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ABSTRACT

The mitochondrial genome of a golden orb-web spider Trichonephila clavata (L. Koch, 1878) from
South Korea is determined and characterized in detail, which is the second mitochondrial genome
reported from this species: the first was published from the Chinese sample by Pan et al. (2016). It was
14,436 bp in length being composed of 13 protein-coding genes (PCGs), 22 transfer RNA genes, two
ribosomal RNA genes, and one control region (CR). It has a base composition of 35.99% for ‘A, 14.88%
for ‘G’ 9.09% for ‘C,/ and 40.04% for ‘T Comparing the South Korean and Chinese mitochondrial
genomes, we observed 8% nucleotide sequence differences between their CRs, caused by the different
numbers and sorts of possessed tandem repeats, suggesting a promising molecular marker to distin-
guish South Korean individuals from Chinese ones. The phylogenetic trees using the maximum likeli-
hood (ML) method were reconstructed with nucleotides (without 3rd codon position) and amino acids
from 13 PCGs, respectively, which consistently confirmed that T. clavata (Subfamily Nephilinae) from
South Korea and China are clustered together, distinctly separated from the other subfamily Araneinae
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in the monophyletic family Araneidae.

The golden orb-web spiders of the genus Nephila are tropical
and subtropical in distribution and construct exceptionally
large and impressive orb webs (Kuntner et al. 2010, 2013).
Nephila clavata L. Koch, 1878 native to East Asia is distributed
ranging from India to Japan in the World Spider Catalog ver-
sion 22.0 database (Natural History Museum Bern 2021).
Recently, combined with molecular information including six
genes (three mitochondrial and three nuclear genes), these
results have led to a comprehensive phylogenetic classifica-
tion (Wheeler et al. 2017). It has been reported that the fam-
ily Araneidae including N. clavata, one of the nepheline
group is well-supported with a bootstrap value of 83%. Since
2019, N. clavata has been moved from the genus Nephila
into the genus Trichonephila, along with other 11 Nephila
species (Kuntner et al. 2019). Currently, Trichonephila clavata
(L. Koch, 1878) is taxonomically acceptable. From the species,
Pan et al. (2016) first reported the complete mitochondrial
genome from a Chinese sample of T. clavata, but mitochon-
drial genome information from South Korean individuals has
not been investigated so far.

Here, we collected a specimen of T. clavata from the Daegu
campus of Kyungpook National University (KNU; 35°53/13.7”N
128°36'21.1”E), which was stored in 95% ethanol and depos-
ited under the voucher number KNU-ARAR-001 at KNU

(collector: Ui Wook Hwang, uwhwang1@gmail.com). Total cel-
lular DNA was extracted from a spider leg using a DNeasy tis-
sue kit (QIAGEN Co.) following the manufacturer’s instructions.
First, we amplified the partial region (465 bp long) of 765 rRNA
with  universal PCR primers: 16SA (5'-CGCCTGTTTAT
CAAAAACAT —3; Simon et al. 1994) and 16SB (5'-
CCGGTTGAACTCAGATCA — 3’; Kambhampati and Smith 1995).
Then long PCR amplification of the complete mitochondrial
genome for T. clavata was carried out with a pair of species-
specific long PCR primers designed from the sequenced 176S
rRNA (refer to Hwang et al. 2001): Long Spi (+) 5-
ACATGGAGCAGGTTTTACTAATAATTTAAGAAGA — 3’ and Long
Spi (-) 5-AGTTCATATTAAAAAAAAAGATTGCGAC CTCGAT —3'.
The long PCR products were sequenced using an ABI PRISM
3730 sequencer (Macrogen Co., South Korea). 13 PCGs and 2
rRNA genes were identified through BLAST searches and align-
ment with known genes using Clustal X2 (Larkin et al. 2007).
Twelve tRNA genes were detected using tRNAscan-SE (Chan
and Lowe 2019), and the remaining 10 tRNAs were identified
by eye based on their potential for forming tRNA-like second-
ary structure. For the subsequent phylogenetic analyses, we
constructed two concatenated sequence alignment sets from
the 13 PCGs from 19 spider species: nucleotide sequence align-
ment set (6931 bp without 3rd codon position) and amino acid
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Figure 1. A maximum-likelihood (ML) tree reconstructed with the nucleotide sequence alignment set (without 3rd codon position) of 13 mitochondrial protein-cod-
ing genes (PCGs) showing relationships among 19 spider species belonging to the family Araneidae. Two tetragnathid spider species Tetragnatha nitens and
Tetragnatha maxillosa are used as outgroups. The ML tree based on amino acid sequence alignment set from 13 PCGs yielded almost same topology with the
nucleotide-based ML tree. Nodal supports are inferred from the ultrafast bootstrap method with 1000 bootstrap replicates using the IQ-TREE webserver: bootstrap-
ping values in percent (BP) obtained using the nucleotide data set (left) and amino acid data set (right) on each node.

sequence alignment set (3387 aa). Maximum likelihood (ML)
trees using IQ-TREE webserver (Trifinopoulos et al. 2016) were
reconstructed under the best-fit substation models:
GTR+F +1+4 G4 and mtART + F+1+ G4 for the nucleotide and
amino acid sequence substitution models in order. Node confi-
dence values in percent were estimated with 1000 boot-
strap replicates.

The entire mitochondrial genome of T. clavata, which is
14,436 bp in length (GenBank accession no. NC_008063), con-
sists of 37 genes including 13 PCGs, two rRNA genes, and 22
tRNA genes, with a control region (CR). The overall base com-
position is 35.99% for ‘A, 9.09% for ‘C,/ 14.88% for ‘G,’ and
40.04% for T,/ showing strong A-+T biased composition
(76.03%). Among 13 PCGs, ‘ATA’ as a start codon was used for
ND1, ND2, ND4, ND5, CYTB, and ATP6, ‘ATT' for ND3, ND4L, NDeé,
and ATPS8, ‘TTG' for COX2 and COX3, and ‘TTA' for only COX1. As
stop codons, ‘TAA" was used for COX1, COX2, ND3, ND4, NDA4L,
ND5, ATP6, and ATPS8, ‘TAG' for ND1, ND2, ND6, and CYTB, and
T’ for COX3. When we compared the present result with the
mitochondrial genome published from the same species of
China (Pan et al. 2016), we observed the highest sequence dif-
ferences only in CR (ca. 8%), caused by the different numbers
and sorts of possessed tandem repeats: 11 and 9 tandem
repeats of 5-GATATATACATATATA — 3’ for the South Korean
and Chinese ones, respectively, and 5 additional tandem
repeats of 5'-TCTATACATATATA — 3’ only for the Chinese one.
The result implies that CR can be a useful molecular marker for
distinguishing South Korean individuals from Chinese ones

(e.g., like in a species identification tool in Mesobuthus reported
by Choi et al. 2007).

To determine the phylogenetic position of T. clavata in
the family Araneidae, we constructed both the concatenated
nucleotide sequence alignment without 3rd codon position
(NT) and the concatenated amino acid sequence alignment
(AA) from 19 araneid species (Hwang and Kim 1999). We
employed Tetragnatha nitens and Tetragnatha maxillosa as
outgroups. As shown in Figure 1, the ML trees based on NT
and AA yielded almost same topology, but the former was
more resolved and reliable than the latter. In the trees, major
clades are continuously supported: the monophylies of the
family Araneidae (BP 100% in NT/BP 100% in AA) and the
subfamily Araneinae (BP 99%/BP 100%). T. clavata from South
Korea and China, which are only members of the subfamily
Nephilinae examined in this study, were clustered together
with a high nodal support (BP 100%/BP 100%), and distinctly
separated from the monophyletic clade of Araneinae.
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