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ABSTRACT
Cumin (Cuminum cyminum L). belongs to the family Apiaceae and the order Apiales, which is a widely
grown spice and medicinal plant in Xinjiang province, China. In the current study, whole genome
sequencing of C. cyminum was performed using the Illumina HiSeq 4000 platform, and the complete
mitogenome sequence was assembled and annotated. We found that the single circular mitogenome
of C. cyminum was 246,721 bp in length, and has about 45.5% GC content. It comprised 73 genes in
the coding region (35 protein-coding genes, 18 tRNA genes, 3 rRNA genes, and 15 open-reading
frames) and a non-coding region. Phylogenetic analysis indicated that C. cyminum is closely related to
Daucus carota and the subtribes Daucinae. The mitogenome of C. cyminum revealed its phylogenetic
relationships with other species in the Apiaceae family, which would further help in understanding its
evolution.
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Introduction

Cuminum cyminum L. (1753), commonly known as cumin, is
an annual or biennial herbaceous plant belonging to the
genus Cuminum of the Apiaceae family. Cumin fruit is native
to the Mediterranean, Egypt, and Ethiopia. It is widely used
as a spice and also for medicinal purposes (Sultanbawa 2016;
Singh 2017; Zhou et al. 2023). It is extensively cultivated as a
spice plant in several regions of the Former Soviet Union,
Iran, India, Mexico, North America, Northern Africa, and
Xinjiang province in China.

The cultivation of C.cyminum in Xinjiang province began
thousands of years ago, and it was the main cumin-produc-
ing area in China. The least 15 landraces of C.cyminum have
been domesticated for adaptation to the unique climatic con-
ditions of the southern regions of Xinjiang province. Our
investigation study revealed that the morphological diversity
of C.cyminum is generated due to its morphological appear-
ance based on the climatic conditions and the region where
it is grown which ultimately affects its production as well as
the stress resistance traits. Therefore, the evolutionary rela-
tionship of genetic diversity is worth further study. However,
studies presenting the complete mitogenome of C.cyminum
are lacking. The current study is focused on the characteriza-
tion of complete mitogenome (mitochondrial genome)

features of C.cyminum and its phylogenetic relationship with
other related species belonging to the clade Campanulids.
The complete mitogenome sequence of C.cyminum will serve
as a valuable tool for elucidating the phylogenetic relation-
ship and evolutionary history of C. cyminum in the family
Apiaceae.

Materials and methods

Plant materials and DNA extraction

The seeds of C. cyminum L. (1753) were collected from
Tulufan in Xinjiang Province, China (89�18570N, 42�67930W)
(Figure 1(A,B)). The voucher specimen (Figure 1(C)) was
deposited in the Herbarium of the College of Life Science
and Technology at Guangxi University, Nanning, Guangxi,
China (Dr. Luodong Huang, ynhuangld@gxu.edu.com) with
the voucher number GXU-Z2020018.

The seeds of C. cyminum were sterilized by washing with
75% alcohol for 1min followed by treatment with 1% sodium
hypochlorite solution. After treatment, the seeds were
washed with deionized water. Then, the sterilized seeds were
germinated on MS medium under a 16 h-light/8 h-dark
photoperiod at 28 �C for 15 d (Figure 1(D)). The samples were
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collected from 15-day-old sterile seedlings for DNA isolation
using the MiniBEST Plant Genomic DNA Extraction Kit
(TaKaRa, China).

Genome sequencing, assembly, and annotation of the
mitogenome

Total genomic DNA was deposited at Guangxi University, and
purified DNA was used to construct a short 270 bp genomic
library and sequenced on the Illumina HiSeq4000 platform to
produce 150 bp paired-end reads. The sequencing was per-
formed by BGI Biotechnology Co. Ltd (Shenzhen, China).
After quality control and removal of low-quality reads, the
high-quality clean reads were assembled by the SPAdes-
3.14.0 tool (Bankevich et al. 2012). After assembly, one contig
of the mitochondrial DNA was visualized by Bandage soft-
ware (Wick et al. 2015) and identified aligning the sequences
to the mitogenome of Daucus carota (NC_017855.1) (Iorizzo

et al. 2012) and Bupleurum falcatum (KX887330.1) (Kim et al.
2020) using blastn software. Finally, the mitogenome annota-
tion was performed using the MITOFY Web server, GeSeq
web server, UGENE ORFs finder, and tRNAscan-SE followed
by manual corrections. After multiple rounds of modification
and manual corrections by Appolo software, the complete
mitogenome of C.cyminum was submitted to NCBI (GenBank
accession no. OP800912). The ogview (http://www.1kmpg.cn/
ogview) used to draw circular genome images, and cis-splic-
ing gene images.

Phylogenetic analysis

Twenty-seven mitogenomes from different species belonging
to the clade Campanulids were chosen for phylogenetic ana-
lysis. The sequences of common 30 genes (atp1, atp4, atp6,
atp8, atp9, ccmB, ccmC, ccmFn, ccmFc, cytb, cox1, cox2, cox3,
matR, mttB, nad1, nad2, nad3, nad4, nad4L, nad5, nad6, nad7,

Figure 1. Plant characteristics image of Cuminum cyminum. (A) the C. cyminum cultivated in Tulufan city, Xinjiang province, China. It is between 50 and 120 cm
high and racemes termina; stem is erect, upright part is quadrangular, the edge is densely covered with white hairs, the lower and Middle branches are often pur-
ple; leaves are rounded kidney-shaped, leaves green glabrous or pubescent, grey-green below pubescent. (B) the C. cyminum matures, dries and turns yellow in the
plantation at june. (C) the C. cyminum seeds are ellipsoidal or quasi-circular in shape, 5–8mm in length, grayish white to dark grey in surface, with irregular longitu-
dinal projections and striations, shiny. (D) the germination of seed tissue culture to form aseptic seedling was used to extract DNA in this study. The photograph A,
and B were taken by the Feiya Suo in the Tulufan, Xinjiang province, China (89�18570N, 42�67930W). the photograph C, and D was taken by the Luodong Huang on
10 october 2022 at the biological resources and environmental microbiology laboratory of the College of Life Science and Technology,Guangxi University.
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nad9, rpl5, rpl10, rps3, rps4, rps12, and rps13) within the mito-
genomes were extracted, concatenated, and calculated with
Phylosuite (Zhang et al. 2020). The sequences were aligned
by MACSE (Ranwez et al. 2018) and Homblocks (Bi et al.
2018), resulting in the alignments of each species with
26,781 bp. The phylogenetic tree was constructed with IQ-
TREE (Nguyen et al. 2015) using the maximum-likelihood
method based on the GTRþ Fþ IþG4 model with 1000
bootstrap replicates.

Results and discussion

The length of the circular C. cyminum mitogenome was
246,721 bp. The read coverage depth map was shown in
Supplementary Figure S1, the average and minimum read
mapping depths of the assembled genome were 1944� and
421�, respectively. The mitogenome genome contained 35
protein-coding genes (PCGs), 3 ribosomal RNA genes (5S
rRNA, 18S rRNA, 26S rRNA), 18 transfer RNA, 17 open reading

Figure 2. Mitogenome circular map of Cuminum cyminum. The genes name on the outside line side indicated that these genes were located on the H-strand,
whereas the others were located on the L-strand. Genes are shown in different color blocks on the map.
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frames, and non-coding region (Figure 2). This cis-splicing
gene images was shown in Supplementary Figure S2.

The overall nucleotide composition of the mitogenome is
as follows: A: 27.1%, T: 27.4%, G:22.6%, and C: 22.9%, with a
slight Aþ T bias (54.5%). Furthermore, the 35 PCGs were
atp1, atp4, atp6, atp8, atp9, ccmB, ccmC, ccmFN, ccmFc, cytb,
cox1, cox2, cox3, matR, mttB, nad1, nad2, nad3, nad4, nad4L,
nad5, nad6, nad7, nad9, rpl2, rpl5, rpl10, rpl16, rps1, rps3, rps4,
rps7, rps12, rps13, and rps14. In the current study, we found
that some of ribosomal protein-encoding genes, such as
rps10, were missing from the C. cyminum mitogenome. The
mitogenome of D. carota had lost rps10 and rps14. The
mitogenome of B. falcatum had lost rpl2, and rps7. which is
consistent with the previous studies suggesting that a high-
frequency loss is observed in the ribosomal protein-encoding
in the angiosperm mitogenome (Adams and Palmer 2003).
The possible reason could be the loss of non-essential genes
due to the course of evolution.

During the evolution of plant mitochondrial genomes, the
phenomena of intron loss and transfer are highly evident
(Palmer et al. 2000; In-Su Choi et al. 2021). Compared to the
mitogenomes of other species belonging to the Apiaceae
family, the C. cyminum mitogenome was found to have more
introns and intergenic regions, with seven genes (nad2, nad4,

nad5, nad7, rpl2, cox2, and ccmFc) containing introns. Of
these, nad7 contain four introns, nad4 and nad5 contain
three introns, nad2 and cox2 contain two introns, and the
rpl2 and ccmFc contain one intron (Figure 2). The nad4 gene
has the longest intron of 3163 bp, while the rpl2 gene has
the shortest intron of 650 bp. Using the RNAweasel search
approach (Lang et al. 2007), we found that all introns belong
to the type of Group II in C. cyminum mitogenome.

According to the current classification, Campanulids, as a
large evolutionary branch, comprises many species, including
seven orders, Apiales, Aquifoliales, Asterales, Bruniales,
Dipsacales, Escalloniales, and Paracryales (Bremer et al. 2002).
However, there are only 29 mitogenomes have been
sequenced from the orders Apiales, Aquifoliales, and
Asterales. A comprehensive phylogenetic analysis was con-
ducted via the construction of a phylogenetic tree including
27 campanulids species, which unraveled the evolutionary
relationship of C. cyminum. The phylogenetic analysis showed
that C. cyminum belongs to the family Apiaceae and order
Apiales (Figure 3). All five species from Apiaceae were clus-
tered in one clade. The topology of the phylogenetic tree
constructed in this study suggested that C. cyminum is posi-
tioned in the sister branch of D. carota (NC 017855) with a
supporting bootstrap value of 100 and was phylogenetically

Figure 3. Phylogenetic relationships for Cuminum cyminum according to the maximum-likelihood phylogenetic tree constructed based on 27 mitogenomes of cam-
panulids species. Node labels indicate bootstrap values. GenBank accession numbers of the following sequences were used: Ageratum conyzoides (MN075945) (Luo
and Pan 2019), Bidens biternata (MW838190) (Yao et al. 2022#), Bidens pilosa (MW838192) (Yao et al. 2022#), Bidens parviflora (MW838187) (Yao et al. 2022#), Bidens
tripartita (MW838188) (Yao et al. 2022#), Helianthus grosseserratus (MT588180) (Makarenko et al. 2020), Helianthus occidentalis (MZ147621) (Makarenko et al. 2021),
Helianthus tuberosus (MZ147622) (Makarenko et al. 2021), Helianthus strumosus (MT588181) (Makarenko et al. 2020), Helianthus neglectus (OK047495) (Khachumov
et al. 2021#), Lactuca saligna (MK759657) (Kozik et al. 2019), Lactuca sativa (MK642355) (Kozik et al. 2019), Arctium lappa (MZ475019) (Xu and Kang 2021#), Arctium
tomentosum (MZ475018) (Xu and Kang 2021#), Carthamus tinctorius (OP210693) (Yang 2019#), Saussurea costus (MW465116) (Song et al. 2021), Saussurea inversa
(ON584565) (Dai et al. 2022#), Artemisia giraldii (OK268247) (Yue 2022#), Chrysanthemum boreale (MH004292) (Won et al. 2018), Diplostephium hartwegii (KX063855)
(Vargas et al. 2017), Apium graveolens (MK562755) (Cheng et al. 2021), Saposhnikovia divaricata (MZ128146) (Ni 2021#), Daucus carota subsp sativus (NC_017855)
(Iorizzo et al. 2012), Bupleurum falcatum (KX887330) (Kim et al. 2020), Codonopsis lanceolata (MG775430) (Lee et al. 2018), Platycodon grandifloras (KX887331) (Lee
et al. 2018). #direct submission to NCBI, unpublished.
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closer to other species in the family Apiaceae. Furthermore,
the Apiaceae formed a clade sister to the clade consisting of
other 20 Asteraceae species.

Conclusion

The current study presents the complete mitogenome of C.
cyminum and its phylogenetic relationship within the evolu-
tionary branch encompassing other Campanulids specie.
These results would provide a basis to study the genetics,
systematics, and evolution relationship of C. cyminum within
the family Apiaceae. The mitogenome study within the family
Apiaceae must be expanded to better understand the phylo-
genetic relationship with other species in the order Apiales
species.
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