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ABSTRACT 
The genus Allium comprises some of the most commonly consumed food crops worldwide. The chloro-
plast genomes of A. sacculiferum, A. thunbergii, and A. taquetii are 152,444, 153,459, and 154,056 bp cir-
cular molecular genomes, respectively. The annotation results revealed the presence of 132 (89 
protein-coding, 35 tRNA, and eight rRNA), 132 (86 protein-coding, 38 tRNA, and eight rRNA), and 132 
(86 protein-coding, 38 tRNA, and eight rRNA) genes with 36.78%, 36.83%, and 36.88% total GC content 
in each genome, respectively. The chloroplast genome of each Allium species contains an 81,254, 
82,473, and 83,068 bp LSC region, an 18,176, 18,006, and 17,958 bp SSC region, and a pair of 26,507, 
26,490, and 26,515 bp IR regions, respectively. Phylogenetic analysis based on the 21 complete chloro-
plast genomes indicates that A. sacculiferum is closely related to A. koreanum; A. thunbergii and A 
taquetii are closely related to A. hookeri. This study shows that the three Allium species are Korean crop 
wild relatives that may be used to develop new Allium varieties in the future.

ARTICLE HISTORY 
Received 16 January 2023 
Accepted 3 October 2023 

KEYWORDS 
Crop wild relatives; 
phylogenetic analysis; 
Allium sacculiferum; Allium 
thunbergii; Allium taquetii   

Introduction

Most food resources can be obtained from wild plants; 
hence, research on crop wild relatives (CWRs) is essential for 
the conservation of genetic diversity in crops. Therefore, col-
lection, research, and conservation of CWRs are being per-
formed worldwide as essential research in the context of 
food security to conserve and increase crop species diversity 
(Global Crop Wild Relatives Project; GCWR).

Allium L. is a genus within the family Amaryllidaceae that 
comprises more than 800 species including garlic and onion 
(Li et al. 2010; Deniz et al. 2015). Of these, A. sacculiferum 
Max., A. thunbergii G. Don, and A. taquetii H. L�ev. & Vaniot 
are native to Korea (Choi and Oh 2011). A. sacculiferum Max. 
(Maxim, 1887) is a perennial herb with thicker and longer 
leaves than those of the common leek (Lee and Lee 1997). 
The root produces 2–3 leaves, the lower part of which sur-
rounds the flower stem. The plant produces purple red flow-
ers that bloom between July and September (Lee 2006). A. 
thunbergii G. Don (Don, 1827) is a perennial herb that is 30– 
60 cm in height and prevalent in mountainous areas. It flow-
ers between August and September and has 2–3 leaves that 
are 2–5 mm in diameter, spread obliquely upward, and whit-
ish green in color with triangular cross-section (Lee 2006). 

A. taquetii H. L�ev. & Vaniot (Fedde, 1908) is a wild perennial 
herb that grows in rock crevices at an altitude of 1100 m in 
Hallasan, Jirisan, and Gayasan mountains. It has 3–4 leaves 
that are 15–20 cm long, 2–3 mm wide, and smaller than the 
flower stem, similar to leek leaves. It has purple flowers that 
bloom between September and October (Lee 2006; Guh 
et al. 2015).

The present study aimed to assemble the complete 
chloroplast genome of A. sacculiferum Maxim., A. thunbergii 
G. Don, and A. taquetii H. L�ev. & Vaniot to provide genetic 
sources for further research. Additionally, we attempted to 
establish CWRs of Korean Allium species of high commercial 
value using their chloroplast genomes.

Materials and methods

The three Allium species were provided by the Baekdudaegan 
National Arboretum seed bank (A. sacculiferum: B0007205, 
A. thunbergii: B0015888, and A. taquetii: B0004146/Contact: 
Kyeong Min Kim, katty1502@koagi.or.kr) (Figure 1). A. sacculife-
rum seeds were collected from Sambongsan Mountain, 
Bongsan-ri, Goje-myeon, Geochang-gun, Gyeongsangnam-do 
(35�53001.000N 127�51009.700E). A. thunbergii seeds were col-
lected from Hyangnobong Peak, Jinbu-ri, Ganseong-eup, 
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Goseong-gun, Gangwon-do (38�19059.900N 128�19006.200E). 
A. taquetii seeds were collected from the Baekdudaegan 
National Arboretum (37�00023.000N 128�48036.700E). Voucher 
specimens were deposited in the Baekdudaegan National 
Arboretum (A. sacculiferum: 2019-008952, A. thunbergii: 2020- 
040355, A. taquetii: 2017-006634/Contact: Kyeong Min Kim). 
Post-germination fresh leaves were used to extract DNA using 
a modified cetyl trimethylammonium bromide protocol (Doyle 
and Doyle 1987).

The sequencing library was produced using the QIAseq FX 
DNA library CDI kit (Qiagen, Hilden, Germany), which was 
constructed with an insert length of 350 bp and paired-end 
sequenced with 151 bp reads. The prepared library was 
loaded onto the Illumina NovaSeq 6000 platform (Illumina 
Inc., San Diego, CA), and the reads were subsequently filtered 
and trimmed using the FASTX-Toolkit. The trimmed reads 
were then used to assemble the complete chloroplast gen-
ome using the GetOrganelle Pipeline (Jin et al. 2020). The 
genomes of A. sacculiferum Max, A. thunbergii G. Don, and A. 
taquetii were annotated using AGORA (Jung et al. 2018) by 
comparing the chloroplast genome sequences of Allium chi-
nense (NCBI accession number: NC_043922.1), Allium 

senescens (NCBI accession number: NC_057580.1), and Allium 
tuberosum (NCBI accession number: MN158715.1). The circular 
chloroplast genome map was generated using OGDRAW ver 
1.3.1 (Greiner et al. 2019). IRscope was used to compare the 
boundaries of four chloroplast genome regions, namely large 
single-copy (LSC), small single-copy (SSC), and inverted 
repeats (IRa and IRb) (Amiryousefi et al. 2018). The schematic 
map of the cis- and trans-splicing gene of the chloroplast 
genome was generated using CPGView (Liu et al. 2023, 
http://www.1kmpg.cn/cpgview/)

The complete chloroplast genome sequences of the three 
species sequenced in the current study were aligned with that 
of 11 species downloaded from the NCBI GenBank database 
using ClustalW2 (Larkin et al. 2007). For phylogenetic analysis, 
we used Agapanthus coddii, which is closely related to the 
genus Allium, and Acorus americanus, which was used as an 
outgroup in previous Allium genus studies (Huo et al. 2019). 
The maximum-likelihood (ML) method was used to construct a 
phylogenetic tree based on 21 complete chloroplast genomes. 
The ML phylogenetic analysis was performed using the MEGA 
11 with 1000 bootstrap values replicate and General Time 
Reversible model (Tamura et al. 2021) (Figure 2).

Figure 1. Images of the Allium species. Photographs of the reference images were taken by the authors at the Baekdudaegan National Arboretum, South Korea, 
without any copyright issues. Seeds were provided by Baekdudaegan National Arboretum Seed bank and propagated in the Baekdudaegan National Arboretum. 
(A) A. sacculiferum Maxim. (B) A. thunbergii G. Don. (C) A. taquetii H. L�ev. & Vaniot.
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Results

The chloroplast genomes of A. sacculiferum (NCBI accession 
number: OP755306), A. thunbergii (NCBI accession number: 
OP755308), and A. taquetii (NCBI accession number: OP755307) 
were found to be circular molecules that are 152,444, 153,459, 
and 154,056 bp long, respectively. The coverage depth of each 
species is shown in Figure S1. The annotation results revealed 
the presence of 132 (89 protein-coding, 35 tRNA, and eight 
rRNA), 132 (86 protein-coding, 38 tRNA, and eight rRNA), and 
132 (86 protein-coding, 38 tRNA, and eight rRNA) genes with 
total GC contents of 36.78%, 36.83%, and 36.88% in each gen-
ome, respectively (Figures 3–5). The chloroplast genome of 
each Allium species contains an LSC region that is 81,254, 
82,473, and 83,068 bp, an SSC region that is 18,176, 18,006, 
and 17,958 bp, and a pair of IR regions that are 26,507, 26,490, 
and 26,515 bp long, respectively (Figure S2). In the case of A. 
sacculiferum, 13 genes (atpF, rpoC1, petB, rpl16, rpl2, ndhB, 
ndhA, trnI-GAU, and trnA-UGC) including copy genes contained 
one intron. In the case of the other two species, 18 genes 
(rps16, atpF, rpoC1, petB, petD, rpl16, rpl2, ndhB, ndhA, trnK- 
UUU, trnG-UCC, trnV-UAC, trnI-GAU, trnA-UGC) including copy 
genes contained one intron. In all three species, rps12, ycf3, 

and clpP contained two introns. The structures of the cis- and 
trans-splicing genes are shown in Figures S3–S5.

Most nodes in the phylogenetic tree had 99–100% boot-
strap values. The phylogenetic tree revealed that all Allium 
species formed one monophyletic clade, and A. sacculiferum 
is a part of the sister group of A. koreanum. Additionally, 
A. thunbergii and A. taquetii were most closely related to 
A. hookeri with high bootstrap support. A. taquetii was sup-
ported as part of the sister group of A. hookeri.

Discussion and conclusions

The genome size (152,444–154,056 bp), overall GC content 
(>36%), and gene composition (protein-coding, tRNA, and 
rRNA) of the three Allium species showed high similarity to 
those of other Allium chloroplast genomes (Huo et al. 2019; 
Xie et al. 2020). These results suggest that the chloroplast 
genome of Allium has been evolutionarily conserved at the 
genus level. Phylogenetic analysis of 14 species showed 
that A. thunbergii and A. taquetii are sisters to A. hookeri. A. 
sacculiferum and A. thunbergii are internationally known 
CWRs of Allium (GCWR), and this has been verified through 

Figure 2. The phylogenetic tree reconstructed using MEGA based on 21 complete chloroplast genome sequences inferred using the maximum-likelihood (ML) 
method. All sequences were downloaded from NCBI GenBank. The sequences used for phylogenetic tree construction are as follows: A. cepa (MK335926.1; Huo 
et al. 2019/KM088013.1, KM088014.1, KM088015.1; Kim et al. 2015), A. sativum (NC_031829.1/KY363332.1/MK335928.1; Huo et al. 2019), A. fistulous (MK335927.1; 
Huo et al. 2019/NC_040222.1; Kim et al. 2015/MH926357.1; Yusupov et al. 2019), A. koreanum (MT348449.1; Namgung et al. 2021), A. ochotense (MT348451.1; 
Namgung et al. 2021), A. senescens (MT348450.1; Namgung et al. 2021), A. hookeri (MZ557488.1; Ren et al. 2022), A. macrostemon (MK75472.1; Xie et al. 2019), A. 
ampeloprasum (NC_044666.1), Agapanthus coddii (NC_035971.1), and Acorus americanus (EU273602.1). The numbers above the nodes indicate bootstrap support 
values (with 1000 replicates). The numbers under the nodes indicate the length of each node.
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the phylogenetic analysis performed in this study. 
Additionally, the high support values warrant the inclusion 
of A. taquetii – a Korean endemic plant – in the list of 
Allium CWRs. Significantly, the complete chloroplast 
genomes of three Korean Allium species have been 
reported in this study for the first time, providing valuable 
data for further phylogenetic studies of Amaryllidaceae and 
understanding the Allium genome. Furthermore, the CWRs 

identified for Allium may be used beneficially in future crop 
breeding programs.
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Figure 3. Chloroplast genome map of A. sacculiferum. The center of the map indicates the species name and length of the chloroplast genome. The outer circle rep-
resents the genes, and the inner circle represents the size of the IRs, LSC, and SSC, respectively. Genes with diverse functions are shown in different colors. The dark 
grey plot of the inner circle represents the GC content, and the grey line in middle represents the 50% threshold.
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Figure 4. The chloroplast genome map of A. thunbergii. The center of the map indicates the species name and length of the chloroplast genome. The outer circle 
represents the gene, and the inner circle represents the size of the IRs, LSC, and SSC, respectively. Genes with diverse functions are shown in different colors. The 
dark grey plot of the inner circle represents the GC content, and the grey line in middle represents the 50% threshold.
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A. thunbergii are PRJNA822879, SRR18707530, and SAMN27281644, 
respectively; and for A. taquetii are PRJNA822879, SRR18707529, and 
SAMN27281645, respectively.
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