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ABSTRACT 
Polygala subopposita is an endemic milkwort species in China. In this study, we present the assembly 
of its chloroplast genome (plastome) for the first time. The total plastome size is 164,784 bp in length, 
consisting of a large single-copy (LSC) region of 83,235 bp, a small single-copy (SSC) region of 8,037 bp, 
and two inverted repeat (IR) regions of 36,756 bp that have expanded approximately 10 kb into the 
SSC region. A total of 111 unique genes were identified in the plastome, including 77 protein-coding, 
30 tRNA, and four rRNA genes. Interestingly, the trnQUUG gene was found to have two additional 
copies in the IRs, and the clpP gene lost its entire intron 2. Phylogenetic analysis suggests a close 
relationship between P. subopposita and P. crotalarioides. These findings provide valuable genomic 
resources for further research on the phylogenetic and evolutionary studies of Polygalaceae.
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Introduction

Polygala subopposita S. K. Chen 1980 is an important medicinal 
herb with a narrow distribution in southwest China, including 

Guizhou, Sichuan and Yunnan provinces (Chen et al. 2008). It is 
classified as belonging to the tribe Polygaleae of the milkwort 
family (Polygalaceae). Polygala s.s. comprises approximately 500 

Figure 1. Polygala subopposita. (A) Habitats (photted by the Caizhi Biotechnology Co., LTD at wenshan city, Yunnan Province); (B) Specimen (made by the Caizhi 
Biotechnology Co., LTD).
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species, 21 of which are endemic to China. The most recent 
phylogenetic study discussed the infrageneric and generic rela-
tionships of Polygala and its allies (Pastore et al. 2019). 
However, the taxonomy and evolutionary history of Polygala 
remain unclear due to the lack of informative loci and samples 
from the Old World, including China. Plastid genomes have 
been shown to be valuable in resolving phylogenetic relation-
ships at various taxonomic levels. However, there are fewer 
than twenty plastomes reported for this group by the NCBI. 
Therefore, the plastome of P. subopposita and its phylogenetic 
application were analyzed in this study to provide additional 
molecular loci for further phylogenetic and evolutionary studies 
of Polygala.

Materials and methods

Plant material was collected from theropencedrymion in Gumu 
Town of Yunnan Province (23�18025.9400N, 104�13054.6400E), and 
the voucher specimen (no. WYH2020002) was deposited in the 
Chinese National Herbarium (PE; http://pe.ibcas.ac.cn/; Curator: 
Hongzhi Kong, hongzhikong@ibcas.ac.cn) (Figure 1). Total gen-
omic DNA was extracted from silica gel-dried leaves. A 150-bp 
paired-end library was generated and sequenced on the 
Illumina HiSeq 4000 platform at Beijing Novogene 
Bioinformatics Technology Co., Ltd. (Nanjing, China). The com-
plete plastome was assembled from raw reads by using 
GetOrganelle (Jin et al. 2020). For correction of the assembly, 
paired-end reads were mapped to the final plastome by using 

Figure 2. Schematic map of overall features of the chloroplast genome of Polygala subopposita. The map contains six tracks in default. From the Center outward, 
the first track shows the dispersed repeats. The dispersed repeats consist of direct (D) and palindromic (P) repeats, connected with red and green arcs. The second 
track shows the long tandem repeats as short blue bars. The third track shows the short tandem repeats or microsatellite sequences as short bars with different col-
ors. The small single-copy (SSC), inverted repeat (IRa and IRb), and large single-copy (LSC) regions are shown on the fourth track. The GC content along the genome 
is plotted on the fifth track. The genes are shown on the sixth track. The optional codon usage bias is displayed in the parenthesis after the gene name. Genes are 
color-coded by their functional classification. The transcription directions for the inner and outer genes are clockwise and anticlockwise, respectively. The functional 
classification of the genes is shown in the bottom left corner.
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the plugin Bowtie2 v.2.4.5 (Langmead and Salzberg 2012) imple-
mented in Geneious Prime 2022.2.2 (Biomatters Ltd.). 
Annotation was executed using PGA (Qu et al. 2019) with man-
ual adjustment by using Geneious Prime 2022.2.2. The raw 
reads and plastome sequence were deposited in the SRA and 
GenBank, respectively. The physical genome map was drawn 
with CPGView (http://www.1kmpg.cn/cpgview/) (Liu et al. 2023).

The phylogenetic relationships of Polygala subopposita and 17 
milkworts with published sequences were analyzed. Two legume 
species were designated as outgroups. Genes and noncoding 
sequences (NCSs, including introns and intergenic sequences) 
were extracted and aligned by using the MAFFT Multiple 
Alignment v.1.5.0 plugin (Biomatters Ltd.) implemented in 
Geneious Prime 2022.2.2. Matrices with fewer than ten species 
and matrices with sequence length shorter than 22 base pairs 
(bp) were excluded from subsequent analyses. We ultimately 
obtained 235 matrices comprising 110 genes and 125 NCSs (the 
genes and/or noncoding regions extracted from each species, 
along with their corresponding lengths, are listed in 
Supplementary Table 1). Then, ambiguously aligned sites in all 
these alignments were removed using GBLOCKS v.0.91b 
(Castresana 2000; Talavera and Castresana 2007) with default 
parameters, except that all gap positions were allowed. All 235 
GBLOCKS-edited matrices were concatenated to generate a 
supermatrix (species that did not possess a specific gene or NCS, 
were treated as missing in the supermatrix), which was then sub-
jected to maximum likelihood (ML) phylogenetic reconstruction 
using the RAxML V.4.0 plugin (Biomatters Ltd.) implemented in 
Geneious Prime 2022.2.2 under the GTRGAMMA nucleotide sub-
stitution model and 1,000 rapid bootstrap replicates.

Results and discussion

The plastome of Polygala subopposita is 164,784 bp in length, 
with an average depth of 823.8� (Supplementary Figure 1). 

It shows a typical quadripartite structure, containing two 
inverted repeat (IR) regions of 36,756 bp separated by a large 
single-copy (LSC) region of 83,235 bp and a small single-copy 
(SSC) region of 8,037 bp (Figure 2). The GC content is 36.6%. 
It comprises 111 unique genes, including 77 protein-coding 
genes (PCGs), 30 tRNAs and 4 rRNAs. Twenty-two genes are 
duplicated by IRs, including an additional trnQUUG copy, lead-
ing to three trnQUUG copies being found in this plastome. 
The duplication of this gene was also reported by Weng 
et al. (2014) and Zhang et al. (2016) but with different mani-
festations. The clpP gene is missing the entire intron 2, as 
occurs in the majority of plastomes of Polygalaceae. This also 
occurs independently in some other lineages, such as some 
legumes (Wang et al. 2017a). As a result, nine genes (atpF, 
clpP, ndhA, ndhB, petB, petD, rpl16, rpl2 and rpoC1) contain 
one intron, and two genes (rps12 and ycf3) contain two 
introns (Supplementary Figure 2).

The ML phylogenetic results fully resolved Polygala suboppo-
sita in a clade with P. crotalarioides (bootstrap support value 
(BS) ¼ 95%, Figure 3), which is sister to the clade (P. tenufolia þ
P. sibiricaþ P. japonicaþ P. hongkongensis) (BS ¼ 100%). These 
six species form a clade that is sister to the clade comprising 
Polygala spp., Salomonia and Epirixanthes (BS ¼ 100%). All the 
aforementioned species form a clade that is sister to 
Xanthophyllum hainanense (BS ¼ 100%), which is the earliest 
diverging species included in this study. The relationships 
between the sampled species are mostly consistent with those 
of Pastore et al. (2019) but with much higher support values. In 
addition, this study reveals additional relationships of species 
from the Old World clade of Polygala.

Conclusion

Our results outline the chloroplast genome of Polygala subop-
posita with some novel structural variations and provide a 

Figure 3. The maximum likelihood phylogenetic tree of sampled milkwort species and outgroups based on genes and noncoding regions of plastomes. Numbers 
beside nodes represent maximum likelihood bootstrap percentages. Bold type marks species sequenced in this study. Numbers following the species names repre-
sent GenBank accession numbers and the corresponding publication are as follows: KY806280 and NC_036762 (Wang et al. 2017b); MK552118 (Petersen et al. 
2019), MN243710, MN243711, MN243712, MN243713, and MN243714 (Zhang et al. 2020); NC_050829 (Lee et al. 2020).
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robust phylogenetic tree based on plastome data. These 
results indicate that plastomes are beneficial for further study 
of the systematics, phylogenetics, and genetic diversity of the 
family Polygalaceae.
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