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Abstract The Oriental mayfly, Ephemera orientalis
McLachlan, 1875 (Ephemeroptera: Ephemeridae), can 
be a promising candidate used for monitoring environ-
mental risk in aquatic ecosystem. Its quite large distri-
bution in varying polluted areas raises a hypothesis of 
its genetic variability due to local selection and adap-
tation according to environmental hazard gradient. 
Before addressing the hypothesis, we needed to have
polymorphic loci to discriminate individuals and cha-
racterize a specific population. For this reason, mito-
chondrial cytochrome oxidase-I subunit (mtCO-I) was 
chosen because of its relatively high mutational rate 
among mitochondrial genome. Two regional E. ori-
entalis populations were obtained at Andong and
Hoengseong, where few industrial complexes were
located and could be regarded as being conserved in 
genetic variability. The amplified product showed≈550
bp in all tested samples and digested with Alu I and
Rsa I. Alu I cuts one site in wild type (major), but
two sites in variants. Rsa I cuts one site in both wild 
and variant samples, but differed in position of the 
restriction site. With these markers, Andong and Hoeng-
seong populations recorded variant ratios of 1.7% and 
30.0%, respectively. However, wide-regional sample
including collections from North Korea, China, Japan, 
and Russia did not show any variant types in this
analysis, probably due to quite small numbers of sam-
ples (one or two) in each location. In highly poly-
morphic Hoengseong population, thorax morphological 
characters reflected the restriction site polymorphism. 
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Introduction

Various biological markers have been used and 

newly recommended to assess aquatic environmental 
changes due to various environmental factors (La 
Point, 1995). These environmental stresses or pat-
chiness can play a role in changing genetic variability 
of a specific population. Thus, it has been regarded 
that genetic divergence of different populations can 
be caused by physical or chemical pollutants in their 
habitats. 

Stream macroinvertebrates have been used to assess 
ecotoxicities of several potent pollutants. As indicator 
species, mayfly larvae are members of a suite of 
potential stream biomonitors (Hare, 1992; Fialkowski 
et al., 2003), especially against heavy metals due to 
their relatively high tolerance in some species (Aoki 
et al., 1989; Sj bakk et al., 1997).

The Oriental mayfly, Ephemera orientalis McLachlan,
1875 (Ephemeroptera: Ephemeridae), is widely dis-
tributed in most Oriental regions including Siberia, 
Okhotsk, China, Japan, and Korea (Chernova, 1973). 
The fact that E. orientalis is found in most streams 
of various water qualities (Lee et al., 2003), suggests 
that the species can be regarded as a sentinel to mo-
nitor a specific stream condition. 

In terms of biomarkers, genetic markers can be used 
to trace genetic relatedness or distance of various po-
pulations differentiated through evolutionary processes.
In other words, genetic markers can discriminate di-
fferent populations under various environmental con-
ditions. To develop the genetic   markers, polymorphic 
gene loci should be determined to score individuals 
in a population. For this matter, mitochondrial DNA 
genome has been thoroughly screened and used as 
a promising candidate because it mutates more fre-
quently than nuclear DNA in absence of recombi-
nation (Harrison, 1989; Wolstenholme, 1992; Simon 
et al., 1994). This study aimed to determine polymor-
phic loci from mitochondrial genome of E. orientalis 
using PCR-RFLP (polymerase chain reaction - restric-
tion fragment length polymorphism). 
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Materials and Methods

E. orientalis collection

Two adult populations of E. orientalis from Andong 
and Hoengseong (Table 1) were used as reference 
groups in terms of searching for genetic variability.  
Collection sites in Andong were chosen in upstream 
areas (100 m altitude) of the Nakdong river and 
surrounded with high mountains. Black-light trap was 
used to collect and monitor adults in Andong (an 
example in Fig. 1). Sporadic collections were made 
in Hoengseong during early season (from early June 
to mid July), where samplings were made in two 
different altitude sites of Dunnae (504 m) and Ucheon 
(188 m). International collections were made in North 
Korea, China, Russia, and Japan including Korea.  
These insect samples were preserved in 10% formalin 
or 70% ethanol.  

Mitochondrial DNA (mtDNA) extraction

Before DNA extraction, the preservative of ethanol 
or formalin was replaced with 50 mM phosphate 
buffer saline (pH 7.4). Mitochondrial DNA extraction 
followed the method of Kim et al. (1998). Briefly, 
each insect was homogenized in 200 ㎕ of homo-
genizing buffer (250 mM sucrose, 10 mM EDTA, 
30 mM Tris, pH 7.5). The supernatant of 1,000 g 
was centrifuged at 12,000 g for 10 min. The pellet 
was resuspended with lysis buffer (150 mM NaCl, 
10 mM EDTA, 10 mM Tris, pH 8.0) and then mixed 

with two volumes of a mixture of 0.2 M NaCl and 
1% SDS. During incubation on ice for 5 min, 300 
㎕ of sodium acetate was added and further incubated 

Table 1. Profile of sample collections of Ephemera orientalis

Collection sites Stage N
Andong, Korea Adult 60
Hoengseong, Korea Adult 30
Other regions 24

Chungbuk, Korea Adult (1)
Gapyong, Korea Adult (3)
Jecheon, Korea Adult (2)
Sanchoeng, Korea Adult (2)
Seoul, Korea Adult (1)
Hwanghai, Prov. Hedju, North Korea Adult (2)
Pyungyang Daedong River, North Korea Adult (5)
Heirungjang, China Adult (4)
Yahagi-gawa, Kunitsuki, Japan Nymph (1)
Primosky, Kedrovaya, Russia Nymph (3)

Fig. 1. PCR-RFLP of mitochondrial cytochrome oxidase-I 
(CO-I) of Ephemera orientalis. CO-I region was partially 
amplified as 550 bp. The products were digested with Alu 
I or Rsa I. Wild type represents major restriction pattern 
of either enzyme.
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for 5 min. After centrifugation at 12,000 g, the 
supernatant was followed by phenol extraction and 
ethanol precipitation. The resulting mtDNA was 
resuspended in deionized H2O and used for PCR 
(polymerase chain reaction) reaction. 

PCR-RFLP 

Partial mitochondrial cytochrome oxidase-I subunit 
(mtCO-I) was amplified in 1718-2191 site on the basis 
of the published Drosophila yakuba mtDNA sequence 
(Clary and Wolstenholme, 1985). The primers were 
designed by the conserved sequences suggested by 
Simon et al. (1994), where the sequence of C1-J-1718 
was 5’-GGAGG ATTTG GAAAT TGATT AGTTC 
C-3’ and C1-N-2191 was 5’CCTGG TAAAA TTAA-
GATATA AACTT C-3’. PCR was conducted with 
a DNA Thermal Cycler (PTC-100, MJ Research Inc.) 
in a total 50 ㎕ reaction mixture that contained PCR 
buffer (50 mM KCl, 1.5 mM MgCl2, 10 mM Tris, 
pH 8.3), 10 ㎕ of dNTP (each 10 mM), 2 ㎕ of 
mtDNA template, 0.5 unit of Taq polymerase.  Before 
PCR cycle, the reaction mixture was denatured at 95℃ 
for 1 min. The PCR program consisted of 35 cycles 
of a sequential step of denaturation (95℃ for 45 sec), 
annealing (58℃ for 1 min), and extension (72℃ for 
1 min 30 sec. Ten ㎕ aliquot of PCR product was 
run at 0.9% agarose gel and visualized with ethidium 
bromide.

Buffer and primers of the PCR products were 
cleaned by PCR quick-spinTM (Intron Biotechnology, 
Sungnam, Korea) and digested with Alu I or Rsa I 
(Bioneer, Daejon, Korea) for 3h at 37℃. The digested 
products were run at 1.5% agarose gel and visualized 
with ethidium bromide.

 

Morphological characters 

Thorax and wing characters were measured in adult 
E. orientalis of Hoengseong populations. Length of 
thorax represents a longitudinal distance of mid and 

hind thorax. Forewing was used to measure its 
maximal length and width. All measurements were 
performed with computer images captured under an 
image analyzer using a program SigmaScan/ImageTM.

Results and Discussion

Polymorphic loci of mtDNA were investigated in the 
populations of E. orientalis from Andong and Hoeng-
seong in Korea. The adults of E. orientalis were 
attracted to light source from early May to late Sep-
tember in Andong. A morphologically similar species, 
E. sachalinensis Matsumura, 1911, adults were also 
collected by the light traps during the season. These 
two species have been known to co-inhabit and can 
be easily discriminated in adult stage by taxonomic 
characters of foreleg and male genitalia (Chernova, 
1973; Hwang et al., 2003). Another collection site 
was Hoengseong, where natural environment was 
well conserved likely to make sure genetic variability 
and the mayflies could be easily caught at night. 

Two PCR primers, designed on the conserved CO-I 
regions of mtDNA (Simon et al., 1994), could amplify 
a specific region (≈ 550 bp) of E. orientalis mtDNA 
(Fig. 1). However, the amplified PCR product was 
bigger than expected as 523 bp when compared to 
the sequence of D. yakuba (Clary and Wolstenholme, 
1985). This difference was also found in Spodoptera 
exigua, where the species had ≈ 530 bp in the region 
(Kim et al., 1998).

All mtCO-I PCR products showed a similar size 
and did not show any variation. The PCR products 
were then digested with restriction enzymes recog-
nizing specific 4 bp nucleotide sequences. Among four 
kinds of restriction enzymes (Alu I, Msp I, Nci I, and 
Rsa I) tested, Alu I and Rsa I showed polymorphic 
digestion patterns (Fig. 1). In the Alu I locus, most 
individuals showed two restriction sites, but variants 
had one restriction site. In Rsa I locus, all individuals 
had one restriction site, but both wild and variant types 
were different in the position of the restriction site.  

Table 2. Gene frequencies of two polymorphic loci in mitochondrial cytochrome oxidase-I (CO-I) of Ephemera orientalis,
where wild type represents major restriction pattern of either enzyme

Genotype Gene frequencies according to collection sites1

Andong (n = 60) Hoengseong (n = 30) Other regions (n = 28)
Wild 0.9833 0.7000 1.0000

Variants2 0.0167 0.3000 0.0000
Alu I 0.0167 0.0667 0.0000
Rsa I 0.0000 0.0333 0.0000

Alu I/Rsa I 0.0000 0.2000 0.0000
1See Table 1.
2‘Alu I’ and ‘Rsa I’ represent individuals showing variant type only in one locus, while ‘Alu I/Rsa I’ represents those showing variant types in both loci. 
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With these genetic markers, we tested individuals 
collected from different locations (Table 2). The 
individuals collected from international regions 
(‘other regions’ in Table 2) did not show any poly-
morphism. Lack of polymorphism in the international 
samples may be more likely due to quite small number 
of individuals in each location, rather than fixation 
to wild genotype. Polymorphic restriction sites were 
detected in two Korean populations, in which more 
than 30 individuals were analyzed. All mtCO-I PCR 
products did not show any length polymorphism on 
1.0% agarose gel. Restriction site variants could be 
discriminated after digestion of the PCR products with 
Rsa I or Alu I, not with Msp I or Nci I as described 
above. Here, Andong and Hoedgseong populations 
had variant individuals, which were recorded as 1.7% 
and 30.0% proportions, respectively. The mtCO-I 
region is relatively variable in mitochondrial genome 
and used for general markers in population sub-
division (Simon et al., 1994; Kim et al., 1998). The 
variant ratio of the Hoengseong population suggests 
that both loci can be regarded as polymorphic on basis 
of criterion of 5% (Kim et al., 2001). 

To further examine restriction site polymorphism 
in Hoengseong population, we analyzed its sub-
populations divided by geographical altitude with 
morphological characters (Table 3). We also com-
pared the morphological characters of restriction site 
variants and wild type individuals. Interestingly, all 
restriction site variants were found only in mayflies 
collected in higher altitude subpopulation (‘Dunnae’). 
However, it was difficult to discriminate these two 
geographical subpopulations in terms of morpho-
metric characters, though somewhat greater measure-
ments were found in wing width of Dunnae subpopu-
lation. Within Dunnae subpopulation, restriction site 
variants exhibited bigger sizes in all measurements 
than wild type individuals. This suggests a speculation 
that mtCO-I polymorphism is linked to flight activity 
difference of E. orientalis because thorax-related 
tissues are rich in mitochondria and CO-I is located 

in mitochondrial genome. The DNA polymorphism 
within mtCO-I open-reading frame is likely to induce 
amino acid sequence change, which then results in 
polymorphic mitochondrial enzymes and their 
activities.       

This study reports two polymorphic loci in CO-I 
of E. orientalis inhabiting in Korea. The usefulness 
of these genetic markers can be tested in analyzing 
various E. orientalis populations under differential 
environmental stress.
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