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Abstract: [ Objective | Liriodendron chinense (Hemsl.) Sarg.is a national second—class protected rare tree
species, which is an excellent wood and landscaping tree in China due to its unique leaf shape, straight dry
shape and clear wood texture.Both L. chinense(LC)and L.tulipifera(LT) ,the only two remaining plants in Lirio-
dendron , are ancient relict plants of great scientific value.lIt is very important to study the genetic structure of
natural seedling population and grafted tree populations of L. chinense.Given this, LC clones, LT clones and the
seed—trees stand of L. chinense (LCS)from the provenance of Quanzhou were sampled and studied on their ge-
netic diversity based on EST-SSR (expressed sequence tag—simple sequences repeats ) markers technology , aim-
ing to provide reference for superior clone selection and breeding of Liriodendron.[ Method ]In this study, fresh
healthy leaves of a total of 35 grafted clones of L. chinense and L. tulipifera and 53 seed—trees of L. chinense
stand were collected from Xianshui Forest Farm, Quanzhou, Guangxi Zhuang Autonomous Region.The total ge-
nomic DNAs of all the individuals were isolated and amplificated across 25 pairs of EST— SSR primers. The
PCR products were electrophoresed by 8% polyacrylamide gel and stained with silver.The genetic diversity, ge-
netic differentiation and genetic clustering were analyzed to reveal the genetic variation of and relationship
among different tulip trees. [ Result] The results showed that the genetic variation parameters of L. tulipifera
(LT) clones were as follows: the number of alleles (na) was 4.840 0, the number of effective alleles (ne) was
3.338 6, Shannon diversity index (I)was 1.271 0, observed heterozygosity (Ho)was 0.399 3, expected heterozy-
gosity (He)was 0.662 7, gene diversity (Nei)was 0.642 6, which were generally higher than those of L. chinense
(LC) clones (na=4.040 0, ne=2.828 9, /=1.108 0, H0=0.359 6, He=0.611 5, Nei=0.591 0) and LCS population
(na=4.160 0,ne=2.450 2,1=0.963 4, Ho=0.313 5, He=0.514 1, Nei=0.508 8).Kruskal-wallis test showed signif-
icant levels in ne (P=0.029),1(P=0.036) , He (P=0.012)and Nei( P=0.029 ) between the groups; AMOV A (analy-
sis of molecular variance ) showed that the genetic variation among and within populations accounted for 14.3%
and 85.7% of the total variation ; the genetic structure analysis based on the coefficient of individual common an-
cestor showed that the number of common progeny population (K) of the tested materials was 3, and the cluster
analysis of genetic distance among the individuals with the number of groups of 3 based on Ward’ s minimum
variance method could better distinguish LCS population, LC clones and LT clones.[ Conclusion ] The above re-
sults implied that the genetic diversity of the materials tested was high, among which LT clones possessed the
highest genetic diversity, the second was LC, and the LCS population was the opposite.In addition, the genetic
variation within population was predominant and moderate differentiation was detected among the populations,
with a certain gene flow ( F5st=0.143, Nm=1.496).The genetic similarity between the grafting clones LC and LT
was smaller than that detected between LC clone and LCS population , implying that the differentiation between
the populations of L. chinense was more obvious.This provides reference for the collection and breeding of supe-
rior germplasm resources of Liriodendron.
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Tab.1 Basic information of grafting plus trees

75 HER RS FEA R MG PR IR B U %1%
Number  Population Clone number Sample size Individual number Scion source Grafting survival rate
1 LC LC-FJ 2 LC-FJ-1/ LC-F]-2 o (R R ) 50.0
2 LC LC-GX 2 LC-GX-1/ LC-GX-2 TP A 53.4
3 LC LC-GZ1 2 LC-GZ1-1/LC-GZ1-2  E(FHEF) 53.7
4 LC LC-GZ2 2 LC-GZ2-1/LC-GZ2-2  hE(FtMET) 53.0
5 LC LC-JX 2 LC-JX-1/ LC-JX-2 R E (VTP ) 48.3
6 LC LC-YN1 1 LC-YN1 PE (= E) 23.3
7 LC LC-YN2 2 LC-YN2-1/LC-YN2-2  "FE(=#4F) 37.0
8 LC 1.C-7ZJ1 2 LC-ZJ1-1/ LC-ZJ1-2 o (T2 75.0
9 LC LC-Z)2 2 LC-7)J2-1/ LC-ZJ2-2 PR T TR K ) 62.0
10 LT LT-MSL1 2 LT-MSL1-1/ LT-MSL1-2 Jb3 (IR HIN) 66.6
11 LT LT-MSIL.2 2 LT-MSI1.2-1/ LT-MSL.2-2  Jt3& (& R M) 58.8
12 LT LT-MSL3 2 LT-MSL3-1/ LT-MSL3-2 b3 (3 90 M) 78.1
13 LT LT-LYSI 2 LT-LYS1-1/LT-LYS1-2  Jb3E (S 228 M) 38.6
14 LT LT-LYS2 1 LT-LYS2 b3 (E T W IR M) 20.5
15 LT LT-BK1 2 LT-BK1-1/LT-BK1-2  Jt3EHL-RZR49M) 35.8
16 LT LT-BK2 2 LT-BK2-1/ LT-BK2-2  Jt3E(dL-RZkg9M) 25.7
17 LT LT-BK3 2 LT-BK3-1/LT-BK3-2  JbECLRZ KM 44.6
18 LT LT-NK1 2 LT-NKI-1/LT-NK1-2  JbE(R-RZHRMM) 25.8
19 LT LT-NK2 1 LT-NK2 63 (B2 kgim) 20.5
20 LCS — 53 LCS-1~1CS-53 HRE TP A M) —
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IR R PRy, 55— 532 i B SR (LC) b 2 R 2EMIRFE M (LT) (201947 3 H 1545 ) .
Hrp LC 3 9N TorE &R M B IE T BUK M AP IR0 ML B A0 R bk . LTI 10D ToMk &R #8
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T AR AR T , BT X O To M R R T 2 EEAR (G420 kR) , 3R A5 35 AR (3R 1)

1.2 DNA HJ$ZEUK PCR# 18

K R CTAB 48 BCE A I Fr 9 DNAPY, F i A% 2 2 1 R I AY (ScanDrop200, HE 42, 1 [ ) i
A7 DNA W& B AN 20 R 72 , 1 FH 10 o/L B B BRE I FL VKRS T DNA S8 48P o JE T STk R, 519001 | f
LAY Wi, Z A MEER I 254 SSRAV A5 (F22) ,SSR 51 Wt A= T AW B A BRA W (B i) A .
PCR ¥ 1A = 2 WL SCHK[20]

&2 SSRIIMELRFR
Tab.2 Information table of of SSR primers

(A G712 E-2) B S/ C
Locus Primer sequences Repeat sequence Annealing temperature
F:CCTACCACCAGCAATACCTA
LT002 (GCA)9 56.6

R:TCTCGTCGCTGAAGATATG

F:TCCGTTATCTCTCTCCAAAA
LTO015 (CCGAAC)S 56.7
R:CTAGACAGGTGCTCGGATAC

F:CCCTAAATTCTCATCACACC
LT037 (GCA)12 55.5
R:CCAGATCGTCTTGTTCTCAT

F:CCTTCCACACACTCAGCTA
LT046 (CT)42 55.7
R:CTCAAAACATTCCTCCAACA

F:CTTGGGTTCTTTATGCAGTC
LT056 (CT)26 56.8
R:TCTGTAGCATCTCCTTGACC

F:CATGGTGGACATCACATAAA
LT057 (ca)1t 54.7
R:CTTACAGGCAAATCTTACAGG

F:TTAAAATGGAGGAACGAGAG
LTO58 (GA)9 55.8
R:GTAGAGGCTTCGAGTTTGTG

F:CTACAGAGCCGTTGATTCTC
LT060 (CT)23 56.8
R:GGGAAGAACAGCATAACTGA

F:CTTCGATCCTGAAATCGTAT
LTO061 (TCTG)S5 55.8
R:GAGCGAGAGAGAGAGAAGAA

F:CACAGGTATTGGCTTTTCTC
LT068 (TC)19 54.7
R:GGTGGGGTTATTTACAACAT

F:GCGCTTCCTCTAAAATCTCT
LT071 (TC) 17 54.2
R:CCAAATCCATGCAACATC

F:TGGAATAAATCAGCTCCTACTC
LT072 (CT)18 55.0
R:CTGTTGAAAGAGGGAAAATG

F:ACTGGGCCGTTTATACTTTT
LT078 (AACA)S 53.7
R:TGACCTTTCCCTTATTCTCA

F:GCAAGGCTAGTGAAAGACTG
LTO081 (TCA)6 57.8
R:GAGTCACCGAAGACAAAGAG

F:TGCAACCTAACAAGATGTGT
LT096 (CT)20 54.8
R:TGAAAAGCAACCAAGTTACC
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4% Continued tab.

(A Bk 2] E=2]) B JEE/C

Locus Primer sequences Repeat sequence Annealing temperature
F:CCAAGTGAAAATCAACTCCT

LT113 (CT)18 54.5

R:ATCTCGACGGTGTTCTGAT

F:GCATGAATCCAAAGAAGAG
LT121 (TC)23 54.8
R:CTGCGAAGAAGAGAAGAAG

F:TCAGACTTTCGGATTAGACC
LT123 (CAG)6 54.8
R:AAGGAATGGAGGGAATTTAG

F:GTCCAAGATCAAGGGTAGTG
LT125 (TC)15 56.8
R:TAGATGGATTGACCCACTTG

F:GTTGGGTTCATGTTTATGGT
LT127 (TC)11 54.8
R:GGAGGAAAATCACAGTATCG

F:TACAAGGTCTCCCTCCTTCT
LT140 (CTT)8 56.7
R:GAAGCCGGTTAGAAACATC

F:TACCAATTCGAGAGCATCTT
LT163 (CTT)7 54.8
R:AAGGAGAAGGAGAAGGAGAA

F:GATAAACACTGGCGTCTGAT
LT172 (CTTT)6 54.8
R:AAGACCATTGAAGAAGACCA

F:AGAAATCCACTCGCAGGAGA
LT3 (GAA)10 58.8
R:CGGGTCGGATTACTACTGGA

F:GGGCTTTAACCGAGGGATAG
LT21 (CT)16 58.8
R:CATTTCCTGCCTCACATAGC

1.3 #HiRabE

¥ PCR 7Y 22 8% SN M I e H Wk O T AR % 40 BRORAE o AT BERE DNA i Bal U kA Gel Analyzer
19.1 (http://www.gelanalyzer.com/index.html) X 5 5K & 8] I 1) H B9 4537 B0 S R Be R INBEA 70 13, o ) 132
LR N Excel UM . A POPGENE32P R ACHER Y 45 (7 LN EE (na ) AT B (7 BN EE (ne ) Shan-
non ZFEMEFE R (1) , &7 s VLI 22 5 B2 (Ho ) MBI 5 2 (He) , HE D Z2FE BE (Nei) o I FHRFACIEL % 43T
A GenAlEX6.5™AMOVA 157 F-GEi R AL L (Nm) o FIIH R3.6.1% A OC R B >0 2k
ORI R 8% AL B AR A TR AR AR I B O T IR

2 HBRESS

21 EfESHEMH

WAL Z R T R R (1), JE R MRIG 0 R (LT) 1SR FE B (na ) 1y 4.840 0,4 305
P LB (ne) 9 3.338 6, T A5 B850 (1) Jy 1.271 0, W 25 FE (Ho) 79 0.399 3, W B2 45 i (He) Hy
0.662 7, K& [N ZHE JE (Nei) 47 0.642 6, 1= T H [ S b AR I 422 o & (LC) By 545 Z 4% ( na=4.040 0, ne=
2.828 9,1=1.108 0, H0=0.359 6, He=0.611 5,Nei=0.591 0) . AH# F g4 ICME R LT AILC, o [ Db A RERY
PRLCS )i A5 SRR (na=4.160 0, ne=2.450 2,1=0.963 4, Ho=0.313 5, He=0.514 1, Nei=0.508 8) .

X g ZREFE PR T Kruskal-Wallis K256 (51 1) , & BBR na, Ho 7b , HAMFEbRAEREAR] 4 B 5 255
22 =fEsai

AMOVA 73 W, 3 441 RH(LCS \LC K LT) [H] Y Fst {58 0.143, BIA 14.3% B 1845 78 A7 AL TREIR
], KRG8 57 (85.7 % ) AEAE T HEVR DY, UL BHREIR ()47 AE rh A5 RE B 545 2100 THAEb AR AR 1] 1) A7
— FE AR B IE R I (Nm=1.496) 1] i & HL A 3 v A6 R B AL SRR 2 — o S 3 4R Rk ] 4 0] 338 15 201k
FE R (3R 4) , LC A LT Z 8] 1 15 4% 731k R BRI, HAOZ: LT M LCS Z ], 1 LC A1 LCS 2Z 8l (9 18t % 3
UE 6T
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Fig.1 Comparison of genetic variation parameters between superior clones and seed stands of L. chinense
*3 D#ARMRIBRESLEBESN
Tab.3 Genetic differentiation of L. chinense
728 SR YR A Sl Sy T 2 HE FEETT LA
Source df SS MS Est.Var. F—-Statistics Nm
FEMAR ]
) 2 146.635 73.317 1.265(14%) Fst=0.143(0.001) 1.496
Among populations
AN ,
o 85 949.672 11.173 3.603(41%) Fis=0.476(0.001)
Among individuals
MR :
o 88 349.000 3.966 3.966(45%) Fit=0.551(0.001)
Within individual
x4 Sk 3EMRER BT S Z 5L R (Pairwise Fst)
Tab.4 The coefficient of genetic differentiation between populations
HEA Hh ] SR A BERR bR Fh I CH R AR IR TEE R
Population LCS LC
Hh ] SRR IR T AR
0.109
LC
b EM I TN &R
LT 0.097 0.072

BT ARSI R B R AL Z A 23 R B, S0P R SR AR (KO S 3 I, e /N 38 SUR AL H B
i (B 2A) , e A g AR AT 23y 34520 o SRR B o (T 2B) , 55— S 2 28 il LCS F il (41
@), 50 “2RME Bl LCM (S (), 28 = 2R 2 LT(IE () o 75 248 AR 78 K=2 1), R L LC A
LT rp AR A He 9 8 i (R () o X T RERERAE F T 23 M i) SSRASE s AT RE -5 A I PR RAHSCE A 45 7
DIORHR , 7N g 20 e [ e % (3 0 b P g bk b 2 B AR RSO T, A4S LC AN LT AN B 25437 A K
HPR HA B A O, —E R L A OIS T i i Bt fe 22 57
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RERAE—E AL, Al — R IR A SRR Z R —25, RIS, st R B A, LC A LT BE B i, R —ile,
X5 ER N —2,
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Number of ancestral populations
A FE TR/ NS S B AR KA E (K=3) 3 B 24 K=2/3 B S b RH SLAL R 5L
A :The best K value is determined by the minimum cross entropy (k=3) ; B: The ancestor coefficient of the individuals when k=2/3
K2 2k AR R RSS2 B

Fig.2 Population structure analysis of L. chinense
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Fig.3 Hierarchical cluster of individuals of L. chinense and L. tulipifera(Ward.D2)
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