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Abstract: [Objective] Populus giongdaoensis is a plant of the Populus genus found in tropical regions of
China. So far, there is few studies focus on its classification and evolution. This study aimed to understand
the classification and evolution of P. giongdaoensis in genus by third-generation full-length transcriptome
sequencing and other methods. [Method] Based on the Pacbio Sequel sequencing technology, the complete
full-length transcript data of P. giongdaoensis, P. canadensis and P. simonii under heat stress were obtained.
Then, the non-synonymous substitutions (Ka), sense substitution (Ks) and Ka/Ks value of homologous genes
of three Populus were calculated. We further compared the expression patterns of orthologous genes under
heat stress, and constructed the phylogenetic tree of five species to analyze the genetic relationship of
Populus by combining the orthologous genes of P. trichocarpa and Salix suchowensis. Finally, we cloned
nuclear genes (ntDNA; UDP-SQ and POPTRDRAFT 575699) and chloroplast genes (cpDNA; atp I and
trnF) of P. giongdaoensis to analyze the polymorphism of these gene sequences in the population of P.
qiongdaoensis, calculated the intraspecific genetic distances of P. giongdaoensis, and the interspecific
genetic distances between P. giongdaoensis and 19 species (five Populus groups and one out-of-class
group). Based on the maximum likelihood method and the minimum evolution method, the evolutionary tree
of P. giongdaoensis and 19 tree species were constructed to analyze the genetic relationship of P.
giongdaoensis. [Result] Third-generations of transcriptome sequencing obtained a total of 660 groups of
orthologous genes from P. giongdaoensis, P. canadensis and P. simonii. The average of Ks was 0.1505, the
peak value was 0.02, and the ratio of Ka/Ks < 1 was 97.27%, showing the close relationship of the three
Populus species. Analysis of orthologous gene expression patterns revealed that they had the same
expression pattern under heat stress. The average genetic distance of four genes including atp 1 , trnF’, UDP-
SO and POPTRDRAFT 575699 between P. giongdaoensis and 19 tree species was 0.011, indicating that
genetic relationship between P. giongdaoensis and poplar group was closest. [Conelusion] The analysis of
orthologous genes based on third-generation full-length transcriptome sequencing reveals that P.
qiongdaoensis has a close relationship with other Populus. The results of genetic distances and constructing
evolutionary trees show that P. giongdaoensis has a close relationship with Leuce by cloning sequences of
cpDNA and nrDNA genes. The polymorphism and evolutionary branch confidence of cpDNA are
significantly higher than that of nrDNA, indicating that cpDNA is more capable of species discrimination
than ntDNA genes in P. giongdaoensis.

Key words: Populus giongdaoensis; orthologous gene; ntDNA; cpDNA; genetic relationship

e GRS R 70 2R E EARIE L & 2 5 2 300%
177 LA B i B 53 A S5 R A T et o R AR A A
Gy RS U SBHER N TSR AR 2, URYETE
SERHEIEAT 20 KO A RE e Al 2 F EE Y, 20
it g TR AR I, KON AL RRT ST IR
FEE RSV . MAZBR AN A7 51 L 70 M A4
BEAG S R AT EELL AL, RT LSRR AR T A AL
FIER BRI A8 R, BB S A 73 T ARic LK A3 [T o
W BORSEHRAEAEA) 7 AN HEACHIT T e R A
FERE A 2 R K N 2 2R I A 2 LA AN R )
ol B8 ) R TR 0 0 2 TR A Y IR % 0 K (Ka: AR
[ SCEr i, Ks: [A] SCE 60 1 72 578, I SEAN R A ]
ARG, LU & A A s Y E T
BRI R 1, 2 il 22 A 2R e 97 13 K8
i, HPHEERE R 5 R AR, AR XMEMERS T B AR [F]
PREEK. E =RERERHN BN K

J&, iX— ) LW T) M, A [E R A 2 BT i 4k 1
SE BRI HERA I PP 5111

AT LA i S 21, Ji I o R 1Y) DNA B
DAL M i) B R A e, FLA v PR S R A, )
ZHTEEMMRG KRR BMELEEE SN
% DNA(nrDNAD FIH- 2% {& DNA(cpDNA)D2 Fh 5% .
cpDNA J& T B3R 8 4%, #F 78 cpDNA 1AL AT L
BJC b PR R[] P 22 S, AN T2 R TR SR 2
Y5E ), {H cpDNA AN RE S B 8] 58 F0 2 PR 72 ]
. T nrDNA JEALH B, 2k AN HA, 7y
HT nrDNA 7] AERZR P Ay A7) A (] 1 255 (R A 328, 7
IR AR R R G E Bz RN,
I, 454 nrDNA Al cpDNA [ I} 23 4 10 b 55 20K 32
PEEE AR B

W (Populus spp ) A AR AT 5 1) 45 S AE 4,
BAERP G R SR FIg) REN ph e £



30 b mw # kK % R

43 %

S b N RN PA b S o NI A 7 N R E 2
Rt TR B A 3w WA R R R, A2 RN
W E BT, 78 238 TT R AN FH IX 2647 B 5,
XT3 B MR R R B B S R R E A
iy ME— B A7 4 B4 B, B W (P. giongdaoensis) BT
X FAHT rR L e VB S AN T A ) A A7 A S5 PR v 0
TR RS IEONT T b 4 3 P ATL A 42 48 SR
mn AR TR AN B B B AR . R, ARHE AT
T B 5 A7 0 v IR A 5 ) R 3, 3 v R
AR 3, SR FH B 43 - SIS R g R Y B R B T B
B ¥ % (P. canadensis) /N A7 (P. simonii) I %
S 2R, Rk H R FIUE AL, IE 45 S nrDNA
cpDNA 7341 [ B &5 4 5 FARE Tl 1) 55 2% 56 & Sk
A HOAT, 9B iR A B S PR T R MR B B T
Fehilh o

1 #8577 %

1.1 iRIesr A

BIEFCAE RN A% « B8 5 A% RN - 49 43 e 4 ol AL
T KA I A iR = K e AR K — B )
T FH 0T BEZE R B b e A (40 °C, 1 b, AR IR
EATI AT RNA $-HUR R A, @it PacBio
Sequel Il R M 73K 18 7 —ReK Kz H)TF 51,
e s S AU O OR A7 AE b VR 7 Bt b i 35 DR ZH 00T 7
BT R EHE 0 CB 5% 5 : CRA002150, CRA002154 Al
CRA002160 "1, 20 N EL B Mtk AR B H
RAIX IR E AV ERERRXER S .
1.2 DNA #2EY, PCR ¥ KN
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Tab. 1 Amplified sequence primer information
of P. giongdaoensis

R AR CIE/EA S FE 2l
Gene name Primer name Primer sequence
DSH3 F: TCTGCTTTCCACTTCTTGC
UDP-SQ
DSH3 R: CATACTCTCCCATTGTCCC
POPTRDRAFT DSHOF: GCCTCCTGATTATTATGC
575699 DSH6 R: TATTACAAGCCCTTCCAG
trnL-tmF F:  CGAAATTGGTAGACGCTACG
trnF
" tmL-tmFR:  ATTTGAACTGGTGACACGAG

atp [ -atpH F:  CCAACCCAGCAGCAATAAC

atp |
P atp | -atpH R: TATTTACAAGTGGTATTCAAGCT

SEXT CDS J7 A13E AT B2 (R A5 B 1R 00 A kP
K H paml-codeml i % Ks. Ka fll Ka/Ks. F|H 2z
T = K2r il AW I 2 AR TE007, Jorb, KON i8A% 73
B, F Ks FFME R R, r XTI 1R SO AR
REPPIE, 1.5 x 107 /47 g B,
1.5 nrDNA #1 cpDNA EREFIRES S
TIRE T 20 MRER SR 1 BRINM ) 4 DR
Bl HEAEW A B UDP-SQ)« POPTRDRAFT 575699,
IRNA-Phe(trnF)RI ATP & B CFOA W % Catp 1 )3
A, Jf: 455 M NCBI T 5 M4 (15 SRR
AT AN RO G ANRFOR) 4 ASBE P 53T 43
M (& 2). & BioEdit V7.0.9 #fx #% 3 [H] 7 471 3k
17 2 B BT, 85U R B4, IF HoXF nrDNA (1)
UDP-SQ 1 POPTRDRAFT 575699, UL & cpDNA
trnF Fl atp 1 [FHIEATH AT, SR 54 MEGA 7.0
X B 54 % 3L K B2 nrDNA AT cpDNA 24 0 Py K2
o ) 288 A% BR B BEAT 1HEL, 70 A & L GHC P
. IEE R BUSR 1 (maximum likelihood ) AT % /)N
#4032 (minimum evolution) 1438 R 45 & B #1340,

2 RGN
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e s BN 43l 3R BT 101 791, 88 161 Al
66 657 N/NHAG TR BRI I A KB AR, T
KP4 52 2 4004 2 435 F1 2 336 bp. I Bi %
HUNH 73 B 33 840, 39 343 F1 45 217 LK 4%
TR, HEE BN 50.77%- 44.63% K1 44.42% (3 3).
FA15r AN 3 P8 BEALIE EL 1 000 A% 5% A AE
NR $4 Ed e xt, B 1 BrE S5 T 2% P
trichocarpa) W U AT 28 85 151 (53.38%), SR G K IX A2
¥ (P. euphratica, 22.63%)~ & 1 ¥ (P. tomentosa,
2.84%) o IR/ TE B S H ) bE 2R A

o

s A3 AN 59.48% F160.59%
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Tab. 2 Gene sequences obtained from NCBI database

i Aa F

Species name

J¥ 545 GenBank

atp 1

trnF

UDP-SQ

POPTRDRAFT 575699

B 54 Populus giongdaoensis

MW389752 ~MW389771

MW389731 ~MW389750 MW389689 ~MW389708 MW389710 ~ MW389729

\i# P. davidiana KF941071 KF940742 KF940382 KF940143
E[A¥ P. tomentosa KF941073 KF940744 KF940384 KF940145
W45 P. adenopoda KF941089 KF940760 KF940400 KF940150
K4 P. lasiocarpa KF941086 KF940757 KF940397 KF940158
54 P. heterophylla KX454634 KX454606 KX417462 KX417432
¥4 P. wilsonii KX454638 KX454610 KX417466 KX417436
/NI P, simonii KF941080 KF940751 KF940391 KF940152
M P. laurifolia KF941083 KF940754 KF940394 KF940155
ERW P. trichocarpa KF941091 KF940762 KF940402 KF940163
In# P. canadensis MW389772 MW389751 MW389709 MW389730
¥ P. nigra KF941087 KF940758 KF940398 KF940159
R & T % P. afghanica KF941088 KF940759 KF940399 KF940160
SN BN P. deltoides KF941099 KF940770 KF940410 KF940171
WK% P. pruinosa KF941092 KF940763 KF940403 KF940164
% P. euphratica KF941096 KF940767 KF940407 KF940168
KW P. ilicifolia KX454633 KX454605 KX417461 KX417431
=M Salix triandra KF941097 KF940768 KF940408 KF940169
HiRHI S. arbutifolia KF941094 KF940765 KF940405 KF940166
KH#H S. raddeana KF941095 KF940766 KF940406 KF940167
*3 BREREIRER 19.76% 53.38%
Tab.3 Annotation of transcriptome data 1.39% : ;;%;Zﬁgﬁ;ﬁiﬁ;grpa
VEREH A bk 5 INH R 2.84% Il v B8 Populus tomentosa
Annotation database  P. canadensis  P. qiongdaoensis P. simonii = H& Vitis vinifera
Nt 33530 (50.30%) 38 920 (44.15%) 44 886 (44.10%) 22.63% + Jb Others
Nr 33035 (49.56%) 38 338 (43.49%) 44 366 (43.59%) B B bt s Ne S S R
KEGG 32611 (48.92%) 37898 (42.99%) 43 820 (43.05%) Fig. 1 Species distribution diagram of P. giongdaoensis in Nr database
Swiss-Prot 28 388 (42.59%) 32 860 (37.27%) 38 210 (37.54%)
GO 22121 (33.19%) 25472 (28.89%) 30 206 (29.67%) BRI AR .
Pfam 22121 (33.19%) 25472 (28.89%) 30 206 (29.67%) KEGG BT os 3 M R R 25 1
KOG 21311 (31.97%) 24 422 (27.70%) 28 118 (27.62%) 121 AR IEFCHE RS, - H. 3 R il 25 Qi i o i
&it Total 33840 (44.42%) 39 343 (44.63%) 45217 (50.77%) FEIA (5 B R LE ) 28— 20, kg BB AN

22 EBHSHMBRMGNEERDESEXRERE
REE S

GO ThREERE R I B S ¥ F /N4 20 53l '
£ 3 257, 322 F1 216 NI 4L, 3 Bk s ) AP
FEEENERRZ, Z 8 RGHE R FE . 35
05 HAth 2 Mo i 2R 1) GO Thisg i e Al =
WK, B S I P AUR I 2 A LA E £ 1 T Rg
2, 43 ) A2 R KA A AR T Ik R R R — A s K A

b 25 W s S i TR %, o
FiN 834,709 F1 831 AN (K 2). X EIR T
5 HoAth 2 M i ) B E ARSI A2 ) Dhse B A
AHABATE o

I 358 B B A/ i 358 71 660 2H E & [R5
M, H4H8 T Ka. Ks A Ka/Ks F35{E . a1 3A
Fiim, 326 18 NI Ka/Ks > 1(2.73%), Hdr 10 4
JEIK Ka/Ks > 2, KK Ka/Ks < 1097.27%), iXF
KEFEFTEGW TR mT e AT A i 5
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L5995 ISR B AH ELAR F s GL. WEIR AR A0 53 712 ; MSP. mRNA & 12
GDM. Z BRI — IR R IR OP. S ALBERR 1L; UMP. 2 KA T 1
S KM RD. RNA [#A#; CFPO. St & £ i e 5 s PML T i R
QU PE. 84045 PH. Dt A /E H s PUML BRI Qi ASNS. Z8 2R WK
FOAZ F BR A AR U o Abscissa is top 20 KEGG pathways with the most
enriched genes in three Populus. PPER, protein processing in
endoplasmic reticulum; SP, spliceosome; PHST, plant hormone signal
transduction; RT, RNA transport; SSM, starch and sucrose metabolism;
EN, endocytosis; RI, ribosome; PPI, plant-pathogen interaction; GL,
glycolysis/gluconeogenesis; MSP, mRNA surveillance pathway; GDM,
glyoxylate and  dicarboxylate  metabolism; OP, oxidative
phosphorylation; UMP, ubiquitin mediated proteolysis; RD, RNA
degradation; CFPO, carbon fixation in photosynthetic organisms; PM,
pyruvate metabolism; PE, peroxisome; PH, photosynthesis; PUM,

purine metabolism; ASNS, amino sugar and nucleotide sugar metabolism.
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Fig. 2 Function classification in three Populus genes
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R RFIE, N 142 MRRIE. W B S
/N A7 R 25 2 S R R B JE R 43 Sl Ol 42, 21 A
17 4>, Hod 4 AN [AYRE RIAE 3 P i o #4235 22
Tk, 2 MEB B MAUN g B 2 R RIS, 5 A
TEIR By A h #8272 e R0k, HL22 3 RIS 5 HUH
R D,
2.4 IR cpDNA F1 nrDNA BIFF 5 5S4

N TR B B I (SR G R, AT SR H R
FEH 5 [ ) T E SRS T B 5% ap 1+ trmnF. UDP-
SO Al POPTRDRAFT 575699 % [H] /7 41, % [H K f&F
435124 1025, 902, 608 1 485 bp; G+C & & 40 7l N
29.56%- 30.82%- 45.23% F1 45.36%. 2 > cpDNA J¥
I A KN 1927 bp, 2 > nrDNA F 54 &K &
N1 093 bp, G+C &4 30.15% F1 45.29% . ntDNA
1 G+C &&= E S T cpDNA.

atp 1 « trnF. UDP-SQ #l POPTRDRAFT 575699
FNFAERIHIEEL S 500 9 27, 183 F 0 AN 5);5 L
FE YA CRAE R Z MR 739724 19€0.995). 18(0.989),
4(0.521)F1 2€0.10004™; 2 A7 541718 16 53, 16
AT A 2238 B K0 3 184 564 17 Al 1A T 4147
RN 1153732 L0 AN B— A7 5573 3 5. 16,
14 1 1ANGR 5. 48 BEFiR, fE B 5%, cpDNA
()77 51 22 A5 PEARN B ey, EAECER, P42 i M ] 5531
A& 77, ntDNA ¥ /75U RS AR 55, EAAE XS 3002 o
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Fig. 3 Distribution bar graph of Ka/Ks (A) and Ks (B) of Populus orthologous genes
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canadensis, P. simonii, P. trichocarpa and Salix suchowensis.

K4 RGN
Fig. 4 Phylogenetic tree of P. giongdaoensis

2.5 nrDNA 5 cpDNA SR BGEZEER
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b PRy 0 o 8] 358 4% R B 4 A 0 ~ 0.012 AT 0.011 ~
0.053, nrDNA /7340 & 53 519 0 ~ 0.010 A1 0.006 ~
1.088 .. ] f 13 A% P 25 387 3l oK T b A a5 R B, 3R
BF o 18] (1 38 4% 23 A0 B S5 K TR 9 (382 4% 234K, (B4
HH I [R] 153 4% B B /N T M Y A R A L, R
KRS BB oE G O RAET L. N T R Hh
ST EL B B 5 HABRI R R &0 R, HE— 0 i 3
5% atp 1, trnF, UDP-SQ, POPTRDRAFT 575699 L
M4 FER P51 cpDNA Fil nrDNA 5 HoAth B Fh 1) 8¢
FERE RS (3R 6D BT 5 DR A% B 25 (1 ~F 35 2 7 1

peh. pgh #1 psh 43 3 9 104« B8 85 4% F1 /N 4 4 38 4k B 5 peg.
paq F psq 43NN BE B /N 6 BB 4H . The heat stress of
P. canadensis, P. qiongdaoensis and P. simonii is named as pch, pgh
and psh; the control of P. canadensis, P. qiongdaoensis and P. simonii
is named as pcq, pqq and psq.
K5 3 Rt B R RIS I R R A AR
Fig. 5 Heat map of orthologus genes in three Populus species
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Tab. 4 Differentially expression of orthologous genes in three Populus

B &%) P. giongdaoensis

¥ P. canadensis /NG P. simonii

A R 4
Gene No. of orthologous gene Pabsi X R log,FC Ry s Xf R log,FC LS I log,FC
Heat stress Control Heat stress ~ Control Heat stress ~ Control

0G07438 354.35 35.80 4.56 88.68 7.28 5.05 52.66 4.20 4.56
0G07244 188.23 4.62 6.66 1329.18 31.22 6.85 103.81 1.39 7.16
0G09422 23.28 0.37 7.43 22.24 0.24 7.97 3.46 0.38 4.18
0G05822 3381.21 2.03 12.19 318.20 0.48 10.80 370.24 0.11 12.65
0G07321 7.95 118.86 -2.97 6.49 115.96 -2.74
0G07470 75.24 13.14 3.82 17.13 3.28 3.84
0G07300 16.63 0.70 6.06 557.70 1.35 10.04
0G07384 279.51 11.27 6.08 583.29 20.48 6.31
0G09172 1918.37 35.74 7.28 188.21 21.07 4.62
0G07291 113.69 13.64 4.39 242.96 4.12 6.94
0G07327 366.43 0.47 11.10 254.73 0.59 9.79

¥E: FC. Z 5540, Note: FC, fold change.
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Tab. 5 Length and variant site information of amplified sequences of P. giongdaoensis

s Ry FN/GREA KL PR AR 2R RBEE WAL AR
LR A K R . . .
Number of the insertion Number of  Haplotype = Polymorphic Number of  Parsimony Single
Gene name Length /bp . o . . . L. .
or deletion haplotype diversity site mutation  informative site site
atp 1 1025 27 19 0.995 16 18 11 5
trnF 902 18 18 0.989 53 56 37 16
UDP-SQ 608 4 4 0.521 16 17 2 14
POPTRDRAFT 575699 485 2 2 0.100 1 1 0 1
*o HBEHSHMRKMMBEERERS
Tab. 6 Genetic distance between P. giongdaoensis and other Populus species
& cpDNAZLA FH T
e Ay nrtDNAZHS op & S
%ﬁ “F e nrDNA cpDNA UDP-SQ  POPTRDRAFT 575699 a1  traF FE Average of
Species name Group L L Average
combination  combination each group
P. davidiana 0.009 0.014 0.007 0.004 0.014 0.025 0.012
P. tomentosa SEZE 0.006 0.014 0.007 0.000 0.014  0.023  0.011 0.011
Leuce ’
P. adenopoda 0.006 0.012 0.007 0.000 0.013  0.023 0.010
P. lasiocarpa 0.013 0.013 0.007 0.007 0.014 0.025 0.013
P. heterophylla R4 1.073 0.016 0.013 1158 0.017 1169 0575 0.388
Leucoides '
P. wilsonii 1.064 0.016 0.009 1.160 0.017 1.193 0.577
P. simonii 0.015 0.013 0.009 0.007 0.014 0.026 0.014
P. laurifolia A 0.015 0.017 0.009 0.007 0.018 0.032 0016 0.015
Tacamahaca .
P. trichocarpa 0.009 0.017 0.009 0.002 0.017  0.029 0.014
P. nigra 0.020 0.011 0.011 0.011 0.012  0.023 0.015
P. afghanica 0.018 0.014 0.011 0.009 0.014 0.026 0.015
& | Do
P. canadensis Aigeiros 0.018 0.016 0.010 0.008 0.022  0.026 0.017 ’
P. deltoides 0.018 0.016 0.011 0.009 0.017  0.029 0.017
P. pruinosa 0.013 0.018 0.013 0.002 0.020 0.027 0.016
P. euphratica WP 0.016 0.018 0.015 0.004 0.020 0.027  0.017 0.205
Turanga :
P. ilicifolia 1.088 0.018 0.017 1.159 0.020 1.195 0.583
S. triandra 0.083 0.053 0.049 0.040 0.053  0.062 0.057
S. arbutifolia i 0.083 0.052 0.053 0.036 0.051 0062  0.056 0.056
Outgroup :
S. raddeana 0.081 0.053 0.047 0.038 0.052  0.062 0.056

b, B 5 (P. adenopoda) 1A% #H 55 ik
I (0.010), FEMIRZ(0.011), FeJa & 114%(0.012),
5 K0 LA B~ 350 8 A R 25 /N1 5 AR IR R A0 1)
BAAEE, B T EEMEOMERGRIERES

BAVEF T S K ANSR AN 5 /N A 43 i
B JE R B 20 6 BE TR I R G idb A i, B 2 TR ik
PRl 7 V2R A I S R B . BT
IR T B KANSRIER B (R A, cpDNA #4) 2 [ iF
W B RS S AOMARERIEEEKR, HE
B R 50, trmF H BAS BE 50, atp 1 B AE B
58, cpDNA 7 4|20 & B A5 A 67(& 6A). nrtDNA
MR AN 2R BB S O AW RGBSR S

KR, BIEEY/NT 50(HE 6B), UDP-SQ H B 15 &
N 15, POPTRDRAFT 575699 F & {5 % 4 40, H
RS BRI K 532, R H nrDNA 751X T
IR 1 5 H AR R E] (9 X 5 BERR 22

3 Zib 5tk

EEMFHISRG K F, B EH AR FEJEEE R K
BUR e EHAT R 730 o i 4 A TSR B
SKAKE, Ik BRE AN — HERICT 660 41
AR FIREE . TS R LA R R 2 DAY Ka.
Ks f Ka/Ks 7] FIFAS R SR GO0 &R tH 5>
PRI [8) S A Ut A 3 i o 32 IE LR ) 3 R 192, R
WEFT e 3 ANWRR IR LA (R 2E IR 1 Ks B P 34{E N
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A 371 2207 B 203
403 232
233 404
426 407
213 426
L 214 204
204 427
= 207 214
407 ) 65 (218 | il
‘_EZIS fijo)fj daoensis 233 é;fjgdaaensix
4L 223 | P qiong 207
402 208
{E 230 r213
427 220
211 211
5 I 232 402
In 202 230
99[ - 404 212
— 208 403
67— 212~

o

4 P nigra
iI4% P adenopoda
M 1% P. davidiana
8oL B4 P. tomentosa
Bl & 4 P afghanica
K4 P lasiocarpa
99| 65 JNVAG P simonii

39r- it P. canadensis
ﬁ LW BH P. deltoides

B P, trichocarpa
W49 P, laurifolia
ﬁ[ WK P, pruinosa
¥ P. euphratica
=M S. triandra
@f[ BN KM S, arbutifolia
76"~ SEM S. raddeana
5t P heterophylla

I—E Wit P, wilsonii
97— &35 P ilicifolia

0.08 0.06 0.04 0.02 0

55 L ¥ P. laurifolia

B[ 55 V4% P. afghanica
I K45 P lasiocarpa

99+ B P nigra

L SEU A% P deltoides
- It P. canadensis

4{ 1% P. davidiana

76 E JNA% P simonii

iI4% P adenopoda
T P. tomentosa
ERW P trichocarpa
91 |- JKiA¥ P. pruinosa
L 14 P. euphratica
- JEFEM S. raddeana

L =ZEM S. triandra
o8|t KM S. arbutifolia
=223

KF M P, ilicifolia

E" Wit P wilsonii
84 - S45 P. heterophylla

0.015 0.010 0.005 0

A. cpDNA &7 51 5 KAUSRFEALHT s B. ntDNA 4 & /7 51 5 KABVSR A . A, cpDNA combination sequence maximum likelihood phylogenetic

tree; B, maximum likelihood evolutionary tree of nrDNA combined sequence.

6 IEMS 19 MR RGHELR
Fig. 6 Phylogenetic tree of the P. giongdaoensis and 19 tree species

0.150 5, VEAE A 0.02, Ks {E 7K T AH X LK, Ka/Ks <
15 97.27%, F#W 3P R BOERZ K AR
IR RS R B W BRI S 5 g A4 B
BROLRG R, BB ENFEWL, JFdd 7=
K2r Al B B M 53X 2 SR 23 A0 TR) K A
121 3 AEET A A R S Rk [R] Ak
PROCAT N [ S EE DR (1 B A 2t B e A ol 5 2%
KFR o FERAIWTTEH, 660 4 H R FIJRE K F IS &5
it : REIEFIRE R, 3 Bl K& 1R RIE
WEAFTE 2 57, (HAERUBE e TR AR
FRARL, i —0 3R T B B8 AN B A ROR
TG RFR Ao, BAIEGERBEME R T
5 ANBERDEL AR FIEIE R 4L 220 41, 3T IX S E R R
FERME T SRR AR, 2R BRI,
W4 F0 B A4 TN R — 43 3, 350 B 9 R0 S5 EE A0 &%
= AR, BT AN B R AR S
BRI LR Z I N, U T X R A
USRS R R, BB Y5 LA R A — 2 2 R .

ATV — Pl i B R S B R T VE AT T B
MitE ¥ & B AL AT, AR 2 T P b o 400
RONTHIE B 72—, IRATIAE 20 FRER 54 1
TLRE T 4 ANFERF A, B S R R A R
atp 1 Fl trnF 2 3547 5153 7 9 16 #1 53, B & &
nrDNA [JUDP-SQ(16)FIPOPTRDRAFT 575699(1),

X 2 W] cpDNA X} T nrDNA A B8 3 1k, 18 2 5 bk,
TEB S M cpDNA 7] B8 H A 58 4 (4 Fih % 1 8
T FAN AT HMEB MRS LR, A4 E
19 MR AT T 741 2 A, i i A% R B vk T
8 ap | « trnF. UDP-SQ. POPTRDRAFT 575699 LA
S A FEK P51 cpDNA Al nrDNA 5 HoAth b b 7 3
FEHE S, P IEE (0.01 DY B RIS 5 A
RGN, 1IX 5 Wang WAL — 8. (A HRK
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