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ABSTRACT

Zicaitai (Brassica rapa var. purpuraria (L.H.Bailey) Kitam 1950) is a vegetable crop that boasts a high
nutritional value and unique flavor. It originated from Central China and was formed after long-term
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cultivation and domestication. In this study, we obtained the complete sequence of the chloroplast

genome of zicaitai, a circular molecule of 153,483 bp in length. This chloroplast genome consists of a
large single-copy (LSC) region (83,282 bp), a small single-copy (SSC) region (17,775 bp), and a pair of
inverted repeats (IRs) (26,213 bp). By sequence annotation, 132 genes, including 87 protein-coding
genes, 37 tRNA genes, and eight rRNA genes were identified in the zicaitai chloroplast. A total of 315
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simple sequence repeats (SSRs) were found located in LSC (197), SSC (72), and IR (46), respectively.
Phylogenetic analysis based on chloroplast genomes indicated the relationship of zicaitai and the
Brassicaceae family, which supports zicaitai as a variety of B. rapa in taxonomy. The results obtained in
this study provide insight into further research on Brassica chloroplasts and their phylogeny.

Introduction

Brassica rapa var. purpuraria (L.H.Bailey) Kitam, also called
zicaitai (Figure 1), is a vegetable variety of B. rapa that has
been formed after long-term cultivation and domestication in
Central China (Li et al. 2019). The variety is known for its
unique flavor and high nutritional value, especially the high
levels of anthocyanin content in its leaves and stalks (Guo
et al. 2015). The comparison between the variety and other
Brassica rapa plants is important, so several phylogenetic
analyses have been carried out based on the chloroplast
genomes of Brassicaceae species in recent years (Prabhudas
et al. 2015; Seol et al. 2017; Kim et al. 2018; Du et al. 2020;
Han et al. 2020; Wu et al. 2021; Liu et al. 2022). In this
research, we first reported the complete chloroplast genome
sequence of zicaitai and relevant phylogenetic analyses were
conducted to provide a scientific basis for understanding its
taxonomic status.

Materials and methods

In this research, fresh leaf samples and specimens of zicaitai
were collected from Guangzhou, Guangdong, China (N
23°06/, E 113°15’). The specimen was deposited at the
Guangzhou Academy of Agricultural Sciences under voucher
number V02D0643 (Guangzhou, China; Hailong Ren,

renhailong_2006@163.com). Total genomic DNA was
extracted from leaf samples using a modified CTAB method
(Sahu et al. 2012), and qualified DNA samples were submit-
ted for sequencing using Oxford Illlumina NovaSeq 6000 plat-
forms at Genepioneer Biotechnologies Company (Nanjing,
China). The DNA insert fragments, about 350bp in length,
were used for library construction. Based on the 2 x 150bp
paired-end sequencing mode, a total of 3.29 G of sequencing
data was generated. After removing the adapter sequences
and low-quality reads, 19,543,592bp of clean reads were
obtained. The de novo assembly process was carried out
using SPAdes v3.10.1 (http://cab.spbu.ru/software/spades/)
(Bankevich et al. 2012), with k-mer sizes of 55, 87, and 121.
Subsequently, the assembled sequence was annotated using
Prodigal v2.6.3 (https://www.github.com/hyattpd/Prodigal) for
CDS (coding sequence), HMMER v3.1b2 (http://www.hmmer.
org) for rRNA, and Aragorn v1.2.38 (http://130.235.244.92/
ARAGORN) for tRNA (Laslett and Canback 2004; Hyatt et al.
2010; Potter et al. 2018), with the chloroplast genome of B.
rapa subsp. rapa (NCBI accession number: NC_049891) as a
reference. MISA (Beier et al. 2017) was employed to identify
simple sequence repeats (SSRs) of one to six nucleotide units
(mono-, di-, tri-, tetra-, penta-, and hexa-) in the chloroplast
genome, with a minimal threshold of 8, 5, 3, 3, 3, and 3 for
each unit size, respectively. For phylogenetic tree analysis on
the entire genome, the circular sequences were set to start
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Figure 1. Photograph of Brassica rapa var. purpuraria (L.H.Bailey) Kitam. (This photograph was taken by Prof. Guangguang Li in Guangzhou City, Guangdong
Province). The stem, leaf vein, petiole, and inflorescence axis of Brassica rapa var. purpuraria are purple. The basal leaves are pinnately divided. The lower stem
leaves are triangular-ovate or needle-shaped oblong, and the upper leaves slightly cling to the stem.

from the same point. Multiple sequence alignment between
different species was done using the MAFFT software
(v7.427) (Katoh and Standley 2013) in auto mode. The
aligned data were then analyzed using RAxML v8.2.10
(https://cme.h-its.org/exelixis/software.html) (Stamatakis 2014)
with the GTRGAMMA model and rapid bootstrap analysis
with a bootstrap of 1000. The maximum-likelihood (ML) evo-
lutionary tree was constructed using the following sequences:
Carica papaya NC_010323.1 (outgroup), Camelina anomala
NC 061686.1 (Brock et al. 2022), Boechera stricta
NC_049599.1, Capsella bursa-pastoris NC_009270.1,
Crucihimalaya himalaica NC_061290.1 (Chen et al. 2022),
Turritis glabra Ohmi-Shirahama LC325490.1, Cardamine bipin-
nata NC_060865.1 (Ru et al. 2020), Schrenkiella parvula
NC_028726.1 (He et al. 2016), Sinapis arvensis NC_035303.1,
Raphanus  sativus  NC_024469.1, Arabidopsis  thaliana
MN603471.1 (Zhang et al. 2020), B. carinata NC_059807.1, B.
juncea NC_028272.1, B. napus NC_016734.1 (Hu et al. 2011),
B. oleracea MN396847.1 (Perumal et al. 2021), B. rapa subsp.
rapa NC_049891.1, B. nigra NC_030450.1 (Seol et al. 2017), B.
rapa subsp. pekinensis NC_015139.1, B. rapa subsp. chinensis
KX681648.1, and B. rapa var. purpuraria OP729397.1.

Results

The average and minimum read mapping depths of the
assembled genome were 5141x and 911X, respectively
(Figure S1). A circular map of the chloroplast genome and a
schematic map of the cis- and trans-splicing genes (Figure 2
and Figure S2) were visualized by CPGView (Liu et al. 2023).
The Zzicaitai chloroplast genome map showed that the chloro-
plast has a genome of 153,483 bp in length (NCBI accession
OP729397), including a large single-copy (LSC) region
(83,282 bp), a small single-copy (SSC) region (17,775 bp), and
a pair of inverted repeats (IRs) (26,213 bp). The overall GC
content of the chloroplast genome is 36.36%. In total, 132
chloroplast genes, including 87 protein-coding genes, 37
tRNA genes and eight rRNA genes, were annotated, and 315
SSRs, including 229 mononucleotides, 17 dinucleotides, 63 tri-
nucleotides, and six tetranucleotides, were identified. These
SSRs were located in LSC (197), SSC (72), and IR (46), respect-
ively (Table S1). To investigate the phylogenetic status of
Zicaitai within the genus Brassica, the chloroplast genomes of
19 Brassicaceae species and one outgroup were subject to
phylogenetic tree construction, indicating that Zzicaitai clus-
tered with the clade of B. rapa ssp. with full support, which
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Figure 2. The circle map of Brassica rapa var. purpuraria chloroplast genome. Distinctive colored boxes encircling the outer circle depict genes, represented within
the circle are genes transcribed in a clockwise direction, and counter-clockwise transcribed genes are featured outside the circle. The inner circle features a gray
region indicating the GC content, while the quadripartite structure (LSC, SSC, IRA, and IRB) is illustrated on the inner circle accordingly. The chloroplast genome was

drawn using OGDRAW (https://chlorobox.mpimp-golm.mpg.de/OGDraw.html).

further supports zicaitai as a variety of B. rapa in taxonomy
(Figure 3).

Discussion and conclusions

The complete chloroplast genome of zicaitai was sequenced
and assembled to investigate the phylogenetic relationships
between it and 19 other Brassicaceae species. The ML analysis
revealed that zicaitai (OP729397) was closely related to B.
rapa ssp. and B. juncea (NC_028272.1). These findings are
consistent with Du et al. (2020), Han et al. (2020), and mito-
chondrial genome studies by Xue et al. (2020), which suggest

that B. juncea was maternally derived from B. rapa, thus con-
firming zicaitai as a variety of B. rapa. This may serve as a
valuable genetic resource for taxonomic and related studies
of Brassica.

Ethical approval

The authors declare no ethical or legal violations when obtaining the
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Figure 3. The maximum-likelihood phylogenetic tree of 19 Brassicaceae species was constructed based on genome sequences, with Carica papaya added as an out-
group. The phylogenetic tree was constructed using the maximum-likelihood (ML) method and bootstrap was performed 1000 times. The number on each branch
indicates the boot support value. The following sequences were used: Carica papaya NC_010323.1 (outgroup), Camelina anomala NC_061686.1 (Brock et al. 2022),
Boechera stricta NC_049599.1, Capsella bursa-pastoris NC_009270.1, Crucihimalaya himalaica NC_061290.1 (Chen et al. 2022), Turritis glabra Ohmi-Shirahama
LC325490.1, Cardamine bipinnata NC_060865.1 (Ru et al. 2020), Schrenkiella parvula NC_028726.1 (He et al. 2016), Sinapis arvensis NC_035303.1, Raphanus sativus
NC_024469.1, Arabidopsis thaliana MN603471.1 (Zhang et al. 2020), Brassica carinata NC_059807.1, Brassica juncea NC_028272.1, Brassica napus NC_016734.1 (Hu
et al. 2011), Brassica oleracea MN396847.1 (Perumal et al. 2021), Brassica rapa subsp. rapa NC_049891.1, Brassica nigra NC_030450.1 (Seol et al. 2017), Brassica rapa
subsp. pekinensis NC_015139.1, Brassica rapa subsp. chinensis KX681648.1, and B. rapa var. purpuraria OP729397.1.
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