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ABSTRACT
Tricyrtis (Liliaceae) is an endemic genus in East Asia. Many of the species in the genus are in
Endangered condition due to habitat loss and extensive horticultural usage in recent decades. In pre-
sent study, we reported the first Tricyrtis chloroplast (cp) genome, Tricyrtis macropoda, based on
Illumina pair-end sequencing data. The complete chloroplast genome size is 155,778 bp. In total, 131
genes were identified, including 85 protein-coding genes, 8 rRNA genes, and 38 tRNA genes. Fifteen
genes are containing introns (clpP and ycf3 contained two introns) and 14 genes had two copies. The
overall GC content of this genome was 37.4%. A further phylogenomic analysis of Liliales, including 62
taxa, was conducted for the placement of genus Tricyrtis. The complete plastome of T. marcropoda will
provide a valuable resource for further genetic conservation, phylogenomic, and evolution studies in
the genus and family.
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Tricyrtis Wall. is an endemic genus in East Asia, consisting of
ca. 20 known taxa (Takahashi 1987; Hong and Jury 2012),
with high ornamental value by showing attractive and
sophisticated flowers (Mathew 1985). Due to extensive horti-
culture usage directly from wild resources and habitat loss
by human activities in recent decades, most of the taxa of
this group are listed as Threatened or Endangered. Here, we
assembled and characterized the complete plastome of
Tricyrtis macropoda. It is the first complete plastome reported
in this genus, and will provide potential genetic resources
for further evolutionary studies of the genus Tricyrtis and
other relatives.

Total DNA was extracted from fresh leaves of Tricyrtis
macropoda individual using DNA Plantzol Reagent
(Invitrogen, Carlsbad, USA). It is collected from Mt. Qingshan,
Zhejiang, China (Voucher No. WRH20170907, deposited at
Zhejiang Sci-Tech University). The plastome sequences were
generated using Illumina HiSeq 2500 platform (Illumina Inc.,
San Diego, CA, USA). In total, ca. 14.5 million high-quality
clean reads (150 bp PE read length) were generated with
adaptors trimmed. The CLC de novo assembler (CLC Bio,
Aarhus, Denmark), BLAST, GeSeq (Tillich et al. 2017), and
tRNAscan-SE v1.3.1 (Schattner et al. 2005) were used to align,
assemble, and annotate the plastome.

The full length of Tricyrtis macropoda chloroplast genome
(GenBank Accession No. MG599475) was 155,778 bp and com-
prised of a large single copy region (LSC with 85,175 bp), a
small single copy region (SSC with 17,794 bp), and two
inverted repeat regions (IR with 26,405 bp). The overall GC
content of the T. macropoda cp genome was 37.4% and the
GC content in the LSC, SSC, and IR regions are 35.3, 31.3, and
42.8%, respectively. A total of 131 genes were contained in
the cp genome (85 protein-coding genes, 8 rRNA genes, and
38 tRNA genes. Fourteen genes had two copies, which
included 3 PCG genes (ndhB, rpl23, and ycf2), 7 tRNA genes
(trnH-GUG, trnI-CAU, trnI-GAU, trnL-CAA, trnN-GUU, trnR-ACG,
and trnV-GAC), and all 4 rRNA species (rrn4.5, rrn5, rrn16, and
rrn23). Among the protein-coding genes, two genes (clpP and
ycf3) contained two introns, and other seven genes (atpF,
ndhA, ndhB, rpl2, rpoC1, rps12, rps16) had one intron each.

Sixty-two chloroplast genome of Liliales were fully aligned
with MAFFT v7.3 (Katoh and Standley 2013), and the
maximum likelihood (ML) inference was performed using
GTRþ IþC model with 1000 bootstrap replicates with RAxML
v.8.2.1 (Stamatakis 2014) on the CIPRES cluster service (Miller
et al. 2010). The result revealed that well Tricyrtis placed at
the basal position of Liliaceae with the current sampling
extent (Figure 1).

CONTACT Zhe-Chen Qi zqi@zstu.edu.cn College of Life Sciences, Zhejiang Sci-Tech University, Hangzhou, China; Zong-Suo Liang liangzs@ms.iswc.ac.cn
College of Life Sciences, Zhejiang Sci-Tech University, Hangzhou, China

� 2018 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

MITOCHONDRIAL DNA PART B: RESOURCES, 2018
VOL. 3, NO. 1, 145–146
https://doi.org/10.1080/23802359.2018.1431069

http://crossmark.crossref.org/dialog/?doi=10.1080/23802359.2018.1431069&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://www.tandfonline.com


Disclosure statement

The authors report no conflicts of interest. The authors alone are respon-
sible for the content and writing of the paper.

Funding

This work was supported by the National Natural Science Foundation of
China [31600183, 31400194], Zhejiang Provincial Public Welfare
Technology and Application Research Project [2017C32044], and Science
Foundation of Zhejiang Sci-Tech University [grant No. 14042010-Y,
15042170-Y], 521 Distinguished Young Scientist Foundation of Zhejiang
Sci-Tech University [grant No. 11610132521509], the National Science
and Technology Basic Project of China [grant No. 2015FY110200].

References

Hong SWP, Jury SL. 2012. Phylogeny and molecular evolution of Tricyrtis
(Liliaceae s.l.) inferred from plastid DNA matK spacer nucleotide
sequences. J Plant Stud. 1:1–10.

Katoh K, Standley DM. 2013. MAFFT multiple sequence alignment soft-
ware version 7: improvements in performance and usability. Mol Biol
Evol. 30:772–780.

Mathew B. 1985. A review of the genus Tricyrtis. Plantsman. 6:
193–224.

Miller MA, Pfeiffer W, Schwartz T. 2010. Creating the CIPRES science gate-
way for inference of large phylogenetic trees. In: Proceedings of the
gateway computing environments workshop (GCE). New Orleans,
LA: p. 1-8.

Schattner P, Brooks AN, Lowe TM. 2005. The tRNAscan-SE, snoscan, and
snoGPS web servers for the detection of tRNAs and snoRNAs. Nucleic
Acids Res. 33:W686–W689.

Stamatakis A. 2014. RAxML version 8: a tool for phylogenetic analysis and
post-analysis of large phylogenies. Bioinformatics. 30:1312–1313.

Takahashi H. 1987. Distribution of Tricyrtis and its phytogeographical
problems. Acta Phytotaxonomica Et Geobotanica. 42:113–124.

Tillich M, Lehwark P, Pellizzer T, Ulbrichtjones ES, Fischer A, Bock R,
Greiner S. 2017. GeSeq – versatile and accurate annotation of
organelle genomes. Nucleic Acids Res. 45:W6–W11.

0.02

Lilium amabile KY940845.1

Lilium tsingtauense KU230438.1

Amana wanzhensis KY401422.1

Amana edulis KY401425.1

Xerophyllum tenax KM078035.1

Alstroemeria aurea KC968976.1

Amana anhuiensis KY401423.1

Fritillaria unibracteata var. KF769142.1

Lilium leucanthum KY748299.1

Campynema lineare KP462881.1

Paris mairei KX784046.1

Lilium philadelphicum KY940847.1

Heloniopsis tubiflora KM078036.1

Colchicum autumnale KP125337.1

Lilium callosum KY940846.1

Lilium distichum KT376489.1

Daiswa forrestii KX784043.1

Lilium bakerianum KY748301.1

Daiswa yunnanensis KX784049.1
Paris polyphylla var. KT805945.1

Trillium decumbens KR534612.1

Lilium cernuum KX354692.1

Luzuriaga radicans KM233640.1

Lilium primulinum var. ochraceum KY748298.1

Paris quadrifolia KX784051.1

Lilium superbum KP462883.1

Daiswa chinensis KX784048.1

Chionographis japonica KF951065.1

Fritillaria thunbergii KY646165.1

Daiswa dunniana KX784042.1

Lilium longiflorum KC968977.1

Fritillaria ussuriensis KY646166.1

Erythronium sibiricum KX644899.1

Paris vietnamensis KX784050.1

Trillium maculatum KR780075.1

Amana erythronioides KY401421.1

Bomarea edulis KM233641.1

Cardiocrinum giganteum KX528334.1

Paris verticillata KJ433485.1

Gloriosa superba KP125338.1

Lilium brownii KY748296.1

Trillium tschonoskii KR780076.1

Lilium henryi KY748302.1

Veratrum patulum KF437397.2

Trillium cuneatum KR135077.1

Carludovica palmata KP462882.1

Fritillaria taipaiensis KF769144.1

Fritillaria hupehensis KF712486.1

Cardiocrinum cathayanum KX575836.1

Lilium lancifolium KY940844.1

Cardiocrinum cordatum KX575837.1

Paris cronquistii KX784041.1

Lilium taliense KY009938.1

Smilax china HM536959.1

Lilium hansonii KM103364.1

Tricyrtis_macropoda

Fritillaria cirrhosa KF769143.1

Amana kuocangshanica KY401426.1

Liliumm duchartrei KY748300.1

Paris marmorata KX784047.1

Lilium fargesii KX592156.1

Paris luquanensis KX784045.1

97

48

52

50

92

72

92

45

65

*

*

*

*

*

*

*
*

*

*

*

*
*

*

*

*

*

*
*

*
*

*
*

*
*

* *

*
**

*
*

*
*

*
*
**

*
*

* *

*
*

*

*

*
*

*
*

Smilacaceae

Liliaceae

Colchicaceae
Luzuriagaceae
Alstroemeriaceae
Campynaceae

Melanthiaceae

Figure 1. The best Maximum likelihood (ML) phylogram inferred from 62 chloroplast genomes in Liliales (bootstrap value are indicated on the branches, ‘�’ denotes
a fully supported node).
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