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Phylogeny of Poplar in Section Tacamahaca Species from Southwest China
Based on Sequence Data of cpDNA Fragments and rDNA ITS
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Abstract ; Despite abundant germplasm resources in Southwest China for poplar genetic improvement, the
varied species exist tiny difference in morphology and have unknown systematic relationship. Using Popu-
lus davidiana as outgroup,the phylogenetic relationship of 36 specimens covering 17 species or hybrids col-
lected from Southwest China and other areas was explored based on sequence data of chloroplast atpF-at-
pH ,trnl-F ,matK and nuclear ITS. The results showed that. (1) the ranges of length in atpF-atpH ,trnl-
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F and matK were 605—634 bp,957—1 010 bp and 819 bp respectively,and the combination of 3 chloroplast
fragments had 29 variable sites and 15 informative sites, while the aligned length of ITS fragment including
19 variable sites and 17 informative sites was 646 bp. (2) The average genetic distance among all samples of
chloroplast combination was 0. 001 3 and that of ITS fragment was 0. 003 6. Based on chloroplast combina-
tion data,the result of MP tree was consistent with that of Bayesian algorithms and both suggested the
Populus section Tacamahaca species were divided into 2 clades,of which,clade 1 was formed by P. carhay-
ana,P. trinervis, P. ussuriensis, P. maximowiczii,and the species in clade 2,namely, P. simonii, P. pseudo-
simonii , P. szechuanica , P. haoana, P. gamdoensis, P. xiangchengensis, P. kangdingensis, P. schneideri, P.
yunnanensis, P. szechuanica var. tibetica ,could not be clearly separated and had close relationship with P.
ciliata. (3) Although a few differences in phylogenetic tree based on chloroplast combination data, ITS
fragment provided that P. pseudo-simonii existed closer affinity with other species in clade 1 (e. g. P. simo-
nii and P. szechuanica) but larger genetic distance with others in clade 2. The results of this study made a

understand on the phylogeny of poplar in section Tacamahaca species from Southwest China,and provided

a scientific bases for their systematic classification and evolutionary relationship.

Key words: Southwest China; Tacamahaca;chloroplast combination; ITS;phylogeny
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Table 1 The sample sites of Populus

95 R Fih HLT 4 IR
No. Species Latin name Source

1 /NH# Xiaoye yang P. simonii #1 Jt 5% Beijing

2 /NH#% Xiaoye yang P. simonii #2 Pu I 5 Hanyuan, Sichuan

3 = k& # Sanmai qingyang P. trinervis #1 Pu I BE £ Kangding, Sichuan

4 =PkH# Sanmai qingyang P.trinervis #2 PO 1| B 2 Kangding, Sichuan

5 =WJkEHE#H Sanmai qingyang P. trinervis #3 P i B %€ Kangding, Sichuan

6 JII#% Chuan yang P. szechuanica #1 = i 54K Degen, Yunnan

7 JII# Chuan yang P. szechuanica # 2 =T YEVE Weixi, Yunnan

8 4% % Deqin yang P. haoana #1 Z M 4K Deqen, Yunnan

9 4% % Deqin yang P. haoana # 2 = 4% Deqen, Yunnan

10 B ##% Changdu yang P. gamdoensis #1 7 i B %8 Qamdo, Tibet

11 B ##% Changdu yang P. qamdoensis # 2 V4 38 51 5% Gonjo, Tibet

12 E #5# Changdu yang P. gamdoensis #3 P41 B Markam, Tibet

13 % ¥ # Xiangcheng yang P. xiangchengensis # 1 P4 )1l #& 3% Daocheng, Sichuan

14 % Wit Xiangcheng yang P. xiangchengensis # 2 PO )il # 3% Daocheng, Sichuan

15 2 ¥ Xiangcheng yang P. xiangchengensis #3 P9Il £ #%, Xiangcheng, Sichuan

16 HeE# Kangding yang P. kangdingensis # 1 P I B £ Kangding, Sichuan

17 HeE# Kangding yang P. kangdingensis #2 P )i £ Kangding, Sichuan

18 € Kangding yang P. kangdingensis #3 P i € Kangding, Sichuan

19 ViF§# Xinan yang P. schneideri # 1 PU I FE 3K Daocheng, Sichuan

20 Vi Xinan yang P. schneideri #2 Pu I FE3E Litang, Sichuan

21 4 Dian yang P. yunnanensis # 1 2 4E P Weixi. Yunnan

22 1% Dian yang P. yunnanensis # 2 = H % Qujing, Yunnan

23 % FH Yuanmao yang P. ciliata #1 =AM B Shangri-la, Yunnan
24 2% &% Yuanmao yang P. ciliata #2 =T A% B Shangri-la, Yunnan
25 W )11 % Zangchuan yang P. szechuanica var. tibetica # 1 = M 4% Deqen, Yunnan

26 9 )11 % Zangchuan yang P. szechuanica var. tibetica # 2 PU I HEYL Yajiang, Sichuan

27 /N # Xiaoqing yang P. pseudo-simonii N5 ik Chifeng, Inner Mongolia
28 H# Qing yang P. cathayana M 5275 2Rk 1% Chifeng, Inner Mongolia
29 K#&EM Daqing yang P. ussuriensis HAMIEAS Fusong, Jilin

30 iL# Liao yang P. maximowiczii N5 9k Chifeng, Inner Mongolia
31 EEALLE ) ¥ P. szechuanica var. tibetica ? 7 5 1 B Markam, Tibet

32 BEI 2425 1 Populus sp. #£1 = i f#54% Deqgen, Yunnan

33 BEMLAR 3 Populus sp. #£2 2 W 54K Deqgen, Yunnan

34 1114 Shan yang P. davidiana %1 = 54K Deqgen, Yunnan

35 114 Shan yang P. davidiana #2 =T 4EVE Weixi, Yunnan

36 1i#% Shan yang P. davidiana #3

PG 8 2 B Markam, Tibet
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Table 2 PCR primers and sources used in this study

Fr B 75 1] ElE7 B KR 3k
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1.2 XBHE
1.2.1 PCR¥EEMEFE mEIK TG R
200 VR R G BRI AT I . R T SDS % I A ke
KPR A1 5 DNAL 0. 6 20 3 i i 8 i i vk
FFIAZE T o 0 A8 I ) Az ) DNA (1 e B85 0 4l B L 7 B
2T W (50 ~100 ng/pl) Jg F — 20 C kKA
RAF

VALY T 2 G2 K B 23 M b LT B 4k
atpF-atpH . trnl-F Ml matK 3 4~ B, Moz bR
ITS Jy BEt A9 1 51 W e 9 o IR LR 2. 973
RN EARZR N 25 pL, P IE 51945 1 pLORIE N
5 pmol) ,DNA #iffg 1 xL,2X Tag MasterMix 12. 5
WL BT 9.5 ul. PCR 14 fF 04 °C Hits
4 min; 94 ‘CAEME 30 s, 3Bk 45 s GBR KCIRE B 514 1M
5,72 ‘CHEM 1 min, 3t 35 AMFFF ;72 C BAEEH 10
min, 8PP RAE AL AR R L R A IR A
A JEAT Sl AT R
1.2.2 BESH 75k A Bioedit 7. 09 %
PR AT Y 5 1 B4 AN A ff A Clustal X
L. 84T Z 7 A1 R T e I MEGAS. 025 % 7
G K BE | Bk 2SR AL R I R AT 20 A, dE i
Kimura 2-parameter (K2P) 1 B -2 fif [7] 13 5 IE &5

I PAUPAbL0 #4424 X%f 36 {73 fit 32X A4 %t i1

aptF-atpH trnl-F .matK  ITS B AT — 2tk
KEER S (LD 5 B 24 P>0. 05 A REXS 7
AT A . R PAUP B MP 2 #il Mr-
bayes 3. 1. 2 B} 1) Bayes it i R G K B R, H
H, MP SR ] 1 000 1K bootstrap ff 35 K 55 4 43 32
(57 F5 %L I 3T 52 B K (Length) | B — 21k 15 3¢
(CD B A7 B 48 B0 (RD FRE AL J5 19 — Bobk: 8 21
(RC) ; Bayes [/ 5 # 3% $& 2 i 57 Modeltest 3. 7%
PO M, LA ATC Sy o U 33 47 9 328 At 7, >R 55 L
Bl I ) 22 47 F 1% B (Markov chain Monte Carlo
Process) , LA HLA 2 4 32 17 1 000 000 4K, 4F
100 fRAAE 1 %, 45 3 2 500 B AHEAR (i 2500)
J& s AT AR R A A 1 — B

2 AR5

2.1 EEFIMERSH

3 A& .36 MM MBI atpFarpH .
trnl-F FlmatK F B B98N 629(605~
634).,995(957~1010) F1 819 bp, Hr tral-F F B
o 54 1 A8 S s G AL s B & 43 0 Dy 12
AF8 A, 3K B TE KB 2 381
~2 463 bp, K JE Ny 2 443 bp, Hvp, 28 F A5
29 N AE R 15 .G HC F N 31. 6%, ITS
B A BE S H Dl 635~ 645 bp, K 642
bp, &HBFALE 19 A FERA A 17 H.GHC
H#H 65.5%.,

# 3 atpF-atpH .trnl-F .matK ITS | X B FF 5451
Table 3 Characteristics of the atpF-atpH ,trnl-F ;matK and ITS sequences

444 i Bt Chloroplast fragment

J¥ B FRAE .
Characteristic of the sequence ITS
e T h atpF-atpH trnl-F matK Combination
JEHKJE Legth/bp 605~634 957~1 010 819 2 381~2 463 635~645
G+C/% 28.6 32.6 32.8 31.6 65.5
75 S & Variable sites 8 12 9 29 19
{5 B 4 Informative sites 3 8 4 15 17
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2.2 HNEBIRMMEEEZSHT

LUK 17 A Fh A28 AP RBE L 1 cpD-
NA Je ITS Jy 5048k B4 43 (1 B il >R H] MEGA
PR K2P BERL TS A 2 ] 1 st AE BE B (R 4.
BT ARG Bt A% R g 3R T L B 2 BE BN A
SR, O IR W R0y T By st A% B RS B,
0.001 3,A[43°K 2 ., = KFWH. FW. KEHAIL
Wy 4 AT RS 1 2 2H 9B 9 358 1% B B A
0.000 0~0. 001 7 Z Ji] ; | A% Ty 25 2 2 L 2 A st A
FE B AL /INC0. 000 0~0. 000 6) 52 /™ ZH A4 Fift 1] f1 3t A% BB
BEAE 0.002 5~0.004 0 Z 6], ITS Jy 31 &) /5 35
LR Ry 0.003 6, [AFER] 4328 2 4, 4y 4H A 0 5 i 4
RIS B L 58 1 HANE T/NVE W H N E e
B /0. 000 0~0. 003 2),58 2 H(ANE/NEZH M
ZH N B AL I B 45K (0. 000 0~0. 011 0D,

INBEAG Psimonii #1
38 )1 ¥ P.szechuanica var.tibetica #2
8 )1 M) P.szechuanica var tibetica #1
VN P.yunnanensis #2
WM Pyunnanensis #1
4 ¥ ¥ P.schneideri #2
7t ¥ ¥ P.schneideri #1
RESE ¥ P.kangdingensis #3
REE ¥ Pkangdingensis #2
62 ———— HEEW) Pkangdingensis #1
% W ¥ P.xiangchengensis #3
% Y ¥ P.xiangchengensis #2
2 ¥ P.xiangchengensis #1
E ¥ P.gqamdoensis #3
B # ¥ P.qamdoensis #2
E %W P.gqamdoensis #1
64 I {89V Phaoana#2
I {84 Phaoanail
JII ¥ P.szechuanica #2
/N4 ¥ P.pseudo-simonii
INMAG Posimonii #2
TAF 5t 235 W Populus sp #1
SEAL I W) Populus sp #2
99 2% FWM Pciliata #1
2% W Pciliata #2
JIl#% P.szechuanica #1

727 =MW P.trinervis #1
=ik &M P.trinervis #3
57 =k & ¥ P.trinervis #2

94r ¥ P.cathayana

WA P.maximowiczii

K& M Pussuriensis

SEAL )1 ¥ P.szechuanica var.tibetica?
¥ P.davidiana #1

i ¥ P.davidiana #3

i ¥ P.davidiana #2

1 ®F wpFatpH trnl-F .matK J B & & % IR B Fl
f 5 20
T R L R B 50 20 1 AF {H (Bootstrap S FFR)
Fig. 1 Maximum parsimony tree in sect. Tacamahaca of
Populus based on atpF-atpH ,trnl~F and matK

Confidence values(Bootstrap support values) are reported for nodes

over 50 %

2.3 HEBEHRMMHNERZEZE SN

B Ay M AR atpF-atpH trnl-F 1 matK
F B R G KB R H SRR BRI AR i
ILD A6 0 J5 & B, 3 B Be H A W% s 19 [] s 7k (P =
1.00>>0. 05) . (Bl . & JF 5 9B & A Bl LU T &
GERE . Hoh, MP R — Btk 45 80 (CD 2
0.909 1. /#5385 (RD 2 0. 969 2. 77 B — Bk 1%
F(RC)H 0. 881 1;Bayes ¥ 1y fE oAb Rl F81
1 TR 7 245 30100 2 e R BRI 1 AN
2) Y0 B R AN EER 3 k1L AR 5 K A TR
BRI R 2 03308 1 AR E S L R
Wi« = kG W R0 BE AL | 4 1) R AR A, OB B {1k
83% (MP ) #1 100% (Bayes #) , J i, # 4% 1L
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