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Complete chloroplast genome sequence and analysis of Pinus

ponderosa P. Lawson & C. Lawson and Picea pungens Engelm.
Li Jia™, Li Qing
( College of Life Sciences and Food Engineering, Shaanxi Xuegian Normal University, Xi’an 710100, China)
Abstract. In this study, the complete chloroplast genome sequences of Pinus ponderosa P.
Lawson & C. Lawson and Picea pungens Engelm. were determined using next-generation
sequencing technology. The genome sizes of Pinus ponderosa and Picea pungens were
120 274 bp and 124 237 bp, respectively. The chloroplast genome of P. ponderosa contained
107 genes, including 70 protein-coding genes, four ribosomal RNA (rRNA) genes, and 33
transfer RNA (tRNA) genes. The chloroplast genome of P. pungens contained 111 genes,
including 71 protein-coding genes, four rRNA genes, and 36 tRNA genes. In total, 18 and 32
simple sequence repeats were identified in the Pinus ponderosa and Picea pungens
chloroplast genomes, respectively. Phylogenetic analysis using 73 common chloroplast genes
from 19 Pinaceae and two outgroups divided Pinaceae into two groups: the first clade
included Cedrus, Pseudolarix, Tsuga, Keteleeria, and Abies; the second clade included
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Pinus, Cathaya, Picea, Larix, and Pseudotsuga. Analysis of chloroplast genome structure
identified several rearrangements between different genera of Pinaceae, mediated by a trnS-

GCU small inverted repeat sequence.
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chloroplast genome
124237 bp

E Ribosomal proteins (LSU)

B RNA polymerase

B Transfer RNAs
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B Other genes

O Pothetical chloroplast reading frames (ycf)
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Genes shown inside and outside circle are transcribed clockwise and counterclockwise, respectively. Curvature in the
figure denotes gene arrangement was the same between Pinus ponderosa and Picea pungens.
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Complete chloroplast genome map of Pinus ponderosa and Picea pungens
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Table 1 Genes contained in Picea pungens chloroplast genome
SR g2 FERFIE HR 24 PR
Gene function category Gene category Gene name
ZBEAR RNA L 16, 23, 4.5, rmb
trnA-UGC™* | trnC-GCA, tmD-GUC, trmE-UUC, tmF-GAA, trnfM-CAU,
irnG-GCC. trnG-UCC™ | trmH-GUG? . trnl-CAU? | trnl-GAU™ | tmK-UUU™ |
1% RNA 5 trnL-CAA ., trnL-UAA™ | trnL-UAG., trnM-CAU. traN-GUU., trnP-GGE\ trnP-
(1305 UGG, trnQ-UUG, tmR-ACG. trnR-CCG. tmR-UCU, trS-GCU?. tnS-
s GGA. tmnS-UGA, tmT-GGU?. tmT-UGU, tmV-GAC, trnV-UAC* . trnW-
CCA. tnY-GUA
RNA & it 37 rpoA. rpoB. rpoC1* . rpoC2
AR /NIE 3 (SSU) rps2, rps3, rps4., rps7. rps8., rpsil, rps12* | rpsi4. rpsi5, rpsi8, rps19
IR 3 (LSU) rol14. rpl16* | rpl2* | ml20. mpl22. mpl23. rpl32. rpl33. rpl36
HES 1 psaA. psaB. psaC. psal. psal
RS psbA. psbB. psbC, psbD. psbE. psbF, psbH. psbl®. psbJ. psbK.
JRARE psblL. psbM. psbN. psbT. psbZ
X (NP fEEER b/t EEY petA. petB* | petD* . pelG. petl. petN
ATP & n atpA. atpB. atpE. atpF* . atpH. atpl
nHER R A A chiB., chiL, chiN
AT A NS rbcl
ARG matK
B cemA
il A R D
A Vi J%thi@ acc
R C HYA EER ccsA
el clpP
A s T infA
KA e FE A BE A PRST I SRR TORIERE  yeft, yef2, yef3™ | yofd

e CRFEEEAEMWA; « RFREESE I DNET; = RRERTE 2MNE T, REEWSEBR ML, psbl, tmH-GUG FEH
HAAANEN, trnR-CCG. trnP-GGG Hi~ tRNA JLR &4k T E%k

Notes:? indicates gene has two copies; #* indicates gene contains one intron; =*# indicates gene contains two introns. Compared
with Picea pungens, only one copy of psbl and trnH-GUG were identified and trnR-CCG and trnP-GGG genes were lost in Pinus

ponderosa chloroplast genome.
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CDS: HMABHMIX; 1GS: FFEEFEX; Intron: N&FIX,

CDS: Coding sequence, IGS: Intergenic spacer.
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Fig. 2 Distribution and classification of simple and tandem repeat sequences in Picea pungens
(A, C, E) and Pinus ponderosa (B, D, F)
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Fig. 3 Maximum-likelihood tree of 73 chloroplast genes
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Fig. 4 Collinearity analysis of chloroplast genomes from 12 Pinaceae species
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