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ABSTRACT
Quercus kerrii Craib 1911 (section Cyclobalanopsis) is a widespread tree species in the tropical seasonal
forests of southwest China and Northern Indo-China areas. In this study, we sequenced, assembled and
annotated the complete chloroplast genome of Q. kerrii. The circular genome was 160,743bp in length
and had a GC content of 36.89%. The Q. kerrii chloroplast genome has a typical quadripartite structure,
including two inverted repeat regions (length, 25,825bp; GC content, 42.76%), a large single-copy
region (length, 90,196bp; GC content, 34.74%), and a small single-copy region (length, 18,897bp; GC
content, 30.60%). Genome annotation has indicated that the Q. kerrii chloroplast genome contained
131 genes, including 86 protein-coding genes, 37 tRNA, and eight rRNA. The phylogenetic tree showed
that Q. kerrii had a close relationship with Q. schottkyana Rehder & E.H.Wilson 1916.
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Introduction

Oaks (Quercus L.) are the most widespread lineage in the
Northern Hemisphere. The recent phylogeny well resolved
two subgenera of the genus: subgenus Quercus and sub-
genus Cerris (Denk et al. 2017; Deng et al. 2018). Three sec-
tions, Cyclobalanopsis, Cerris, and Ilex, belong to the
subgenus Cerris. Section Cyclobalanopsis (also known as ring-
cupped oaks) consists of ca. 100 species that are endemic to
East Asia. Oaks have important economic and ecological val-
ues, and their local adaptation and evolutionary history have
attracted the attention of many researchers (Cavender-Bares
2019). Benefiting from the development of sequencing tech-
nology and the reduction in sequencing costs, more than
40% of the Chinese oak chloroplast genome have been
assembled (Fang et al. 2022). These data provide an import-
ant resource for understanding the genetic diversity and evo-
lutionary history of oaks. Southwest China and Northern
Indo-China are the ancestral distribution area and the species
divergence center for the section Cyclobalanopsis (Deng et al.
2018); however, the chloroplast genome information of the
ring-cupped oaks in this region is rather limited.

Quercus kerrii Craib 1911 (Figure 1) belongs to the section
Cyclobalanopsis and is predominantly distributed in south-
west China, as a keystone tree species of the tropical sea-
sonal broadleaved forests in southwest China and Northern
Indo-China. Comparing the specimen collection records with
the distribution records of Q. kerrii from our field surveys,
many of the distribution sites where the species was present

decades ago did not exist presently. This means that the
habitat of Q. kerrii has experienced extensive degradation,
which was driven by a contemporary climate change and
human activities. Our previous species distribution modeling
and population genetic study by using 10 nrSSR and the
DNA intergenic spacers of two chloroplasts showed the Asian
summer monsoon and the Indian summer monsoon boosted
the local adaptation of its population (Jiang et al. 2018).

Figure 1. Morphological characteristics of Quercus kerrii. Quercus kerrii is a tree
to 30 m tall. Branchlets densely tawny tomentose, glabrescent, or rarely remain-
ing hairy. Petiole 1–2 cm, tomentose; leaf blade oblong-elliptic, lanceolate, or
oblong-oblanceolate, abaxially stellate hairy. Cupule discoid, covering base to
1/2 of nut, outside grayish to pale brown tomentose. Nut oblate apex depressed
to flat. Photos were taken by Xiao-Long JIANG in Lincang, Yunnan Province,
China.
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However, these molecular markers only contain very few
informative loci to profile the population’s genetic structure.
To provide more information on variation, in this study, we
assembled and annotated the complete chloroplast genome
of Q. kerrii. Meanwhile, a phylogenetic tree was constructed
to determine the phylogenetic position of Q. kerrii.

Materials and methods

The samples were collected from a wild population of Q. ker-
rii in August 2014 in Lincang County, Yunnan Province, China
(23.65� N, 100.32� E, 1203 m). Fresh leaf samples were imme-
diately cleaned and stored in silica gels. After returning to
the laboratory, the dried samples were stored in a refriger-
ator at �20 �C before DNA extraction. Voucher specimens

were deposited in the Herbarium of Shanghai Chenshan
Botanical Garden (CSH, https://cfh.ac.cn/Subsite/Default.
aspx?siteid=CSH, Contact Person: Bin-Jie Ge, gebinjie123@
163.com, under the voucher number DM9122). Total genomic
DNA was extracted from the silica-dried leaves using the
modified CTAB method (Doyle 1987). After the quality deter-
mination of the genomic DNA, the qualified DNA was pre-
served in the Laboratory of Forestry Genetics, Central South
University of Forestry and Technology (contact person: Xiao-
Long Jiang, xiaolongjiang1@gmail.com, under the accession
number DM9122).

The genome skimming sequencing was conducted by the
Personalbio Company (Shanghai, China) using the Illumina
NovaSeq 6000 platform in paired-end 150 bp mode. Raw
reads were cleaned using fastp v0.21.0 (Chen et al. 2018).

Figure 2. Characterization of the chloroplast genome of Quercus kerrii. From the center going outward, the first circle shows the distribution of the repeats con-
nected with red (the forward direction) and green (the reverse direction) arcs. The second circle shows the tandem repeats marked with short bars. The third circle
shows the LSC, SSC, IRa, and IRb regions. The fourth circle shows the percent of GC content. The next circle shows the genes having different colors based on the
functional groups. The functional classification is shown at the bottom left.
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The chloroplast genome was assembled using GetOrganelle
v1.7.2beta (Jin et al. 2020) with the default parameters. To
save time and computer resources, 5,000,000 reads were ran-
domly selected from the clean reads for de novo assembly.
The coverage depth of the sequences in the genome was
calculated using bbmap (https://github.com/BioInfoTools/
BBMap). Chloroplast genome annotation was performed
using the Plastid Genome Annotator (PGA) (Qu et al. 2019)
with the default parameters. The chloroplast genome of
another oak of section Cyclobalanopsis, Quercus schottkyana
Rehder & E.H.Wilson 1916, was used as the reference gen-
ome. The chloroplast genome of Q. kerrii was visualized and
SSR was identified using CPGview (Figure 2) (Liu et al. 2023).

To infer the phylogenetic relationship of Q. kerrii, a max-
imum-likelihood (ML) tree was constructed based on the
chloroplast genome of Q. kerrii in this study and other 14
oaks species downloaded from NCBI (https://www.ncbi.nlm.

nih.gov/). The downloaded chloroplast genome sequences
and their sources were summarized as below: Q. monimotri-
cha Hand.-Mazz. 1929 MG678006, Q. neglecta (Schottky)
Koidz. 1916 MG678010, Q. jenseniana Hand.-Mazz. 1922
MG678011, Q. sessilifolia Blume 1851 MG678012, Q. utilis Hu
& Cheng 1951 MG678015, Q. franchetii Skan 1899 MG678018,
Q. acrodonta Seemen 1897 MG678019, Q. mongolica Fisch. ex
Turcz. 1850 MG678033 (Yang et al. 2021), Q. schottkyana
MW450872 (Li, Luo, et al. 2021), Q. gilva Blume 1851
MK986651 (Zeng et al. 2019), Q. phillyreoides A.Gray 1859
MK105462 (Pang et al. 2019), Q. engleriana Seemen 1897
MZ196209 (Li, Li, et al. 2021), Q. aquifolioides Rehder &
E.H.Wilson 1916 KP340971 (unpublished), and Q. tungmaiensis
Y.T.Chang 1966 MF593893 (Yang et al. 2018).

Quercus consists of two subgenera, subgenus Quercus and
subgenus Cerris (Denk et al. 2017). Except Q. mongolica,
which belongs to the subgenus Quercus, other species are

Figure 3. Depth of coverage of the data used to assemble the chloroplast genome of Quercus kerrii.

Figure 4. The maximum-likelihood phylogenetic tree of Quercus kerrii and other 14 East Asian oaks using complete chloroplast genome sequences. Quercus mongol-
ica (subgenus Quercus section Quercus) was used as outgroup to root the tree. The values at the node indicate the bootstrap support value.
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from the subgenus Cerris. Therefore, Q. mongolica was used
as the outgroup to root the tree in this study. The chloroplast
genome sequences were aligned using MAFFT v7.4.75 (Katoh
and Standley 2013). The phylogenetic tree was reconstructed
using IQ-TREE v1.6.12 (Chernomor et al. 2016). The best evo-
lution model was estimated using the IQ-TREE software. To
test the credibility of the tree topology, 1000 fast bootstrap
replicates were performed.

Results and discussion

A total of 133,363,806 reads were retained after removing
the low-quality reads from the raw reads. The chloroplast
genome of Q. kerrii is a circular molecule of 160,743 bp in
length with a 36.89% GC content. Similar to other oaks, the
Q. kerrii chloroplast genome has a typical quadripartite struc-
ture, including two inverted repeat regions (length,
25,825 bp; GC content, 42.76%), a large single-copy region
(length, 90,196 bp; GC content, 34.74%) and a small single-
copy region (length, 18,897 bp; GC content, 30.60%). The
range of coverage depth for reads used to assemble the gen-
ome was from 213 to 530 (mean: 383, Figure 3). Totally, 131
genes were annotated using PGA, including 86 protein-cod-
ing genes, 37 tRNA (transfer RNA) and eight rRNA (ribosomal
RNA). A total of 86 SSRs were identified, among which 81
were single-base repeats and five were two-base repeats. The
best model used to reconstruct the phylogenetic tree was
K3Pu þ F þ R2. The phylogenetic tree showed that Q. kerrii
was more closely related to Q. schottkyana with 100% boot-
strap support (Figure 4).

In this study, the monophyletic status of the section
Cyclobalanopsis was well resolved by the phylogenetic tree
obtained from the complete chloroplast genome sequences.
The section Ilex species showed a paraphyletic pattern, and it
was consistent with the recent study from Zhou et al. (2022),
which however exhibited prominent incongruence to the
RAD-seq based phylogeny inferred by Jiang et al. (2019) and
Hipp et al. (2020). Likewise, within the section
Cyclobalanopsis, two main clades corresponding to the
Southeast China and Southwest China distribution of the spe-
cies were detected, which showed significant differences in
comparison with the previous phylogeny inferred by RAD-seq
(Deng et al. 2018). All these discordance between the plastid
and nuclear genome suggested that introgression/hybridiza-
tion might generally occur in East Asia oak lineages. The
complete chloroplast genome sequences and cpSSRs markers
developed in this study provided useful tools for the future
population genetic and biogeographic studies on the Asian
ring-cupped oaks.
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