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ABSTRACT

Pinus plants are the largest existing group of gymnosperms and one of the most highly differentiated
taxa. Due to its huge ecological, economic, and scientific value, the genetic diversity and the relation-
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ship between the intraspecific evolution of Pinus plants have gained wide attention. In this study, the

chloroplast genomes of several common pine trees in southwest and south China, including P. mas-
soniana (masson pine), P. yunnanensis (yunnan pine), P. latteri (south asia pine), P. crassicorticea (la ya
pine), and P. elliottii (slash pine), and entire cpDNA sequences were obtained. Characteristics including
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the structure, repeated sequence, and codon bias of the cpDNA for these five pine tree species

were analyzed.

The Pinus is mainly distributed in the northern hemisphere
and is divided into the subgenera Pinus and Strobus. Due to
its huge ecological, economic, and scientific value, the gen-
etic diversity and the relationship between the intraspecific
evolution of Pinus plants have gained wide attention
(Mardanov et al. 2008; Huang et al. 2014).

In this study, high-throughput sequencing technology
was used to sequence the chloroplast genomes of several
common pine trees, including P. massoniana (Gui GC833D),
P. yunnanensis (Gui GC394E), P. latteri (Gui GC1382E), P.
crassicorticea (Gui GC846E), and P. elliottii (Gui GC111E),
with the GenBank accession codes: MH701846\MK13506
6\MK 000550\MK105898\MK105897. All samples were col-
lected from the germplasm resource bank of the Nanning
Forestry Research Institute (N23°10/, E108°00') located in
Wuming County, Guangxi, China. DNA library construction
and sequencing were performed using the Illumina HiSeq
PE150 strategy. Using the published chloroplast genome
sequence of P. taeda (loblolly pine) as a reference, chloro-
plast reads for five samples were extracted and analyzed
(Besemer et al. 2001; Lohse et al. 2007; Luo et al. 2012).
Among the five chloroplast genomes, P. elliottii had the
largest chloroplast genome, with a total length of
119,876 bp; P. latteri had the smallest chloroplast genome,
with a total length of 119,715 bp. The difference in GC con-
tent was within 0.1% among the five pine tree species
(Figure 1).

The coding gene prediction showed that the number of
coding genes was 48 in P. massoniana cpDNA and in P. cras-
sicorticea cpDNA, and 47 in P. yunnanensis cpDNA, P. latteri
cpDNA, and P. elliottii cpDNA. P. latteri had the longest aver-
age gene length (954 bp), and P. yunnanensis had the short-
est (826bp). P. massoniana, and P. crassicorticea had the
highest ratio of gene length to whole genome length
(37.59%), and P. yunnanensis had the smallest ratio (32.39%).
Forthese protein-coding chloroplast genes, base A had the
highest frequency at the first position of corresponding
codons, whereas base T had the highest frequency at the
second and third positions. Thus, the codons of chloroplast
proteins prefer to end with A-- and T—-. Except for P.
yunnanensis, more than 70% of the codons in the other four
pine tree species ended in A—— or T--. Based on the RSCU
(relative synonymous codon usage, Xu et al. 2010) values of
the chloroplast protein-coding genes in the five pine tree
species, the results showed that these species had an
adequate preference for codon use.

The chloroplast genomes of 16 Pinus plant species were sub-
jected to sequence alignment to construct phylogenetic trees
for the study of genetic geography. MAFFT v7.394 software was
first used for sequence alignment (Kazutaka and Standley 2013),
and the ML (maximum-likelihood) and BI (Bayesian inference)
methods were then used to construct phylogenetic trees. The
results indicated that the phylogenetic trees constructed by the
two methods were virtually consistent (Figure 2).

CONTACT Zhanggi Yang @ yangzhangqi@163.com @ Guangxi Key Laboratory of Superior Timber Trees Resource Cultivation, Guangxi Institute of Forestry

Science, Nanning 530002, China

© 2020 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,

distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.1080/23802359.2019.1710587&domain=pdf&date_stamp=2020-01-13
http://creativecommons.org/licenses/by/4.0/
http://www.tandfonline.com

McpDNA
chloroplast genome
119,743 bp

100

100

100

Pinus nelsonii NC011159

Pinus krempfii NCO11155
Pinus gerardiana NC011154
Pinus bungeana NC028421
Pinus strobus NC026302
Pinus sibirica NC028552

Pinus armandii NC029847

Pinus koraiensis NC004677
Diverg . .

100

LcpDNA

chloroplast genome

119,729 bp

HepDNA
chioroplast genome
119,715 bp

Pinus taiwanensis NC027415
Pinus thunbergii NC001631
Pinus tabuliformis NC028531

Pinus yunnanensis MK105898

Pinus yunnanensis var.
tenuifolia MK135067

Pinus massoniana MH701846

9¢| Pinus massoniana
Pinus crassicorticea MK105897

oor- Pinus latteri
Pinus latteri MK000550

Pinus elliottii MK135066

100
o Pinus oocarpa NC035949
100 | 27f Pinus greggii NC035947

Pinus jaliscana NC035848
Pinus contorta NCO11153

00|
—EPinus monophy1la NCO11158

. ML

o 0.01  0.02 0.05 0.04

0.05

MITOCHONDRIAL DNA PART B e 579

DcpDNA
chloroplast genome
119,817 bp.

ScpDNA
chloroplast genome
119,876 bp

~ Pinus jaliscana NC035848

— Pinus greggii NC035947

100 Pinus tabuliformis NC028531
10 Pinus thunbergii NC001631

1990 pinus taiwanensis NC027415

| Pinus yunnanensis var. tenuifolia MK135067
109 Pinus yunnanensis MK105898
+ Pinus crassicorticea MK105897

Pinus massoniana

~ Pinus massoniana MH701846

oor~ Pinus latteri MK000550

Pinus latteri
Pinus bungeana

NC028421

Pinus gerardiana

NCO11154

Pinus krempfii

NCO11155

Pinus sibirica

NC028552

190r Pinus koraiensis
NC004677

pinus armandii

NC029847

Pinus strobus

NC026302

100

100

Pinus monophylla

Y L NCO11158
Pinus nelsonii
NCO11159

9B] Pinus contorta NCO11153

Pinus elliottii MK135066
Pinus oocarpa NC035949
lDivergeno‘e, subslilul‘ionslsib

o} 0.01 0.02

A Bl

0.05

0.05  0.04

Figure 2. Clustering of 24 Pinus species based on complete chloroplast genome sequences using the maximum-likelihood (ML) and Bayesian Inference likelihood

(Bl) methods.
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