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ABSTRACT
Trichonephila clavipes (Linnaeus, 1767) is known as a golden silk orb-weaver and belongs to the family
Araneidae. T. clavipes is one of the few spider species whose genome has been reported and model
organism for a molecular biology. Here, we present the complete mitochondrial genome sequence
(mtDNA) of T. clavipes. The sequence was obtained using a long-read Nanopore technology and cor-
rected with an Illumina technology. The circular genome is 14,902bp in length, and the AT content
was 77.21%. The T. clavipes mitochondrial genome contains 13 protein-coding genes (PCGs), 22 tRNA
genes, and 2 rRNA genes. The majority of PCGs were found on the heavy strain.
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Materials, results, and discussion

Orb-weaving spiders (Orbiculariae) account for 27% of all spi-
ders, the vast majority of which belong to the superfamily
Araneoidea (Hormiga and Griswold 2014; World Spider
Catalog 2021). Trichonephila clavipes and related species
formed one of the Araneoidea families, the family Nephilidae,
but they were transferred to the family Araneidae, and some
Nephila species have been moved to genus Trichonephila
(Kuntner et al. 2019). Recently, the draft genome of T. clav-
ipes has been published and has become the model organ-
ism in the molecular biology study of spiders (Babb et al.
2017; Kono et al. 2021) but the mitochondrial genome
sequence has yet to be published. The mitochondrial gen-
ome sequence of T. clavipes, which has undergone various
changes in genus and family, provides important information
for a phylogenetic relationship analysis of the Orbiculariae at
the species level. All the spiders used in this study were adult
females, and the T. clavipes samples were purchased from
Spider Pharm Inc. (Yarnell, AZ, USA). An individual specimen
of T. clavipes was collected in Citrus County, Florida, USA
(28�5005700N, 82�3103300W). A specimen and extracted DNA
samples were deposited at Institute for Advanced
Biosciences, Keio University, Japan (http://www.iab.keio.ac.jp/
en/index.html; contact person: Kazuharu Arakawa; e-mail:
gaou@sfc.keio.ac.jp) under the voucher number IDV#5884.
According to the previous studies (Kono et al. 2019; Kono
and Arakawa 2019; Kono et al. 2020) and manufacturer’s pro-
tocols, the genomic DNA (gDNA) was extracted from legs
and prepared sequence libraries. Long-read sequencing was
performed for genome assembly, and Illumina short-reads
were used for sequence correction. For long-read sequencing,
a high molecular weight (HMW) gDNA was gently extracted

from the spider legs using Genomic-tip 20/G (QIAGEN) and
purified by over 10 kb size selection with a BluePippin (Sage
Science) with a 0.75% Agarose Gel Cassette. The nanopore
library was completed following the 1D library protocol
(SQK-LSK108, Oxford Nanopore Technologies). For Illumina
short-read sequencing, using the extracted gDNA, the library
was prepared with NEBNext Ultra DNA Library Prep Kit for
Illumina. Nanopore and Illumina sequencing were performed
with the GridION (Oxford Nanopore Technologies) and
NextSeq 500 (Illumina, Inc.) instruments and sequenced reads
were submitted to DNA Data Bank of Japan (DDBJ), a mem-
ber of International Nucleotide Sequence Database
Collaboration (INSDC), with DRR235161 and DRR235162 in
PRJDB10126. The full-length read of the mitochondrial gen-
ome was found from the nanopore long-reads with a BLAST
search and corrected with the Illumina short-reads.
Mitochondrial annotation was performed using the MITOS
Web Server (Bernt et al. 2013) and ARWEN v. 1.2 program
(Laslett and Canback 2008). Genes were also manually cura-
ted based on the closely related species mitochondrial gen-
ome sequences. The complete mitochondrial genome of T.
clavipes was submitted to DDBJ with an accession number
LC619787. The complete mitochondrial genome was
14,902 bp in length with AT/GC contents of 77.2 and 22.8%,
respectively. Genome annotation represented the 13 protein-
coding genes (cox1 to cox3, nd1 to nd6, nd4l, atp6, atp8, and
cob), 22 transfer RNA genes (tRNAs), and 2 rRNA. The gene
composition and orientation of T. clavipes were consistent
with the mitochondrial genome of Trichonephila clavata
(NC_008063). Four PCGs (nd1, nd4, nd4l, and nd5) were
encoded in the light strand, and the remaining nine genes
were encoded in the heavy strand. Both rRNAs were encoded
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on the light strand and located between tRNALeu and
tRNAGln and separated by tRNAVal gene. The longest overlap
was 36 bp in length and located between nd5 and tRNAPhe.
The 16S rRNA was 1066 bp in length with GþC content of
19.3%, and the 12S rRNA was 693bp in length with GþC
content of 21.4%. The 13 protein-coding genes were used to
study the phylogenetic relationship of spiders. These amino
acid sequences were aligned with MAFFT version 7.309
(Katoh and Standley 2013), followed by trimAl version 1.2
(Capella-Gutierrez et al. 2009) and RAxML version 8.2.11
(Stamatakis 2014) with 1,000 bootstraps. Tityus serrulatus
(scorpion) was used as an outgroup. The produced phylogen-
etic tree was drawn by FigTree version 1.4.3 (http://tree.bio.
ed.ac.uk/software/figtree/). The phylogenetic tree represents
the genus Trichonephila in a different clade from Araneus or
Neoscona, indicating the relationship that once formed the
family Nephilidae (Figure 1).
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Figure 1. A maximum-likelihood tree was inferred from 17 mitochondrial genomes of arachnids. The phylogenetic tree was constructed based on concatenated
amino acid sequences of 13 protein-coding genes. All mitochondrial genome sequences used are obtained from the GenBank database and the accession numbers
are shown in parentheses. The RTA is a retrolateral tibial apophysis clade of araneomorph spiders.
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