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Characterization of the complete chloroplast genome of Tulipa iliensis (Liliaceae)
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ABSTRACT
The chloroplast genome and evolutionary relationship analysis of Tulipa gesneriana L. could provide
fundamental genetic reference for its molecular breeding and biological research. The complete chloro-
plast genome of Tulipa iliensis was sequenced and reported here. Its chloroplast genome was
151,744bp in length, containing a pair of inverted repeated regions (26,354bp) which were separated
by a large single copy region of 81,794bp, and a small single copy region of 17,242bp. Moreover, a
total of 133 functional genes were annotated, including 87 mRNA, 38 tRNA genes, and 8 rRNA
genes.The phylogenetic relationships of 16 species indicated that T. iliensis was closely related to
T. altaica.
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Tulip, belonging to the genus Tulipa L. in the family Liliaceae.
Most varieties of garden tulips are belonging to Tulipa ges-
neriana (Okazaki and Nishimura 2000). Some wild Tulipa spe-
cies native to China, which have yellow, vivid flowers and
strong adaptability (Han et al. 2014). Wild Tulipa species con-
stitute a potential genetic resource for the improvement in
tulip cultivars through interspecific hybridization because
they have some favorable genes, such as tolerance to
drought and cold, resistance to diseases and viruses (Xing
et al. 2020). Here, we sequenced the complete chloroplast
genome of Tulipa iliensis could provide fundamental genetic
reference for its molecular breeding and biological research.

In this study, T. iliensis were collected from Altay Region,
Buerjing County, Xinjiang Province, China (48�4104800N,
87�0200300E) in September 2018. The specimen was kept in
the Key Laboratory of Landscape Plants of Qinghai Province,
Qinghai University, Xining, China (accession number: JXT-
2018-YJX017). Genomic DNA was extracted using leaves from
the same plant. Genomic sequencing was performed on the
Illumina HiSeq Platform (Illumina, San Diego, CA) with a read
length of 150 bp. The software SPAdes v.3.14.0 (Bankevich
et al. 2012) was employed to assemble the chloroplast gen-
ome. Then, Prodigal v2.6.3 (https://www.github.com/hyattpd/
Prodigal), Hmmer v3.1b2 (http://www.hmmer.org/) and

Figure 1. Phylogenetic relationships of 16 species based on complete chloroplast genome using the neighbor-joining methods.
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Aragorn v1.2.38 (http://130.235.244.92/ARAGORN/) were
respectively used to annotate the coding sequences (CDs),
transfer RNA (tRNA) genes and ribosomal RNA (rRNA) genes.

The complete chloroplast genome of Tulipa iliensis was
151,744 bp in length with a typical quadripartite structure,
containing a pair of inverted repeated (IR) regions (26,354 bp)
that are separated by a large single copy (LSC) region of
81,794 bp, and a small single copy (SSC) region of 17,242 bp.
The GC content of the whole complete chloroplast genome
was 36.64%. A total of 133 functional genes were annotated,
including 87 proteincoding genes (mRNA), 38 tRNA genes,
and 8 rRNA genes. The protein-coding genes, tRNA genes,
and rRNA genes account for 65.41, 28.57, and 6.02% of all
annotated genes, respectively.

Based on chloroplast genomes assembled here and down-
loaded from GenBank, phylogenetic relationships of 14
Liliaceae species were resolved by means of Neighbor-joining
with 2 species from Amaryllidaceae as outgroup (Figure 1).
After aligned using MAFFT (Katoh and Standley 2013), the
Neighbor-joining tree was built using MEGA7 (Kumar et al.
2016) with bootstrap set to 1000. In the phylogenetic tree, T.
buhseana and T. altaica went to an independent clade with a
100% node support rate.
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