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ABSTRACT

The complete mitochondrial genome sequence of Atypus karschi has a circular genome of 14,149 bp,
comprised of 13 protein-coding genes, two rRNA genes, 22 tRNA genes, and a control region. The
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nucleotide composition is 35.82% of T, 35.13% of A, 17.19% of G, and 9.16% of C. Most genes are

encoded on the heavy strand except seven tRNA genes (Leu, Phe, His, Pro, Leu, lle, GIn), four protein-
coding genes (nad5, nad4, nad4l, nad1), and 16S-rRNA on the light strand. Most protein-coding genes
start with TTG, ATT or ATA initiation codon except cox1, cox1’s start codon cannot be determined, and
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three types of inferred termination codons are TAA, TAG, and an incomplete stop codon. There are
four intergenic spacers and 25 gene overlaps. The phylogenetic analysis shows that A. karschi has
closer genetic relationship with Cyriopagopus schmidti (von Wirth, 1991) and Phyxioschema suthepium

(Raven & Schwendinger, 1898) with high bootstrap support.

Atypus karschi (Donitz, 1887), the purse-web spider is distrib-
uted in China, Korea and Japan. In China, it is a common spe-
cies but only in the south can be found (Zhu et al. 2006; Yin
et al. 2012; WSC 2020). Due to the destruction of their nat-
ural habitats and decreasing populations, A. karschi was listed
as a near threatened species by China Species Red List
(Wang and Xie 2004).

So far there are only a few researches on the life cycle
and morphology of A. karschi (Yin et al. 1983; Feng 1990 ;
Song et al. 1999; Zhu et al. 2006; Yin et al. 2012; WSC 2020),
and no any mitochondrial genomes of the genus Atypus in
NCBI PubMed. We sequenced the complete mitochondrial
genome of A. karschi using the next-generation sequencing
(NGS) techniques for its further population genetics and poly-
morphism studies. The specimen was collected from
Mangshan National Nature Reserve (24°57'N, 112°58'F),
Chenzhou City, Hunan Province, China. The muscle of legs of
A. karschi (voucher no. M1204) was preserved in 95% ethanol
and stored at —20°C refrigerator in Hunan Normal University,
Changsha, China (contact person: Xiang Xu, email: xux@
hunnu.edu.cn). The procedure referred from Green and
Sambrook (2012) was carried out in the total genomic
DNA extraction.

We sequenced and characterized the complete mitochon-
drial genome of A. karschi in our study. The genomic DNA
was extracted by using a Universal Genomic DNA Kit (CoWin
Biosciences, China), and DNA sample quality and quantity
were characterized by gel electrophoresis and Nano-Drop
2000  spectrometer  (ThermoFisher  Scientificc ~ USA).

The high-quality genomic DNA was used to prepare DNA
library, with insert sizes of 350 bp for paired-end sequencing.
All data were generated on an Illumina Novaseq6000 using
sequencing protocols provided by the manufacturer
(Ilumina, USA). Approximately 4.13G raw data were gener-
ated with read lengths of 150 bp. lllumina paired-end reads
were filtered based on quality values, and the low-quality
reads were trimmed. The remaining clean reads were used
for assembly with SPAdes v.3.5.0 (http://cab.spbu.ru/software/
spades/) based on overlapping and paired-end relationships.
The mitogenome was annotated using MITOS webserver
(Bernt et al. 2013). The annotations were rechecked by BLAST
search in the Nt and Nr databases (https://www.ncbi.nlm.nih.
gov). The mitochondrial DNA sequence of A. karschi with the
annotated genes was deposited in GenBank (accession num-
ber: MT832081). The complete mitochondrial genome
sequence of A. karschi is a circular one of 14,149 bp and con-
tains 13 protein-coding genes, two ribosomal RNA genes
(12S-rRNA and 16S-rRNA), 22 transfer RNA genes (tRNA), and
a control region. Most of them are encoded on the heavy
strand except seven tRNA genes (Leu, Phe, His, Pro, Leu, lle,
GIn), four protein-coding genes (nad5, nad4, nad4l, nadl),
and 16S-rRNA. The GC percent of 37 genes varies from
12.50% to 36.00%. The overall nucleotide composition in
descending order is 35.82% of T, 35.13% of A, 17.19% of G
and 9.16% of C. The most representative base is T, and the
bias against C is observed. Among 13 protein-coding genes
(total 10,705 bp) encoding 3556 amino acids, the maximum is
nad5 with 1644bp and the minimum is atp8 with only

CONTACT Xiang Xu @ xux@hunnu.edu.cn e College of Life Science, Hunan Normal University, Changsha 410081, China

© 2021 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.


mailto:xux.edu.cn
mailto:xux.edu.cn
http://cab.spbu.ru/software/spades/
http://cab.spbu.ru/software/spades/
https://www.ncbi.nlm.nih.gov
https://www.ncbi.nlm.nih.gov
http://crossmark.crossref.org/dialog/?doi=10.1080/23802359.2021.1959443&domain=pdf&date_stamp=2021-07-28
http://orcid.org/0000-0003-1094-012X
http://orcid.org/0000-0001-5292-3884
http://creativecommons.org/licenses/by/4.0/
http://www.tandfonline.com

2524 A. HE ET AL.

100 — Neoscona scylla (NC_044101) 65K (655 ¢  [Aea| (aree - °°"3’- (o {681 § § I @8 § @ 0 oz ¢
100 Neoscona multiplicans (NC_044653) -- - -".-'.'.“ D2 ...
9 Neoscona nautica (NC_029755) ) § "3’- o & f IS .“ NE2 “f
Cyclosa japonica (NC_044696) Araneidee [B5%i| (655 4 6 tAial /e coxa & [
. Cyclosa argenteoalba (NC_027682) --:.-@.coxa ¢ I § 150 0 6 | @ 04 :Z e
Cyrtarachne nagasakiensis (NC_028077) -- . .
0 Nephila clavata (NC_008063) | Nephilidae 678§ § I @8 1 @66 vz 46
L jana (MN296353) | Tetragnathidae 1@ @60 02 §ié
P e | sosae 14t
Pardosa laura (NC_025223)
Dolomedes angustivirgatus (NC_031355) I Pisauridae Araneomorphae -‘.mcoxa '- Np2
Oxytate striatipes (NC_025557) I Thomisidae -’.-'-'.“ ND2 .‘.
4 Telamonia Vviijmi (NC_024287) o] § § INBH ¢ 85 ¢ @ 0 02§
Epeus alboguttatus (NC_042829) Salticidae {6781  IGH 0 68 0 @ 00 o2 446
Cheliceroides longipalpis (NC_041120) _'“- M ' (3 “’
Cheiracanthium triviale (MN334527) | Miturgidae 678 6 6 B 6 8> 0 @ 00 o2 §46
Agelena silvatica (NC_033971) | Agelenidae Hi v 6§ B 0 @ ¢ @ 00 o2 ”:
Argyroneta aquatica (NC_026863) | Cybaeidae
100 - Cyriopagopus hainanus (NC_053738) Theraphosidae =.’-'::..:: :3: “:
a8 Haplopelma schmidti (NC_005925) '-
10 Ph (NC_020322) Dipluridae | Mygalomorphae [ESEE 68 6 4 1B @ ¢ @466 0z 46
e Calisoga longitarsis (EU523754) } Nemesiidae ‘-‘W ‘x
Atypus i(MT832081) Atypidae
[ Conistus ermwan vC_020029 I Lphistidae | Mesothelae -"=@ o ,-'=“.‘-“: :zz “’
100 is (NC_005924) B Us g2 2l

—
0.10

Figure 1. Phylogenetic tree of maximum-likelihood was constructed in RAXML based on the nucleotide sequences of 13 protein-coding genes. The rectangle, ellipse
and horizontal hexagon in gene order represent coding gene, tRNA and rRNA, respectively.

156 bp. The 12S-rRNA and 16S-rRNA genes are 636 and
746 bp, respectively located between the tRNA"® and tRNA™"
genes and separated by the tRNAY? and tRNA™" genes.

Most protein-coding genes start with TTG (cox2, cox3,
nad4, nadé6, cob) or ATT (atp8, nad5, nad4l, nadl) or ATA
(nad2, atp6, nad3) initiation codon except cox7, and three
types of inferred termination codons are TAA (coxI, cox2,
atp8, atp6, cox3, nad5, nad4l, nadé6, cob, nadl), TAG (nad2,
nad3) and an incomplete stop codon (nad4). 22 tRNA genes
vary from 46 to 74 bp in length, and 18 of them fold into the
typical cloverleaf secondary structure. There are four inter-
genic spacers (total 203bp) varying from 1 to 195bp in
length and 25 gene overlaps (total 249 bp), the largest of
which is 33bp between the tRNA*® and tRNAP" genes. The
tandem repeat sequences are observed in tRNA™M® (GAA),
nad5 and control region.

We constructed the phylogenetic relationship of 25
Araneae species based on molecular data of complete mito-
chondrial genomes to test the placement of A. karschi in
phylogeny of the order Araneae. We analyzed under
maximum-likehood (ML), and used RAxML (version 38,
Stamatakis 2014). The best-fit model GTR + G+ | was selected
using JModeltest program under the Akaike information cri-
terion (AIC). The phylogenetic tree (Figure 1) shows the clade
(A. karschi (Calisoga longitarsis (Phyxioschema suthepium
(Haplopelma schmidti, Cyriopagopus hainanus) has been sup-
ported strongly by bootstrap value. Members of this clade
have a closer genetic relationship than other species.

This result is consistent with the result of morphological
taxonomy on Order Araneae. Order Araneae is divided into
two suborders, Mesothelae and Opisthothelae. Songthela
hangzhouensis and Liphistius erawan belong to the family
Liphisiidae, the only family in the Suborder Mesothelae. They
are the spiders having a segmented series of plates on the
upper surface of their abdomens, and their spinnerets are sit-
uated on the middle part between the beginning and ending
of ventral abdomens. The members of Suborder

Opisthothelae have no segmented plates and their spinnerets
are situated at or near the ending of ventral abdomens,
which are completely different from those of Mesothelae.
Therefore, suborder Opisthothelae is divided into two infraor-
ders, Mygolomorphae and Araneomorphae. In the present
study, A. karschi and its sister lineage, including Cyriopagopus
schmidti (Theraphosidae), Haplopelma schmidti
(Theraphosidae), Phyxioschema suthepium (Euagridae) and
Calisoga longitarsis (Nemesiidae), belong to the Infraorder
Mygolomorphae, and the other 18 species belong to the
Infraorder Araneomorphae.

Acknowledgments

We thank Qionghua Zhu for her assistance with manuscript revision.

Disclosure statement

The authors report no conflicts of interest. The authors themselves are
responsible for the content and writing of the paper.

Funding

This work was financially supported by the National Natural Science
Foundation of China [No. 31772423 and No. 31471963], the Key Project
of Hunan Provincial Department of Education [19A320], the Key Scientific
Research Project of Shaoguan University [No. SZ2018KJO1 and No.
$72019ZK02] and the Talent Introduction Project of Shaoguan University.

ORCID

Ailan He @ http://orcid.org/0000-0003-1094-012X
Jing Guo @ http://orcid.org/0000-0001-5292-3884



Data availability statement

The genome sequence data that support the findings of this study are
openly available in GenBank of NCBI at https://www.ncbi.nlm.nih.gov/
under the accession no. MT832081. The associated BioProject, SRA, and
Bio-Sample  numbers are  PRINA741850, SRR14935285, and
SAMN19909606, respectively.

References

Bernt M, Donath A, Juhling F, Externbrink F, Florentz C, Fritzsch G, Putz J,
Middendorf M, Stadler PF. 2013. MITOS: improved de novo metazoan
mitochondrial genome annotation. Mol Phylogenet Evol. 69(2):
313-319.

Feng ZQ. 1990. Spiders of China in colour. Changsha: Hunan Science and
Technology Publishing House, p. 256.

Green MR, Sambrook J. 2012. Molecular cloning: a laboratory manual.
4th ed. New York: Cold Spring Harbor Laboratory Press.

MITOCHONDRIAL DNA PART B (&) 2525

Song DX, Zhu MS, Chen J. 1999. The spiders of China. Shijiazhuang:
Hebei Science and Technology Publishing House; p. 640.

Stamatakis A. 2014. RAXML version 8: a tool for phylogenetic analysis
and post-analysis of large phylogenies. Bioinformatics. 30(9):
1312-1313.

Wang S, Xie Y. 2004. China species red list. 1st vol. Beijing: Higher
Education Press.

World Spider Catalog. 2020. World Spider Catalog. Natural History
Museum Bern. Version 21.0. [accessed 6 2020 Sep 6]. Available from
https://wsc.nmbe.ch/genus/431.

Yin CM, Peng XJ, Yan HM, Bao YH, Xu X, Tang G, Zhou QS, Liu P. 2012.
Fauna Hunan: Araneae in Hunan, China. Changsha: Hunan Science
and Technology Press; p. 1590.

Yin CM, Wang JF, Hu YJ. 1983. Essential types and the evolution of palpal
organ of spiders. J Hunan Teach Coll (Nat Sci Ed). 1983:31-46.

Zhu MS, Zhang R, Song DX. 2006. Observations on tarsal organ, maxillary
cuspuels, trichobothria, stridulating organ and spinnerets of Chinese
mygalomorphs by SEM. J Hebei Univ (Nat Sci Ed). 26(6):636-648.


https://www.ncbi.nlm.nih.gov/
https://wsc.nmbe.ch/genus/431

	Abstract
	Acknowledgments
	Disclosure statement
	Funding
	Orcid
	Data availability statement
	References


