wifg Z2480) (Hr, 10xbuffer . ANTPs , Taq DNA R &
FEY 0 R A TR A PR L)

1.2.4 ZFENHT RETHWIY B AOALHF TIC % (4%
HIC K 1, TCARHIE R O, M2 BEIR I 0.1 J /) o
FIFH POPGENEL.32( Yeh et al, 1999) 145 Bk 5%
ZAEMETEAR , LA S SE P (Ve ) (Nei” s P
ZAEE (H) Shannon 15 BI85 (1) M 25400 5.8 41
KR(PPB) % BEIKE] Nei” s A (D) MR H 4
EZ K (Gst) ; FIFH GenAlEx 6.5 ¥E4T Mantel £ 56
(Peakall & Smouse,2012) ; |} MEGA 5 £l R4
K (UPGMA ) ( Tamura et al,2011)
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2.1 i ISSR #RiCH B S MES

Xt ZY \QZ RS-A \RS-L HJ & LY 3t 6 1~ H 2R B
K17 ISSR-PCR ¥ 3 , 25 R WoR . WA PR iCE S
R 38 A S RO 45 7E 10~ 16 252210 (°F
¥112.5 %), 10 Mric i 2 507 5 E 4R (PPB)
TE 92.86% ~ 100% Z [8] (*F-34 97.95% ) ; ¥ B4 AL s Y
FBEK/INVEE 200~2 200 bp (8] o a4 didi &
24 UBC-881( 16 1~) , 5/~ UBC-889 [ UBC-890
(101 (£2,K1),

R 2 ISSR3IMHS FIREYIBER
Table 2 ISSR primer number, sequences

and their amplification results

EBL e e
sms R s mm SADH
) . A
Primer Primer Total number Number of PPR
code sequence of loci polymorphic
loci (%)
oc1
UBC-807 (AG),T 13 13 100
UBC-818 (CA)G 10 10 100
UBC-825 (AC),T 14 14 100
UBC-826 (AC),C 14 13 92.86
UBC-829 (TG)C 12 12 100
UBC-847 (CA)4RC 14 13 92.86
UBC-881 (GGGT),G 16 15 93.75
UBC-889 DBD(AC) AC 10 10 100
UBC-890 VHV(GT), 10 10 100
UBC-891 HVH(TG), 12 12 100
F-#4 Mean 12.5 12.2 97.95
J3T Total 125 122 97.60
2.2 BkEE ST

SR, 6 42 R BE R 1 A R4 7 3 TR K
(Ne) Nei’s R ZFEE (H) Shannon 15 B (1)
R 2 2540 5 H 4y 3 (PPB) 43 B 1E 1.383 ~ 1.546
0.213~0.309.0.312~0.455 % 57.6~81.6 Z[fi], RS-A
TEARTE S B 1A v 38 4% 22 R P 7K A X e 8 (V=
1.546 ,H=0.309,1=0.455, PPB =81.6) , Tfii RS-L Bf{k
il 22 B M4 BRI SRR (N = 1.383, H=0.213,
1=0.312,PPB=57.6) ,6 MRE A 3 REIAR (ZY (RS-
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Fig. 1 ISSR-PCR bands from two Liriodendron chinense natural populations with two primers
A. Population ZY amplified by UBC-807; B. Population QZ amplified by UBC-826.
£3 6N SIRBEENBEESHEMEKTE
Table 3 Genetic diversity of six Liriodendron chinense natural populations
JERE 2N BRI flk e RKEXR IRYL SRl ¥iE JSTrN
Population QZ 7Y RS-L RS-A HJ LY Mean Total
ST HEHEL(Na) 1.688 1.664 1.576 1.816 1.712 1.632 1.681 1.976
TR A HE B ( Ne) 1.488 1.417 1.383 1.546 1.446 1.444 1.454 1.634
Nei’s JEFZHEE (H) 0.273 0.242 0.213 0.309 0.258 0.249 0.258 0.359
Shannon {5 246 4L(1) 0.399 0.359 0.312 0.455 0.383 0.365 0.379 0.529
LN EH R (PPB) 68.8 66.4 57.6 81.6 71.2 63.2 68.1 97.6

®4 SHBEHEEIURBRERR

Table 4  Coefficient of gene differentiation and gene flow

of given six Liriodendron chinense natural populations

ZH ¥E
Parameter xts
SIEN AR 0.363 = 0.021
Total gene diversity ( Ht)

RN 0.258 + 0.016
Within population ( Hs)

Rt 0.106
Between populations ( Dst)

BHE ML REL 0.291
Coefficient of gene differentiation ( Gst)

FER 1.218

Gene flow (Nm)

L. LY) (istfe Z R AR TP ME (R 3) .
2.3 BEEES LT

i R 29.1% W) AL AR Eﬂiif 6
AHEIKI](Gst=0.291) (3R 4) , TTFPHE N 8L 720 5
70.9 % ; AMOVA 73 At IR 3RAS IS 2R, 6 /l\%%ﬁtﬁi
I Ta] BB A SR 4 R 31.5% (D, = 0.315) . IX4EIT
TUAE AR KRBT FBF s 45 R (B R
45,2002 ; BRI, 2010) , FEAARE] B B Nm R
1.218 , F =T Wright (1931) $2 H (1) AT LA REBH 1 K
AT IR T 2 | R A B AR 1] 35 4% 434 1) s SR ( Vm >
1) o VEHIZAPIRE ) B A7 AE 5L R AU, (ERF A ]
Bl FASRA /N oAk 3 B R AR 18R B KT
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6 A~ T kb A B AR BE A 19 35 4% R B 0 A Ak A
0.101 4~0.232 8Z[A] (134 0.1742) (% 5)., Hp
LY BRI 5 Al LA AR 1382 1% 22 AR X R R, 3
FRER ARG R, B T 6 AR A ARBEAR K
FGRRE(E 2), 6 MHHAEZ S R, —
KA THRIE QZ RS-L o ZY BERM 8 55—
KSR PE S0 HY RS-A 2 LY BEARZL A, SUA -
P B A (R AR RO — 2

RS 6N SIRBEEMNEEES
Table 5 Genetic distance matrix of six Liriodendron

chinense natural populations

QZ 7Y RS-L RS-A HJ LY
0Z  1.000 0
ZY  0.1679 1.000 0

RS-L 0.1653 0.1702 1.000 0
RS-A 0.1619 0.1902 0.1740 1.000 0
HJ] 0.1556 0.1728 0.1907 0.1014 1.000 0
LY 02123 0.1995 0.2328 0.1561 0.1620 1.000 0

Qz

-{ RS-L
Y
LY
RS-A
HJ
f t t t i
0. 08 0.06 0.04 0.02 0. 00

=fEHEE Genetic distance

K2 6 NSRRI ERIE(UPGMA)
Fig. 2 UPGMA tree of six Liriodendron

chinense natural populations

Mantel 5563 BH S 10K 0] 76 15t 4% 5 25 40 B
PR AP e B 2 A IE A G ME (R=0.545,P=0.043)
(PR 3) a0 s ot TR 5 (300 68 A T 86 A, 15 I ot
P S S OB AR R A SR R 22—

3 W5 HE®

3.1 T ARGFIHARBE AR ENEESHFNE
ZWEFER T ISSR ARiC X PE SR N BLAF Y 6 4>

0. 240
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Fig. 3 Correlation between the genetic distance and geographic

distance of six Liriodendron chinense natural populations

LR [ ARBER Y 35t A5 Z FEVE AT T 008, 45 2R %
B P SRR AR R R I E e £
FEPE, T PU SRR AR R IRBEIAR T35 Nei” s SEI 244 1
(H) M0.257 6,5 H 50.358 9, S5 AMFFEH) 4%
fIf(0.265 0) (ARBEFE45,1997) \RAPD (0.256 8)
(ZEE 25 2002) M2 SRAP (0.252 1) (X WV 35 25,
2014) FRICAFFE 1) TR A SR HE 1A ( SRR IR 56 )
P ZAEPEACE AR Y, 5 H AR Rl oA, TP SR
ISSR 8t /% ZRE M 5 TAR Y ( Ginkgo biloba ) ( 557K F
%,2003) . U7 ( Liquidambar formosana ) ( 58 3% 2%
55,2010) | HETE ( Castanea henryi) ( 3245 471 Fl X1 [
W,2013) SEMEF, FERFIRFUBER /N AR S0 4k
LT, £ FEARATI R AR R4 = W 385 2R X —TF
THIAR P RE 55 Eh R A 1 B 5 2 1) BB SR WS AT 6 (L et
al ,2014) , 73— J7 T , A SFHE RN T 20 4, A7
FEVEPEFNFE PR IS, 38 124 V5 A8 030 A8 % A st % AR
S RN A 2™ 8 (FR/N B3 ,2000) o TTASBIESE
HOBR LY fERSR  FAREAR /NS TE 30 DL H
K2R A, R Bf RE AR [i) 5l 22 sl A A 7 — e R
AL SN (Nm=1.218 4) | R, BRI 15 2k
HEACE B — B RIS DIZERE
32 DMK ARBENEES U RER

A R (2 Y ) b F 5% B b AR 3t
LA r 4 25 (R4, 2010) , ) P b A R
SRBFIRI AR R I 5% 704k (Gst=0.291 0) , H
SRR ) BL PR 3l ( Nm = 1.218 4) F 25 TR R B K
T LRSS R (R SEAE 1997 ; U4, 20105 Li
et al 2014 ) , {H 5 H il — 2655 4% 7310 AR (0 A% il e
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B 1 PRI AT AT SR A AF (RS 3% R B 2% 3, 1999
R/INFREE 20055 56 R 2555 ,2010) , AN REF RUBH L 7
PRIE) 04K, Mantel ¥ 5: (R=0.545,p=0.041) %
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SRBFAR I WFoE 45 S — B (BRI 44, 20105 Li et al,
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PR A5 T P A SRR B R 8] A 0 52 1L X A% B e )
T MBHRRAE AR T R, DA A 4 Y st
& Z2FEE K TR I RT AL, PO R AL B R LA A G 5 v
()38 fE Z2RE I (Ho LY B R PR BB /N A, T g
MLAF JLA 47 R 18 52 55 K5 B8 () SR AR IR ), B4 ]
AR RE B/ A e T DA AR A A A Al 7R
G| N 15 iy NG 11174 R v =14 = (S B
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33N EDHMARERARENKESRE

e Y B A S AR H iR D AR 2R
SURTREAEOUT 7 V58 N B S R B A B RS
HA R ML et X AT PHaa DA%
TER R SO RO AE A B2 X, X Frist
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SHL PR W AR Tl i 25 A AR R X Bk
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FEDURAFAR, F-5 Al 0k A R AR IR KA~
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