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Complete sequence and comparative analysis of the chloroplast genome
of the Chinese aspen (Populus adenopoda , Salicaceae)
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Abstract: We sequenced and characterized the complete chloroplast genome of the Chinese aspen (Popu-
lus adenopoda) , and made comparative analyses of the structure variation of the chloroplast genomes of
P. adenopoda and other 11 poplars. The P. adenopoda chloroplast genome is 158,591bp in length, ex-
hibits a typical quadripartite structural organization, consisting of a LLSC region of 84,634 bp, two IR re-
gions of 27,667 bp and a SSC region of 18,623 bp. Comparison of the cp genome structure and gene or-
der to those of the 12 Populus species indicated that the chloroplast genomes of this genus are rather
conservative, only six large deletions or insertions were found across the whole genome. Phylogenetic a-
nalysis demonstrated that the 12 Populus species clustered into three well-supported clades, and Chinese
aspen is most closely related to the white poplar, P. alba. Our work will better our understating of the
evolutionary history of Populus, and will be useful to future population genetics and other molecular e-
cology studies of poplars based on chloroplast DNA sequences.
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Fig. 1 Circular gene map of the plastid genome of P. adenopoda

Genes drawn within the circle are transcribed clockwise, while those drawn outside are transcribed counterclockwise. Genes

are color-coded according to their functional groups
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Genes present in the P. adenopoda cp genome

Tab. 1

ma Rt AR E AN EE R

Gene products

1 Photosystem 1

2 Photosystem 11

3 Cytochrome b6/f

4 ATP synthase

5 NADH dehydrogenase

6 Rubisco

7 RNA polymerase

8 Small subunit ribosomal proteins
9 Large subunit ribosomal proteins
10 Other proteins

11 Proteins of unknown fuction

12 Ribosomal RNAs

13 Transfer RNAs

psaA. B, C, 1. J, ycf3*, ycf4

psbA, B, C, D, E, F, H, I, J, K, L, M, N, T, Z

petA, BY, D, G, L, N

atpA. B, E, F*, H, 1

ndhA®, B*¢, C, D, E, F, G, H. I, ], K

rbell

rpoA, B, C1b, C2

rps2, 3, 4, 7¢, 8, 11, 124, 14, 15, 18, 19¢

rpl2bc, 14, 16, 20, 22, 23°, 33, 36

accD, ccsA, cemA, clpP?*, matK

yefle, 2¢, 15¢

rrn4. 5¢, 5¢, 16°, 23°¢

trnA(UGCO)> ¢, C(GCA), D(GTC), E(TTC), F(GAA), G(UCC)", G(GCC), H
(GTG), ICCATY, I(GAU) <, K(UUU)P, L(CAA), L(UAA)", L(TAG), M
(CAT), IM(CAT), N(GTT)¢, P(TGG), Q(TTG), R(ACG)¢, R(TCT), S

(GCT), S(TGA), S(GGA), T(GGT), T(TGT), V(UAC)", V(GAC)*, W
(CCA), Y(GTA)

T SRS 2 AN E T RS LA S F e JEE 400 I BUAE 2 A4S TR X 59 e R 4 4 I R 2 A4 A 7 S IX 3k
Note: *Gene containing two introns; "Gene containing a single intron; ¢Two gene copies in IRs; ¢Gene divided into two independent

transcription units

3.2 MEMREEFRANLLE S
BUER HAT . #7 )8 © & 3R SR AR L PR 28 0 1
A 1L AR 2D AHJE AN [F] i S 44 5 TR 20 22 ] 1 LE
AT HTIRGE B D AR A A 5T L B — RO T A
(1R At g A R DR 2 6 A7 0 e R 3R L O 5 A A 8 )
FRHEAT LE A B, 45 SR 3R BT, i) i A% it 2 K BE PR 4
HEF/NI LS5 E LFRMN 11 )8 gk
PRI AT — SE 4 /N 2200 (3R 2). fEIX 12 A2 ik
®2 BREH RAMGEERAMHILE

Tab. 2 Comparison of cp genomes among 12 poplar tree species

FE A LI /INTT THT » W) A7 ) - e MR R DA 4 i O L T
B I S R 3 D fe /s XA 22 S R SSC
DX I8 RN AN [ e 5 BRI
2 g R B e A7 R /N O R A AR R T R 9 A
WA R T 2O A T I SRR A R I BT
DX T S 5 00 435 T b oo T 4 IXC L A3 A X T
PO 8 P e

Size (bp) Total number of genes

Species . . GHC U Pprotein-coding Coding GenBank
Total LSC IR SSC genes rRNAs tRNAs ratio (%) accessions

P. adenopoda 158,591 84,634 27,667 18.623 36.7 86 8 37 65. 65 KX425622
P. alba 156,505 84,618 27,660 16,567 36.7 84 8 37 65.12 AP008956
P. balsamifera 157,094 84,921 27,828 16,499 37.3 81 8 37 64.29 KJ664927
P. cathayana 155,449 83,911 27,541 16,456 36.9 76 8 29 67.26 KP729175
P. euphratica 156,766 84,888 27,642 16,593 36.7 84 8 36 65.63 KJ624919
P. fremontii 157,446 85,454 27,838 16,316 36.7 81 8 37 64.29 KJ664926
P. ilicifolia 158,017 85,926 27,780 16,533 36.5 81 8 36 64.8 KX421095
P. giongdacensis 156,074 84,467 27,548 16,512 36.7 86 8 37 65. 65 KX534066
P. rotundifolia 155,373 84,603 26,982 16,533 36. 8 86 8 37 65. 65 KX425853
P. trichocarpa 157,033 85,129 27,652 16,600 36.7 100 8 37 68. 97 EF489041
P. yunnanensis 155,776 83,955 27,642 16,537 36. 8 77 8 30 66. 96 KP729176
P. tremula 156,067 84,377 27,600 16,490 36. 8 86 8 37 65. 65 KP861984
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Fig. 2 Percent identity plot for comparison of 12 Populus chloroplast genomes

Top line shows genes in order (transcriptional direction indicated with arrow). Sequence similarity of aligned re-

gions between P. adenopoda and the other 11 species is shown as horizontal bars indicating average percent i-

dentity between 50~100% (shown on y-axis of graph). The x-axis represents the coordinate in the chloroplast

genome. Genome regions are color coded as protein-coding (exon) , rRNA, tRNA and conserved non-coding se-

quences (CNS)
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Fig. 3 Phylogenetic tree based on all available complete cpDNA sequences of members of the ge-

nus Populus

The tree was constructed using ML and Bayesian as construction methods. Bootstrap support values (%) and

Bayesian posterior probability (BPP) are shown above branches on the right and left side of the virgule (/).
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