
IntroductIon

The Red-tongue Pit Viper (Gloydius ussuriensis) lives 
in Asia (China, Russia, and Korea) and is one of the four 
species of venomous snakes native to the Korean Penin-
sula (Do et al., 2022a). Unlike other species belonging to 
the family Viperidae, Korean pit vipers have a red tongue 

(NIBR, 2010). It is distributed throughout the country, 
including Jeju Island, and is known to be more widely 
distributed in lowlands than in highlands (Slevin, 1925; 
Shannon, 1956; Do et al., 2016). The Red-tongue Pit Viper  
was known as Agkistrodon blomhoffi ussuriensis (Eme-
lianov, 1929), but was promoted to a species by Toriba 

(1986) and classified as Agkistrodon ussuriensis. After-
wards, in the 1990s, as a result of phylogenetic study 
using mitochondrial DNA (ND4 and 16s rRNA genes) 
for the genus Agkistrodon, eight species of pit vipers (A. 
blomhoffii, caliginosus, halys, rhesus, monticola, strau-
chi, tsushimaensis, and ussuriensis) were changed to the 
genus Gloydius (Knight et al., 1992; Kraus et al., 1996). 
Phylogenetic studies since the 2000s have shown that the 
genus Gloydius contains at least 23 species worldwide 
and is divided into two groups: brevicaudus and interme-
dius (Guo and Zhang, 2002; Shi et al., 2018). Gloydius 
ussuriensis, belonging to the brevicaudus group, which 
has four palatine teeth and 21 dorsal scales, is morpho-

logically different from the intermedius group, which 
has three palatine teeth and 23 dorsal scales (Gloyd and 
Conant, 1982; Guo and Zhang, 2002). Gloydius ussurien-
sis is the most common of the pit vipers in Korea, but its 
population is rapidly decreasing due to poaching, habitat 
destruction, and climate change (Kim et al., 2011; Do and 
Nam, 2021; Do et al., 2022b). Moreover, it is listed as 
“Least Concern” in the IUCN Red List though, biological 
information of this species is deficient, including genetic 
data (NIBR, 2020; Lee et al., 2022); only one mitoge-
nomic sequence of a Chinese individual is available data 
from NCBI. In comparison, other species of the genus 
Gloydius have been studied genetically, including their 
mitogenomes. In this study, the complete mitogenome of 
Korean G. ussuriensis was sequenced and characterized 
for the first time, enriching the basic genetic information 
on this species and genus.

MaterIals and Methods

The Gloydius ussuriensis (NIBRGR0000665344) in-
dividual used in the present study was collected from 
Buan-gun, Jeollabuk-do, South Korea (35°42ʹ9.6ʺ, 126° 
36ʹ38.72ʺ) and stored in the National Institute of Bi-
ological Resources (NIBR: https://www.nibr.go.kr) in 
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Incheon, South Korea. Sample collection was approved 
by a local government sampling permit (approval num-
ber: Buan-gun, 2020-02). This study was also approved 
by the NIBR animal ethics committee (NIBR IACUC 
20220001). Total genomic DNA was isolated from tissue 
samples using the DNeasy Blood & Tissue Kit (Qiagen, 
Valencia, CA) according to the manufacturer’s protocol, 
and a NanoDrop 2000 spectrophotometer (Thermo Sci-
entific, Wilmington, DE, USA) was checked using for 
the amount and purity of the extracted DNA. Next-gen-
eration sequencing was performed using an llumina 
NovaSeq 6000 platform at DNA Link (Seoul, South Ko-
rea). GetOrganelle version 1.6.4 (Jin et al., 2020) was 
used for the mitogenome assembly. GeSeq (Tillich et al., 
2017) annotated protein coding regions and rRNA, and 
ARAGORN version 1.2.38 (Laslett and Canback, 2004) 
and tRNEscan-SE version 2.0.5 (Lowe and Chan, 2016) 
predicted tRNA detection. The complete mitogenome of 
G. ussuriensis (accession number OR680782) has been 
deposited in GenBank. The maximum likelihood (ML) 
method was used for constructing phylogenetic tree with 
100 bootstrap replicates in MEGA ver. 11 (Tamura et al., 
2021) and genetic distances was determined using the 
Kimura 2-parameter (Kimura, 1980). The best-fit-model 
was a general time-reversible model (GTR) with a gam-
ma distribution ( + G) using MEGA. Achalinus meiguen-
sis (GenBank accession no. FJ424614) was used as an 
outgroup.

results and dIscussIon

The complete circular G. ussuriensis mitogenome was 
17,209 bp in length and composed of two rRNA genes, 
22 transfer RNA genes, two putative control (D-loop) 
region, and 13 protein-coding genes (PCGs). The base 
composition of the mitogenome was 32.7% of A, 27.5% 
of C, 13.9% of G, and 25.9% of T, with a slight AT bias 

(58.6%). In the mitogenome of G. ussuriensis, one PCG 

(ND6) and eight tRNAs (tRNA-Pro, Gln, Ala, Asn, Cys, 
Tyr, Ser, and Glu) genes were located on the light strand 

(L-strand), and other genes were located on the heavy 
strand (H-strand) (Table 1). The start codon of 10 PCGs 
was ATG, with the exception of three COX1 (GTG), 
ND1 (ATA), and ND3 (ATC). There were only five stop 
codon-terminated PCGs in intact vertebrate mitochon-
dria: TAA (ATP6, ND4L, and ND5), AGG (ND6), and 
AGA (COX1). The other eight genes ended with incom-
plete stop codons: AAT (ND1 and COX2), CCT (COX3 
and CYTB), TAT (ND2), ATA (ATP8), AGT (ND3), and 
AAG (ND4). For the phylogenetic analysis (Fig. 1), we 
selected the 13 protein-coding genes (11,367 bp) of G. 
ussuriensis from South Korea, and 36 mitogenome se-
quences of 27 Crotalinae species obtained from Gen-

Bank. This phylogenetic analysis infers G. ussuriensis 
being in the same group as the Chinese G. ussuriensis 

(Accession No. KP262412) with 0.037 of genetic dis-
tance and is closely related to G. blomhoffi and other 
species of the genus Glyodius. This result was similar to 
that presented in Lee et al. (2021) which indicated that 
South Korea G. saxatilis mitogenome closely related to 

Table 1. Mitogenome structure of Gloydius ussuriensis.

Gene/elements
Position Size 

(bp) Strand
Origin Stop

tRNAPhe 1 64 64 H
12S rRNA 65 971 907 H
tRNAVal 972 1,034 63 H
16S rRNA 1,035 2,512 1,478 H
ND1 2,513 3,473 961 H
tRNAIle 3,474 3,542 69 H
tRNAPro 3,547 3,609 63 L
d-loop 3,610 4,637 1,028 H
tRNALeu 4,638 4,710 73 H
tRNAGln 4,711 4,779 69 L
tRNAMet 4,780 4,842 63 H
ND2 4,843 5,866 1,024 H
tRNATRP 5,867 5,932 66 H
tRNAAla 5,933 5,997 65 L
tRNAAsn 5,998 6,070 73 L
tRNACys 6,109 6,163 55 L
tRNATyr 6,170 6,230 61 L
COX1 6,232 7,833 1,602 H
tRNASer 7,834 7,891 58 L
tRNAAsp 7,892 7,954 63 H
COX2 7,955 8,639 685 H
tRNALys 8,639 8,702 64 H
ATP8 8,702 8,865 164 H
ATP6 8,857 9,537 681 H
COX3 9,537 10,320 784 H
tRNAGly 10,321 10,381 61 H
ND3 10,382 10,724 343 H
tRNAArg 10,725 10,788 64 H
ND4L 10,789 11,079 291 H
ND4 11,079 12,415 1,337 H
tRNAHis 12,420 12,479 60 H
tRNASer 12,480 12,534 55 H
tRNALeu 12,536 12,607 72 H
ND5 12,609 14,396 1,788 H
ND6 14,392 14,913 522 L
tRNAGlu 14,927 14,975 49 L
Cyt b 14,976 16,089 1,114 H
tRNAThr 16,090 16,153 64 H
d-loop 16,154 17,209 1,056 H
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G. intermedius and G. shedaoensis. Our results present 
here a complete mitogenome of G. ussuriensis, deliver-
ing important data for molecular species identification 
and further evaluating phylogenetic relationships within 
the Crotalinae.
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