Population Genetic Analyses of a Burrowing Mayfly, Ephoron shigae
(Ephemeroptera: Polymitarcyidae), from Korea and Japan
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| & e Ephoron shigae is a burrowing
7 ; | mayfly renowned with its extremely
short adult period (1-2 h) and
population-specific asexual
! reproduction (i. e. parthenogenesis).
It is also well known as a nuisance
insect due to its frequently reported
mass emergence patterns across
Japan. Molecular analyses on this
mayfly species have focused on its
phylogeny and phylogeography
with mainly single mitochondrial
marker; however, the population genetic structure using highly
polymorphic and co-dominant marker like microsatellite loci, have not
been investigated so far. Here, we developed a total of ten novel
microsatellite markers based on the 222,890 microsatellite loci isolated
from E. shigae genomic DNA sequences, for the first time, for Ephoron
species and analysed the genetic structure of 220 individuals from 11 F.
shigae populations in Korea and Japan. This information of the population
genetic structures and the level of genetic diversity with genome-wide
microsatellites of E. shigae would provide insight into the present and past
microevolutionary process of the populations of E. shigae, a potentially
nuisance insect in South Kerea.

INTRODUCTION

= Ephoron shigae (Takahashi), a burrowing polymitarcyid mayfly, which is widely distributed in
Korea, Japan, northeast China, Far East Russia (Ishiwata 1996), has received cansiderable
attention due to its intriguing life eycle characters such as highly synchronously emergence
with extremely short adult stage (1 te 2 h) and asexual reproduction [Sekiné and Tojo 2019)
(Figure 1).

= |ts univoltine life cycle through embryonic diapause has been identified, and the
simultaneous emergence and swarming in large number were also frequently reported in
Japan (Sekiné et al. 2015).

» Large number of adults are easily attracted to the car and streetlight owing to its strong
phototaxis and thus massive pile of dead body disturbed people by interfering traffic even
causing car accident (Sekiné et al. 2013).

* Microsatellites, which are single sequence repeats, have been col Iy used in population
genetic studies on various insect taxa to identify genotypic diversity and population genetic
differentiation (Kim et al. 2017; Chen and Dorn 2010). Currently, microsatellite markers have not

been identified for Ephoron species.

e Here, we report the development of ten novel microsatellite markers of E. shigae using high
throughput sequencing methods for the first time on this species and anlyzed population genetic
structures of eleven populations in Korea and Japan.

Figure 1. Nymph and adult of Ephoron shigae in Korea [A and B) and Japan (Cand D)

MATERIALS AND METHODS

Sample collection :
A total of 220 adult individuals fram the six populatios in South Korea and five in Japan was used.

Newly developed mit kers using high-throughput sequencing
Seguencing: MGISEQ2000 platform (lllumina, USA); microsatellite marker identification: Krait w1.3.3. (Du et al,
2018); primer design: mfeprimer v3.2.2. (Wang et al. 2015).

Population genetic analyses
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RESULTS AND DISCUSSION

Table 1. Summary statistics of generated read sequence data and assembly (A), perfect microsatel-
lites (B}, and microsatellite marker identification (from Di-mer to Hexa-mer) of E. shigae genome (C).
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Table 2. Characteristics of 10 polymorphic microsatellite loci developed and validated in of 30 E. shigae
individuals in this study

et e B, ko A, NV o3 e o . Wb gl
ety W, ot i, 4 g S b Ml Pt

Table 3. Summary of genetic diversity statistics in 11 populations of Ephoron shigae in Korea and lapan

Populnations Fiegion N = _.'r':\ : AR Hy i Ha Fu o, HWE

T ENY Koeea 0 131 %656 0816 D3 D356 Highsin
KYP Korea 0 123 5600 02 0646 D210 Hizh. sign
Koo Kores 20 120 8523 0828 670 Migh sagn.
KGS Karea an 128 5726 0 B0% 0611 High sign
KOG Karea 20 u7 080 0622 High syn
KGE Karea 0 129 okl 063 0246 High sign
Y Tapan 20 T 0713 0am) 0.331 High. sign
NG Tapan 20 101 0740 048 035 High sign
JAG Tapan 0 54 07 03 0430 High, sign
JEG Tapan 20 16 0652 0434 0307 High. sign.
G Tapar: 2 i3 0576 088 051l Highsiwn
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Figure 2. Population genetic structure of the 11 E. shigoe populations. dEKFfmiﬂEd s ;
using a Bayesian population assignment test with STRUCTURE based on nine microsatellite loci

Korea

= This study, for the first time, identified genome-wide microsatellites for Ephoron species.
These novel microsatellite markers will be useful for investigating the genetic diversity and
population genetic structure and monitoring emerging pattern of Ephoron shigae, a
potentially nuisance insect in South Korea.

k ughp q generated 169,793,152 reads with 628,835 scaffolds
containing di-, tri-, and tetra-nucleotide repeat motifs (Table 1). The number of perfect
microsatellite sequences, which were suitable for primer design, was 222,890. Ten
polymorphic microsatellite markers were successfully amplified with stable and
reproducible amplicon patterns and distinct peaks in capillary electrophoresis. The mean
polymorphic information content (PIC) across loci was 0.7572, representing highly
polymarphic markers (Table 2).
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 Thelevel of genetic diversity is much higher in the Korean populations compared to five
populations in Japan. Particulary, a parthenogenetic population (JCG) from Japan showed
the lowest allelic richness and the negative value of inbreeding coeffienct (Table 3).

* Distinct Korean and Japan genetic clusters with significant genetic differentiation were
identified indicating low level of gene flow between two regions (Figure 2).

» Population genetic analyses on E. shigae using novel microsatellite markers will help to

better understand the population dynamics of one of the burrowing polymitarcyid mayfly in
Korean and Japan freshwater systems.
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