pISSN 2765-2203
eISSN 2765-2211

NATIONAL
INSTITUTE OF
ECOLOGY OF
THE REPUBLIC OF KOREA

PROCEEDINGS OF THE NATIONAL INSTITUTE OF ECOLOGY OF THE REPUBLIC OF KOREA

PROCEEDINGS OF THE

PROCEEDINGS OF THE
NATIONAL
INSTITUTE OF
ECOLOGY OF
THE REPUBLIC OF KOREA
Volume 3 Issue 4 November 2022

Volume 3 Issue 4, November 2022
National Institute of Ecology

The Korean Academy of Dental Technology

pISSN 2765-2203
eISSN 2765-2211

Volume 3, Issue 4, November 2022

Aims and Scope
http://www.kjpp.net/
Proceedings of the National Institute of Ecology of the Republic of Korea (PNIE) is an open
and eISSN
online2093-3827
journal
pISSNaccess
1226-4512,
aimed at promoting outcomes of basic ecological researches carried out in Korea and abroad. The journal focuses on not
only basic ecological research on terrestrial The
and aquatic
Koreanpopulations,
Journal ofcommunities, ecosystems and landscapes but also
applied issues such as data science and climate change based on ecological research.
About the Journal

Physiology & Pharmacology

PNIE is the official English language journal of the National Institute of Ecology of the Republic of Korea. PNIE started
its first issue in November 1, 2020. PNIE is published quarterly in a year (February 1, May 1, August 1, November 1). The
Aims
and
Scope research papers, invited reviews and data papers. This multidisciplinary journal is a showcase of original
journal
publishes
researches
being
conducted
by the
ecologists in Korea
and
abroad.
And PNIEKJPP)
is committed
to journal
represent
ecological
reThe Korean
Journal
of Physiology
& Pharmacology
(Korean
J Physiol
Pharmacol,
is the official
of both
the Korean
search from Asia-Pacific region. Worldwide cooperative research initiatives are also welcome.
Physiological Society (KPS) and the Korean Society of Pharmacology (KSP). The journal is published bi-monthly in English. KJPP
PNIE is an Open Access journal. It means that all articles published by PNIE are made freely and permanently accessible
publishes
original, peer-reviewed,
science-based
research
articles that
reportor
successful
advances
in physiology and pharmacology. KJPP
online immediately
upon publication,
without
subscription
charges
registration
barriers.
welcomes the submission of all original research articles in physiology and pharmacology, especially the new and innovative findings in
Contacts
these
areas. The scope of researches may include the chemical’s mechanism of action, pharmacological effect, utilization, and interaction
For subscription
andasall
other
ourdrug
website
available
from:
https://acoms.kisti.re.kr/member/goLogin.do
with
biological system
well
as theinformation
developmentvisit
of new
targets.
Theoretical
papers
and papers that use computational models in
?journalSeq=J000177&msg=timeout.
subscribe to this
journal
renew
yourInvestigative
current subscription,
contact
further
understanding the physiological orTopharmacological
processes
areoralso
invited.
translationalplease
research
papersus
on
through
Tel
(+82-41-950-5361,
5421,
5422)
or
E-mail
(pnie@nie.re.kr).
human disease with an emphasis on physiology or pharmacology are also invited. KJPP does not publish work on the actions of crude
biological extracts of either unknown chemical composition (e.g. unpurified and unvalidated) or unknown concentration. Reviews are
Disclaimer
normally commissioned, but consideration will be given to unsolicited contributions. Authors of unsolicited reviews should email the
The publisher, editors, and reviewers do not assume any legal responsibility for errors, omissions, or claims, nor do they
outline
the editorial
for preliminary
approval
the Editors.
The authors
of reviewsinmay
include a limited
of annotated
providetoany
warrantyoffice
expressed
or implied,
with by
respect
to information
published
Proceedings
of thenumber
National
Institute
references.
Allofpapers
accepted for
in KJPP will appear simultaneously in the printed Journal and online.
of Ecology
the Republic
of publication
Korea.
Copyright © National Institute of Ecology.
Publishers

Jae-sik Park, President of The Korean Physiological Society (Kyungpook National University, Korea)
Kyung-Soo Nam, President of The Korean Society of Pharmacology (Dongguk University, Korea)

Proceedings of the National Institute of Ecology of the Republic of Korea

This Journal is Indexed in

October
25,listed
2022by ISI.
on (SCI-E)
-Printed
SCI-extented
Journal
November
1,
2022
Published
on
- PubMed (www.ncbi.nlm.nih.gov/sites/entrez),
Pub Med Central (www.ncbi.nlm.nih.gov/pmc) by NLM, SCOPUS (www.scopus.com),
and KoreaMed (www.koreamed.org) and KoMCI (www.komci.org) by KAMJE.
Publisher: National Institute of Ecology
Editor-in-Chief: Ohseok Kwon
All communications should be addressed to:
Published
byOffice
National
of Ecology (NIE)
The
Editorial
andInstitute
the Publisher
Geumgang-ro,
Maseo-myeon,
Seocheno-gun,
33657, Korea
-1210
Physiology
1209, 14 Teheran-ro
83-gil, Gangnam-gu,
SeoulChungcheongnam-do,
06169, Korea.
Tel:
+82-41-950-5361,
5421,
5422,
E-mail:
pnie@nie.re.kr
Tel: 82-2-568-8026, Fax: 82-2-568-8051, E-mail: physiology@koreaphysiol.org
Homepage: http://www.nie.re.kr
- Pharmacology 208, Hyunil TowerOfficetel, 87, Seongmisan-ro, Mapo-gu, Seoul 03978, Korea.
Tel: 82-2-326-0370,
Fax:Inc.
82-2-326-0371, E-mail: head@kosphar.org
Printed
by MEDrang
2nd Floor, Hyoryeong Building, 32 Mugyo-ro, Jung-gu, Seoul 04521, Korea
Tel: +82-2-325-2093,
Published
Bimonthly Fax: +82-2-325-2095, E-mail: info@medrang.co.kr

Homepage:
http://www.medrang.co.kr
Annual
Institutional
Subscription Rate: U.S. $50.00. Personal Subscription Rate: U.S. $30.00. Prices include postage and insurance and are
subject to change without notice. Circulation number of print copies is 350 per issue.
cc This
This is is
anan
Open
AccessAccess
article distributed
under the terms
of the the
Creative
Commons
License (http://creativecommons.org/licenses/by-nc/4.0)
Open
journal distributed
under
terms
of theAttribution
CreativeNon-Commercial
Commons Attribution
Non-Commercial License (http://
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Printed on acid-free paper effective with Volume 20, No. 1, 2016.
Printed by MEDrang Inc. (Tel. 82-2-325-2093, Fax. 82-2-325-2095, E-mail. info@medrang.co.kr)

pISSN 2765-2203
eISSN 2765-2211

Publisher
National Institute of Ecology

Editor-in-Chief

Ohseok KWON (Kyungpook National University, Korea )

Editorial board
Climate Change
Changwan SEO (National Institute of Ecology , Korea )
Chi-Ling CHEN (Taiwan Agricultural Researcf Institute , Taiwan)
Josu González ALDAY (Universitat de Lleida , Spain )
Kim-Loi NGUYEN (Nong Ram University , Vietnam )
Lillian Jennifer V. RODRIGUEZ (Univeristy of Philippines-Diliman , Philippines )
Yongyut TRISURAT (Kasetsart University , Thailand )

Conservation Assessment
Baek-Jun KIM (National Institute of Ecology, Korea )
Choong Hyeon OH (Dongguk University, Korea )
Chulgoo KIM (National Institute of Ecology, Korea )
Hye Kwon KIM (Chungbuk National University, Korea )
Ji Young JUNG (Korea Polar Research Institute, Korea )
Ki-Jung NAM (Gyeongsang National University, Korea )
Kwang-Hyeon CHANG (Kyung Hee University, Korea )
Ohseok KWON (Kyungpook National University, Korea )
Vivi NOVIANTI (State University of Malang, Indonesia )

Information and Technology
Adrian Pinto TOMAS (Costa Rica University, Costa Rica )
Biswajeet Pradhan (Distinguished Professor Biswajeet Pradhan, Australia )
Hamid Reza Pourghasemi (Shiraz University, Iran )
Hyeong Cheol PARK (National Institute of Ecology, Korea )
Kidong KIM (National Institute of Ecology, Korea )
Saro LEE (Korea institute of Geoscience and Mineral Resources, Korea )
Suntae KIM (Jeonbuk National University, Korea )

Risk Assessment
Hyohyemi LEE (National Institute of Ecology, Korea )
Jung Ro LEE (National Institute of Ecology, Korea )
Mirza KUSRINI (Bogor Agricultural University, Indonesia )
Moon Bo CHOI (Kyungpook National University, Korea )
Sun Hee HONG (Hankyong National University, Korea )
Yuno DO (Kongju National University, Korea )

Environmental Policy
Hyun-Woo LEE (Korea Environment Institute, Korea )
Wooyeong JOO (National Institute of Ecology, Korea )
Yonghuan JIN (Chinese Academy of Science, China )

Managing Editor					
Eunok LEE (National Institute of Ecology, Korea ) 		
YoungJun PARK (National Institute of Ecology, Korea )
Younmi RYU (National Institute of Ecology, Korea )

Manuscript Editor
Ji Hi JUNG (MEDrang Inc., Korea )

pISSN 2765-2203
eISSN 2765-2211

Volume 3, Issue 4, November 2022

CONTENTS
Original Articles
Conservation Assessment
191	Microsatellite Markers for Non-Invasive Examination of Individual Identity, Genetic Variation, and Population Differentiation in Two Populations of Korean Long-Tailed Goral (Naemorhedus caudatus )
Baek-Jun Kim

199	A Study on the Home-Range and Habitat Use of Spot-Billed Duck (Anas poecilorhyncha ) in Spring
Soon-Sik Kim, Tehan Kang, Dal-Ho Kim, Seung-Woo Han, Seung-Yeon Lee, Haejin Cho

204

The Influence of Skinning a Carcass on Insect Succession and Decomposition
Joo-Hyuk Yoon

Information and Technology
212

Development of a Plastid DNA-Based Maker for the Identification of Five Medicago Plants in South Korea
Il Ryong Kim, A-Mi Yoon, Hye Song Lim, Sunghyeon Lee, Jung Ro Lee, Wonkyun Choi

Risk Assessment
221

Infection by a Filarial Nematode from the Family Onchocercidae in the Wild Bird Anas falcata
Young Ji Kim, Jin Ho Jang, Min Chan Kim, Young-Seok Park, Hye Kwon Kim

Original Article
PNIE 2022;3(4):191-198
https://doi.org/10.22920/PNIE.2022.3.4.191
pISSN 2765-2203, eISSN 2765-2211

Microsatellite Markers for Non-Invasive Examination
of Individual Identity, Genetic Variation, and
Population Differentiation in Two Populations of
Korean Long-Tailed Goral (Naemorhedus caudatus )
Baek-Jun Kim*
National Institute of Ecology, Seocheon, Korea

ABSTRACT
Natural habitats of the Korean long-tailed goral (Naemorhedus caudatus ) have been fragmented by anthropogenic
activities in South Korea in the last decades. Here, the individual identity, genetic variation, and population
differentiation of the endangered species were examined via the multiple-tube approach using a non-invasive
genotyping method. The average number of alleles was 3.16 alleles/locus for the total population. The Yanggu
population (1.66) showed relatively lower average number of alleles than the Inje population (3.67). Of the total 19
alleles, only seven (36.8%) alleles were shared by the two populations. Using five polymorphic out of six loci, four and
six different goral individuals from the captive Yanggu (n=24) and the wild Inje (n=28) population were identified,
respectively. The allele distribution was not identical between the two populations (Fisher’s exact test: P <0.01). A
considerably low migration rate was detected between the two populations (no. of migrants after correction for
size=0.294). Additionally, the F statistics results indicated significant population differentiation between them,
however, quite low (F ST=0.327, P <0.01). The posterior probabilities indicated that the two populations originated
from a single panmictic population (P =0.959) and the assignment test results designated all individuals to both
populations with nearly equal likelihood. These could be resulted from moderate population differentiation between
the populations. No significant evidence supported recent population bottleneck in the total Korean goral population.
This study could provide us with useful population genetic information for conservation and management of the
endangered species.’
Keywords: Feces, Genetic diversity, Individual assignment, Long-tailed goral, Population structure, Microsatellite
marker
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The rare Korean long-tailed goral (Naemorhedus caudatus ) is included in the genus Naemorhedus of Rupicaprini under the subfamily Caprinae with the other two
goral species, Naemorhedus goral (Himalayan goral) and
Naemorhedus baileyi (red goral) (Min et al ., 2004). This
species has been considered as an endangered species

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © National Institute of Ecology.

Baek-Jun Kim
(Ministry of Environment of Korea, 2004), natural monument (No. 217; Cultural Heritage Administration Korea,
1999) in South Korea, an endangered species (IUCN,
1996), and non-commercial trade species (CITES; Hutton
& Dickson, 2000) globally. Historically, the Korean goral
population size has declined for two reasons, namely
overexploitation and habitat destruction (780-800 individuals, Ministry of Environment of Korea, 2002; Yang,
2002). Moreover, in recent years, the goral populations
have been affected by habitat fragmentation.
Fragmentation decreases the connectivity between habitats and, therefore, prevents gorals from migrating between resource patches and mating with genetically heterogeneous individuals, such as those from other species
(Coulon et al ., 2004; Taylor et al ., 1993). This change can
negatively affect wild animals due to reduction of gene
flow between populations leading to greater inbreeding
and loss of genetic diversity within fragmented habitats
(Coulon et al ., 2004; Frankham et al ., 2002). Finally,
this fragmentation can lead to the extinction of species
(Burkey, 1989; Coulon et al ., 2004; Soule et al ., 1992).
In South Korea, such population studies have rarely been
conducted on the fragmentation effect of the endangered
Korean gorals using microsatellite markers.
Microsatellites have developed into one of the most
common genetic markers during the past few decades.
Microsatellite makers have up to 10–6 to 10–2 mutation
rates per generation, which are significantly higher than
base substitution rates (Schlotterer, 2000). Up to now,
three microsatellite studies using invasive samples (e.g.,
tissue, blood) existed on the Korean goral in South Korea (An, 2006; An et al ., 2005; Kim et al ., 2004). For the
first step of microsatellite study, 36 Bovidae microsatellite
markers for cross-species amplification were tested on the
Korean goral (Kim et al ., 2004). An et al . (2005) then developed 15 sets of the Korean goral-specific microsatellite
markers, which were utilized to estimate genetic diversity
of the species. Later, more microsatellite markers including the 15 makers were applied to not only the Korean
goral but also the Japanese serow, a closely related sister
genus (An, 2006). These goral studies dealt with secret
genetic diversity, but not with other characteristics of
the species, such as individual identification, population
structure, and so on. Recently, additional studies have
rarely been conducted on the endangered Korean species.
The major reason is difficulty of sampling in the wild due
to the nature of the elusive Korean goral.
Acquisition of rare, endangered, or cryptic animal samples is logistically difficult to collect in the wild. Therefore, recent molecular genetics have applied non-invasive
samples to overcome several sampling constraints (Kohn
& Wayne, 1997). Among the non-invasive samples, fecal
samples are greatly attractive as a source of DNA because
of the ease of sampling and the potential for unprec-
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edented sample size (Wehausen et al ., 2004). However,
non-invasive samples also have restrictions, such as copurifying contaminants, low amounts of DNA, and DNA
degradation (which cause non-amplification), allele dropout, false allele, and sporadic contamination (Fernando
et al ., 2003). To overcome these problems, researchers
attempted sample preservation, DNA extraction, DNA amplification, and the multiple-tube approach (Taberlet et
al ., 1999). To date, a variety of non-invasive studies have
been conducted for endangered species globally (Waits
& Paetkau, 2005). Microsatellite markers have been used
to address research questions related to genetic diversity, gene flow, paternity, and social structure (Waits &
Paetkau, 2005). Non-invasive genetic studies using microsatellite markers have rarely been conducted on such
topics for the Korean goral, except a recent microsatellite
genotyping study that assessed the genetic integrity and
individual identification-based population size for the
goral population from Seoraksan National Park representing one of the largest wild populations in South Korea
(Jang et al ., 2020). However, the study did not apply any
multiple-tube approach that can decrease potential error
rates derived from allele dropout, false allele, and so on.
Therefore, it is essential to apply the multiple-tube approach to study the Korean goral. This study applied such
an approach for their individual assignment, for the first
time to the best of our knowledge.
The goals of this pilot study are 1) to identify each individual; 2) to indicate genetic variation; 3) and to evaluate population differentiation of the endangered Korean
goral using fecal samples collected from the captive and
wild population.

Materials and Methods
Samples and DNA extraction
All goral fecal samples were collected from a goral farm,
Yanggu (n=24 deposits) and from the wild, Soraksan National Park, Inje (n=40 deposits), Gangwon province in
South Korea (Kim, 2021; Fig. 1). Following sampling, all
feces were maintained at –70°C in the Conservation Genome Resource Bank for Korean Wildlife. Genomic DNA
was extracted from all the samples using the method followed by Gerloff et al . (1995).
Polymerase chain reaction and genotyping
Of the total 64 fecal deposits, 24 captive and 28 wild
fecal samples with correct species identity information
were used for microsatellite polymerase chain reaction
(PCR) and genotyping (Kim, 2021). Eight goral-specific
markers (SY12A, SY50, SY58, SY129, SY17, SY48, SY141,
and SY256) developed by An (2006) were applied for PCR
and genotyping. Of the eight loci identified, the first six
were successfully amplified and used for genotyping.
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Fig. 1. Map of the sampling sites of fecal samples of the
Korean goral in South Korea.
The PCR was first carried out in a 10 µL reaction volume
containing 1 µL of DNA template, 0.1 µL of M13 forward
primer labelled with 800IR dye (Li-Cor Inc., Lincoln, NE,
USA), 1×PCR buffer (iNtRON Inc., Seoul, Korea), 2 MgCl2,
0.2 of each dNTP, 0.1 µM of each primer, 2.5 µg of BSA
(Promega Inc., Madison, WI, USA), 1 U of i-Star Taq
polymerase (iNtRON Inc.). The PCR amplification reactions were performed in a PTC-100 Thermal Cycler (MJ
Research Inc., Watertown, MA, USA) with the following
conditions: initial denaturation for 3 minutes at 94°C,
followed by 45 cycles (94°C for 60 seconds, 46°C for 45
seconds, and 72°C for 60 seconds) with a final extension
for 3 minutes at 72°C. PCR products were resolved by
electrophoresis on a 2% agarose gel, stained by ethidium
bromide, and visualized under an UV illuminator. After
confirming the PCR products of microsatellites, all genotypes were analyzed using a genotyping analyzer (Li-Cor
Inc.). Totally, seven and eight genotypes were conducted
for the captive and wild fecal samples, respectively, using
the multi-tube approach (Taberlet et al ., 1996). For reliable genotyping, samples as were labelled heterozygous
or homozygous at each locus if both alleles appeared at
least four times among the seven or eight replicates, otherwise as missing data.
Data analysis
The numbers of different alleles, expected (H E), and
observed (H O) heterozygosity were calculated as indices
of genetic diversity in each population using the program
GENETIX version 4.05.2 (Belkhir et al ., 1996-2004). Tests
for genotypic disequilibrium and deviation from the HWE
were performed for each locus, following the probability
test approach (Guo & Thompson, 1992), using GENEPOP

https://doi.org/10.22920/PNIE.2022.3.4.191

DOS version 3.4 (Raymond & Rousset, 1995). Heterozygosity excess and shift in allelic frequency distributions
that would correlate with a recent genetic bottleneck using the program BOTTLENECK version 1.2.02 (Cornuet
& Luikart, 1996) was tested. Only the Wilcoxon signed
ranks test to obtain probability values for excess levels of
heterozygosity due to lack of loci and small sample size
was used. Stepwise mutation model (SMM) was used to
test for excess heterozygosity. The Fisher’s exact test was
used to evaluate the significance of the differences in allele distribution between the Yanggu and Inje population
using 1,000 Monte Carlo permutations, and maximum
likelihood estimates of Nm (effective number of migrants)
according to Slatkin (1985) were calculated by GENEPOP
DOS version 3.4 (Raymond & Rousset, 1995). Additionally, the extent of genetic differentiation between the two
populations using the F ST (Weir & Cockerham, 1984) was
quantified using ARLEQUIN version 3.0 (Excoffier et al .,
2005). A Bayesian clustering approach was used for multilocus genotyped data to test alternative models for population subdivision within the Yanggu and the Inje population. The number of subpopulations (K) most probably
present within the dataset of microsatellite genotypes
was determined by calculating the posterior probability of
K populations for K=1, 2 or 3 assuming a uniform prior
probability. The fidelity of each of the genotypes to their
population sample was then established (Yanggu or Inje)
by completing the maximum likelihood assignments with
the known population data and the number of populations set to two. These analyses were conducted using the
STRUCTURE version 2.1 (Pritchard et al ., 2000).

Results
Genotyping success rates of fecal samples from the
captive Yanggu and the wild Inje goral population were
74% and 35%, respectively. Frequencies of allele dropout
were 2.0% and 1.7%, and those of false allele were 1.2%
and 0.2% for the captive and the wild population, respectively. These values are notably low and, therefore, could
be accepted for genetic analyses. Table 1 indicates allele
frequencies of the six loci used in this study. Excluding monomorphic loci (three for Yanggu; two for Inje;
one for total population), each goral individual could be
identified. Four and six different goral individuals from
the captive Yanggu (n=24) and the wild Inje (n=28) fecal
samples, respectively were detected (Table 2). Among the
10 individuals, KG01, KG03, KG04 and KG10 were detected at least three times, however the others, KG02, KG05,
KG06, KG07, KG08 and KG09, were only detected once
(Table 2).
Genetic diversity was measured in terms of the number
of alleles, whereafter observed and expected heterozygosity was determined (Table 3). SY58 included five different
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alleles but SY48 was monomorphic for the total population (Table 1). The number of alleles was 1.66 and 3.67
alleles/locus for the Yanggu and Inje population, respectively, while the average number of alleles in the pooled
samples of all animals was 3.16 alleles/locus. Of the total
19 alleles, seven (36.8%) alleles were shared by the two
populations. Only three (15.8%) and nine (47.4%) unique
alleles were detected from the Yanggu and the Inje population, respectively (Table 1). Except SY17, all loci showed
no significant deviation against HWE (Table 3). On SY17,
the observed heterozygosity was lower than the expected
heterozygosity under HWE, and statistically significant
departures reflected the deviation in the direction of
heterozygote deficit (P <0.05). The presence of linkage
disequilibrium between six microsatellite loci could not be
examined (P >0.05).
Heterozygosity excess test results under the SMM model
provided no evidence for recent population bottlenecks in
each population including the total population. No population deviated significantly from mutation-drift equilibrium levels of heterozygosity (Wilcoxon test, P >0.05
for all populations). However, bottleneck tendency of the
Yanggu population is much clearer than that of the Inje
population (Fig. 3). All the heterozygosity excess values
were positive in the Yanggu (100.0%) but only one value
was positive in the Inje (25.0%) population (Fig. 3). Het-
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Yanggu (YG)
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140
KG02
197
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KG03
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Inje (IJ)
KG05
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KG06
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188
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175
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KG09
197
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189
197
184
190
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140
Sub-total
Total
Sample numbers are according to the number of fecal samples detected as a unique individual.

Allele

Table 2. Genotypes for 10 identified individuals from 64 Korean gorals in six loci

Locus

No. samples

Table 1. Allele frequencies of the six loci used in this study

10
1
3
3
17
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Fig. 2. Pattern of heterozygosity excess observed at each
of polymorphic microsatellite loci in total, Yanggu and Inje
populations using the stepwise mutation model. The horizontal line represents the boundary between heterozygote
excess (above the line) and heterozygote deficiency (below
the line).

N, number of individuals; A , number of alleles; H E, expected heterozygosity; H O, observed heterozygosity.
*Insignificant P -value against Hardy-Weinberg equilibrum under α=0.05 level.
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Table 3. Descriptive statistics for 64 fecal samples of the Korean goral populations, including locus
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Total
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SY12A

erozygosity excess was from 0.020 to 0.162 for the Yanggu, and from –0.035 to 0.009 for the Inje population
(Fig. 3). In addition, the allele frequency distribution in
the Yanggu population showed a mode shift to the right,
indicating that a putative bottleneck may have occurred
in the Yanggu population (Fig. 4). The other population
produced a normal L-shaped distribution (Fig. 4).
The null hypothesis “the allele distribution is identical
across populations” was rejected for the two populations in South Korea (Fisher’s exact test: P <0.01; Data
not shown). A notably low migration rate between the
two populations (No. of migrants after correction for
size=0.294) was observed. Additionally,, the result of the
F ST value showed a significant differentiation between
the Yanggu and the Inje population (F ST=0.327, P <0.01).
However, the posterior probabilities calculated from data
of the two populations indicated that the samples are
from a single panmictic population (P =0.959) but not
from two populations (P <0.001) (Fig. 4). In addition, assignment test results designated almost all individuals
to both the Yanggu and the Inje population with nearly
equal likelihoods.

Discussion
As a pilot study, genotyping data was successfully
analyzed from non-invasive fecal samples from a captive population of gorals. Using the background data,
fecal samples from a wild population was sequentially
analyzed. The total success rate of genotyping was lower
than 50% but successfully identified 10 goral individuals. Four and six individuals were detected in Yanggu
and Inje, respectively. Thus, we could observe only four
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Fig. 3. Allele frequency distributions of spooled total,
Yanggu, and Inje population for all loci genotyped.

individuals (one adult female, one adult male, and two
juveniles) in the captive population of Yanggu before
fecal sampling. Therefore, it is clear that the present experimental approach would be very correct. No significant
difference between the captive and the wild population
was detected for allele dropout and false allele. These
values were notably low and, therefore, could be accepted for all genetic analyses. This study is the first to
conduct individual assignment of the Korean goral via the
multiple-tube approach using non-invasive fecal sampling
based on nuclear microsatellite genotyping. Jang et al .
(2020) also reported a result of individual identification
based on a non-invasive genetic sampling; however, they
did not apply multiple PCR replicates to avoid possible
genotyping errors during data collection (Miquel et al .,
2006; Navidi et al ., 1992).
The Korean goral samples assessed in this study were
found to have levels of allele diversity and heterozygosity that are among the lowest reported in other ungulate
species with a history of isolation or bottlenecks, such as
Asian water buffalo population, Bubalus bubalis (Barker
et al ., 1997), a founded moose population, Alces alces
(Broders et al ., 1999), Spanish Celtic horse population,
Caballus cabalus (Canon et al ., 2000), and Swaynes’s
hartebeest population, Alcelaphus buselaphus swaynei
(Flagstad et al ., 2000). According to previous studies (An
et al ., 2005; Kim et al ., 2004), the Korean goral population revealed similar levels of allele diversity and heterozygosity to such studies (An et al ., 2005; Kim et al ., 2004).
Kim et al . (2004) showed that the mean number of alleles
per locus was 2.6 and the average observed heterozygosity was 0.36 from 29 captive and wild goral populations.
Also, An et al . (2005) reported very low allele diversity (4.6)
and observed heterozygosity (0.44) from 20 goral samples.
The present results (mean number of alleles=3.16, mean
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Cluster 2

Fig. 4. Summary of the clustering results for the Korean
goral data assuming two populations. Each point shows the
mean estimated ancestry for an individual in the sample.
heterozygosity=0.38) are very close to genetic diversity
patterns of the previous studies.
Low genetic diversity (allele richness and heterozygosity) could be evidence of genetic bottlenecks in populations that have experienced severe population declines
(Norton & Ashley, 2004). The spooled total population did
not indicate the heterozygosity excess expected and the
allele frequency mode shift observed in the population
that has experienced recent bottlenecks (Figs. 3, 4). However, the heterozygosity excess and the allele frequency
mode shift were found in the Yanggu but not in the Inje
population (Figs. 3, 4). This suggests that any putative
bottleneck would have occurred within 50 years (25 generations) ago. The only known bottleneck events occurred
under winter heavy snowfalls in Gangwon province,
South Korea. Thousands of gorals were illegally hunted by
local people near human settlements, along with habitat
destruction and fragmentation. The occurrence of bottleneck events in the past would significantly decrease the
number of alleles in the species. Following such an event,
several generations of increased inbreeding created by the
rapid decline in effective population size would reduce
heterozygosity until reaching a drift-mutation equilibrium
state consistent with the number of alleles that remain in
the population.
Previous population genetic studies reported that populations that are not able to recover their population size
quickly following a bottleneck will experience a greater
loss of genetic variation and take longer to recover heterozygosity (Norton & Ashley, 2004). For examples, elk
(Williams et al ., 2002), wallaby (LePage et al ., 2000), and
African elephants (Whitehouse & Harley, 2001) have experienced severe bottleneck events, restricted population
growth, and gene flow due to loss of habitat and contin-
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ued pressure from hunting. Their populations clearly indicated the extremely low levels of genetic diversity. For the
Korean goral, illegal hunting, habitat loss, and fragmentation have continuously occurred due to the developmental policy of the local and the South Korean government.
As evidence of a high level of fragmentation following
bottleneck events in the Korean goral, Yanggu and Inje
populations showed clear differentiation in their population structure. Both Fisher’s exact test and F statistics
revealed a significant value for the population structure.
Moreover, a notably low migration rate was found between the two populations. Each population has been
isolated by various types of anthropogenic barriers, such
as agricultural areas, settlements, and local highways or
roads. The Inje population, in particular, surrounded by
several local highways was strictly isolated from other
populations, similar to an island. Although the two populations are adjacently located, fragmentation effects after
bottlenecks may result in such population differentiation.
However, the two populations are more likely to have
originated from a single panmictic population. Based on
the results from the program STRUCTURE, no clear population differentiation was detected between the two populations. Also, all individuals were assigned to both populations with very similar likelihoods. According to previous
studies (Maudet et al ., 2002; Norton & Ashley, 2004), the
program STRUCTURE has provided reduced effectiveness
in correctly assigning individuals to populations because
of non-considerable population differentiation. Historical population bottlenecks events by hunting, habitat
destruction, and fragmentation could be putative reasons
for low genetic diversity in the total population and for
population differentiation between the populations of the
Korean goral. This non-invasive study showed a preliminary genetic pattern of the endangered goral populations.
A more extensive set of loci and fecal sampling from various goral populations could be helpful to establish clear
conclusions.
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ABSTRACT
The spring home range and habitat use of the spot-billed duck in Korea were studied using GPS-mobile phone-based
telemetry (WT-300). The study areas were Anseong-si, Seosan-si, Nonsan-si, and Sejong-si. Analysis was performed
using minimum convex polygon (MCP) and kernel density estimation (KDE) spot-billed ducks had an average home
range of 70.28 km² (standard deviation [SD]=84.50, n=6), and a core habitat (50%) 2.66 km² (SD=2.60, n=6),
according to MCP and KDE, respectively. Wetlands (41.5%) and rice fields (35.7%) were highly used as habitats. The
rice field use rate was high during the day, and the wetland utilization rate was high at night. Rice fields and wetlands
were the primary habitats in spring.
Keywords: Ecosystem, GPS-mobile phone-based telemetry, Homing behavior, Minimum convex polygon, Spatial
analysis

Introduction
Water birds prefer Korea as a stopover and wintering
location because of the country’s favorable geographic
conditions. It is reported that over 1,340,000 domestic
water birds overwintered as of 2020 (National Institute of
Biological Resources [NIBR], 2020). The spot-billed duck
is the third most abundant species of ducks in Korea (NIBR,
2020). However, the spot-billed ducks peaked in 2000
and currently has 100,000 (NIBR, 2020). The spot-billed
ducks prefer eating on farmland, despite their primary
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habitats being rivers, lakes, and reservoirs (Stafford et al .,
2010). The average daily distance traveled by the spotbilled duck is 1.0±0.89 km, with a maximum of 23 km
(Shin et al ., 2016c). Factors such as food resources, the
quantity of food, and human interference influence the
migration routes of the spot-billed ducks (Davis & Afton,
2010; Kang et al ., 2014; Shin et al ., 2016a). Typically, the
spot-billed duck spends the day resting in lakes and rivers and the night foraging in fields (Baldassarre & Bolen,
1994). The spot-billed duck has a sustainable breeding
population in Korea. However, most research on the spotbilled ducks has been conducted during winter. Therefore,
this study aimed to elucidate the home range and habitat
use of spot-billed ducks in spring to protect and manage
this species.
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Table 1. Summary information of 6 spot-billed ducks (Anas poecilorhyncha )
Study areas

No

Weight (g)

Tracking period

No. of GPS
fixed

GPS fixed
time/day

Battery
lifespan

Cheongmicheon

SB1

1,310

2022.03.01-2022.05.31

1,104

12

92

Cheongmicheon

SB2

1,280

2022.03.01-2022.05.31

1,104

12

92

Cheongmicheon

SB3

1,205

2022.03.01-2022.05.31

1,104

12

92

Dodangcheon

SB4

1,070

2022.03.01-2022.04.27

693

12

58

Yeonsancheon

SB5

1,340

2022.03.01-2022.05.31

1,104

12

92

Baekcheon

SB6

1,045

2022.03.01-2022.05.31

1,102

12

92

Materials and Methods
Study areas
The GPS-mobile phone-based telemetry (WT-300: 22
g) was attached to four locations for this study: Cheongmi stream in Anseong-si Gyeonggi-do, Dodang stream
in Seosan-si Chungcheongnam-do, Yeonsan stream in
Nonsan-si, and Baek stream in Sejong-si (Fig. 1). WT-300
was attached to six spot-billed ducks (three in Cheongmi
streams and one each in Baek stream, Dodang stream,
and Yeonsan stream). GPS acquired location information
12 times per day at 2 hours intervals. Data were analyzed
from March 1 to May 31, 2022. Five (SB1, SB2, SB3, SB5,
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and SB6) of the six spot-billed ducks were tracked for 92
days, while one (SB4) was tracked for 58 days (Table 1).
Home range analysis
The analysis methods employed were the minimum convex polygon (MCP) and kernel density estimation (KDE).
The home range determination strategy used a KDE
method with three steps (90%, 70%, and 50%), where the
MCP was set at 100%. By following the standard research
method, we divided the calculated home range by 50% to
determine the core habitat (Kauhala & Autttila, 2010).

PNIE 2022;3(4):199-203

Home Range and Habitat Use of a Spot-Billed Duck
Table 2. Land coverage map (middle classification)
reclassification system
Reclassification
Wetland

Code

Middle classification

510

Inland wetlands

520

Coastal wetlands

710

Inland waters

720

Sea water

Rice field

210

Rice field

Field

220

Field

Others

110

Residential area

120

Industrial area

130

Commercial area

140

Culture·Athletic
Recreation area

150

Traffic area

160

Public facilities area

230

Facility cultivation area

240

Orchard

250

Other cultivated land

310

Hardwood forest

320

Coniferous forest

330

Mixed forest

410

Natural grassland

420

Artificial grassland

610

Nature bare land

620

Artificiality bare land

Habitat use
The habitat classification was based on the land cover
map (2020) issued by the Ministry of the Environment.
The ecology of the spot-billed duck and the findings of
previous studies were utilized to reclassify the study area
into wetlands, rice fields, and other fields. The habitat utilization rate was categorized by time into all (24 hours),
daytime (06:00-18:00 hours), and night time (20:00-04:00
hours). The average springtime sunrise and sunset were
used to determine the day and night standards (Table 2).

Results
Home range analysis
The MCP analysis of six spot-billed ducks revealed an
average home range of 70.28 km² (standard deviation
[SD]=84.50, n=6). KDE showed that 90% of 9.96 km²
(SD=9.25, n=6) and 70% of 4.91 km² (SD=5.10, n=6)
were used, whereas core habitats (50%) was 2.66 km²
(SD=2.60, n=6) (Fig. 2, Table 3).
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Habitat utilization rate
Analysis of the habitat utilization rate of the spot-billed
ducks demonstrated that wetlands (41.5%) had the highest utilization rate, followed by rice fields (35.7%) and
others (20.8%). During the day, rice fields (40.0%) were
used the most followed by wetlands (35.4%) and others (23.2%). However, wetlands (50.1%) were used the
most at night, followed by rice fields (29.7%) and others
(17.4%). Therefore, rice fields were used more during the
day, whereas the wetlands were most utilized at night (Fig.
4).

Discussion
The winter home range (KDE 50%) of spot-billed ducks
includes more urban than rural areas (Hwang et al ., 2016).
From these findings, we conclude that the spring home
range (KDE 50%) of the spot-billed duck was similar to
that of the rural areas and smaller than in urban areas
(Hwang et al ., 2016). Spot-billed ducks, like other duck
species, show differences in mobility and home range
depending on environmental and anthropogenic factors
(Davis & Afton, 2010; Kang et al ., 2014; Yoo et al ., 2008).
A limited home range in the spring allows for the provision of food and a hiding spot according to the grass
Therefore, they used a small home range and avoided extensive travel during the spring.
Wetlands (41.5%) and rice fields (35.7%) were found
to be highly utilized by spot-billed ducks. The utilization
rate of rice fields was high during the day, whereas that
of wetlands was high at night. This was comparable to
the wintertime habitat usage rate in rural areas (Hwang
et al., 2016). The spot-billed ducks typically inhabit
wetlands and rice fields during spring and winter. Thus,
wetlands and rice fields are important habitats for spotbilled ducks. Recently, spot-billed ducks were the third
largest population of wintering ducks in Korea, but their
numbers haves been declining continuously over the past
decade (NIBR, 2020). This decrease in population is attributable to habitat changes (Shin et al ., 2016b). Wetland
conservation efforts are critical to ensure the survival of
native species and maintain a steady domestic breeding
population. Although this study analyzed the habitat and
home range of spot-billed ducks in spring, further research is necessary. The findings of this study can serve as
fundamental data to protect spot-billed ducks by managing two of their crucial springtime habitats, rice fields and
wetlands.
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SB1

SB2

SB3

SB4

SB5

SB6

Fig. 2. Spot-billed duck (Anas poecilorhyncha ) Home range (dotted line is minimum convex polygon and contours represent
90, 70, 50% from outside line, respectively).
Table 3. Home range estimations of spot-billed ducks (Anas poecilorhyncha ) by MCP and KDE
Study areas

KDE (km2)

No

MCP (km²)

90%

70%

50%

Cheongmicheon

SB1

15.04

7.90

3.75

2.07

Cheongmicheon

SB2

48.60

4.98

2.17

1.29

Cheongmicheon

SB3

34.03

10.21

4.67

2.74

Dodangcheon

SB4

239.58

6.66

3.26

1.82

Yeonsancheon

SB5

24.51

2.03

0.70

0.35

Baekcheon

SB6

59.94

27.99

14.94

7.72

Average

70.28

9.96

4.91

2.66

Standard deviation

84.50

9.25

5.10

2.60

MCP, minimum convex polygon; KDE, kernel density estimation.

References
Baldassarre, G.A., and Bolen, E.G. (1994). Waterfowl Ecology
and Management . New York: John Wiley & Sons Inc.
Davis, B.E., and Afton, A.D. (2010). Movement distances and
habitat switching by female mallards wintering in the Lower
Mississippi Alluvial valley. Waterbirds, 33, 349-356.
Hwang, J.K., Shin, M.S., Kang, Y.M., Yoom, H.C., Choi, J.D.,
Jeong, W.S., et al . (2016). Interzonal comparative analysis of
the wintering habitat of spot-billed duck (Anas poecilorhyncha ). Korean Journal of Environment and Ecology, 30, 676-

202

683.
Kang, T., Kim, D.H., Cho, H.J., Shin, Y.U., Lee, H.S., Suh, J.H., et
al . (2014). Movements and home-range of Mallards by GPSMobile based Telementary (WT-200) in Korea. Korean Journal of Environment and Ecology , 28, 642-649.
Kauhala, K., and Auttila, M. (2010). Estimating habitat selection
of badgers - a test between different methods. Folia Zoologica , 59, 16-25.
Kim, H.J., Lee, J.Y., Park, J.Y., Hur, W.H., Nam, H.K., Hwang, J.W.,
et al . (2020). 2019-2020 Winter Waterbird Census of Korea .
Incheon: National Institute of Biological Resources.

PNIE 2022;3(4):199-203

Home Range and Habitat Use of a Spot-Billed Duck
60

Day
Night
50.1

50

Others
20.8%
Field
2.0%

40.0

40

%

Wetland
41.5%

35.4
29.7

30

23.2

Rice field
35.7%

20

17.4

10
1.4

Fig. 3. Percentage of total habitat use during the tracking
period.

Shin, Y.U., Shin, M.S., Lee, H.S., Han, S.W., Jung, S.M., and Oh,
H.S. (2016a). A study on spot-billed ducks’ daily habitat use
pattern during wintering period in Korea. Korean Journal of
Environment and Ecology , 30, 328-334.
Shin, Y.U., Shin, M.S., Lee, H.S., Kang, Y.M., Jeong, W.S., Choi,
J.D., et al . (2016b). Home-range of mallard and spot-billed
duck in Korea. Korean Journal of Environment and Ecology ,
30, 165-172.
Shin, Y.U., Shin, M.S., Lee, H.S., Kang, Y.M., Moon, O.K., Park,
H.S., et al . (2016c). Study for habitat usage of spot-billed

https://doi.org/10.22920/PNIE.2022.3.4.199

2.8

0
Wetland

Rice field

Field

Others

Fig. 4. Day and night comparison of habitat used.
duck in Korea, using GPS-Mobile telemetry (WT-200). Korean
Journal of Environment and Ecology , 30, 146-154.
Stafford, J.D., Kaminski, R.M., and Reinecke, K.J. (2010). Avian
foods, foraging and habitat conservation in world rice fields.
Waterbirds , 33, 133-150.
Yoo, S.H., Kim, I.K., Kang, T.H., Yu, J.P., Lee, S.W., and Lee, H.S.
(2008). Wintering bird community in Cheonsu bay and the
relationship with food resources. Korean Journal of Environment and Ecology , 22, 301-308.

203

Original Article
PNIE 2022;3(4):204-211
https://doi.org/10.22920/PNIE.2022.3.4.204
pISSN 2765-2203, eISSN 2765-2211

The Influence of Skinning a Carcass on Insect
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ABSTRACT
Forensic entomology is a field of study that includes the succession of insects attracted to and found on cadavers.
One of its main focusses is estimating post-mortem interval (PMI) based on the growth stage of insects found
in and around human cadavers. In many countries, the diversity of insect occurrence is studied in relation to the
environmental conditions a cadaver may be exposed to or the effects of different clothes. In this study, changes in the
decomposition process and differences in insect succession were investigated by comparing skinned and intact water
deer carcasses. Five orders, 15 families, and 21 species of insects were identified, most of which were Dipteran and
Coleopteran. The skinned carcass decomposed more rapidly than the intact carcass, which was linked to differences in
insect succession. The difference in the decomposition rate and insect succession according to the external conditions
of the carcass can be used as basic data for estimating the PMI of the carcass and setting the forensic entomological
indicator species.
Keywords: Carcass, Decomposition, Forensic entomology, Necrophagous insect

Introduction
Forensic entomology is the use of insects found in and
around cadavers at crime scenes as legal evidence (Byrd
& Tomberlin, 2020; Gennard, 2012; Smith, 1986). After
death, the body undergoes various changes, such as decay and decomposition (Yoon, 1993). In addition, various
insects are attracted at different stages of decomposition (Benecke, 2001; Byrd & Tomberlin, 2020; Joy et al .,
2006). It is possible to estimate the post-mortem interval
(PMI) of a cadaver using these insects (Fiedler & Graw,
2003) and this can also be useful for the reconstruction
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Accepted October 3 2022
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of crime scenes (Anderson & Vanlaerhoven, 1996; Carvalho et al ., 2004). Necrophagous insects are particularly
important to decomposition, and their biological and
ecological impacts are constantly being studied (Geberth,
2015; Moon, 1996). According to the existing literature,
cadaver decomposition can vary depending on the body
surface characteristics and volume (Amendt et al ., 2010;
Spector, 1943). In addition, depending on external conditions, such as clothing cover and whether it is buried
in soil, differences in the decomposition process and
changes in insect behavior may occur (Vasconcelos &
Araujo, 2012). In Europe and the USA, there have been
reports of differences in insect succession depending on
the environmental conditions surrounding a cadaver (Joy
et al ., 2006), while differences in arthropod communities
have been reported based on the level of shelter around
a cadaver in South America (Centeno et al ., 2002). In
addition, physical trauma to a carcass can affect the decomposition rate and arthropod succession, according to

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © National Institute of Ecology.
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a study in South Africa (Kelly et al ., 2008), as well as the
differences in decomposition and insect succession between clothed and unclothed cadavers (Kelly et al ., 2009).
In Korea, the decomposition of cadavers, differences in
seasonal arthropod succession (Jung & Yoon, 2011; Lim
et al ., 2011), and differences in Dipteran succession according to decomposition stage have been studied (Lim et
al ., 2012), however, there is a lack of research on changes
in decomposition caused by trauma to cadavers or changes in insect patterns compared to other countries.
In Korea, research is mainly conducted using pigs; however, more research using other wild animals is needed.
In a recent study using water deer carcasses, differences
in insect succession were reported (Yoon et al ., 2022).
In addition, wild animals other than pigs have different body surfaces, fur, and hides; therefore, there may
be differences in decomposition and insect succession.
Currently, forensic entomological research is mainly
aimed at PMI estimation, but the differences in insect
succession depending on the type of carcass can be applied to reconstructing crime scenes in various ways. For
example, the species identified in fur and hides may reveal whether a cadaver was wearing clothing of animal
origin (fur, leather, etc.) at the time of death. It can also
be used to compare the decomposition of a cadaver according to whether or not clothing was worn. Therefore,
it is necessary to continuously accumulate basic data on
insect fauna found in various wild animals in addition
to pig carcasses. In this study, skinned and intact water
deer carcasses were used, in addition to pig carcasses. By
comparing the intact and skinned carcasses, each stage of
decomposition and the changes in insect succession were
investigated according to the exposure of the carcass.

carcass’ test subject category, in pain grade A in the animal experiment design review criteria of the Institutional
Animal Care and Use Committee (APQA & MFDS, 2020).
A site in Cheongyang-gun, Chungcheongnam-do, was
selected as the experimental site (Fig. 1). Sites were selected that were surrounded by forest, sparsely populated,
and difficult to find. On June 2, 2022, two water deer
carcasses were installed in the control group (intact) and
experimental group (skinned), which were observed until
July 27, 2022 when they became skeletonized. The hides
were removed using a 15 cm long knife, and the hides
were installed separately to observe the succession of necrophagous insects. To prevent damage to the carcasses
by other wild animals, a 110×80×40 cm rectangular parallelepiped wire mesh cage that could be opened and
closed was placed over each carcass, as shown in Fig. 2.

Cheongyang-gun, Chungcheongnam-do

Materials and Methods
Carcass installation
The experiment was conducted using water deer (Hydropotes inermis Swinhoe, 1870) carcasses from the
Chungnam Wild Animal Rescue Center. This study was
exempt from ethical approval under the ‘dead organism,

36 23'22.12" 127 00'09.91"

Fig. 1. Carcasses installed site. Cheongyang-gun, Chuncheonnam-do.

Fig. 2. Water deer carcasses installed in wire mesh cage.
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Results
Temperature and humidity
From June 2 to July 13, 2022, the average temperature
of Cheongyang-gun, Chungcheongnam-do was 28.7°C.
The highest temperature was 34.4°C, the lowest temperature was 20.1°C, and the average humidity was 59.1%
(Fig. 3). Owing to the seasonal characteristics and nature
of the forested area, a high-temperature and high-humidity environment was maintained.
Decomposition and insect succession
It took approximately 41 days for the intact carcass
(control) to completely decompose after installation but
only 23 days for the skinned carcass (Fig. 4). Calliphoridae were the first insects to arrive immediately after the
carcasses were installed, and Coleoptera were identified
as decomposition progressed. Decomposition progressed
rapidly in the high-temperature, high-humidity environ-

ment. Five orders, 15 families, and 21 insect species were
collected during the experimental period (Figs. 5-7).
Control group (intact carcass)
Immediately after the carcass was installed, Calliphoridae, including Chrysomya megacephala and Lucilia papuensis , were the first to approach. On June 5, the carcass
entered the bloating stage, indicated by the bloating
of the abdomen. Dipterans were breeding in areas with
relatively thin skin, such as the eyeballs and mucous
membranes. On June 7, the carcass entered the active
decay stage and a large number of black fly larvae were
identified, as well as a large number of Silphidae, such
as Necrodes nigricornis and Necrophila brunneicollis ,
mating on the carcass surface and preying on fly larvae.
As decomposition progressed and the carcass dried, the
number of insects gradually decreased. From this time
on, Dermestes (Dermestinus ) tessellatocollis and Necrobia
rufipes were identified on the fur and dried hide of the
carcass surface (Fig. 8). On June 14, most of the carcass
was decomposed and dried and Silphidae and Calliphoridae were identified. D. tesselatocollis and N. rufipes were
also consistently identified. On June 28, the carcass was
Temperature ( C)
Humidity (%)

100
90
80
70

Tumor

Observation of decomposition and insect identification
The decomposition of the carcasses was divided into
five stages, according to Centeno et al . (2002): fresh,
bloated, active decay, advanced decay, and remainder
stage. During the observation period, temperature and
humidity were recorded by date using a temperature and
humidity meter (CAS digital thermo hygrometer; CAS,
Guangzhou, China) and an automatic weather system.
After each carcass was installed, daily photography and
insect collection were performed. Insects suspected of
direct feeding or breeding were collected using insect
nets, forceps, and spoons. Eggs, larvae, pupae, and adults
were collected from insects identified in the carcasses and
stored in 50 mL conical tubes containing 95% ethanol.
Collected insects were identified with reference to various
illustrated books and literature, and for certain difficultto-identify species, genetic analysis was performed using
the COI primer PolyLCO 5’-GAYTATWTTCAACAAATCATAAAGATATTGG-3', PolyHCO 5’-TAMACTTCWGGGTGACCAAARAATCA-3’ (Carr et al ., 2011). Some adults were prepared as dry specimens and stored in the insect specimen
room at the National Science Museum, Korea.
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Fig. 3. Temperature and humidity in Cheongyang-gun,
Chuncheonnam-do from June 2 to July 13, 2022.
Fresh stage
Bloated stage
Active decay stage
Advanced decay stage
Remains stage

Control group
(intact carcass)
Experimental group
(skinned carcass)
6/2

206

5

10

15

20

25

30

6/7

6/12
6/17
6/22
6/27
7/2
Decomposition in progress (days)

35

7/7

40

7/12

Fig. 4. Decomposition progress
of the carcasses in Fresh stage to
Remains stage.

PNIE 2022;3(4):204-211

The Influence of Skinning a Carcass on Insect Succession and Decomposition
Control group (intact carcass)
Experimental group (skinned carcass)
Scientific name

Identified species (Diptera) in decomposing carcasses

Diptera
Calliphoridae
Lucilia sericata
Chrysomya megacephala
Chrysomya pinguis
Lucilia papuensis
Muscidae
Musca sp.
Lauxaniidae
Minettia longipennis
Sepsidae
Sepsis monostigma
Sarcophagidae
Sarcophaga sp.
Stratiomyidae
Ptecticus tenebrifer
6/2

6/7

6/12

6/17

6/22
6/27
Days

7/2

7/7

7/12

Fig. 5. List of species (Diptera)
collected from carcasses.

Control group (intact carcass)
Experimental group (skinned carcass)
Scientific name

Identified species (Coleoptera) in decomposing carcasses

Coleoptera
Silphidae
Necrophila (Eusilpha)
jakowlewi
Necrophila (Calosilpha)
brunneicollis
Necrodes nigricornis
Staphylinidae
Creophilus maxillosus
Philonthus (Philonthus)
japonicus
Dermestidae
Dermestes (Dermestinus)
tessellatocollis
Cleridae
Necrobia rufipes
Histeridae
Hister sp.
6/2

6/7

6/12

6/17

6/22
6/27
Days

completely decomposed, the bones were exposed, and
the insect succession was greatly reduced. A small number of Calliphoridae and Silphidae were identified around
the dried carcass, and D. tesselatocollis was confirmed on
the fur and hide. Sepsis monostigma and other ants were
identified in the dried bones.
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7/2

7/7

7/12

Fig. 6. List of species (Coleoptera) collected from carcasses.

Experimental group (skinned carcass)
While the intact carcass entered the bloated stage on
June 4, the muscle tissue and intestines of the skinned
carcass were actively decomposing, and many Dipteran
larvae were found on this date. Inside the carcass, N. nigricornis and Necrophila (Eusilpha ) jakowlewi were identi-
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Control group (intact carcass)
Experimental group (skinned carcass)
Scientific name

Identified species (other species) in decomposing carcasses

Dermaptera
Labiduridae
Labidura riparia japonica
Hymenoptera
Vespidae
Vespa velutina
Formicidae
Lasius japonicus
Hemiptera
Alydidae
Riptortus clavatus
6/2

6/7

6/12

6/17

6/22
6/27
Days

A

A

fied, as well as several other ants. Active decomposition
was confirmed for approximately four days, and a large
number of insect colonies were identified. On June 8,
most of the carcass was decomposed and drying was in
progress, and Calliphoridae and a small number of Silphidae bred continuously (Fig. 9). The number of insects was
significantly reduced compared with the active decomposition period. After approximately 6 days, the bones
were exposed, and skeletonization was confirmed. A small
number of Silphidae were identified and pinworms were
found in the dried bones. The differences in the types of
corruption in each period are shown in Fig. 10.
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7/2

7/7

Fig. 7. List of species (other species) collected from carcasses.

7/12

B

B

Fig. 8. Insects identified on
dried carcass. (A) D. tesselatocollis , (B) N. rufipes.

Fig. 9. Insects active on decomposing carcasses. (A) Larvae and
adults of Calliphoridae, (B) N.
nigricornis.

Decomposition of the hide
After installation, the hide dried quickly over time and
Calliphoridae bred inside. Histeridae were identified on
the surface of the fur. However, as drying progressed, insect activity was not confirmed (Fig. 11).

Discussion
It took approximately 23 days for the skinned carcass
to completely decompose and approximately 41 days
for the intact carcass, confirming that the experimental
group decomposed approximately 18 days faster than the

PNIE 2022;3(4):204-211

The Influence of Skinning a Carcass on Insect Succession and Decomposition

A

a

B

b

C

A

C

https://doi.org/10.22920/PNIE.2022.3.4.204

c

Fig. 10. Comparison of the carcasses decomposing progress. (A)
June 5, 2022 intact carcass; (a)
June 5, 2022 skinned carcass, (B)
June 10, 2022 intact carcass; (b)
June 10, 2022 skinned carcass,
(C) June 20, 2022 intact carcass;
(c) June 20, 2022 skinned carcass.

B

D

Fig. 11. Decomposing progress
of water deer hide. (A) Water
deer hids installed, (B) Hister sp.
identified on the fur, (C) breeding larvae of the Calliphoridae,
(D) compeletly dried hide.
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control group. The experimental group likely decomposed
faster than the control group because of the increased
area in contact with the external environment after skinning, meaning that insect succession occurred in large
quantities. In particular, Calliphoridae were more attracted
to the skinned carcass than the intact carcass immediately
after installation. This may be due to the abundance of
moisture on the surface and its fishy odor. Insect activity
increases the decay rate of cadavers, especially necrophagous insects (Rodriguez, 1982). Therefore, it is likely that
it was the insect succession rather than the skinning itself that had the greatest effect on the decay rate of the
carcass. However, additional experiments should be conducted to examine other factors affecting carcass decomposition in addition to insect succession. Decomposition
rate may vary depending on the environmental conditions
to which the carcass is exposed, and insect succession can
also change accordingly (Kelly et al ., 2008). This is reflected by the fact that the intact carcass decomposed at
a slower rate than the skinned carcass and insects arrived
at the control carcass later than the experimental carcass.
In the future, comparative data should be prepared on the
rate of decomposition of skinned vs intact cadavers so
that it can be applied to PMI estimation.
Slowing decomposition allows for long-term necrophagous insect activity. The fact that the decomposition of
the carcass changes according to environmental conditions can be used to estimate PMI in combination with
data on the growth stages of necrophagous insects found
in the cadaver. Furthermore, D. tesselatocollis and N. rufipes found in the dried fur and hides have already been
reported in other research on water deer carcasses (Yoon
et al. , 2022). In the present study, these species were consistently identified in the dried fur and hide but not in the
skinned carcass. Studies show that D. tesselatocollis and N.
rufipes are attracted to the dried surface of carcasses for
breeding (Hu et al ., 2020), but additional experiments are
needed to determine whether both the dried surface and
the fur or hide affect their habitat choice. Research to
utilize these species for field reconstruction is in progress
(Hasan et al ., 2020; Hu et al ., 2020), but there is a need
to study new applications for forensic entomology in Korea other than PMI estimation with flies. In each carcass,
a large number of Callliphoridae arrived first and as the
decomposition progressed, Silphidae and other families
were identified. Insect succession differed according to
the decomposition stage. By estimating the growth stage
of the insect species identified at each stage of decomposition, the indicator species to be applied during forensic
entomological field reconstruction may vary (Griasles,
2010).
In the case of the hides, some insects were active before
but not after drying. This experiment only included one
replicate; therefore, additional experiments are needed to
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determine whether insects are attracted to hides immediately after installation. Furthermore, the species identified
in this study may not be representative of the entire Korean Peninsula. While the results of this study may not yet
be applicable in the field, further studies would increase
their accuracy and reliability.
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ABSTRACT
DNA markers have been studied and used intensively to identify plant species based on molecular approaches. The
genus Medicago belongs to the family Fabaceae and contains 87 species distributed from the Mediterranean to
central Asia. Five species of Medicago are known to be distributed in South Korea; however, their morphological
characteristics alone cannot distinguish the species. In this study, we analyzed the phylogenetic relationships using
collected five species of Medicago from South Korea and 44 taxa nucleotide information from NCBI. The constructed
phylogenetic tree using gibberellin 3-oxidase 1 and tRNA Lys (UUU) to maturase K gene sequences showed the
monophyly of the genus Medicago , with five species each forming a single clade. These results suggest that there are
five species of Medicago distributed in South Korea. In addition, we designed polymerase chain reaction primers for
species-specific detection of Medicago by comparing the plastid sequences. The accuracy of the designed primer pairs
was confirmed for each Medicago species. The findings of this study provide efficient and novel species identification
methods for Medicago , which will assist in the identification of wild plants for the management of alien species and
living modified organisms.
Keywords: DNA markers, Medicago , Phylogenetic tree, Plastid genome, Species specificity

Introduction
The genus Medicago L. belongs to the family Fabaceae
and consists of approximately 87 species that are predominately distributed from the Mediterranean to Central
Asia (Choi et al., 2022; Steele et al., 2010). The genus
comprises annual or perennial herbs and a few shrubs,
including alfalfa (Medicago sativa ) as a widely cultivated
forage crop and Medicago truncatula as a legume model
plant (Echeverria et al., 2021; Thanopoulos, 2007). Based
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on studies of flora and distribution, five taxa, including M.
sativa, Medicago ruthenica, Medicago polymorpha, Medicago minima, and Medicago lupulina are speculated to
be distributed in South Korea (Kil et al., 2004; Kim, 2005;
Lee, 1976; Lee et al., 2018; Van Berkum et al., 1998).
However, the exact number of taxa present in South
Korea remains unknown. These Medicago plants have
been considered alien species introduced from Europe,
the Mediterranean, and Mongolia to South Korea (Kim,
2005; Lee et al., 2018; Van Berkum et al., 1998). They
are usually distributed in open fields, road verges, pastures, parks, and banks (Kil et al., 2004; Kim, 2005; Song
& Park, 2019; You, 2018). M. sativa is used as livestock
feed, and a living modified (LM) version has been developed recently (Choi et al., 2020; Guertler et al., 2019).
This LM organism (LMO) has been approved for use in
many countries, including South Korea (Choi et al., 2020).
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However, concerns regarding potential adverse effects on
biodiversity related to alien species and LMOs have been
increasing (Kim et al., 2020; Terrones et al., 2021). For
the management of alien species or LMOs, rapid and accurate identification should be a priority to prevent adverse effects on biodiversity (Kim et al., 2020; Terrones et
al., 2021).
Morphological characteristics such as plant type (herb/
shrub), legume type (spiral/not spiral), leaflet or petiole
shape, flower color, and number of flowers in each inflorescence are generally evaluated when identifying Medicago species (Chen et al., 2021; Wu et al., 2010). The five
taxa of Medicago in South Korea are also identified based
on morphological characteristics. M. sativa is a shrub that
can be easily distinguished from other species (Wu et al.,
2010). M. ruthenica, M. polymorpha, M. minima , and M.
lupulina are herbs and they are distinguished based on
morphological characteristics such as leaflet or legume
shape, and flower color (Wu et al., 2010). However, it is
difficult to accurately distinguish the five taxa based on
these morphological characteristics outside of their flowering and ripening periods.
Various DNA markers such as random amplified polymorphic DNA, amplified fragment length polymorphisms,
single nucleotide polymorphisms, microsatellites, and
short sequence repeats are mainly used for studying
plant ecology, taxonomy, phylogeny, and genetics (Azizi
et al., 2021; Dar et al., 2019; Marakli, 2018). The use of
DNA-based markers is advantageous for identifying plant
species with similar morphologies as these methods use
small amounts of sample material in a time-saving and
cost-effective manner (An et al., 2019). Recently, highly
variable sequences in plastid genomes have been identified that can facilitate specific plant species identification
(Dong et al., 2012; Gao et al., 2011). Analyzing nucleotide
sequence data of plastids represents an effective strategy
for species identification in plants (Fazekas et al., 2008;
Kress & Erickson, 2007).
The target region of the chloroplast genome can be
amplified more easily than nuclear DNA when using
polymerase chain reaction (PCR) because a plant leaf cell
contains up to 10,000 copies of the chloroplast genome
(Koya et al., 2005; Lee et al., 2017; Morley & Nielsen,
2016). Although most nucleotide sequences of chloroplast
genes are conserved, significant nucleotide variation has
been confirmed in chloroplast intergenic spacer regions
which allow interspecies comparison (McCauley, 1995). In
addition, plastid sequences are generally used to establish
molecular markers to identify plants in various genera
in ecological and agricultural studies (Abid et al., 2019;
Moon et al., 2016; Nguyen et al., 2020; Zhang et al.,
2017). However, although species identification is potentially essential for studies on plants, no investigations on
species-specific DNA markers in the five aforementioned
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Medicago plant species have been reported yet.
Taxonomic studies using molecular markers can improve our understanding of the relationship among plant
species and can improve management of potentially
damaging plant management. In this study, we applied
molecular phylogeny based on the nuclear gene gibberellin 3-oxidase 1 (GA3ox1 ) and chloroplast region tRNALys
(UUU) to maturase K (trnK-matK ) to five Medicago taxa
collected from South Korea. Additionally, we developed
a PCR-based species-specific detection method based on
plastid DNA sequences to distinguish species with similar
morphology.

Materials and Methods
Plant material
Leaves and mature seeds were collected for DNA extraction and PCR analysis. M. polymorpha and M. ruthenica
samples were collected from Jindo-gun, Jeollanam-do
and from Jeju-si, Jeju-do, respectively. The leaf samples
were dried using silica gel and stored at 4°C until DNA
extraction. Seeds of M. sativa (NIBRVP0000540343),
M. minima (NIBRVP0000499194), and M. lupulina (NIBRVP0000600808) were obtained from the National
Institute of Biological Resources (NIBR, Incheon, Korea).
Thirty-eight species of Medicago , Melilotus indicus, Melilotus albus, Trigonella elliptica, and Trigonella anguina of
Fabaceae were included as outgroups, based on a previous
study using trnK-matK and GA3ox1 nucleotide sequence
data (Steele et al., 2010). GenBank accession numbers of
species used in this study are listed in Appendix 1.
DNA extraction and PCR amplification
Genomic DNA was isolated from fresh tissues using the
Libex NP968 system (Tianlong, Xi’an, China) according
to the manufacturer’s instructions. PCR amplification was
performed using the ProFlex PCR System (Thermo Fisher
Scientific Inc., Waltham, MA, USA). PCR reactions were
conducted using 2×LAMP Taq PCR Pre-Mix (Biofact, Daejeon, Korea) in 30 µL volumes containing 100 ng of each
template DNA and 1 µL of each primer (10 pmoL/µL).
For the phylogenetic analysis, PCR conditions and primers
for two regions of GA3ox1 and trnK-matK were obtained
from a previous study (Steele et al., 2010). PCR condition
for species-specific detection method was determined
with pre-denaturation at 95°C for 5 minutes, followed by
35 cycles at 95°C for 30 seconds, 59°C for 30 seconds,
and 72°C for 1 minutes 30 seconds, with a final extension at 72°C for 7 minutes. PCR products were separated
via electrophoresis on 2.0% agarose gels, run in a 1×TAE
buffer, and identified using the ChemiDoc XRS+ Imaging
System (Bio-Rad, Hercules, CA, USA). The PCR products
were sequenced using the amplification primers on an ABI
3730XL system (Applied Biosystems, Foster City, CA, USA).
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Phylogenetic analysis
The DNA sequences obtained from the National Center
for Biotechnology Information (NCBI) and PCR analysis
were aligned using ClustalW and BioEdit version 7.2.5
(Hall, 1999). Phylogenetic tree construction was based
on two nucleotide sequences as separated data, the
maximum parsimony (MP) method was performed using
MEGA 11 (Tamura et al., 2021). The consistency index (CI),
retention index (RI), and tree length were calculated using
MEGA 11. Five hundred bootstrap replications estimated
the internal branch strength of a strict consensus tree to
support individual clades (Felsenstein, 1985).
Primer design for detection
A species-speciﬁc detection method for the five taxa
of Medicago was developed using plastid sequence data
obtained from the NCBI (accession numbers: MK460494,
MK460497, MK460498, MK460499, and NC053371).

Table 1. Tree statistics of the GA3ox1 and TrnK-matK
region based on maximum parsimony analysis
GA3ox1

trnK-matK

53 (49/4)

53 (49/4)

1,270

2,526

Variable characters (%)

436 (34.3)

538 (21.3)

Parsimony informative
characters (%)

256 (20.2)

256 (10.1)

Length of maximum
parsimonious trees

921

770

Consistency index

0.61

0.80

Retention index

0.71

0.85

Characteristics
Number of OTUs
(ingroup/outgroup)
Aligned length (bp)

OTU, operational taxonomic unit.

A

0

50 100 km

B

0

D

0

50 100 km

50 100 km

C

0

50 100 km

E

0

50 100 km

Fig. 1. Maps of Medicago distribution in South Korea. Each map shows the distribution areas (colored patches) and sample
collection sites (red circles) of (A) Medicago sativa , (B) Medicago polymorpha , (C) Medicago ruthenica, (D) Medicago minima , and (E) Medicago lupulina .
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Plastid sequences were aligned using the ClustalW multiple alignment program in BioEdit version 7.2.5. The
primers were designed using regions showing differences
in nucleotide sequence between each species (Table 1).

A

97
97
97
100
84
100
56

M. cancellata
M. sativa
M. sativa
M. sativa
M. saxatilis
M. hybrida

Results
Distribution and sample information of Medicago
Five species of Medicago distributed in South Korea

B

86
87
65

64
51

M. prostrata
M. papillosa

M. papillosa
M. daghestanica

95

99

M. cancellata
M. daghestanica

87

M. pironae

M. marina
M. pironae

M. arborea
M. marina
M. heyniana

M. saxatilis
M. arborea
M. rigidula

62

M. rigidula
M. prostrata
99
98

91

99
85
59

98

M. italica
M. littoralis
M. littoralis
M. praecox

97

77
94

97
92

78

M. constricta
M. soleirolii
M. turbinata
M. murex
M. polymorpha

69

100

100
99

100

M. polymorpha

M. hypogaea

M. orbicularis
M. shepardii

92

100

M. secundiflora
M. radiata
M. medicaginoides

65

M. monantha
M. polyceratia

100
94
97
97
100
100
86

87

M. arabica
M. minima
M. minima
M. minima
M. lupulina

100
98
89

95
83
100

M. secundiflora
M. minima
M. minima
M. minima
M. lupulina
M. lupulina
M. platycarpa

63
93

65
82

60

85

100
87

M. arabica
M. ciliaris
M. intertexta
M. granadensis

M. lupulina

100

M. biflora
M. brachycarpa

100

M. murex
M. polymorpha

M. polymorpha

M. ciliaris
M. intertexta
M. orbicularis
M. shepardii

100

M. littoralis
M. littoralis
M. italica
M. turbinata
M. soleirolii
M. constricta
M. praecox
M. heyniana

98

M. granadensis

100

M. sativa
M. sativa
M. sativa
M. hybrida

M. ruthenica
M. ruthenica
M. ruthenica
M. brachycarpa

M. lapulina

M. biflora
M. hypogaea

M. platycarpa

M. lanigera

61

M. lupulina

M. ruthenica
M. ruthenica
M. ruthenica
M. lanigera
Melilotus albus
Melilotus indicus
Trigonella elliptica
Trigonella anguina

86
99

M. monantha
M. polyceratia
82

100

M. radiata
M. medicaginoides

Melilotus albus
Melilotus indicus
Trigonella anguina
Trigonella elliptica

Fig. 2. Molecular phylogenetic tree of Medicago. (A) Maximum parsimony strict consensus tree (tree length=921, CI=0.61,
RI=0.71) inferred from GA3ox1 sequence data. (B) Maximum parsimony strict consensus tree (tree length=770, CI=0.80,
RI=0.85) inferred from trnK-matK sequence data. Numbers in the branches indicate support values. Red-labelled text indicates samples collected in this study. CI, consistency index; RI, retention index.
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284

401

+

CCAAAAACTCGATTTCTATTTTTTCAAAA
TGACTCCGTACCACTGAACG
TGGGCCGATTCATCCGATTT
TGAATTGCATTCATTATTCCAATAATTGG
TACAGCGAAGGGTGAACAAA
CTGATCTCAATGTTTGCAAATAG
CATTGAAGCGGCTAATCCTATGC
GGCTGACTATACTGCTTTTGGGC
GTTGTTTATGAATGTCTCATCTGAA
TAGACATAGTATAGGGCGGATGTAG
matK_1_F
matK_1_R
matK_2_F
matK_2_R
CP_1_F
CP_1_R
CP_2_F
CP_2_R
CP_3_F
CP_3_R

463

+

+

+

+

+

+
396

+
+
269

+

Medicago
minima
Medicago
ruthenica

Amplification results

Medicago
polymorpha
Medicago
sativa
Product size
(bp)

Primer sequence
(5´–3´)
Primer name

Table 2. List of designed primers and results to identify the five species

Phylogenetic analysis
To identify the five collected samples, we performed the
phylogenetic analysis including the five taxa and other related species of Medicago using nucleotide sequence data
of GA3ox1 and trnK-matK (Steele et al., 2010). In total,
44 GenBank-derived sequences of Medicago were used
as ingroups for phylogenetic analyses.GenBank data for
four taxa ofM. indicus, M. albus, T. elliptica, and T. anguina were used as outgroups (Appendix 1). The GA3ox1
and trnK-matK sequence alignments contained 1,270 and
2,526 characters, 436 (34.3%) and 538 (21.3%) variable
sites, and 256 (20.2%) and 256 (10.1%) parsimony informative sites, respectively (Table 1). Phylogenetic analysis
of the GA3ox1 and trnK-matK datasets resulted in one
equally parsimonious tree (tree length=921 and 770;
CI=0.61 and 0.80; RI=0.71 and 0.85, respectively).
The cluster of Medicago was significantly supported
(bootstrap value=100) in the phylogenetic trees constructed using GA3ox1 and trnK-matK sequences (Fig.
2). Generally, the same species formed a clade; the relationship between each clade is not clear. In the MP tree
using GA3ox1 sequences, except for M. sativa , four different clades of four species were obtained (Fig. 2A). For
M. minima and M. lupulina, the collected samples and
reference sequences formed clades with 100% bootstrap
value, respectively. M. ruthenica and M. polymorpha were
supported with 98% and 85% bootstrap values, respectively. The phylogenetic tree based on the trnK-matK
region showed higher resolution than that obtained using
GA3ox1 (Fig. 2B). M. polymorpha, M. minima, and M.
lupulina were separated with 100% bootstrap value. M.
sativa and M. ruthenica also formed two clades with 86%
and 82% bootstrap values, respectively. In the two trees,
the five Medicago species formed distinct clades with over
80% bootstrap value. Therefore, it was confirmed that the
five Medicago species were distributed in South Korea. In
addition, this indicated that identification of the five taxa
using plant material for developing detection methods is
highly specific.

Medicago
lupulina

have been studied previously, however, taxonomic and
detailed information remain unavailable (Kil et al., 2004;
Kim, 2005; Lee, 1976; Lee et al., 2018; Van Berkum et
al., 1998). For performing the taxonomic study of Medicago , distribution-related information was collected as
specimen information from the website of Korea National
Arboretum and previous studies (Choi et al., 2015; Hwang
et al., 2013) (Fig. 1). M. sativa is widely distributed in
South Korea, and other species have limited distribution
(Fig. 1). In the present study, we obtained three samples
of M. sativa, M. minima, and M. lupulina from NIBR (Fig.
1A, D, E). Wild samples of M. polymorpha and M. ruthenica were collected from Jindo-gun, Jeollanam-do and
from Jeju-si, Jeju-do, respectively (Fig. 1B, C).
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Development of a species-specific detection method
Novel primer sets were developed to identify the five
Medicago taxa, including M. sativa, M. ruthenica, M.
polymorpha, M. minima, and M. lupulina , which are
distributed in South Korea (Table 2). All primers were
designed using the chloroplast genome of each species
to increase specificity (Fazekas et al., 2008). The PCR
product sizes were selected over 200 bp for visual analysis on agarose gel. Consequently, five primer pairs were
successfully obtained for the five Medicago taxa (Table
2). To increase the primer accuracy for species specificity,
they were all designed to be contained within conserved
and highly variable regions. The two primer sets, named
matK_1 (463 bp) and matK_2 (269 bp), were designed
using the matK region and separated the five species into
two groups (group 1: M. sativa, M. ruthenica, and M.
polymorpha ; group 2: M. minima and M. lupulina). The
other three primers were also constructed using a noncoding region with highly variable sequences between
the two conserved genes. The CP_1 primer set (396 bp)
was developed using the nucleotide sequences between
ribosomal protein S4 and tRNA-Ser to detect three species
(M. sativa, M. ruthenica, and M. minima). The CP_2 (401
bp) and CP_3 (284 bp) primer sets consisted of sequences
in the Clp protease proteolytic subunit to tRNA-Asn and
NADH dehydrogenase subunit 5 to tRNA-His regions,
which can identify M. minima and M. ruthenica, respectively.
To detect multiple primer sets using a single simultaneous PCR assay in the five Medicago taxa, various PCR
parameters such as annealing temperature and extension
time were tested (data not shown). Consequentially, the
primer concentration and PCR condition were determined
to increase the specificity of PCR amplification. The agarose gel image showed high efficiency for the developed
M. sativa

A
M

1

2

3

4

primer pair as only the expected band was detected for
each species (Fig. 3). Further, these results confirmed that
all PCR product bands were of their expected size. These
results showed that a particular species could be distinguished using a combination of the five designed primer
pairs. Therefore, the developed PCR method was considered suitable for qualitative analysis of Medicago species
in South Korea.

Discussion
Little is known about the investigation of phylogenetic analysis and species-specific DNA markers in the
five Medicago plant species speculated to be distributed
in South Korea. Therefore, this study applied molecular
phylogeny based on the nuclear gene GA3ox1 and chloroplast region TrnK-matK and developed species-specific
markers for five Medicago taxa collected from South
Korea. Distribution maps of Medicago plants in South
Korea were constructed based on specimen information
and previous studies (Fig. 1). In this study, we obtained
three seed specimen samples of M. sativa, M. minima,
and M. lupulina from NIBR and two wild plant samples
of M. polymorpha and M. ruthenica . Previous studies
have shown that sequences of trnK-matK and GA3ox1
regions have a phylogenetic resolution at the species level
in Medicago (Chen et al., 2021; Hu et al., 2014; Steele
et al., 2010). Molecular phylogenetic analyses indicated
that the phylogenetic trees constructed using nucleotide
sequences (trnK-matK and GA3ox1 ) showed significant
separation between the five taxa of Medicago . The GA3ox1 -based tree could not distinguish M. sativa (Fig. 2A).
Unlike the GA3ox1 -based tree, trnK-matK -based analysis
could distinguish all five taxa (Fig. 2B). Previous study
results strongly supported our research data (Steele et al.,
M. polymorpha

B
5

M

1

2

3

4

M. ruthenica

C
5

M

0.5 (Kb)
0.3

0.5 (Kb)
0.3

0.5 (Kb)
0.3

0.1

0.1

0.1

M. minima

D
M

1

2

3

4

1

2

3

4

5

M. lupulina

E
5

M

0.5 (Kb)
0.3

0.5 (Kb)
0.3

0.1

0.1

1

2

3

4

5

Fig. 3. Specificity test of the polymerase chain reaction primers designed for Medicago species in South Korea. Agarose gel
images correspond to (A) Medicago sativa , (B) Medicago polymorpha , (C) Medicago ruthenica, (D) Medicago minima, and (E)
Medicago lupulina , respectively. Lane M: 100 bp DNA ladder marker; Lane 1: matK_1 primer; Lane 2: matK_2 primer; Lane
3: CP_1 primer; Lane 4: CP_2 primer; Lane 5: CP_3 primer.
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2010). Nucleotide sequences of the five taxa from previous studies and our collected samples formed clusters for
the same species.
The five Medicago taxa distributed in South Korea
could be identified using plastid DNA sequences (trnKmatK ), but not nuclear DNA sequences (GA3ox1 ). The discrimination efficiency of the developed PCR markers for
the five species can be increased based on differences in
plastid DNA sequences. Plastid genomes have been used
to develop species-specific markers in various fields, such
as identifying species in the family Orchidaceae, genera Pinus and Dendrobium, and invasive aquatic plants
(Asahina et al., 2010; Li et al., 2021; Scriver et al., 2015;
Wachowiak et al., 2004). As expected, bands of the developed PCR markers in the agarose gel image also showed a
clear distinction between the five Medicago species (Fig.
3). This method will facilitate similar future studies on
distinguishing domestic and foreign species of Medicago .
In conclusion, we clarified that five species of Medicago
are distributed in Korea based on molecular phylogenetic
analysis. Our novel PCR-based detection method is suitable for distinguishing Medicago taxa with similar morphologies distributed in South Korea and can be applied
to other foreign Medicago species in a timely and costeffective manner.
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Appendix 1. List of GenBank accession numbers used in
this study
GA3ox1

trnK-matK

1 Medicago arabica

HM211102.1

HM159554.1

2 Medicago arborea

HM211103.1

HM159555.1

3 Medicago biflora

HM211104.1

AF522091.2

4 Medicago
brachycarpa

HM211106.1

AF522092.2

5 Medicago cancellata

HM211107.1

HM159557.1

6 Medicago ciliaris

HM211108.1

HM159559.1

7 Medicago constricta

HM211109.1

HM159560.1

8 Medicago
daghestanica

HM211110.1

HM159561.1

9 Medicago granadensis HM211112.1

HM159563.1

No.

Name

10 Medicago heyniana

HM211113.1

AF522093.2

11 Medicago hybrida

HM211114.1

HM159564.1

12 Medicago hypogaea

HM211115.1

AF522094.2

13 Medicago intertexta

HM211116.1

HM159565.1

14 Medicago italica

HM211117.1

AF522095.2

15 Medicago lanigera

HM211118.1

AF522096.2

16 Medicago littoralis

HM211119.1

HM159567.1

17 Medicago littoralis

HM211120.1

HM159568.1

18 Medicago lupulina

HM211121.1

KC333395.1

19 Medicago lupulina

MW242212.1

MW241884.1

20 Medicago marina

HM211123.1

HM159570.1

21 Medicago
medicaginoides

HM211124.1

AF522097.2

22 Medicago minima

HM211125.1

HM159571.1

23 Medicago minima

MW242329.1

MW241965.1

24 Medicago monantha

HM211127.1

HM159573.1

25 Medicago murex

HM211128.1

HM159574.1

26 Medicago orbicularis

HM211130.1

AF522101.2

27 Medicago papillosa

HM211131.1

HM159575.1

28 Medicago pironae

HM211132.1

HM159576.1

29 Medicago platycarpa

HM211133.1

AF522102.2

30 Medicago polyceratia

HM211134.1

AF522103.2

31 Medicago
polymorpha

MW242319.1

MW241955.1

32 Medicago praecox

HM211136.1

HM159577.1

33 Medicago prostrata

HM211137.1

AF522105.2

34 Medicago radiata

HM211138.1

AF522106.2

35 Medicago rigidula

HM211139.1

HM159579.1

36 Medicago ruthenica

HM211140.1

AF522107.2

37 Medicago ruthenica

MW242235.1

MW241907.1

38 Medicago sativa

HM211141.1

AF522108.2
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Appendix 1. Continued
GA3ox1

trnK-matK

39 Medicago sativa

MW242289.1

MW241984.1

40 Medicago saxatilis

HM211145.1

HM159583.1

41 Medicago
secundiflora

HM211146.1

HM159585.1

HM211147.1
HM211148.1
HM211151.1
HM211152.1
HM211153.1
HM211154.1
HM211163.1

HM159586.1
HM159587.1
HM159590.1
AF522110.2
AF522111.2
HM159593.1
HM159594.1

No.

42
43
44
45
46
47
48

Name

Medicago shepardii
Medicago soleirolii
Medicago turbinata
Melilotus albus
Melilotus indicus
Trigonella anguina
Trigonella elliptica
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ABSTRACT
A filarial nematode was found in a blood sample of an Anas falcata individual collected in South Korea in 2018.
Phylogenetic analysis based on partial cytochrome C oxidase subunit I (COI) sequences placed the nematode as a
novel genus of the family Onchocercidae and as closely related to Mansonella species, Chandlerella quiscali , and filarial
nematodes recently reported in avian species. However, different phylogenetic relationship was observed in the NADH
dehydrogenase subunit 5 and 12S rRNA-based phylogenetic trees, which might indicate the filarial nematode found
in this study was not defined to belong to the known specific genera of the family Onchocercidae. The screening of
105 additional avian blood samples retrieved only one 12S rRNA-targeting polymerase chain reaction (PCR)-positive
sample, which indicates that filarial nematode infection is rare in wild birds or that it occurs below the detection limit
of PCR in blood samples. Nevertheless, considering the recent findings about ancient interactions between birds and
human pathogenic filarial nematodes and their pathogenic potential in several avian species, additional exploration of
novel filarial nematodes in wild birds remains necessary.
Keywords: Anas falcata, Filarial nematode, Onchocercidae

Introduction
Filariasis is an infectious disease that occurs in different
hosts and is caused by filarial nematodes of the Filarioidea superfamily. The family Onchocercidae (Filarioidea)
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includes many genera associated with infectious agents
that target animals and humans (Chandy et al ., 2011;
Lefoulon et al ., 2015), including Chandlerella quiscali ,
Sarconema eurycerca , and Pelecitus spp., which have been
reported from avian species (Granath, 1980; MuñozGarcía et al ., 2018; Woo et al ., 2010). Huang et al. (2017)
listed approximately 16 genera of filariae that occur in
avian species. In Korea, the few reports of filarial nematodes in avian species include a recent report of infection
by S. eurycerca (Woo et al ., 2010).
Although filarial nematode-associated diseases and their
pathogenicity have not been clearly demonstrated in avian species, filarial nematode infection in emaciated owls
has been previously reported (Larrat et al ., 2012). Thus,
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by-nc/4.0), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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additional studies should be conducted on the pathogenic
potential of filariasis in avian species. Moreover, Suh et al.
(2016) found ancient horizontal transfer of retrotransposons between birds and ancestors of human pathogenic
nematodes, the insect-borne filarial nematodes Brugia ,
Wuchereria , and Loa. These ancient interactions between
birds and the ancestors of the causative agents of lymphatic filariasis and loiasis in humans highlight the need
for additional screening of bird-infecting filarial nematodes to cope with unexpected filariasis in humans. In
this study, we report the occurrence of a novel filarial
nematode from the family Onchocercidae in the falcated
duck (Anas falcata ), which is a wild species with a very
wide geographical range and an estimated global extent
of occurrence (Pan et al ., 2014).

Materials and Methods
Sample collection
A wild A. falcata (sample no. 18-51) individual that was
unable to fly was found near a parking lot in Seosan City,
Chungnam Province, South Korea, on January 31, 2018
(36°59´40.4˝N, 126°26´37.6˝E). Although it presented
no sign of external trauma, the bird died on arrival when
it was transported to the Chungnam Wild Animal Rescue
Center. Its body condition score, which reflects nutritional
status, was 1/5, with almost no pectoral muscle.
Blood was collected from the bird’s heart and stored in
a 2-mL EDTA-coated tube, which was frozen at −20°C to
prevent clotting. For the blood smear, 95% alcohol was
used to remove fat and contaminants. One drop of blood
was placed on the slides and smeared thin. The blood
smear was dried and stained with Diff-Quick dye (Sysmex,
Kobe, Japan). blood smear was then observed under a microscope (IX71S1F-3, OLYMPUS CORPORATION).
PCR and sequence analysis
DNA was extracted from the blood samples using a
DNeasy Blood & Tissue Kit (QIAGEN, Hilden, Germany).
To obtain genetic information on filarial nematodes in
the blood, the extracted DNA was analyzed by polymerase
chain reaction (PCR) for different target sequences (18S
rRNA, cytochrome C oxidase subunit I (COI), NADH dehydrogenase subunit 5, and 12S rRNA) using primers from
previous studies (Hamer et al ., 2013; Kuzmin et al ., 2017;
Morales-Hojas et al ., 2006; Verocai et al ., 2017). Upon
observing positive bands from the PCRs, all amplicons
were sequenced and subjected to a nucleotide BLAST
search on the National Center for Biotechnology Information web server. The GenBank accession numbers of the
retrieved partial sequences were MK424345, MK424346,
MK424347, and MK424348.
A maximum likelihood phylogenetic analysis was performed using the generated COI, NADH dehydrogenase
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Table 1. Sample information for the additional screening
of filarial nematodes
Avian species

Number of
samples

PCRpositives*

Anser albifrons

5

1

Anas platyrhynchos

1

0

Cygnus cygnus

2

0

Anser fabalis

1

0

Bubo bubo

7

0

Accipiter nisus

3

0

Falco tinnunculus

7

0

Botaurus stellaris

1

0

Egretta garzetta

1

0

Aegypius monachus

28

0

Ardea alba modesta

1

0

Anas falcata

1

0

Accipiter gentilis

2

0

Accipiter nisus

1

0

Bucephala clangula

1

0

Cygnus olor

1

0

Buteo buteo

4

0

Falco peregrinus

1

0

Pica sericea

3

0

Larus crassirostris

1

0

Otus bakkamoena

1

0

Otus scops

6

0

Ninox scutulata

4

0

Streptopelia orientalis

6

0

Columba livia

1

0

Zoothera dauma

1

0

Phasianus colchicus

1

0

Falco subbuteo

2

0

Ardea cinerea

1

0

Bubulcus ibis

3

0

Garrulus glandarius

1

0

Butorides striata

1

0

Numenius phaeopus

1

0

Anas poecilorhyncha

2

0

Strix aluco

1

0

Ixobrychus eurhythmus

1

0

105

1

Total

PCR, polymerase chain reaction.
*Positive sample (A18-697) for the Onchocercidae familyspecific PCR targeting the 12S rRNA gene.
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subunit 5, and 12S rRNA sequences and other Onchocercidae sequences using BioEdit and MEGA version 7.0 (Hall,
1999; Kumar et al ., 2016).
Additional screening of filarial nematodes in other wild
birds in 2018
To estimate the detection rate of filarial nematodes in
the blood of wild birds, 105 wild bird blood samples collected in 2018 at Chungnam Wild Animal Rescue Center
were also tested by PCR targeting the 12S rRNA and
NADH dehydrogenase subunit 5 genes (Table 1).

Results and Discussion
The blood smear showed the presence of filarial nematodes (Fig. 1). The filarial nematodes were approximately
60 μm in size and were tentatively named filarial nematode 18-51. The PCR using the DNA extracted from the
blood resulted positive for the filarial nematode-specific
(18S rRNA and COI) and Onchocercidae family-specific
targets (12S rRNA and NADH dehydrogenase subunit 5).
The BLAST analysis showed that the partial 18S
rRNA and COI sequences from filarial nematode 18-51
were highly similar to those of Onchocercidae sp. MI1GLH-2012 and Filarioidea sp. JA-2012, with 99.78% and
94.26% identity, respectively. The NADH dehydrogenase
subunit 5 and 12S rRNA sequences from filarial nematode
18-51 were similar to those of Onchocerca dukei voucher
A. Renz Duk3 and Filarioidea sp. JA-2012, with 90.88%
and 97.99% identity, respectively.
The phylogenetic analysis placed filarial nematode
18-51 in Onchocercidae (Fig. 2). The analysis using COI
showed filarial nematode 18-51 as closely related to Mansonella species, Filaria sp. FZ-2014, and C. quiscali , with
86.5-89.2% sequence identity. A similar result was found
using NADH dehydrogenase subunit 5; filarial nematode
18-51 was found to be closely related to Mansonella ozzardi and C. quiscali , with 85.0% and 85.7% sequence
identity, respectively. However, the phylogenetic analysis
based on 12S rRNA did not recover filarial nematode 1851 in Onchocercidae, but only as closely related to Filari-

oidea sp. JA-2012 (JX870434). These results indicate that
filarial nematode 18-51 may belong to a novel genus in
the family Onchocercidae, closely related to Mansonella
spp. and C. quiscali . Genome sequencing is needed to
clearly define the species and genus of the filarial nematode (18-51) found in this study.
Genetic screening of the 105 individual samples from
36 avian species collected in 2018 revealed only one
blood sample (A18-697, Anser albifrons ) as positive for
the Onchocercidae family-specific sequence (12S rRNA
gene; Table 1, Fig. 3). Similar to filarial nematode 18-51,
this partial 12S rRNA sequence placed the Onchocercidae
sample, named A18-697, as distantly related to other
genera in the Onchocercidae family. The PCR targeting the NADH dehydrogenase subunit 5 gene in the 105
samples retrieved no positive results. These findings may
indicate that filariasis caused by Onchocercidae was not
common in wild birds in Korea, or that the nematodes
were present in blood below the detection limits of the
PCRs. However, the phylogenetic analysis using the 12S
rRNA partial placed 18-51 and A18-679 in the same clade
as Filarioidea sp. JA-2012 (JX870434), which indicates
that they may be a novel genus of Onchocercidae that
must be monitored in wild birds.
Several previous studies have reported filarial nematodes in Korea. Brugia malayi , for instance, is a filarial
nematode infecting humans in Korea and was previously
endemic to several areas of Korea (Chai et al ., 2003). Although the filarial nematode S. eurycerca was found in
wild whooper swans in Korea (Woo et al ., 2010), there
are no previous reports of Onchocercidae filarial nematodes in wild birds in Korea. Notably, Huang et al. (2017)
reported a novel filarial nematode in Taiwan infecting
Eclectus roratus (PC-15-498); the filarial nematode (18-51)
found in the present study may be closely related to this E.
roratus filariae (PC-15-498), as the latter was also found
to be closely related to Filaria sp. FZ-2014 and C. quiscali
in a phylogenetic analysis based on the mitochondrial COI
gene fragment. Microfilariae found in blood are not typically considered pathogenic in avian species (Huang et al .,
2017). Moreover, the present study did not demonstrate

Fig. 1. Light microscopy image
of filarial nematodes in a blood
smear from the Anas falcata inidividual examined in this study.
The filarial nematodes (approximately 60 μm in length) are
indicated by arrows. On average,
the avian red blood cells measured approximately 13.5×7.5
µm (long×short axis).
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A

B

Mansonella dunni isolate G4 (KY434309)

73
30

Mansonella ozzardi voucher 77YT MNHN (KP760195)

Onchocerca ochengi (FM206483)

18-51 (cytochrome oxidase subunit I (COI) gene)

20

Onchocerca dukei voucher A.Renz Duk3 (BNI) (DQ523762)

54
71

Onchocerca volvulus voucher A.Krueger Ns1 (BNI) (DQ523763)
42

Chandierella quiscall isolate OH (JQ867067)

18
43
9

90

Filaria sp. FZ-2014 (KJ612514)

Onchocerca volvulus clone 9c4 (AY462885)

23

Onchocerca gutturosa clone 2c3 (AY362887)

Loa loa voucher 80YT MNHN (KP760194)

Wuchereria bancrofti (JQ316200)

Wuchereria bancrofti (AJ271612)
1

Brugia malayi (AJ271610)

91

10

Onchocerca ramachandrini (DQ523776)

17

Onchocerca cervipedis isolate W76-09T (JN580792)

33
91

Brugia pahangi (AJ271611)

57

Onchocerca lupi isolate GBF Sunset Canyon Park 5/20/2014 (KX398090)

Acanthocheilonema viteae voucher 7YT MNHN (KP760169)

Dirofilaria immitis (NC005305)
Onchocerca takaokai isolate: 2-2b (AB972361)
17
54

Dirofilaria sp. hongkongensis (KX265050)

25

Onchocerca jakutensis (KT001213)
68

89

Dirofilaria repens (KX265047)

Onchocerca gutturosa (AJ271617)
77

Acanthocheilonema viteae (HQ186249)
Onchocerca ochengi voucher 54FKo1 MNHN (KP760202)

70

Loa loa (XM 003151069)

Onchocerca volvulus voucher ProgOncho A. Eisenbarth Ov1 (KC167355)

99
97 Onchocerca volvulus specimen voucher MIIT OV M3 (AM749284)

Mansonella ozzardi (KX822021)
6
46

Dipetalonema gracile voucher 63YT MNHN (KP760181)
93

18-51 (NADH dehydrogenase subunit 5 (ND5) gene)

20

Dirofilaria immitis isolate D.i101 (KT282097)

Chandlerella quiscali (HM773029)

Dipetalonema robini voucher 217YU ind7 MNHN (KP760183)
0.020

Ascaris suum (HQ704901)

0.050

C

Brugia malayi voucher 8YT MNHN (KP760317)

55
80

Brugia pahangi voucher 46YT MNHN (KP760318)
Wuchereria bancrofti (AJ544844)

41

Loa loa voucher 80YT MNHN (KP760339)
14

Mansonella ozzardi isolate 12s 4 11202010 (JF412318)

17
98

Mansonella dunni isolate M2 (KY434311)
Filarioidea sp. JA-2012 (JX870434)

30
86

18-51 (12S rRNA)

Onchocerca takaokai isolate: 2-2b (AB972364)
Dirofilaria immitis voucher 79YT MNHN (KP760330)

38
59

25

Dirofilaria repens isolate Human82 (KM205411)
Onchocerca jakutensis voucher F.Morandi J4 (UNIBO) (HQ717720)

33

Onchocerca gutturosa (AJ544838)
94

Onchocerca ochengi (AJ544839)
43
42
98

Onchocerca volvulus (AJ544840)
98 Onchocerca volvulus voucher ProgOncho A.Eisenbarth Ov1 (KC167339)

Chandlerella quiscali (KX768276)
Dipetalonema robini voucher 217YU ind7 MNHN (KP760329)
Acanthocheilonema viteae isolate D2 (KX022980)
94

Acanthocheilonema reconditum isolate M50 (KY677825)
Sarconema eurycerca isolate CIH3608 (LN812979)

0.050

Fig. 2. Phylogenetic trees based on the partial sequences of cytochrome c oxidase subunit I (A), NADH dehydrogenase subunit 5 (B), and 12S rRNA (C) genes. Blue boxes indicate the filarial nematode (sample no. 18-51) found in this study. The
maximum likelihood analysis was performed including other Onchocercidae filarial nematodes using the Tamura-Nei model.
The trees shown have the highest log likelihood and are drawn to scale, with branch lengths representing the number of
substitutions per site.
the pathogenic relationship between filarial nematode 1851 and Anas falcata . Nevertheless, additional studies on
this filarial nematode in other organs and tissues of the
infected individuals are necessary to evaluate its pathogenic potential in avian species.
The present study reports the detection of a filarial
nematode of the family Onchocercidae in a wild bird species (A. falcata ) in Korea. This filarial nematode may be-
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long to a novel genus closely related to Mansonella spp. , C.
quiscali , and to recently reported filarial nematodes such
as Filaria sp. FZ-2014 and JA-2012, which are found in
avian species worldwide. Further studies on the taxonomy
of this species, as well as on its prevalence and pathogenic potential in avian species, are necessary.
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43

Onchocerca volvulus (AJ544840)

91

Onchocerca gutturosa (AJ544838)

34
15

Onchocerca ochengi (AJ544839)

Onchocerca jakutensis voucher F.Morandi J4 (UNIBO) (HQ717720)
Onchocerca takaokai isolate: 2-2b (AB972364)

65
Dirofilaria repens isolate Human82 (KM205411)
Dirofilaria immitis voucher 79YT MNHN (KP760330)
12
Chandlerella quisc ali (KX768276)
97

Acanthocheilonema viteae isolate D2 (KX022980)

13
Acanthocheilonema reconditum isolate M50 (KY677825)
43

19

Dipetalonema gracile voucher 63YT MNHN (KP760327)
89

99

Dipetalonema robini voucher 217YU ind7 MNHN (KP760329)
Mansonella ozzardi isolate 12s 4 11202010 (JF412318)

Mansonella dunni isolate M2 (KY434311)
Loa loa voucher 80YT MNHN (KP760339)

34

Wuchereria bancrofti (AJ544844)

23

Brugia malayi voucher 8YT MNHN (KP760317)

76
67

Brugia pahangi voucher 46YT MNHN (KP760318)

18-51 (12S rRNA)
81
60

A18-697 (12S rRNA)
Filarioidea sp. JA-2012 (JX870434)
Sarconema eurycerca isolate CIH3608 (LN812979)

0.050
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