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Study on Genetic Diversity among Populations in Populus
szechuanica var. tibetica at Different Altitudes in Sejila Mountain
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Abstract; In order to study the relationship between elevation and populations of Populus szechuanica var. ti-
betica located on the Qinghai-Tibet Plateau,24 pairs of SSR primers were used to study genetic diversity and struc-
ture of populations in Sejila Mountain of the southeastern plateau. A total of 126 alleles was detected from 469 indi-
viduals , with an average of 5. 25 alleles per locus,a PPL( polymorphism percentage level) of 100% ,and a relatively
high expected heterozygosity ( H, ) for populations at high and low altitudes of 0.48 and 0. 49 ,respectively. Analysis
of molecular variance (AMOVA ) showed that differentiation among populations accounted for 6.38% of the total and
most variation existed among the individuals within a population. A differentiation coefficient( F;, ) of 0. 02 and the
value of gene flow( N, )was 9.89 at a very high level also supported the conclusion that the differentiation among
populations was at a low level. In conclusion,no geographical separation and differentiation of populations along the
altitude of Sejila Mountain were observed. As a result, conservation and utilization of Tibetan poplar facilitated on
the basis of understanding of differentiation and distribution patterns of the species and study on mechanism of adap-

tation to a high altitude could be proceed smoothly.
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581 ¥ ( Populus szechuanica var. tibetica ) J& 4% Wl B}
(Salicaceae ) #7 J& ( Populus ), & JIl # ( Populus
szechuanica ) W78 R, FBL43A5 F DU )14 AP 9 A 6
DX, 2 3 R A B I R TR R, 2R K TR
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]2 R R R AT ST B IR A WA AR A 22
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AR JRE | 36 V) 75 BT Je )1 i AR st % 22 e
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I3 FRRICAE A SRS T Bepl T iz b v
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0 M SRR TR W a4 2 AR RS
R Ay FARIC B B RO A ﬁ@?ﬁﬁ?ﬁﬂ
T BN

%7T%Em%tﬁ%ﬁﬂﬁﬁﬂl%ﬁﬁ&i%gﬁ N
TR B AL 51 2 5 52 W AR R 5 B Wi o, A BF 5 fefE )
24 XT%?%*%(Populus euphratica ) EST J¥ 3 JF & By
SSR 5 1#y, Xof A= A T VU AR 2 b DX 68, 2= har LLIR T 3k
FIR TR 2 A IXHR AR I 0) H  REAA Y 469 AANA
HEAT T R 38 430 1 2 AN RIS AAR 1] 1Y st
1 Z2 R RO IA 52 A% S A0 1) 22 S, SR 980011 A% T 5 1Y)
ARS8 FEl [ Ry 3 [ 4 i DA & 3T
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1.1 #HRKE

2011 48 H F12012 4F 8 H 7EPU K H 1A X A2
M X A R L SR A SRA X0 5333k 2600 ~
3090 m & 2000 ~2300 m, & N E K X, 2R
FE 238 /> J5 8 A AR AR DX, SR 231 AN (1),
FAREES R GPS BN, RE 3 ~5 At R, MRk
WETIRORAE T 52 DNA PRI,

H: = R L AR
H:High elevation,L:Low elevation
1 EAEEEXERTEE

Fig.1 Sampling sites in Tibet autonomous region

1.2 DNA 2E

SRR CTAB' 3, #1469 4~ Bbk i) 3 (K
ZH DNA, FH 1% Byt W 556 15 i Uk REE 04306 0 B 1
Rl DNA 5T o AR B JFA6 B 2 44Uk 50 ng/ L,
T -20CH A4
1.3 SSR 1%

SSR-PCR JZ W 1A % : 10 ng B Ht DNA,2 x Taq
mix SpL, IEA 514 (10 wmol/L)0. 4 wL, FZ [ 514
(10 pmol/L) 1. 6 wL, A 4 oG IC (FAM,
HEX  TAMRA or ROX) i M13 514 (10 wmol/L )
1.6 wL, A ddH,0 #Mi% 10 wL, PCR 4 HEFEF A
94°C THAZ M 5 min;94°C A 30 s,55°C iR k 30 s,
72°CIEA# 30 5,30 P ;94°C A M 30 5,53CiR K
30s,72°C #EfH 30 5,8 MEHF;72°C 1L 10 min,

SSR 51k H A 1Y 113 X33 T4 EST SCJ%
FF R EST-SSR 514"  IFAEIE [ 5191 5" AR
Bt 18 bp 9 M13 i ) 51 (5'-TCTAAAACCAC-
CCCCACT-3") , FfI#LIERE 4 050 [ 4741 3 PR 241
DNA Xf SSR 51447 , I x4 1 =y vh By 2
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ﬁﬂﬂﬁﬁéﬂzﬂ I T 280, 519
i A T AR TREA BR A ® 1A A,

i DNA 7 34 J5 7€ DNA 43 #1 {% ( ABI
3730XL) AT EANE HLIK BRI, 45 5 F Gene-
Marker 1.75 414 (Soft Genetics LLC, USA) 32H¢, i
SRR S R BRI
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2.1

Table 1 24 SSR primer pairs applied in genetic study of Populus szechuanica var. tibetica

ElkZETa=) AT EmGIY LG FEMIREE (bp) B
ID Repeat unit Forward primer Reverse primer Allele range GenBank ID
U18679 (TGC)7 ACATCAGGTGGTCTTCCTCG GCATGCTTAAGGCACGAGTT 401 ~413 KF501217
U21882 (GAT)6 GCGGACGGTCTTGATTACAT TCTTTCGACCCTTTTAGCGA 305 ~329 KF501218
U22153 (AC)13 TTCCACAAGCCATACCACAA CCACCTTTCGTAACCTTGGA 269 ~281

U61645 (TG)13 AATGGTATAGCCGGCCTCTT ACAGGAGAAGGGGGAGATGT 220 ~222 KF501226
U63239 (CTC)6 TTTGCTCTGTGAACGCAATC AGCTTGTGGATTTGTCTGCG 202 ~205 KF501227
u78717 (GT)10 CTGGTATGGATGGATTTGGG ATTAAGCCCAAGCCTTCACC 237 ~239 KF501231
U7452 (AC)11 CCCCCTCCTTACATCTTATGG CTGGAAAGTGCATCTCCGAT 265 ~287 KF501215
U64059 (AG)10 TGTGCAATTGTGAGGTCAAT GCAACCTAAATGACCACCTTG 295 ~315 KF501228
U7459 (CT)12 TCCTTCCTTCACGAAGCACT GTGGGCAAGCTCTTTGAAAC 325 ~337 KF501216
u60914 (AG)11 TTGACCCCCAGTTCAGATTC GGCAAATTCGCCCTAGAATTA 226 ~238 KF501225
U78 (GAGCTG)3 TGTCAGCTCTTCACCACCTG CAGAAAGGGAGAACCCACAA 176 ~ 194 KF501212
U74541 (AC)10 GACCCACACCCACAAAAGAT TCACATGAATTTGCTCGAGTG 217 ~221 KF501230
U4192 (AAAAAT)3  GCAGTGGAGAAGAAGCATCC CGTTGCTTTCGCAGACAATA 298 ~313 KF501213
U16390 (TGGGGA)3  TGGAGTCCGAGGAAGAGAGA TCGTCACTTTTGCAAGCATC 454 ~560

u1e6 (GAG)9 GGAGGACCAGATAAGGGAGC TGGGGTAAGCTGACTTGCTT 222 ~234 KF501211
U45275 (TTC)7 TGCAGTTTTAGGCCTCTTCC CTGCAGAATTCCACATCCAA 181 ~ 193 KF501224
U35013 (CT)16 TTTCCAGGGACAGAACTTCG GATGGGGTGAGAGAGGAACA 110 ~ 134

U65600 (AG)14 GTCTTTGGTGGCTACACCGT CTCAATCCTTTCCTTGGTGG 229 ~240 KF501229
U37186 (CA)10 TAACATGGCGAGTAGGGACC GCCAAACAGACCTCGATCAT 399 ~403 KF501221
U6496 (TTCTT)5 GTAAACAAAGGGACCCCTCC CCCAAATCCCCAATTATTCC 290 ~298 KF501214
U34847 (AG)14 TCTCCTCTCCTTTCCACCAA AAAAAGCCCAAGGATCAGGT 182 ~ 199 KF501219
U38100 (GT)12 GCTGTGCTTGAGGATGATGA CCCTAATCCCACCTCTTGAA 210 ~225 KF501223
U38010 (TTG)12 ACCACCTTCATGTTCTTGGC CCGTTTCTTTCACTCCCAAA 309 ~337 KF501222
U35536 (AGAAGT)3  TGAAATTGGGTGGTGCAGTA CTCTTCACCAAAACCCTCCA 269 ~275 KF501220

IR 2850 0 5 2 (PPL) N 100% ; 2 24
BEE(H,) B3R 0.077 ~0. 717, -3 0. 407 ; Shan-
non ZREMHEEL(1) H 0. 129 ~1.679,F-34 0. 868, i

I AT LUE 78 2 AR AR RN s A RS L
FERBU(N, ) WMARARE (H,) 1R A% (H, ) Shan-
non g#@#ﬁﬁ(” ,ﬂjiﬁé‘%ﬂlﬂj Eﬁﬁ%ﬁ“( %% 2),
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Table 2 Genetic parameters of populations at different altitude at neutral loci
fLA TR IR PRV AT
Locus Population of high altitude Population of low altitude All individuals
ARAFAL Shannon WL e ABEEAL Shannon WL ) REARPE BEASOE B 51k S
BB deH A RRANE NN gER RO RAE REMC RN AR
N, I H, H, N, I H, H, Fg F Fy

U18679 1.12 0.24 0.11 0.11 1.04 0.13 0.04 0.04 -0.04 -0.03 0.01 26.02
U21882 2.27 1.04 0.47 0.56 1.29 0.51 0.34 0.42 0.15 0.20 0.06 4.00
U22153 2.36 1.00 0.45 0.58 3.04 1.29 0.54 0.66 0.13 0.18 0.05 4.33
u61645 1.96 0.68 0.32 0.49 1.92 0.67 0.35 0.50 0.27 0.29 0.03 8.40
U63239 1.85 0.78 0.54 0.46 1.46 0.55 0.41 0.40 -0.04 -0.02 0.01 16.85
u78717 1.62 0.57 0.40 0.38 1.82 0.64 0.42 0.42 -0.02 -0.01 0.01 27.41
U7452 3.66 1.54 0.70 0.73 4.52 1.68 0.68 0.79 0.09 0.13 0.04 5.72
U64059 2.82 1.26 0.59 0.65 3.46 1.53 0.61 0.68 0.11 0.11 0.01 25.20
U7459 1.49 0.51 0.21 0.33 1.87 0.75 0.17 0.39 0.58 0.59 0.02 13.48
U60914 1.35 0.46 0.26 0.26 1.92 0.71 0.33 0.39 0.09 0.15 0.07 3.60
U78 2.76 1.18 0.46 0.64 2.23 1.01 0.46 0.64 0.23 0.29 0.07 3.29
U4192 2.62 1.14 0.63 0.62 2.28 1.04 0.57 0.59 0.03 0.03 0.00 51.07
U16390 1.81 0.64 0.46 0.45 1.98 0.69 0.47 0.48 0.01 0.02 0.01 17.83
u1e6 1.36 0.53 0.16 0.27 1.49 0.65 0.18 0.30 0.38 0.39 0.02 11.93
U45275 1.86 0.71 0.49 0.46 1.90 0.73 0.46 0.47 0.02 0.02 0.00 570.33
U35013 3.76 1.55 0.29 0.74 2.60 1.27 0.29 0.70 0.57 0.59 0.03 7.03
U37186 1.78 0.63 0.45 0.44 1.75 0.62 0.41 0.43 0.06 0.06 0.00  1000.00
U6496 1.78 0.63 0.45 0.44 1.75 0.62 0.41 0.43 0.06 0.06 0.00  1000.00
U34847 1.41 0.63 0.31 0.29 1.74 0.98 0.36 0.36 0.00 0.01 0.01 29.35
U38100 2.22 0.99 0.43 0.55 2.84 1.26 0.48 0.61 0.20 0.21 0.01 17.58
U38010 4.27 1.54 0.80 0.77 3.01 1.21 0.72 0.73 0.00 0.02 0.02 15.01
U35536 1.57 0.55 0.38 0.37 1.70 0.60 0.40 0.39 -0.03 -0.03 0.00 72.57
SFHE 2.17 0.85 0.43 0.48 2.16 0.87 0.42 0.49 0.14 0.16 0.02 9.89
Mean

2.2 MRIEMHHEREE

2% LOSITAN #AFRGIN , 7E 99% A7 X (3] N,
1 U74541 . U65600 PN si b T H AR LR I H
(El2),PCR =¥yl 'y 45 3 L XF & 38 U65600 PCR
FEYIHRAE 110 bp B R Bt S5 B8 (Populus trichocar-
pa Torr. & Gray) T 1 XM_002311699. 1 ()75
SEa—E, XHZ TN FH P T BLASTX &3 H 5 1)
1] ( Theobroma cacao) W 7K i BHE R S8 VAR L
2.3 BHKBEEEHMST

FER IR IR 2 A2 B A SR BERR ] 5 22 S5 X
R B S AT T 001, Arlequin3. 5 #F

XN BB ST AMOVA 2307, K BHL 6. 38% H 7%
SR AETERE 1] 93, 62% 478 S0 T RIEE 4 P 345
AME&ZE (£ 3), FIH STRUCTURE 2.3 i JH| non-
admixture model XfFEAREE R $E4T T 40871, M H G.
Evanno 2 2 R I I i e &2 K =2 (&1 3) , 4%
H R T A B SE2 y 2 AP, b s v R IR
RS A A — AR (E 4) o BERME Y531k R 5L
Fo i 0.02 B 2 ASBER K F ARG, 1Al
FRIEER (N ) R 9. 89, 72 2 ANBEK M AELES
TR AL,
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LOSITAN was applied to test whether the locus was under nature selection based on the ratio between F ¢, and H, ,the locus in the red area meaned

that it was under the selection among different populations, the locus in the grey area meaned that it was a neutral kind

E2

BT F, M H XRZHN PG RFE

Fig.2 Neutrality test based on the ratio between F;, and H,

Fig.3 Results of parameters to identify the real clustering of all the samples( K) based on STRUCTURE
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Table 3 AMOVA analysis result among populations and within populations

Ty 2R FlE B F% ¥ih% AR S B B4 (%)
Source df SS MS Est. Var. Proportion
#ERIE] Amongpopulations 1 263.17 263. 165 1.06 6.38

BEA PN Withinpopulations 467 7233.49 15.489 15.49 93.62

JUE Total 468 7496. 66 16.55 100. 00

low altitude

Bl 4 ETF STRUCTURE 47 B3I 5 B %1 4>
Fig.4 Population clusters of Populus szechuanica var. tibetica based on STRUCTURE analysis
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