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ABSTRACT

Spiraea thunbergii (S. thunbergia) is a very common ornamental shrub in the garden, with important
horticultural and economic value. In this study, we assembled the complete chloroplast (cp) genome of
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S. thunbergia into a typical quadripartite structure. The genome size and GC content of the S. thunber-

gia cp genome are 155,922 bp and 36.76%, respectively. It contains 84 protein-coding genes, 37 tRNA
genes, and 8 rRNA genes. The phylogenetic tree supported that S. thunbergii is closely related to
Spiraea mongolica in the Rosaceae family. The study will provide significant genomic resource for eluci-

dating the phylogenetic relationship of Spiraea.

Spiraea thunbergii Carl Peter Thunberg, 1784 (Figure 1), also
known as Thunberg spirea, baby’s breath spirea, or breath of
spring spirea, belongs to the Rosaceae family. Spiraea plants
are known for their beautiful white flowers that in 3- to 5-
flowered clusters, so they are very common ornamental
shrubs in gardens and have important horticultural and eco-
nomic value (Yu et al. 2018). S. thunbergia is native to eastern
China and is now widely cultivated as an ornamental plant in
China, Korea, and Japan. Recently, some chloroplast (cp)
genomes of the genus Spiraea have been reported (Huo
et al. 2019, Qin et al. 2022), but few studies have been
reported on S. thunbergia. In this study, we assembled and
characterized the complete cp genome of S. thunbergia,
which will enrich the genetic information of S. thunbergia
and contribute to the species identification of the
Spiraea genus.

The experimental sample of S. thunbergia was collected
from Nanjing, China (32°4'32.6"'N, 118°48'45"E) and depos-
ited at Nanjing Forestry University (www.njfu.edu.cn, acces-
sion number: NFU20220311ZXJ, Haifeng Lin: haifeng.lin@njfu.
edu.cn). The genomic DNA was extracted from the fresh
leaves using the modified CTAB method (Doyle and Doyle
1987, Bi et al. 2022). The total DNA was then fragmented to
construct an Illlumina paired-end library and sequenced using
the lllumina NovaSeq 6000 platform. The raw sequencing
data were filtered and trimmed by the fastp v0.23 program
(Chen et al. 2018, Ma et al. 2022), and then fed into
GetOrganelle v1.7.5 for assembly (Jin et al. 2020). As shown
in Figure S1, the cp genome of S. thunbergia was assembled
into a typical quadripartite structure (Wick et al. 2015). The
assembled cp genome of S. thunbergia was then annotated
with CpGAVAS2 (Shi et al. 2019) using the cp genome of
Spiraea mongolica (GenBank accession: NC_051992.1.1) as the
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Figure 1. The reference image of Spiraea thunbergii.

reference. Finally, the complete cp genome of S. thunbergia
was submitted to GenBank (accession no. NC_064734.1).

The complete cp genome of S. thunbergii is 155,922 bp in
length with a typical quadripartite structure (Figure 2), com-
posing of a large single copy (LSC) region of 84,360bp, a
small single copy (SSC) region of 18,880bp, and a pair of
inverted repeats (IRs) regions of 26,341 bp. The overall GC
content of S. thunbergii cp genome is 36.76%, which is higher
than that of LSC (34.61%) and SSC (30.35%), but lower than
IRs (42.5%). The S. thunbergii cp genome encodes 129 genes,
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Figure 2. The genome map of Spiraea thunbergii chloroplast genome. From the center going outward, the first circle shows the forward and reverse repeats con-
nected with red and green arcs, respectively. The second and third circles show the tandem repeats and microsatellite sequences marked with short bars, respect-
ively. The outer circle shows the gene structure on the chloroplast genome. The genes were colored based on their functional categories, which are shown at the

left corner.
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Figure 3. Maximum Likelihood tree based on 15 complete cp genome sequences. The numbers on branches are bootstrap support values from 1000 replicates.

Accession numbers are listed right to their scientific names.



including 84 protein-coding genes, 37 tRNA genes, and 8
rRNA genes. A total of 22 genes were found to contain one
intron, including 14 protein-coding genes (rps16, atpF, rpoC1,
rps12 x 2, clpP, petB, petD, rpl16, rpl2 x2, ndhB x 2, and
ndhA), and 8 tRNA genes (trnK-UUU, trnG-GCC, trnL-UAA,
trnV-UAC, trnl-GAU x 2, and trnA-UGC x 2), and only one
gene (ycf3) contains two introns (Figure S2). Additionally,
rps12 is a trans-spliced gene with 5’ end located in the LSC
region and the duplicated 3’ end in the IR regions (Figure
S3). Additionally, we also detected the tandem repeats and
microsatellite sequences in the S. thunbergia cp genome,
which were incorporated into the output circular map for
visualization (Figure 2).

In order to determine the phylogenetic position of S. thun-
bergii, 14 other cp genomes from Amygdaloideae were
obtained from NCBI to reconstruct the Maximum Likelihood
(ML) tree. Malus domestica and Pyrus pyrifolia were used as
the outgroup species. These complete cp genomes were first
aligned using MAFFT v7.49 (Katoh and Standley 2013), and
the gaps in the alignment were trimmed using trimAl v1.4
(Capella-Gutierrez et al. 2009). The ML phylogenetic tree was
constructed using IQTREE v2.2 with 1000 bootstrap replicates
(Minh et al. 2020). The best evolutionary model was chosen
as 'UNREST + FO + R3’ according to the Bayesian Information
Criterion (BIC) scores generated from IQ-TREE. The phylogen-
etic result suggested that S. thunbergii is the sister of Spiraea
mongolica, and they are evolutionarily close to Sibiraea
angustata and Pentactina rupicola in the family Rosaceae
(Figure 3). This study of S. thunbergii cp genome will provide
more genomic resources for the identification and application
of Spiraea.
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