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ABSTRACT

Pinus densiflora var. zhangwuensis S.)J.Zhang, C.X.Li & X.Y.Yuan, a tree species with promising afforest-
ation potential in northern China. Here, we assembled and annotated the complete chloroplast (cp)
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genome of P. densiflora var. zhangwuensis using the Oxford Nanopore sequencing technology. The cp

genome was 119,725 bp in length, exhibiting a typical quadripartite structure with a large single-copy
(LSC: 65,552bp) and a small single-copy (SSC: 53,183 bp) separated by a pair of inverted repeats
regions (IRA and IRB: each of 495bp) region. The overall GC content is 37.3%. The genome was pre-
dicted to encode 112 distinct genes, including 72 protein-coding, 36 tRNA, and four rRNA genes.
Maximum-likelihood (ML) phylogenetic for cp genome sequences of 18 Pinaceae species revealed that
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P. densiflora var. zhangwuensis was closely related to Pinus sylvestris.

In 1990, Pinus densiflora var. zhangwuensis S.J.Zhang, C.X.Li
& X.Y.Yuan was first discovered in a Pinus sylvestris plantation
in Zhanggutai Township, Fuxin City, Liaoning Province, China.
Compared with P. sylvestris, P. densiflora var. zhangwuensis
grows faster, and has stronger cold, drought, and salt-alkali
resistance (Meng et al. 2010). More interestingly, P. densiflora
var. zhangwuensis exhibits strong resistance to Sphaeropsis
sapinea which causes serious harm to Pinus species in several
countries covering northern and southern hamispheres
(Swart and Windfield 1991). Advances in seed orchards’
designs are expected to deliver crops with maximum seed
yield and genetic gains (Yang et al. 2020), which undoubt-
edly will benefit the improvement of P. densiflora var. zhang-
wuensis seed setting rate. At present, P. densiflora var.
zhangwuensis research is mainly focused on the construction
of genetic map (Lei et al. 2004), understanding the physio-
logical-biochemical characteristics. Among these genomic
endeavors, research on P. densiflora var. zhangwuensis origin
is paramount for enhancing the species breeding and conser-
vation programs (Yan et al. 1999). The characterization of P.
densiflora var. zhangwuensis chloroplast (cp) genome is a
powerful tool for unraveling the species phylogeny and
enhancing intended intra-specifc hybridization activities.
Here, we utilized the Oxford Nanopore sequencing technol-
ogy to completely sequence and annotate P. densiflora var.
zhangwuensis chloroplast genome and analyzed the resulting
sequence along with other 17 pines species and Taxus

baccata as to determine their
relationships.

Leaf specimens from P. densiflora var. zhangwuensis trees
growing in a plantation in the Zhanggutai Township, Fuxin
City, Liaoning Province, China (42°07’N, 121°53’E) were col-
lected and were stored in the Beijing Advanced Innovation
Center For Tree Breeding by Molecular Design, Beijing
Forestry University under voucher number 376099. P. densi-
flora var. zhangwuensis cpDNA was extracted by using a
modified CTAB method (Song et al. 2011) and sequenced by
using the Oxford Nanopore sequencing technology to capit-
alize on its long-read advantages (Cao et al 2016). The result-
ing cpDNA whole genome was assembled by Flye
v2.8.3 (https://github.com/fenderglass/Flye), annotated in
CPGAVAS2 v2 (http://47.96.249.172:16019/analyzer/annotate)
(Shi et al. 2019), and the complete open reading frame (ORF)
was predicted according to the input sequence using TBtools
v0.665 (https://github.com/CJ-Chen/TBtools) (Chen et al.
2020). The cpDNA sequences of P. densiflora var. zhangwuen-
sis along with 17 published pineaceae plastomes and Taxus
baccata as outgroup were compared by using MAFFT v7.037
(Katoh and Standley 2013). TVM +F + G4 substitution model
in 1Q-tree v1.6.12 (Lam-Tung et al. 2015) was used to infer
the Maximume-likelihood (ML) phylogenetic tree with 1000
bootstrap repeats (Li and Guo 2006).

The results indicated that the coDNA genome of P. densiflora
var. zhangwuensis (GenBank accession number MZ677091) has
a typical quadruple structure with a large single copy (LSC:

outgroup phelogentic
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Figure 1. Maximum-likelihood phylogenetic tree based on complete chloroplast genome sequences of P.densiflora var. zhangwuensis and 17 other Pinaceae species
(note: Taxus baccata was used as outgroup). Bootstrap support values are labeled at each node.

65,552bp) and a small single copy (SSC: 53,183 bp) sepa-
rated by a pair of inverted repeats regions (IRA and IRB:
each of 495bp). The overall GC content is 37.3%. The gen-
ome was predicted to encode 112 distinct genes, including
72 protein-coding, 36 tRNA, and four rRNA genes. ML phylo-
genetic for cpDNA genome sequences of the 18 Pinaceae
species revealed that P. densiflora var. zhangwuensis was
closely related to P. sylvestris (Figure 1).
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