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The complete chloroplast genome of Grewia biloba var. parviflora (Bunge)
Hand.-Mazz. (Malvaceae)
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ABSTRACT
Grewia biloba var. parviflora (Bunge) Hand.-Mazz. (1933), a shrub or small tree, is native to northern
and southern China. It is an excellent relief and medicinal plant. The complete chloroplast genome is
158,043bp in length, with a large single-copy region of 86,957bp, a small single-copy region of
20,138bp, two inverted repeat regions of 25,474bp each, and a GC content of 37.4%. There were 129
genes annotated, including 84 known protein-coding genes, 37 tRNAs, and eight rRNAs. The phylogen-
etic trees are constructed using plastome data from 38 species and the maximum-likelihood method.
The results of the chloroplast genome-wide analysis and the phylogenetic tree show the taxonomic
phylogeny of the G. biloba var. parviflora in relation to other species, increasing the accuracy of the
phylogenetic classification of the plant.
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Introduction

Grewia biloba var. parviflora (Bunge) Hand.-Mazz. (1933), a
shrub or small tree, is native to northern and southern China,
according to The Flora of China (Li and Hedge 1933). There
are several medicinal aliases for G. biloba var. parviflora in
China, such as ‘kid’s fist’, ‘Ge Fei Ma’, ‘cotton tendon strip’, etc.
(Xie 2004). The mature G. biloba var. parviflora has a well-
developed stem and bark, and the mature fruits are non-toxic
and edible. In ancient China, it was often used as a folk rem-
edy for tonics, deficiencies, and kidneys. At this stage, most of
the research on G. biloba var. parviflora is focused on its
chemical composition and the pharmacological function of
the extracts as anti-tumor and anti-malarial (Liu et al. 2009). In
Sudan, in north-eastern Africa, it is used as a sedative to
detach human and bovine placenta (Chen 1989). In addition,
as a drought-tolerant plant, G. biloba var. parviflora’s leaves
and secondary xylem exhibit a high degree of plasticity in
their anatomical and physiological characteristics (Shi et al.
2006), so scholars are mostly interested in their water use
characteristics and community characteristics under drought
stress (Sun et al. 2014; Zhang 2021).

Materials and methods

Fresh leaves were collected from Jinzhou City, Liaoning
Province, China (E121�02034.4100, N41�10016.5500) (Figure 1).
The specimen voucher was identified by Professor Tingguo
Kang from the Liaoning University of Traditional Chinese

Medicine in Shenyang, China. A specimen was deposited at
the herbarium of Liaoning University of Traditional Chinese
Medicine (Liang Xu 861364054@qq.com, G. biloba var. parvi-
flora number: 210711191005014LY) (Supplemental Figure S4).
All operations were carried out according to the Specification
on Good Agriculture and Collection Practices for Medicinal
Plants (GACP; number: T/CCCMHPIE 2.1-2018).

Total genomic DNA was extracted from 150mg fresh
leaves using the cetyltrimethylammonium bromide method
(Doyle and Doyle 1987). An aliquot of purified DNA (1lg)
was fragmented by sonication to a size of 350 bp, then to
construct a short-insert (350 bp) library using the Nextera XT
DNA library preparation kit (Illumina, San Diego, CA). The
library was sequenced using the Illumina NovaSeq 6000 plat-
form, and the raw data were quality-filtered using the NGS
QC Tool Kit v2.3.3 (Patel and Jain 2012). High-quality
sequence data (4.53Gb) were then selected for the de novo
assembly of the complete chloroplast genome using the
assembler SPAdes v3.11.0 (Bankevich et al. 2012). Finally, the
complete chloroplast genome was annotated using PGA (Qu
et al. 2019) with the chloroplast genome of Grewia biloba
(NC058214) as a reference.

To analyze the G. biloba var. parviflora chloroplast genome,
we randomly selected the complete chloroplast genomes of
36 other plant species in the Malvaceae (Yang et al. 2018),
and two outgroup taxa (Daphne genkwa and Hovenia acerba)
were obtained from NCBI. Sequences of 56 common protein-
coding genes were obtained from the Grewia biloba var.
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Figure 1. Photographs of (A) a flowering branch and (B) a leaf blade of G. biloba var. parviflora taken by Zhang Shumei in Dalian, Liaoning, China (E121�3504900 ,
N38�5801100). The leaves are densely covered with soft yellow-brown hairs on the underside, and the flowers are short and small.

Figure 2. Circular maps of the chloroplast genome of G. biloba var. parviflora visualized using the CPGview tool (Liu et al. 2023). The forward and reverse repeats
from the center outward were shown in the first track and connected with green and red arcs, respectively. The tandem repeats and microsatellite sequences were
shown in the second and third tracks with different colors. Genes are colored in the outer track by their functional classification listed in the bottom left.
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parviflora. The MAFFT version 7.037 (Katoh and Standley
2013) was used to compare the Grewia biloba var. parviflora
chloroplast genome with the FFT-NS-2 strategy and 37 other
complete chloroplast genomes. A phylogenetic tree of the 38
chloroplast genomes was then constructed using IQ-TREE-
1.6.12, based on the maximum-likelihood method with 1000
bootstrap replications and the JTTþ FþR3 model, which was
selected using ModelFinder (Kalyaanamoorthy et al. 2017).

Results and discussion

The chloroplast genome of G. biloba var. parviflora is
158,043 bp in length, with an average sequencing depth of
5420X, and encodes 129 genes; of these, 84 protein-coding
genes, eight rRNA genes, and 37 tRNAs. The GC content was
37.4%. The genome includes a large single-copy (LSC) region
of 86,957 bp, a small single-copy (SSC) region of 20,138 bp,
and two inverted repeat regions (IRs) of 25,474 bp long. In
addition, we found that 16 genes (trnK-UUU, rps16, trnG-GCC,
atpF, rpoC1, trnL-UAA, trnV-UAC, clpP, petB, petD, rpl16, rpl2,
ndhB, trnI-GAU, trnA-UGC, ndhA) all found to contain an

intron. The ycf3 gene contains two introns, and the rps12
gene has a trans-splicing condition (Figure 2). The chloroplast
genome of G. biloba var. parviflora was correctly assembled
according to the coverage depth (high coverage of over
�100) (Figure S1) (Li et al. 2009; Li 2013). The maps of
the annotated chloroplast genome, cis-splicing genes, and
trans-splicing genes of G. biloba var. parviflora (Figure 2,
Supplemental Figures S2 and S3, respectively) were proc-
essed by CPGview (Liu et al. 2023).

Phylogenetic analysis confirms that G. biloba var. parviflora
is on the same branch as the G. biloba, and the genus Grewia
and the other genus are on the different branches. The
establishment of the phylogenetic tree provides a basis for
future research on Malvaceae family (Figure 3).

Conclusions

The chloroplast genome of Grewia biloba var. parviflora
(Bunge) Hand.-Mazz. was sequenced and annotated for the
first time. Research shows that the subtle differences in
morphology of the G. biloba var. parviflora confirm the

Figure 3. Maximum-likelihood (ML) phylogenetic tree of G. biloba var. parviflora and 37 other species with (A) evolutionary distances and (B) no evolutionary distan-
ces. The numbers above the branches indicate the bootstrap support value. The following sequences were used: Gossypium arboretum HQ325740 (Xu et al. 2013),
Gossypium hirsutum NC007944 (Lee et al. 2006), Gossypium herbaceum JF317353, Gossypium aridum NC033396, Gossypium incanum JN019792, Thespesia populnea
NC048518, Hibiscus mutabilis MK820657 (Abdullah et al. 2020), Abelmoschus manihot NC053353 (Li et al. 2020), Malvaviscus penduliflorus NC066439, Hibiscus cocci-
neus OK336487 (Wang et al. 2022), Hibiscus sabdariffa MZ522720, Thespesia populnea NC048518, Urena procumbens NC054171 (Wang et al. 2021), Talipariti tiliaceum
NC053627, Hibiscus sinosyriacus MZ367751, Hibiscus syriacus OM731671, Hibiscus rosa-sinensis NC042239 (Abdullah et al. 2020), Malvastrum coromandelianum
MK860037 ((Abdullah et al. 2020), Sida acuta NC064374, Malva verticillata MT083899 (Wang et al. 2020), Alcea rosea NC053839 (Qian et al. 2020), Sida szechuensis
NC051877, Abutilon theophrasti NC053702 (Lv et al. 2021), Tilia amurensis MH169579 (Yang et al.2018), Tilia mongolica NC057237, Tilia endochrysea OK624380,
Craigia yunnanensis MN579507, Diplodiscus trichospermus NC065808, Heritiera parvifolia NC038057 (Xin et al. 2018), Firmiana simplex NC041438, Theobroma grandi-
florum NC054233 (Niu et al. 2019), Grewia biloba NC058214 (Xu et al. 2021), Colona floribunda NC054164 (Wang et al. 2021), Corchorus capsularis NC044467,
Corchorus olitorius NC044468, Daphne genkwa MT754180, and Hovenia acerba NC052853 (Zhang et al. 2020).
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genome-wide differences in chloroplasts with the G. biloba,
indicating the stability of the variety. It differs from previous
studies in that it demonstrates the genetic relationship
between G. biloba var. parviflora and G. biloba, providing
valuable new genetic information for the genus Grewia. The
study through the phylogenetic tree shows the relationships
between G. biloba var. parviflora and other species, allowing
more accurate plant classification. It provides very valuable
data for future in-depth studies of the genus Grewia.
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