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Abstract: [Objective] Tilia amurensis is an important economic tree species and a nationally protected
endangered tree species. Based on SSR molecular markers, this study analyzed the genetic diversity of Tilia

amurensis from different provenances and constructed DNA fingerprinting profiles, aiming to provide
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references for the conservation of Tilia amurensis populations, the nationwide collection and preservation of
germplasm resources, and the establishment of germplasm resource banks. [Method] A total of 173 Tilia
amurensis samples from 16 provenances across 11 cities in 5 provinces in China were collected. SSR
molecular markers were used for PCR amplification to analyze the genetic diversity of Tilia amurensis.
Molecular variance analysis (AMOVA) and population clustering analysis were employed to investigate
genetic differentiation among populations. Specific primers were selected to construct DNA fingerprinting
profiles for Tilia amurensis. [Result] (1) From 12 primer pairs, 8 highly polymorphic and reproducible
primer pairs were selected, collectively identifying 101 alleles, with an average of 12.6 alleles per
polymorphic locus. The polymorphism information content (PIC) across loci ranged from 0.506 to 0.897,
with a mean value of 0.739. (2) Only 4 primer pairs (C110, C840, D150, TC5) were required to effectively
distinguish all Tilia amurensis individuals and construct their DNA fingerprinting profiles. (3) The genetic
diversity of Tilia amurensis provenances was relatively high, with an effective number of alleles (V,) of
4.937, Shannon’s information index (/) of 1.777, and Nei’s gene diversity () of 0.771. (4) Molecular
variance analysis (AMOVA) revealed that 91% of genetic variation originated from within-population
differences. (5) A phylogenetic tree constructed based on genetic distances classified the 16 provenances into
5 subclusters, with geographically proximate provenances clustering together, indicating closer genetic
relationship. [Conclusion] The Tilia amurensis populations exhibit a relatively high overall level of genetic
diversity, with moderate genetic differentiation observed. Intra-population genetic variation is predominant.
Among the 16 populations, the seed sources from Wangqing, Jilin Province (JWQ3), Heilongjiang Province
of northeastern China (HDN7, HDN8, HDN9), and Chengde City, Hebei Province of northern China
(HCD15) show low genetic diversity levels and should be prioritized for in situ conservation and continuous
monitoring. Populations JWQ2, JWQ4, JHLS, HNA10, LDD12, and LFX13 demonstrate higher genetic
diversity and could serve as key targets for resource collection and conservation cultivation. This study
provides a scientific basis for further research on population distribution, evolutionary patterns, and
conservation strategies of Tilia amurensis in China.

Key words: Tilia amurensis; SSR marker; genetic diversity; genetic differentiation; DNA fingerprint

mapping; cluster analysis

B MW (Tilia amurensis) 72 i 2% Ft (Malvaceae) %
J& CTilia) W& IR, E T EARIE =4, 65,
TG AN L 2R S5 IR AT > B A, & T I R R
TRA MRS o AR g B IR B AN o, SR
TEAR 56 B AR GG, A2 A0 R R 308 17 el b o A A% o T
BARM FRIP o B A B AR M TIRIRIL S, 5%
e FLRRAE TR, DR H AT AL T 3R RRE M. ek, 5
M OGAHIN B, xof 3SR A%, WA BGR A S A4
AF AR D [ fE

PhoT BE U AR Y B Bl AL, R SR B U gt
e ZREIE SRR IB A% S5 1 2 Ao He B b M BRI
Wk KR Ar S A EBENIRS B . EST
EVERRIKRE, §738 v BUK 2 A5 1% (amplified
fragment length polymorphism, AFLP). Fifi #l # 3%
% % 7 DNA(random amplified polymorphic DNA,
RAPD). #H 3¢ /5 %Il ¥ 3 2 2 1% (sequence-related
amplified polymorphism, SRAP)Z: 7> FAric Fi A B
2 AT FURE I A 2 FE I BEARIEAL G54 AL A

Yyt o B S BB R T H AR LR T
Frid, faj 5 5 5 5 51 b5 id (simple sequence repeat,
SSRO PRI H: R A i 11 A e 22 A 1 )32 B T AR
WAL Z PRI AL S5 44 4y M ep U0 RRER T 45U IR A
SSR e AricXF 10 A~ A IR B8 I 347 18 4% 2 FE
3T, I Shannon 5 £UR1 5L K] 2 #F M Fa 2050 0l N
1.433 4 1 0.694 3, £ WiZ A BEEA B 8 4% 2 4
PE, IF RIS 2 % SSR 51 ##%2 T DNA f5 2801 .
2 R 5 U@ SSR S A A 113 A b m AR
(Ziziphus spp.) i AL Z 461, Tkt 4 X754
B R] K B At e A X 4 o AR B AR R HY 7 %
SSR 5| ¥, X} 5 [E 5 3% K (Pistacia chinensis)F 5 7%
PERAT R G0 R 5 AL 7 AL RRE 73 AT, FF D) gt
7 DNA 4> F 50k, SEBL T R4+ 2 11 % € 5 R
T B B

H A @ A 7 7K B — a7, £
SRR SR 15 X6 SSR B 45t 5 4N 5 B AR (Tilia
miqueliana) R IR B A4 3347 1845 25 4 50 1, RO H:
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Tab. 1 Geographical distribution of provenance of Tilia amurensis

e Skt g G #54k/m
JWQI FHIREEE R 43°23'41"N 130°11'49"E 718.00
JWQ2 R EE B 43°20'08"N 130°00'15"E 398.36
JWQ3 HREEER 43°22'56"N 130°04'09"E 560.61
JHC4 LIS =] 42°49"26"N 130°29'29"E 219.70
JHL5 AR AT 43°1827"N 128°53'42"E 1004.63
JHL6 R R T 42°20'55"N 129°06"23"E 586.43
HDN7 RITAA R T 43°47'10"N 131°08'37"E 368.45
HDN8 BRILAZRTH 43°28'48"N 131°03'46"E 820.90
HDN9 BILE R T 44°43'10"N 131°04'43"E 719.01
HNA10 BRI T 2T 44°04'39"N 128°48'41"E 390.12
HMLI11 HIRIT AR 44°15'59"N 130°0226"E 567.70
LDDI12 LTARFHRT 40°56"21"N 124°48'18"E 591.27
LFX13 LT B 41°49'22"N 121°4523"E 556.50
LLY14 TR wIE T 40°47'19"N 118°55'15"E 977.36
HCD15 LB AR AT 40°37'14"N 117°28'40"E 1176.30
SZB16 IR i T 36°17'37"N 118°05'45"E 946.15
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Tab. 2 8 pairs of SSR molecular marker primer information of 7ilia amurensis

ElEVEZ S 5 YIF5(5—3") HE R FE¥/bp

2410 F: TATAGATGCCCGTTCCAAGC 105
R: CATCAAGACAAGGGCAATGA
F: ATTGTGCTGTGGTGGCATTA

B2550 R: TACCCCTGCATGTTTTCCAT 226

2015 F: CGACCTGGTTCTCTGGTTTC 268
R: CGACCAGGTGCATATAGCCT

Bass F: TGGATGGTGATGGTAGGGTT s
R: GTGTGTCAACTGGCAGCAAT

840 F: TATTGGTGGTGGTAGTGCGA 190
R: CCCATACGAATTCGCTTCAT

110 F: AGAGCTGCCTTCAAGCTACG 150
R: ATACCCCCGGCGTTATACTT

b150 F: GCTTGTTTTCAAGAGTCGGC 70
R: ATGGGGAAAATTGTATGGCA
F: TTTTCATACATTTAGAGACTTTTAGCA .

Tes (AG) 150

R: TGCATGATTTGTATGTTTAGGG

B 63 °C, HyifaEtE 30.0 uA, FFMRBEES 3 XK.

1.23

R 5 H7

i Excel 2010 #f4-Se it 3% # SSR %8 eE 4l

B VKB, FIF Genalex 6.501%2 PopGene 1.32%),
H1 Powermarker V3.25 #AF OB SRR B R HL A A%
A B K%L, Shannon {5 B 385 WL 4 & B #AEE
HE L Nei's A& ZFEE TR EOR 2 55 B8 &5
KIgHr, @ik 5+ 77 % 79 B (analysis of molecular
variance, AMOV AR 7T AR 15 A4 78 ok . AR J=
FEIA) (0 83 4% BE B, A F MEGA 112980 0F 10 48 B2 1k
(neighbor joining, NDVE AT B 0 #r, 4 i it fk
W o g5 i i R B R 15 A% BE S 2 [A] B AE O 14 SR
Genalex 6.501 31T Mantel #6556 .
124 RABRAPFISLEEHME

K0 5] P BOR R KM 0 4R 2L R,
I8 LA S5 A 1 ) 51 0 40 i 22 i P SO, B e
P AT E S AR AL . 255 5 EE Nei’s % 2 FF

Pe. AR ZEEERE SRS RESH, £

Powermarker V3.25 AF AT Suit, B 4hG ik iz
S EME T AR, SO BOA O AR,
FEIREEAL RN v BRI 44 (4 C110 249 bp/249 bp):
[F BRI A P =120 VEAR TR SCEIVE it — Pk, 3L
o NGB 2 S S B PN R
van T L JAH ()48 S0 I 220

2 HER G AT

2.1 SSRE|¥HISEME

FIH 8 X%} SSR 514t 173 435K E 16 S FhE 1
SRR i AT T E Z FEE A, JRRI R 101 A
SR, Hrp sl PSS B R H AT 6 ~
234208, CFHECN 12,6 4N (R 3. BRI E,
TCS 5l kI B SRR ERE, K3 7T
23 /N, H K D150, C110 A1 B2410, i B2550 5|4
R W) 281 F S5 A i R B e /b, AN 6 o R A
F N B B E 2212 ~ 11.970 2 18], “F¥{E A
4937, th4h, 8 XTSI Z A MEEE S EIEN

R3 8 ¥ SSR 3BT MRHE LS
Tab.3 Amplification products and polymorphism analysis of 8 pairs of SSR primers

ek IX [il/bp %%{ﬁglfl ﬁ R Shamblqp’sf% b} X%jbklﬂ%%é ,ﬁﬂ;é%%é.\ Nei?’fiﬁﬂ? %Ai_;ri{% 5SSy
(Na) HEHE(N,) EizE:{(0)) JE(H,) JE(H) E2EEd0s)) & E(PIC)
B2550 216 ~ 229 6 2.732 1.177 0.053 0.636 0.695 0.640
B485 230 ~ 249 7 2212 1.187 0.412 0.552 0.904 0.897
B2915 256 ~ 263 7 3.179 1.370 0.010 0.689 0.739 0.694
€840 171 ~ 229 10 4.923 1.794 0.646 0.799 0.885 0.875
B2410 180 ~ 200 11 3.007 1.434 0.052 0.670 0.827 0.807
D150 135~ 174 18 5.820 2.205 0.405 0.832 0.721 0.677
C110 245 ~271 19 5.656 2.266 0.369 0.826 0.560 0.506
TCS 125~ 172 23 11.970 2.785 0.196 0.920 0.836 0.818
AR 12.6 4.937 1.777 0.268 0.741 0.771 0.739
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0.506 ~0.897, =T 0.5, R LG Y EFEHEL
APk, MR Shannon’s 15 B3 ETEEA 1.177 ~
2785, “FIME A 1.777; MELIRE FERTEE 2 0.010 ~
0.646, “F- 3518 A 0.268; 1 3 2 42 & FE M 7E 0.552 ~
0.920 2 [ A8 1k, “FH4ME A 0.741; Nei’s it 1% 2 £ 14
TR HUKTE A 0.560 ~ 0.904, “FHIME A~ 0.771, ¥
THIME 0.5, #F— DRSS 7 BB R A B s 4
ZHREME(E 3.
22 ZBMEHRESHEEEES L

XF 16 AN ERABFPEE 173 AN FEA HEAT 4% 2 AR 1
BT (IR 4D, 16 AN SEMBCFRHEAS I 3] 11y 45 437 K= (R 4 H
AT 7.375 ~ 1.500 Z |8, “FI{E N 4.148, H JHC4
ol ARG I 28 1 S B U H e 2, B [ A P
LFX13(5.875). JHL5(5.750). HNAI10(5.750) Al
JWQ2(5.625), JWQ3 Fh i fie /b, S5 4 JE IR U /D 1
& HDN7 Fh ¥ (1.875)H1 HDNO FH i (1.625). H
RS F N E A T 4.346 ~ 1173 2 18], P N
2.967, LFX13 i, TWQ3 Fiiff . Shannon’s
15 BIEEAN T 0.329 ~ 1.505 2 [a], “F-HI{E M 1.035,
LFX1 P, IWQ3 i ik . IR GE N T
0.144 ~ 0.721 Z &, *FH#){E N 0.528, LEX13 Fifif %
i, IWQ3 FlRF A K. 48 LR BL: ABE TWQ3. HDN7
Al HDNO ¥ B A B AR K 7 10 A5 2% 25 47 55 R 4
Shannon’s {5 S48 A A 42 A 1, A] DLIX Se R RER)

R4 16 TEBMBEESFES T

Tab. 4 Genetic diversity analysis of 16 provenances of
Tilia amurensis

i g A Shenons gy
JWQI 2.625 2.172 0.700 0.378
JwQ2 5.625 3.625 1.289 0.617
JWQ3 1.500 1.173 0.329 0.144
JHC4 7.375 3.857 1.411 0.636
JHL5 5.750 3.339 1.280 0.643
JHL6 4.500 3.719 1.279 0.651
HDN7 1.875 1.775 0.487 0.313
HDNS 2.875 2.608 0.858 0.474
HDN9 1.625 1.502 0.430 0.263
HNAI10 5.750 3.730 1.430 0.687
HML11 2.125 1.975 0.658 0.438
LDDI2 5.500 4250 1.422 0.686
LFX13 5.875 4346 1.505 0.721
LLY14 5.500 3.567 1.310 0.630
HCD15 2.750 2.393 0.843 0.500
SZBI16 5.125 3.434 1.323 0.663
YA 4.148 2.967 1.035 0.528

WAL 2 K MK BUIC FBE TWQ2. JHC4. JHLS.
LDD12. LFX13 B A 8w gL Z Fe K. 0
T7 25 W (R SHEIR: SR 91% HIIE £ 48 7ok B #F
1N, 9% AL AR S >k EH BEARTA], BEARR]EAE 210
RECN 0.093, S EFEE 2,
23 EBHEBERSW
R DER: 16 NEBFEE SN 52K,
512N MR g S A R E VA R E OWQIL
JWQ2. JWQ3. JHC4. JHLS. JHL6) Al B J i1 4 FHT.
FhJ§ (HDN7. HDNS. HDN9, HNA10. HMLI1);
2 BRI TEFHAE T (LDDI2) FIEH i FE(LFX13),
YL PRI A SR G 8 R 56 3 RALTHA
R T FPE (LLY 14), 55 4 28 30 46 4 7K 48 Fl 5
(HCD15), 55 5 2Ky 1l 75 44 ¥ 18 17 A (SZB16)
F R, 16 STl 22 S0 PR B R I RE AR
RE—ke, RMHB ML BEE R R FHRE
o YR AN B VT AR 2 (R — e AR R B,
JWQ3 5 HDNO F# #, JHL6 5 HMLI11 Fh B, Ho
HDNS F A1 HDN7 F i 2 [6] 1 346 #E 25 KT 0.1,
Ut BAATT PR A BE B R, B B R R Bl AR
SLREE, 5 HAMMBUYIES TWQ3. HDN9. HML11 1
HCDI15 Pl . X 16 /B A4 (] 1) 1 2 1 9 35t 4% BR
BYHEAT Mantel A6, 45 F 3R B SR IA 845 E 2 S

RS EBERNSFHRESN

Tab. 5 Molecular variance analysis of Tilia amurensis
samples

HlE PO Wi HEs R
(df) (SS) ™ms) itz %

FEARIE 15 153.295  10.220 0.330 9
PEUNG 330
pu¥il] 345

1 067.647 3.235 3.235 91
1220.942  13.455 3.565 100

0 218 pepys

1004 o7816
0.17 0.06 HDN9

0.03 015 jwq3

0.02 0.03 JWQI
0.01 0.02 JHLS

0.0 L 002 gy
0.02 TWQ2

296 16

0.01 01 v

HNA10
010 e
0.01 019 ypN7

0.03 LLY 14
202y px13
001 10041 pp12

116 MBI AL B R

Fig. 1 Genetic distance clustering of 16 Tilia amurensis provenances
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2.4 HBRTHEHEQEEAE

LREEE Nel’s BHE ZFEME, S B EL 26
PEE B BN SH, RARILEH 4 X205
(C110. C840. D150, TC5). 4 X 51¥eH &Lt %
AL L 69 A, BRI AT BN A E) H I (Rl F
SR (R RARE 1/138, SR T RS0 11 s B gk
PR, SR S LI G A () PR AR A S e S i T
BRFB B 4 X% 51 Wi R HE 51 I R AE
C110(A), C840(B). D150(C). TC5(D), fii I fi 4
At B AR5 7 A 398 P 5 A7 5 TR T B 4% o P i L
. an JWQI1-1 [ AR 5 24 A249/249-B0/0-C0/0-
DO0/0, FRFEH T4 C110 XA JTWQI-1 F 38 =4 1)
TAE R FE R EA 249 ANFT 249 AN, HRTEVE 77 43
B, FH514) C840 XAEA TWQI-1 3™ 3= A8 1) — %44
AT FERNECH 04, R “0/07 5 |k 254, T
“T BTG SRR R R 173 DSBS
A1) DNA 84U L3 6.
3 3t g
3.1 EREBEESEESHT

A SSR 73 FARid AR, XF 16 AP ) 25 4
PR R IEEATY 38, JHRAN TR 2, SR
N, EELE) 8 X 5 H BRI S 2 A, HE2BME
BEEH#IT 0.5, 173 MEBFEAILE N 2] 101 4
A7, Hrp 514 TCS. D150 A1 C110 A3 21 11
AR Z, 519 B2250 B485 Fil N2915 £
I 21 1 8 A KR DR /D s AR 2 FE TR BT IE A
0.771 , KT 0.5, *F-¥4 Shannon’s 15 B % N 1.777,
T HARAR B e 45 R0, BB Y B R g
A BV E R, SRR R R R, FEUE R
P T (384 22 K VK28, T8 S R AT 1Y) e
IR,

WHE Wright P75 e bR 938 4% 1k 5067
T 0~0.05 X [A]F, B HEAA ] 1) 3845 20 A 2 FE AR
18 M3 fE 010 REE 0.05 ~ 0.15 Ja Y, T 344 )
()3 W RR FE R & ML 4 REUE T 0.15 ~ 0.25
ZNRJE, AR B IA) (1 70 AR BE B s T 24383 4% 4y
1 R EGE T 0.25 IF, 2 BB A4k [R] 1) 168 4% 23 A0 A2 B2 A
o AN IT A SR 5 A% 04k RECH 0.093, L
SRR FE RS, I BRI AR R (919D FE 1 A% AR
S AL, TR A AR B A RO AR B A
PRS2 38 N RS TN, A 7T 45 SRS R
ST B MR VA T 4 R A AL, B MR A A 4y
1 RHCN 0.03, 4L SRR, H B RHA N A 7
(96% )38 KT HER )28 57 (4%) » FARAEHEAL S ok

R 6 ELBMME DNA FELEE

Tab. 6 Individual DNA fingerprint mapping of
Tilia amurensis
HEAS RO
JWQI1-1 A249/249-B0/0-C0/0-D0/0
JWQI1-2 A256/256-B182/182-C158/164-D137/137
JWQI1-3 A254/254-B0/0-C0/0-D0/0
JWQ1-4 A253/253-B0/0-C0/0-D0/0
JWQI-5 A0/0-B182/182-C158/160-D148/148
JWQ1-6 A0/0-B277/277-C0/0-D0/0
JWQ1-7 A0/0-B182/227-C158/164-D137/137
JWQI-8 A255/255-B182/227-C160/160-D141/150
JWQ1-9 A245/251-B182/182-C158/158-D141/150
JWQI1-10 A249/249-B182/182-C158/158-D150/150
JWQ2-1 A257/276-B183/227-C160/162-D135/135
TWQ2-2 A258/264B182/182C158/160D141/141
JWQ2-3 A258/264B182/227C156/158D136/142
JWQ2-4 A0/0B182/182C160/162D135/135
JWQ2-5 A0/0B170/227C158/164D135/141
JWQ2-6 A262/262-B227/227-C0/0-D141/141
JWQ2-7 A258/263-B171/171-C161/165-D141/141
JTWQ2-8 A258/264B182/227C162/165D141/141
JWQ2-9 A261/261B182/227C156/158D139/142
JWQ2-10 A258/258B227/227C156/156D140/140
JTWQ2-11 A257/263B180/180C160/163D152/152
JWQ2-12 A252/257B171/227C161/164D143/143
JWQ2-13 A258/258B182/226C158/164D142/142
JWQ3-1 A0/0-B227/227-C0/0-D0/0
JWQ3-2 A268/268-B227/227-C0/0-D0/0
JWQ3-3 A271/271-B227/227-C0/0-D0/0
JWQ3-4 A262/262-B0/0-C0/0-D0/0
JWQ3-5 A260/266-B0/0-C0/0-D0/0
JWQ3-6 A257/263-B0/0-C0/0-D0/0
JWQ3-7 A265/271-B0/0-C0/0-D0/0
JWQ3-9 A266/273-B0/0-C0/0-D0/0
JWQ3-10 A260/260-B229/229-C0/0-D0/0
JWQ3-11 A261/261-B227/227-C0/0-D0/0
JHC4-1 A258/264-B182/182-C161/161-D141/146
JHC4-2 A0/0-B170/226-C158/160-D146/146
JHC4-3 A257/264-B182/227-C160/163-D151/151
JHC4-4 A265/265-B227/227-C0/0-D0/0
JHC4-5 A0/0-B182/218-C158/160-D141/152
JHC4-6 A0/0-B170/227-C158/160-D141/141
JHC4-7 A0/0-B0/0-C0/0-D0/0
JHC4-8 A263/276-B182/226-C159/159-D160/166




34 = N AN F471 %

& 6(40) % 6(40)
Tab.6 (continued) Tab.6 (continued)
HAS fRaUE HAS i
JHC4-9 A0/0-B182/182-C158/160-D143/143 JHL 6-7 A258/258-B170/227-C158/164-D148/154
JHC4-10 A258/276-B183/183-C160/160-D147/147 HDN 7-1 A258/258-B170/225-C160/164-D141/141
JHC4-11 A259/259-B182/182-C161/161-D141/141 HDN 7-2 A258/264-B182/226-C160/160-D141/141
JHC4-12 A258/258-B171/171-C158/161-D141/141 HDN 8-1 A258/258-B180/227-C161/161-D130/135
JHC4-13 A264/264-B171/171-C156/158-D139/139 HDN 8-2 A258/264-B183/218-C160/160-D150/150
JHC4-14 A258/264-B182/182-C161/161-D154/154 HDN 8-3 A257/257-B182/227-C158/164-D140/140
JHC4-15 A260/260-B182/227-C158/158-D147/147 HDN 8-4 A258/264-B170/218-C0/0-D0/0
JHC4-16 A258/264-B171/227-C160/160-D142/142 HDN 9-1 A256/261-B226/226-C0/0-D0/0
JHC4-17 A0/0-B182/227-C158/158-D140/142 HDN 9-2 A258/258-B227/227-C0/0-D0/0
JHC4-18 A259/259-B182/226-C158/164-D146/150 HDN 9-4 A262/262-B227/227-C0/0-D139/139
JHC4-19 A258/258-B171/227-C160/163-D144/144 HDN 9-5 A260/260-B227/227-C156/160-D148/148
JHC4-20 A0/0-B170/226-C158/164-D146/146 HNA 10-1 A253/258-B182/226-C0/0-D0/0
JHC4-21 A258/264-B179/227-C165/168-D141/141 HNA 10-2 A256/256-B183/183-C156/156-D144/144
JHC4-22 A255/258-B180/227-C157/159-D141/141 HNA 10-3 A256/256-B182/182-C156/156-D141/141
JHC4-23 A263/263-B227/227-C0/0-D0/0 HNA 10-4 A0/0-B183/216-C152/152-D141/141
JHC4-24 A263/275-B171/227-C161/164-D152/156 HNA 10-5 A258/258-B182/227-C135/135-D135/135
JHLS5-1 A263/263-B182/182-C158/164-D160/160 HNA 10-6 A262/269-B182/227-C174/174-D145/145
JHL5-2 A258/258-B182/227-C158/164-D149/149 HNA 10-7 A252/264-B183/183-C164/164-D141/141
JHLS-3 A258/264-B182/218-C156/156-D141/141 HNA 10-8 A258/264-B182/227-C157/157-D135/135
JHLS-4 A258/264-B171/226-C148/148-D141/148 HNA 10-9 A264/282-B182/226-C0/0-D148/148
JHLS-5 A259/264-B0/0-C0/0-D0/0 HNA 10-10 A257/263-B182/182-C156/156-D145/145
JHLS5-6 A0/0-B182/227-C158/160-D140/140 HNA 10-11 A258/263-B183/183-C0/0-D146/146
JHLS-7 A0/0-B182/227-C158/164-D148/148 HNA 10-12 A258/258-B182/182-C160/160-D152/152
JHL5-8 A258/276-B182/227-C158/164-D137/140 HML 11-1 A258/258-B183/226-C158/158-D135/135
JHLS-9 A257/257-B182/182-C158/164-D141/144 HML 11-2 A0/0-B182/227-C156/156-D135/135
JHL 5-10 A0/0-B182/227-C158/164-D139/150 HML 11-3 A254/254-B182/226-C156/156-D141/141
JHL 5-11 A0/0-B182/226-C0/0-D0/0 LDD 12-1 A258/263-B182/218-C164/164-D138/150
JHL 5-12 A256/260-B182/182-C158/164-D140/148 LDD 12-2 A256/276-B182/226-C164/164-D139/139
JHL 5-14 A0/0-B182/227-C158/164-D137/160 LDD 12-3 A256/263-B182/227-C156/156-D141/141
JHL 5-15 A0/0-B182/226-C158/164-D140/140 LDD 12-4 A262/270-B182/226-C0/0-D154/154
JHL 5-16 A259/259-B182/226-C158/164-D140/140 LDD 12-5 A257/263-B183/218-C164/164-D160/160
JHL 5-17 A258/258-B183/183-C158/164-D140/140 LDD 12-6 A257/263-B182/218-C0/0-D0/0
JHL 5-18 A0/0-B170/227-C0/0-D148/148 LDD 12-7 A257/269-B182/226-C164/164-D149/149
JHL 5-19 A0/0-B182/182-C0/0-D0/0 LDD 12-8 A0/0-B183/218-C0/0-D0/0
JHL 5-20 A0/0-B182/226-C158/164-D135/135 LDD 12-9 A258/258-B183/227-C0/0-D141/141
JHL 5-21 A258/269-B182/226-C159/165-D150/154 LDD 12-10 A256/259-B182/218-C0/0-D0/0
JHL 6-1 A256/260-B171/227-C163/163-D139/141 LDD 12-11 A257/276-B182/218-C156/156-D148/148
JHL 6-2 A252/252-B171/171-C156/156-D146/146 LDD 12-12 A260/260-B180/227-C156/156-D130/130
JHL 6-3 A259/264-B183/227-C156/158-D139/148 LFX 13-1 A256/256-B182/226-C156/156-D142/142
JHL 6-4 A249/249-B183/227-C156/156-D141/141 LFX 13-2 A252/257-B177/225-C163/163-D143/143
JHL 6-5 A257/264-B170/226-C156/158-D140/140 LFX 13-3 A258/258-B183/183-C160/164-D150/150

JHL 6-6 A252/257-B171/226-C156/156-D135/135 LFX 13-4 A258/264-B182/227-C148/148-D125/125
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Tab.6 (continucd) FeE 1, T HAE KA RE TR R B T R K
FEAs fREUE (R 22 R 1, DRI 58 B 52 31038 4% 78 S R D A5/ 5
LEX 13-5 A258/263-B177/218-C0/0-D152/152 L £ R T R 3 AR T B R 2E BEEAL AT A
LEX 13-6 A258/264-B182/226-C165/165-D141/141 TR RS,
LEX 13-7 A257/263-B226/226-C164/164-D141/141 32 SR EESH
LEX 13-8 A258/264-B183/226-C161/161-D152/152 T 16 A B AR A AT B AT, e A
LEX 13-9 A252/257-B183/218-C164/164-D141/141 16 AN BEIRAN R 5 AT EE, WBCREE R E, WIhG
LEX 13-10 A258/258-B174/174-C162/162-D135/135 R4t i B (HCD 15) 76 38 44 B 55 24 0.16 I B 4 %1 3y
LEX 13-11 A257/264-B183/226-C140/140-D135/135 NP, 5 T ARETS TWQ3 FHRE. ST
LFX 13-12 A257/257-B183/227-C156/156-D136/136 % 7 (HDN7. HDNS. HDNO)F #f Al 2B o VT 12 #%
LFX 13-13 A258/258-B182/226-C0/0-D0/0 HML11 PR, ESEPRREEEFE R R, X EELE
LLY 14-1 A252/257-B183/218-C156/156-D135/135 b FE | AT ol ik BEL R 5530 I 40 B R R A7 A 1, i
LLY 14-2 A258/263-B180/218-C0/0-D143/148 FEA RS AL TR R BB, TR R T 3E N A S
LLY 14-3 A258/263-B182/227-C0/0-D148/148 8201 Gk BB AL 2 REVERSE B AR, IX S b BE R 104
LLY 14-4 A258/264-B227/227-C166/166-D147/147 ZFEPE KPR TSP 3 K F, Wifa i RO 5K ALt
LLY 14-5 A258/264-B183/183-C156/156-D0/0 X R FE R B8 43 A B R B AE W b 22 R Atk OR3P 7 T B
LLY 14-6 A252/262-B227/227-C0/0-D135/141 AR E P, T I S X AR AT A RS
LLY 14-7 A249/258-B182/226-C161/161-D135/135 LB Y, 2B N APEh, REUEF SR e AE, (i
LLY 14-8 A264/267-B183/227-C158/158-D146/146 AN R B H, femahsed. WHEMTIFEE, £
LLY 14-9 A258/264-B227/227-C156/156-D144/144 HIG AR AR, SRR BT R YA S Rl B Y
LLY 14-10 A257/257-B183/226-C0/0-D172/172 i# Mantel &5 047, 45 5 B S A IR AL
LLY 14-11 A258/258-B182/218-C0/0-D146/152 PR B 5 b B R B (A AEAE — € I SC IR, SR T I P AR
LLY 14-12 A0/0-B226/226-C156/156-D146/146 KA BN, 1 B PR B 5T A B, P (] e
LLY 14-13 A263/270-B183/227-C158/158-D150/150 e B0 15 5 b LR S AR (R — L X AR SR AN 2, 0K
LLY 14-14 A258/258-B182/182-C0/0-D141/141 T RES SRR A BTG N 5K o I ARAAA A7 1
HCD 15-1 A258/294-B0/0-C0/0-D150/150 K, A, At e e — e b
HCD 15-2 A258/294-B182/226-C160/160-D143/143 PN
HCD 15-3 A257/294-B183/218-C160/160-D138/143 33 IEQEEHRE
HCD 15-4 A257/294-B180/218-C150/150-D139/143 SSR AL RA LA 5 & Bhmr B MELT
SZB 16-1 A258/264-B183/226-C156/156-D141/147 FREPE SRR L B MR RO R, WL
SZB 16-2 A0/0-B182/182-C158/158-D152/152 T DNA SRS, DA 2 i) it Fi 2 5 A1 R Rl
SZB 16-3 A257/263-B182/226-C144/144-D140/140 HH RS ERIED . 2 SRR A SSR 7 745
7B 16.4 AO/O-B179/226.C160/160-D140/140 18N 29 U3 3 B (Xanthoceras sorbifolium)F Ji &%
SZB 16-5 A258/263-B176/176-C156/156-D135/135 BRI T 90 7 B ik s X0 g 5 09 10 4 3 A
SZB 16-6 A257/261-B183/227-C156/156-D140/140 (Elaeis guineensis) R CAR AL T DNA FRECE 1
SZB 16-7 A257/257-B182/226-C0/0-D146/146 RREPUR M SSR IR F hric 9 168 4 4 AR
S7B 16.8 A257/26 1B 182/180-C0/0-D140/154 (Chaenomeles speciosa) P JFi ) i T fa 8L ik, 9 HL
SZB 16-9 A264/264-B182/226-C0/0-D146/154 e B SURR RS R R
SZB 16-10 A0/0-B182/218-C161/161-D140/145 PR LA ISR (Tilia amurensis var. taquetiD)
SZB 16-11 A258/258-B182/227-C156/156-D0/0 # uir% 5 P %t AL REE AL T AR 22
SZB 16-12 A258/264-B183/227-C156/156-D146/146 i SR SR, 22 W R LA R
SZB 16-13 A0/0-B226/226-C156/156-D148/148 Wbk, ABTAE UM T 16 THIE 173 TRAB
b 1614 526 B18226.C00D0 (45 SUEE, DU 2 (it uﬁ':‘fﬁll SRR Fhp SRR A R,
SZB 16-15 A258/261-B182/218-C160/160-D147/147 XN R BAR SR DR GLIAR, Ah7e TR

g A 2 BRI R &
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