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ABSTRACT 
Polygala tatarinowii (Polygalaceae) is an annual herb with ecological, medicinal, and agricultural poten
tial. Here, we present the inaugural assembly of its chloroplast genome (plastome). The total plastome 
spans 168,779 bp in length, featuring two expanded inverted repeat (IR) regions measuring 43,427 bp 
each, flanking a large single-copy (LSC) region of 73,712 bp and a small single-copy (SSC) region of 
8213 bp. The plastome exhibits a GC content of 36.8%. Annotation of the plastome revealed a total of 
112 unique genes, comprising 78 protein-coding genes, 30 tRNAs and 4 rRNAs. Uncommonly, two cop
ies of the trnQUUG gene were identified within the IRs, resulting in the presence of three trnQUUG copies 
in this plastome. Additionally, reductions were observed in the ycf1 and ycf2 genes. Phylogenetic ana
lysis effectively resolves the relationships among sampled Polygalaceae species. Our findings under
score the instrumental role of plastomes in advancing research on the systematics, phylogenetics, and 
genetic diversity of Polygalaceae.
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Introduction

Polygala tatarinowii Regel 1862, a member of the family 
Polygalaceae, is an annual herb primarily found in temperate 
biome. Its native range spans NE. Pakistan to S. Russian Far 
East and Philippines, Papua New Guinea. It thrives in grass
lands on slopes, thickets, roadsides, exhibiting a broad distri
bution across China (Chen et al. 2008). Polygala tatarinowii 
was considered the most important floristic regional indicator 
plant in the wall of Namhan Mountain Fortress (Cha et al. 
2021). Its whole plant can be used medicinally to treat mal
aria and infirmity (Editorial Committee of Flora of China, 
Chinese Academy of Sciences 1997). Records dating back to 
the Northern Wei period in Chinese history indicate its culti
vation for use as valuable green manure (Cui et al. 2014). 
Despite its ecological, medicinal, and agricultural potential, 
research on this species remains scarce.

The Polygalaceae family comprises approximately 29 gen
era and over 1200 species, distributed worldwide (Pastore 
et al. 2019). The chloroplast genomes (plastomes) have 
been proven invaluable in phylogenetic and evolutionary 
studies. However, research on the chloroplast genomes of 
Polygalaceae plants is still limited. This article presents, for 
the first time, the plastome of the P. tatarinowii, highlighting 
its structural features and phylogenetic analysis. Through the 
construction of a phylogenetic tree alongside published plas
tomes from the Polygalaceae family, it aims to assess their 

evolutionary relationships, laying the groundwork for future 
research on utilization, systematics, and evolution within the 
family.

Materials and methods

Plant material was collected from wild grass ground in Xinjie 
Town of Wenshan Prefecture, Yunnan Province 
(23�11015.4900N, 104�0052.0300E). The identifier was Chunyan 
Han from Kunming Caizhi Biotechnology Co., Ltd. The vou
cher specimen (no. WYH2020007) was deposited in the 
Chinese National Herbarium with barcode number of 
2329598 (PE; http://pe.ibcas.ac.cn/; Curator: Qiang Wang, 
wangqiang@ibcas.ac.cn) (Figure 1).

DNA extraction was performed on silica gel-dried leaves 
to obtain total genomic DNA. Subsequently, a 150-bp paired- 
end library was constructed and subjected to sequencing on 
the Illumina HiSeq 4000 platform at Beijing Novogene 
Bioinformatics Technology Co., Ltd. (Nanjing, China). The raw 
sequencing data were then assembled to the complete plas
tome using the GetOrganelle (Jin et al. 2020). To affirm the 
assembly, paired-end reads were aligned to the final plas
tome using Bowtie2 v.2.4.5 (Langmead and Salzberg 2012) 
within the Geneious Prime 2022.2.2 software platform 
(Biomatters Ltd.). Annotation was conducted using the PGA 
software (Qu et al. 2019), with manual adjustments per
formed using Geneious Prime 2022.2.2. Both the raw 
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sequencing reads and the annotated plastome sequence 
were deposited in the Sequence Read Archive (SRA) and 
GenBank, respectively. Finally, the physical genome map was 
generated using the CPGView tool (http://www.1kmpg.cn/ 
cpgview/) (Liu et al. 2023).

We conducted phylogenetic analysis to examine the rela
tionships among P. tatarinowii and 25 other species of 
Polygalaceae with available sequence data. Four species rep
resenting the other three families of Fabales were utilized as 
outgroups for comparison. Sequences, including both genes 
and noncoding regions (including introns and intergenic 
sequences), were extracted and then aligned using the 
MAFFT Multiple Alignment v.1.5.0 plugin within Geneious 
Prime 2022.2.2. Matrices containing fewer than fifteen species 
or sequences shorter than 22 base pairs (bp) were excluded 
from subsequent analyses. Ultimately, we obtained 236 matri
ces, comprising 110 genes and 126 noncoding regions. 
Details regarding the genes, noncoding regions, and their 
respective lengths for each species are provided in 
Supplementary Table 1. To improve alignment accuracy, 
ambiguously aligned sites were removed from all alignments 
using GBLOCKS v.0.91b (Castresana 2000; Talavera and 
Castresana 2007), with default parameters except for allowing 
all gap positions. Subsequently, the 236 GBLOCKS-edited 
matrices were concatenated to construct a supermatrix. In 
cases where a species lacked a specific gene or noncoding 
region, it was treated as missing data in the supermatrix. The 
constructed supermatrix was subjected to maximum likeli
hood (ML) phylogenetic reconstruction using the RAxML 
V.4.0 plugin within Geneious Prime 2022.2.2, employing the 
GTRGAMMA nucleotide substitution model and conducting 
1,000 rapid bootstrap replicates for robustness assessment.

Results and discussion

The plastome of Polygala tatarinowii spans 168,779 bp in 
length, with a GC content of 36.8%. The read alignment to 
the plastome showed coverage ranging from 7� to 3590�, 
with an average of 2481.7� (Supplementary Figure 1). It 
exhibits the characteristic quadripartite structure, comprising 
two inverted repeat (IR) regions flanking a large single-copy 
(LSC) region and a small single-copy (SSC) region (Figure 2). 
Comparative analysis with the plastome of the outgroup 
Adenolobus garipensis (E. Mey.) Torre & Hillc., representing a 
typical angiosperm plastome, reveals an expansion of the IR 
region by over 8500 bp into the LSC region and approxi
mately 8000 bp into the SSC region. Consequently, the longer 
IR region measures 43,427 bp, while the LSC and SSC regions 
span 73,712 bp and 8213 bp, respectively. Notably, one 
inverted and translocated region, along with two inversions, 
are identified within this plastome.

Polygala tatarinowii’s plastome harbors 112 unique genes, 
encompassing 78 protein-coding genes, 30 tRNAs and 4 
rRNAs. Among these, 33 genes are duplicated within the IRs, 
including an additional trnQUUG copy, resulting in the pres
ence of three trnQUUG copies in this plastome. A similar dupli
cation of this gene has been observed in another 
Polygalaceae species Polygala subopposita S. K. Chen (Wang 
2023). Furthermore, the ycf1 and ycf2 genes exhibit reduc
tions to 1,452 bp and 2,580 bp, respectively, in this plastome. 
These two genes are found to be functional and essential for 
cell survival in dicot plastomes (Drescher et al. 2000). While 
the reduction or pseudogenization have been documented in 
various lineages, such as Cynodon dactylon (L.) Persoon 
(Huang et al. 2017), legumes (Oyebanji et al. 2020) and 
Pelargonium (Weng et al. 2019), etc, potentially indicating 

Figure 1. Polygala tatarinowii. (A–C) Images of the plant, flowers, fruits and leaves (photo by the Caizhi Biotechnology Co., LTD); (D) Specimen (made by the Caizhi 
Biotechnology Co., LTD). Herbs annual, erect, 5–15 cm tall. Stems branched, longitudinally angular, glabrous. Petals 3, connate in lower 2/3, red to purple-red; keel 
slightly shorter than lateral petals, without appendage.
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functional transfer to the nucleus. Moreover, the clpP gene in 
this plastome lacks a portion of intron 1 and the entire intron 
2, a common feature shared with the majority of 
Polygalaceae plastomes and certain other lineages, including 
select legumes (Wang, Qu, et al. 2017). Consequently, atpF, 
clpP, ndhA, ndhB, petB, petD, rpl16, rpl2, and rpoC1 contain 
one intron, while rps12 and ycf3 contain two introns 
(Supplementary Figure 2).

The ML phylogenetic tree effectively resolve the relation
ships among sampled Polygalaceae species, largely aligning 
with previous findings (Pastore et al. 2019; Wang 2023) 
(Figure 3). Polygala tatarinowii emerges as sister to the clade 
comprising P. karensium, P. caudata, and P. wattersii, with 
robust bootstrap support (value 100%). Xanthophyllum is 

identified as the earliest diverged genus within Polygalaceae. 
Additionally, the grouping of Salomonia and Epirixanthes 
within Polygala suggests the polyphyletic nature of the latter 
genus.

Conclusion

In conclusion, our study elucidates the plastome of Polygala 
tatarinowii, unveiling several novel structural variations. 
Furthermore, our construction of a robust phylogenetic tree 
based on plastome data sheds light on the evolutionary rela
tionships within the family Polygalaceae. These findings 
underscore the utility of plastomes in advancing research on 
the systematics, phylogenetics, and genetic diversity of 

Figure 2. Schematic map of overall features of the chloroplast genome of Polygala tatarinowii. The map contains six tracks in default. From the Centre 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 colors. 
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 which is shown in the bottom left corner. The transcription directions for the inner and outer genes are clockwise and 
anticlockwise, respectively.
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Polygalaceae. Moving forward, plastomic analyses hold sig
nificant promise for furthering our understanding of the intri
cate evolutionary dynamics within this plant family.
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