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BACKGROUND

Rodentia is the largest order of mammals, encompassing 2,277 species
(Musser and Carleton, 2005). Forty percent of mammal species are rodents,
and they are found on all continents but Antarctica. Most rodents eat various
plants or seeds, though some have more varied diets. Because they are fast
growing mammals and vectors of fatal diseases such as the plague; humans
have studied them for ecology, evolution, and genetics.

Since the mid-20th century, views on the size of the Rodentia have
appreciated substantially from 1,591 species (Corbet and Hill, 1980) to 2,277
species (Musser and Carleton, 2005). Rodents include mice, rats, porcupines,
beavers, squirrels, hamsters, and guinea pigs. Before the study by Graur et
al. (1991), Rodentia was believed to be a monophyletic order of Mammalia.
They questioned whether the guinea pig, Cavia porcellus, is a rodent. They
analyzed amino acid sequences and suggested that the guinea pig diverged
before the separation of the primates and artiodactyls from the myomorph
rodents. In 1996, analysis of the complete guinea pig mitochondrial (mt)
genome indicated that the species was not a rodent (D’Erchia et al, 1996).
Furthermore, hystricognaths including guinea pigs were treated as a separate
mammalian order, and the Rodentia was conventionally viewed as polyphyletic
(Graur et al, 1992, Li et al, 1992). However, many molecular studies
strongly supported the Rodentia as a monophyletic order (Frye and Hedges,
1995; Cao et al, 1997, Adkins et al, 2001; Corneli, 2002, Waddell and Shelley,
2003), and Luckett and Hartenberger (1993) proposed rodent monophyly based
on morphological and molecular data. Rodentia is currently believed to be a
monophyletic order.

Rodentia consists of 5  suborders; Sciuromorpha, Castorimorpha,



Myomorpha, Anomaluromorpha, and Hystricomorpha (Musser and Carleton,
2005). Sciuromorpha has 3 families (Aplodontiidae, Sciuridae, and Gliridae),
Castorimorpha  comprises 3  families (Castoridae, Geomyidae, and
Heteromyidae), Myomorpha consists of 7 families (Dipodidae, Calomyscidae,
Cricetidae, Muridae, Nesomyidae, Platacanthomyidae, and Spalacidae),
Anomaluromorpha includes only 2 families (Anomaluridae and Pedetidae), and
Hystricomorpha contains 18  families (Ctenodactylidae, Bathyergidae,
Hystricidae, Petromuridae, Thryonomyidae, Heptaxodontidae, Abrocomidae,
Capromyidae, Caviidae, Chinchillidae, Ctenomyidae, Dasyproctidae, Cuniculidae,
Dinomyidae, Echimyidae, Erethizontidae, Myocastoridae, and Octodontidae) and
an incertae sedis family (Diatomyidae). Among 5 suborders, Myomorpha is
the largest, containing 1,137 species of mouse-like rodents, i.e., nearly a
quarter of all mammal species. This suborder contains mice, rats, hamsters,
lemmings, gerbils, and voles. Most myomorph species belong to the Muroidea
superfamily, which is classified into 6 families, 310 genera, and 1,518 species
(Musser and Carleton, 2005). Among the 6 families of the Muroidea, Muridae
is the largest with 150 genera, with over 700 species (Musser and Carleton,
2005). In the Korean Peninsula and Jeju Island, 4 genera (Apodemus,
Micromys, Mus, and Rattus) of Muridae are found (Yoon et al, 2004).
Muridae are relatively small mammals, generally around 10 cm long excluding
the tail length. Some species are larger; the giant bushy-tailed cloud rat,
Crateromys schadenbergi, is the largest at over 70 cm.

Although many researchers have tried to establish phylogeny and evolution
of rodents (Nedbal et al, 1996; Huchon et al, 1999, 2000, Michaux et al,
2001; Steppan et al., 2004), the evolution of many small mammals including
murids is unclear due to the incongruence between the molecular data and
morphological information. Against traditional classification, many molecular
taxonomists researched various nuclear and mt genes such as growth

hormone receptor (GHR) gene, breast cancer susceptibility (BRCAI) gene,



von Willebrand factor (WVWUF) gene, lecithin cholesterol acyl transferase
(LCAT) gene, interphotoreceptor retinoid-binding protein (IRBP) gene,
recombination activating gene 1 (RAGI), 12S ribosomal RNA (RNA) gene,
cytochrome c¢ oxidase subunits 1-3 (COI1-3) gene, and cytochrome b (CYTB)
gene (Conroy and Cook, 2000; Robinson-Rechavi et al, 2000; Suzuki et al,
2000; Adkins et al, 2001; Michaux et al, 2001, Steppan et al, 2005). These
molecular studies broadened our knowledge of rodent phylogeny and
evolutionary history. For instance, CYTB sequence analysis suggested that
North American Microtus are derived from multiple invasions from Asia or,
alternatively, as a single invasion followed by autochthonous speciation
(Conroy and Cook, 2000), and combined analysis of nuclear and mt genes
suggested that the murines originated in Southeast Asia and then rapidly
expanded across the Old World (Steppan et al., 2005).

With the rapid development of sequencing technology, phylogenetic and
evolutionary studies using mt genome sequences have explosively increased.
Since the first mt genome was sequenced in humans (Anderson et al., 1981),
mt genome sequences have been reported for various taxa, including fish
(Miya et al., 2003; Oh et al, 2007b), mammals (Mouchaty et al, 2001, Horner
et al, 2007), insects (Stewart et al, 2003; Covacin et al, 2006), reptiles
(Dong and Kumazawa, 2005; Podnar et al, 2009), birds (Valverde et al., 1994,
Harlid and Arnason, 1999), and amphibians (Zhang et al, 2006, Oh et al,
2007a), as well as other species (Milbury and Gaffney, 2005; Sinniger et al,
2007). Remarkable studies were conducted using mass mt genome sequences
for vertebrate phylogeny. Miya et al (2003) sequenced 54 mt fish genomes
and established higher teleostean phylogeny with 100 mt genome sequences.
In amphibians, Zhang et al (2006) sequenced 15 mt genomes of Asian
salamanders and proposed the Asian hynobiid originated from North China.
Arnason et al. (2008) analyzed 109 mt genome sequences including 11 newly

sequenced mt genomes for placental mammalian phylogeny. Their analyses



identified 4 basal monophyletic groups, Afroplacentalia, Xenarthra,
Archontoglires, and Laurasiaplacentalia. They also estimated divergence time
for basal placental divergence. As in various vertebrates, complete mt genome
sequences are rapidly becoming available; nevertheless, only 33 mt genomes
of rodent have been sequenced (37 mt genomes including below subspecies)
until now.

The mt genome has several merits, such as its compact size (Cantatore
and Saccone, 1987), lack of recombination (Clayton, 1982, 1992), maternal
inheritance (Kondo et al, 1990), fast evolutionary rate compared to nuclear
sequences (Brown et al, 1979), and multicopy status (Michaels et al, 1982;
Robin and Wong, 1988), for research in population genetics, phylogenetics, and
evolution (e.g., Serizawa et al., 2000, Liu et al, 2004, Suzuki et al, 2008).
Comparisons of complete mt genome sequences are much more powerful for
phylogenetic reconstruction than comparative analysis of single gene
sequences (Ingman et al, 2001; Parsons and Coble, 2001; Boore, Medina, and
Rosenberg, 2004). In fact, phylogenetic analysis with enough sequences
decreases stochastic uncertainty (Cao et al, 1994). Accordingly, more mt
genomes provide higher resolution for phylogenetic analysis.

The mt genomes are generally circular (Boore, 1999), although Cubozoa,
Scyphozoa, and Hydrozoa have linear mt genomes (Bridge et al, 1992).
Animal mt genomes are usually around 15,000 - 20,000 base pairs (bp) in size
and contain the same set of 37 genes, encoding 13 proteins, 2 rDNAs, 22
transfer RNAs (tRNA), and a control region (Boore, 1999). Commonly, mt
gene contents are constant and gene arrangements are nearly identical in
mammals. Various mammalian mt protein—coding genes end with an
incomplete termination codon as TA or T, rather than a complete termination
codon (TAA or TAG). Such incomplete termination codons can be modified
by post-transcriptional polyadenylation to a complete termination codon (Ojala

et al, 1981). Among 13 protein-coding genes, NADH dehydrogenase subunit



(ND) 6 is encoded by the light strand (L-strand); the others are encoded by
the heavy strand (H-strand). tRNA-Phe, tRNA-Val, tRNA-Leu, tRNA-Ile,
tRNA-Met, tRNA-Trp, tRENA-Asp, tRNA-Lys, tRNA-Gly, tRNA-Arg,
tRNA-His, tRNA—Ser(AGY), and tRNA-Thr are encoded by the H-strand and
the remainder are encoded by the L-strand (Wolstenholme, 1992). A major
noncoding control region called the displacement loop (D-loop) is located
between tRNA-Pro and tENA-Phe. This sequence has several elements such
as a termination-associated sequence (TAS) upstream of the 3  end of the
control region in mammals (Doda et al, 1981, Mackay et al, 1986) and
conserved sequence blocks (CSBs) associated with mt DNA replication and
transcription (Clayton, 1991; Shadel and Clayton, 1997). The L-strand
replication origin (Op) is between tRNA-Asn and tRNA-Cys and comprises
approximately 30 nucleotides (Wolstenholme, 1992). The Or sequence forms a
stable stem - loop structure, and a conserved motif is located in the base of
the stem of tRNA-Cys. This motif is found in various vertebrate mt
genomes (Oh et al, 2008; Oh et al, 2010).

Although the mt genome structure of higher animals such as mammals is
almost constant, some organisms, closer to the lower animals, have unique mt
genome structures (Okimoto et al, 1991, Le et al, 2000; Helfenbein et al,
2004). The mt gene arrangements are almost the same in major groups,
especially the mammals (Boore, 1999). Nevertheless, several rearrangements
have been found in nematodes (Okimoto et al, 1991, 1992), arthropods (Boore
et al, 1995), bivalves (Hoffman et al, 1992), pulmonate mollusks (Yamazaki
et al, 1997), echinoderms (Cantatore et al, 1987, Jacobs et al, 1988), and
fruit flies (Clary and Wolstenholme, 1985). These mt gene rearrangements are
considered rare evolutionary events and are used to reconstruct the phylogeny
of various organisms (Singh, 2008).

Since the development of sequence analysis tools, many evolutionary

studies using mt genes or genomes estimated divergence time between



species. The molecular clock is used to estimate the time of speciation or
radiation and significantly advanced the neutral theory of molecular evolution
(Kimura, 1968). The divergence time estimation of rodents revealed their
evolutionary histories (Jacobs and Downs, 1994; Adkins et al, 2001, Douzery
et al, 2003; Liu et al, 2004; Horner et al, 2007; Arnason et al, 2008; Robins
et al, 2008). The divergence time between Lagomorpha and Rodentia was
estimated at 93 million years ago (Mya) and the deepest Rodentia divergence
at around 88 Mya (Arnason et al, 2008). Bayesian dating inferred from mt
genomes indicate a rapid radiation within Glires around 60 Mya, and that
within Rodentia occurred approximately 63 Mya (Horner et al, 2007). Horner
et al. (2007) also suggested that the divergence of the Muroidea + Dipodidae
clade from the Sciuridae + Myoxidae clade occurred 53.4 Mya (protein) or
51.8 Mya (DNA). In addition, they estimated the divergence between Mus
and Rattus, representative species of Muridae, occurred 15.1 (protein) or 15.9
(DNA) Mya, while the split between Mus and Rattus was approximately
13-19 Mya (Douzery et al, 2003), 23 Mya (Adkins et al, 2001), or 12 Mya
(Jacobs and Downs, 1994). Molecular analyses of Rattus suggest that the
deepest divergence within Rattus occurred 3.5 Mya (Robins et al, 2008). For
Apodemus, A. peninsulae diverged from the A. speciosus + A. chevrieri + A.
agrarius clade about 839 Mya, and A. agrarius diverged from A. chevrieri
about 2.68 Mya, during the first glacial period of the Quaternary (Liu et al,
2004).

The whole species number is estimated from 10 to 100 million (Wilson,
1998). This wide range is due to difficulties in species definition. A species is
one of the primary units of biological classification and a taxonomic rank. A
biological species concept was used first by Jordan (1896) and later Mayr
(1969). They defined a species as “group of interbreeding populations which
are reproductively isolated from other groups”. Later, the biological species

concept was redefined by Mayr (1982) as “a reproductive community of



populations (reproductively isolated from others) that occupies a specific niche
in nature.” Baker and Bradley (2006) define genetic species as a group of
genetically compatible interbreeding natural populations that is genetically
1solated from other such groups. Since rapid development of DNA sequencing
technology, many researchers have recognized and described species using
DNA sequence data (Roca et al, 2001, Baker et al, 2002; Matocqg 2002;
Piaggio et al, 2002), and the accumulation of DNA data solidify the adequacy

of the genetic species concept.



ABSTRACT

Chapter 1. Comparative analysis of the complete mitochondrial

genome sequences of Korean Apodemus

The complete mitochondrial (mt) genomes of Apodemus agrarius, A.
chejuensis, and A. peninsulae were determined to be 16,260, 16,261, and 16,266
base pairs (bp) long, respectively, and have been deposited in the GenBank
database (Accession Nos. HM034866, HM034867, and HQ660074, respectively).
Like other vertebrate mt genomes, the 3 mt genomes contain 13
protein—coding genes, 22 tRNAs, 2 rDNAs and a noncoding control region.
The mt genomes of A. agrarius and A. chejuensis had protein-coding genes
that use the most common initiation codon, ATG, and 2 unusual initiation
codons: GTG and ATA. However, A. peninsulae had an additional unusual
ATC codon for initiation in the NADH dehydrogenase subunit (ND) 2 gene.
Overall, the nucleotide frequencies of all analyzed mt protein—coding genes
were similar. Codon usage patterns based on mt protein—coding genes were
similar in A. agrarius and A. chejuensis, while the mt protein—coding genes
of A. peninsulae were slightly different. The 12S rENA gene sequences were
955, 955, and 956 bp long in A. agrarius, A. chejuensis, and A. peninsulae,
respectively, and the 16S rENA gene sequences were 1,572, 1573, and 1,571
bp long, respectively. tRNA-Leu and tRNA-Ser were identified two distinct
forms, respectively. The Three tRNA clusters, IQM (isoleucine, glutamine, and
methionine), WANCY (tryptophan, alanine, asparagine, cysteine, and tyrosine),
and HSL (histidine, serine, and leucine), were conserved in A. agrarius, A.

chejuensis, and A. peninsulae, as In the typical mt genomes of Rodentia.



Generally, the mt genomes of mammals have 2 noncoding regions: Op and
CR, which is also called the displacement loop (D-loop). The CR sequences
spanned &54, 857, and 866 bp in A. agrarius, A. chejuensis, and A.
peninsulae, respectively, and was positioned between the tRNA-Pro and
tRNA-Phe genes. The phylogenetic analysis of Rodentia using mt 13
protein—coding genes suggested that Sciurus and Myoxus was diverged
earlier than other rodents, and Fattus consisted of two distinct clades. Korean
Apodemus was closely related to Mus as sister group. Although phylogenetic
relationships of Apodemus spp. have been studied by many researchers, some
species remain controversial owing to wide distribution, subspecies problems,
and fragmentary data. Thus, the mt genome of Korean Apodemus spp. will

be useful information to clarify rodent, especially the Apodemus, phylogeny.



Chapter 2. Possible historical migration routes of Apodemus

chejuensis

Nineteen CYTB sequence haplotypes were defined in 24 Apodemus agrarius
individuals, and 25 were defined in 49 A. chejuensis individuals. The most
frequent haplotype group was Hap27, which was shared by 6 A. chejuensis
individuals. The most frequent haplotype group in the A. agrarius was Haplb,
which was shared by 3 individuals. Fu's Fs test showed that COR-II and
CHE had significantly negative F's values (-4.462 and -5.703, respectively),
whereas the COR-I had a positive value (0.613). Mismatch distribution
analyses suggested population expansion in COR-II and CHE and a stable
COR-I population. Median—joining network data indicated that A. chejuensis is
a clearly separate species containing 4 subgroups, but these subgroups did
not correspond to local distribution patterns on Jeju Island. Interestingly,
Hap4? of the CHE population was closely related to Hap9 of the COR-1. In
addition, molecular clock calculations that estimate the time of divergence of
A. agrarius and A. chejuensis suggest that those species diverged at
approximately 0.3 million years ago (Mya). Based on these data, three
historical migration routes were hypothesized. (1) The ancestral lineage of A.
agrarius might migrate into the Korean Peninsula via North Korea; then, a
group migrated to Jeju Island via the Yellow Sea basin when the sea level
was lower. (2) The ancestral lineage of A. chejuensis might migrate to Jeju
Island via the Yellow Sea basin, followed by a second migration into the
western islet of the Korean Peninsula via the Yellow Sea basin when the sea
level was lower. (3) The common ancestor of A. agrarius and A. chejuensis
might have originated in eastern China, where it split into 2 lineages; one
lineage moved to the western islet of the Korean Peninsula, and the other

moved to Jeju Island. The estimation of divergence time suggested that A.

_10_



agrarius and A. chejuensis diverged at approximately 0.3 Mya. Because A.
chejuensis has been geographically and reproductively isolated from A.
agrarius since the last glacial age, many researchers have proposed that
populations diverged as species. This study supports the notion that A.
chejuensis should be treated as a species; however, further study of North
Korea and Chinese samples is needed to understand their biogeographic

history fully.
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1.1. INTRODUCTION

Rodentia is the largest order of mammals, encompassing 2,277 species
(Musser and Carleton, 2005). Among them, Muridae is the largest family with
over 700 species (Musser and Carleton, 2005) and is often employed as a
laboratory model for studies of human diseases. On the Korean Peninsula and
Jeju Island, 4 genera (Apodemus, Micromys, Mus, and Rattus) of Muridae
are found (Yoon et al, 2004a).

The genus Apodemus contains at least 20 rodent species (Musser and
Carleton, 2005), including several of the most common small rodent species
and is widely distributed in the Palearctic region (the zoogeographical region
consisting of Europe, Africa north of the Sahara, and most of Asia north of
the Himalayas). Apodemus species are distributed in a variety of habitats,
including woodlands, forests, and grasslands. Some species are often found in
the same habitat, showing resource partitioning among syntopic species. This
ecological feature could be associated with the biogeographic history of the
genus and its speciation processes. The striped field mouse Apodemus
agrarius and Korean Field mouse A. peninsulae are distributed throughout the
Korean Peninsula and are the most common rodent species there, whereas the
Jeju Striped Field mouse, A. chejuensis, is found only on Jeju Island (Won
and Smith, 1999). Generally, A. agrarius inhabits rural flat lands, rivers, and
agricultural farmlands, while the Jeju Striped Field mouse, A. chejuensis, is
often found in bushy areas rich with small trees in mountainous areas. They
are distributed from the coastal regions to the high-altitude regions of Mt.
Halla.

The wide distribution, subspecies problems, and fragmentary data of

Apodemus spp. were so complicated that even experts have been unable to
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comprehend its phylogenetic relationships (Suzuki et al, 2008). Molecular and
morphological analyses improved the taxonomic situation of Apodemus spp.;
however, the difficult cases continue to complicate the relationships between
closely related species (Musser and Carleton 2005). In particular, the
taxonomic status of some species inhabiting the western Palearctic region
including subgenus Sylvaemus are complicated owing to several new species
in southern Europe and the Middle East (Musser and Carleton 2005). Their
phylogenetic relationships are not established, and the species A. sylvaticus
and A. flavicollis remain uncertain (Suzuki et al, 2008). Previous phylogenetic
results inferred from morphological and molecular data (Serizawa et al, 2000;
Filippucci et al, 2002; Michaux et al, 2002; Suzuki et al, 2003, Liu et al,
2004; Suzuki et al, 2008), suggested that the genus Apodemus consists of 8
distinct lineages; nevertheless, previous data are insufficient to solve their
phylogenetic complexity.

The low resolution of molecular phylogenies inferred from fragmentary
data has prompted many researchers to analyze mitochondrial (mt) genome
sequences. The mt are small organelles found in most eukaryotic cells and
play an important role in metabolism (Brand, 1997), cell death via apoptosis
(Kroemer et al., 1998), various diseases (Graeber and Muller, 1998), and aging
(Wei, 1998). The mt is essential for ATP production and has its own
genome. In general, the vertebrate mt genome consists of 16 - 18 kilobase
pairs (kbp) and contains 22 transfer RNAs (tRNAs) necessary for the
translation of mt proteins, 2 ribosomal DNAs (rDNAs), 13 protein—coding
genes related to oxidative phosphorylation, and a major noncoding region for
replication and transcription initiation (Anderson et al, 1981; Boore, 1999). Of
the 13 protein—coding genes, 12 are encoded on the heavy strand (H-strand),
and 1 gene, NADH dehydrogenase subunit 6 (ND) gene, is encoded on the
light strand (L-strand). Fourteen mt tRNAs are encoded on the H-strand and

the rest are encoded on the L-strand (Wolstenholme, 1992). The mt

_14_



protein—coding genes in most animals have incomplete termination codons
such as TA or T. These abnormal termination codons can be modified to a
complete termination codon by post-transcriptional polyadenylation (Ojala et
al, 1981). The mt genome has 2 noncoding regions: the major noncoding
control region (CR) called the displacement loop (D-loop) and the L-strand
replication origin (Or), which mediates replication of the mt genome (Clayton,
1991; Shadel and Clayton, 1997).

The mt genome has several merits for research in population genetics;
phylogenetics;, and evolution, such as its compact size;, fast evolutionary rate;
short coalescence time; and maternal inheritance (e.g., Serizawa et al, 2000;
Liu et al., 2004; Suzuki et al., 2008). Mammalian mt DNA has been used for
phylogenetic and evolutionary studies since the development of DNA
sequencing techniques. In the last decade, mt genome sequences have been
reported for various taxa, including fish (Miya et al, 2003; Oh et al, 2007b),
mammals (Mouchaty et al, 2001, Horner et al, 2007), insects (Stewart et al,
2003; Covacin et al, 2006), reptiles (Dong and Kumazawa, 2005; Podnar et
al, 2009), and amphibians (Zhang et al, 2006; Oh et al, 2007a), as well as
other species (Milbury and Gaffney, 2005; Sinniger et al, 2007). Although
Rodentia contains the most mammal species and the mt genomes of the
mouse and rat were sequenced first (Bibb et al, 1981, Gadaleta et al, 1989),
and only a small proportion of mt genome sequences of Rodentia have been
reported. The mt genome sequences of 33 species (excluding subspecies) in
Rodentia have been determined (or 1.5% of the 2,277 species of Rodentia).

To provide the basal data set for Apodemus and all rodent phylogeny, the
complete mt genome sequences of Korean Apodemus. were sequenced and
their general features analyzed, including nucleotide composition, nucleotide
frequency, codon usage, secondary cloverleaf tRNA structures, the Op, and

CR.
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1.2. MATERIALS AND METHODS

1.2.1. Sampling and DNA extraction

Apodemus agrarius and A. peninsulae were collected in traps in Cheongdo,
Gyeongsangbuk-do; A. chejuensis was caught at Mt. Halla, Jeju, Korea.
Genomic DNA was extracted from small pieces of tail or muscle using
NucleoSpin® Tissue Kit (Macherey-Nagel, Germany). First, small pieces of
tail or muscle was placed in a microcentrifuge tube with buffer T1 and
proteinase K solution, then vortexed and incubated at 56°C until lysis was
complete. The lysed samples were vortexed and buffer B3 was added. The
tubes were vortexed and incubated at 70°C for 10 min. Ethanol lwas added
and vortexed. For each sample, a NucleoSpin® Tissue Column was placed into
a collection tube and the samples applied to the column. The assembly was
centrifuged for 1 min at 11,000g. The flow-through was discarded, and the
column was returned to the collection tube. To wash the silica membrane,
buffer BW and buffer BS were added in turn. The column-collection tube
assembly was centrifuged for 1 min at 11,000g after each wash step. The
silica membrane was dried by centrifugation. Last, the column was placed
into a new 1.5 ml tube and prewarmed buffer BE was added, then incubated
at room temperature for 1 min. The tube was centrifuged for 1 min at

11,000g, and the extracted DNA was stored at —20°C.

1.2.2. PCR, cloning, and sequencing

To amplify the complete mt genome, long PCR was performed with
primers complementary to the aligned and complete nucleotide sequences of
the mt genomes of several mouse species (Table 1.1). The long PCR

reactions were carried out using Maxime™ PCR PreMix (iNtRON
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Biotechnology, Korea) according to the manufacturer’s protocol. 50-100 ng of
genomic DNA and 1 ul of each primer was added into Maxime™ PCR PreMix
tubes. Reaction conditions included an initial 3 min denaturation at 95°C,
followed by 35 cycles with denaturation at 95°C for 30 s, annealing for 30 s
at 55°C and extension at 72°C for 2-5 min, and a final extension of 10 min
at 72°C. Amplification products were confirmed by electrophoresis with 100 bp
Plus DNA Ladder (Bioneer, Korea) as a size marker in 1% agarose gels,
stained with ethidium bromide (EtBr), and visualized under ultraviolet (UV)
light.

The amplified fragments were cloned using TOPO TA Cloning Kit
(Invitrogen, USA). PCR products were ligated into the pCR2.1 TOPO vector
according to the manufacturer’'s protocol. The ligation mixtures were mixed
gently and incubated for 5 min at room temperature. The reaction mixtures
were put on ice immediately and incubated for 2 min. Following ligation, 30
ul of competent cells were defrosted in ice and added to the reaction, which
was heat shocked at 42°C for 30 s then put on ice for 2 min. SOC medium
was added and the reaction mixtures were shaken at 37°C for 90 min. The
reaction mixtures were spread on LB agar plates containing X-Gal, IPTG,
and ampicillin. The plates were incubated at 37°C for 18 h. White colonies
were picked into LB medium containing ampicillin and incubated at 37°C with
shaking overnight.

Positive clones were verified by PCR with the original amplification
primers and 1 uyl of cultured cells as template. Reaction conditions included an
initial 3 min denaturation at 95°C, followed by 25 cycles with denaturation at
95°C for 30 s, annealing for 30 s at 55°C, and extension at 72°C for 2-5 min,
and a final extension of 10 min at 72°C. Amplification products were
confirmed by electrophoresis with 100 bp Plus DNA Ladder (Bioneer, Korea)
as size standard marker in 196 agarose gels, stained with EtBr, and visualized

under UV light. Plasmid DNA was extracted from the positive clones.
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Plasmid DNA was extracted with the AccuPrep® Nano-Plus Plasmid Mini
Extraction Kit (Bioneer, Korea). The cultured cells were centrifuged at 13,000
rpm for 1 min and the media was removed by pipetting. Resuspension buffer
containing nanoparticles was added and the pellet was completely resuspended
by pipetting. Cell lysis buffer was added and mixed by gently inverting the
tube 3-4 times. Neutralization buffer was added and immediately mixed by
gently inverting the tube 3-4 times. Cell debris was removed by
centrifugation at 4°C and 13,000 rpm for 1 min and the cleared lysate was
transferred to the DNA binding column. The columns were centrifuged at
13,000 rpm for 1 min and the flow-through was discarded. To wash the silica
membrane, washing buffer was added to the column tube and centrifuged at
13,000 rpm for 1 min. Additional centrifugation was carried out at 13,000 rpm
for 1 min to dry the silica membrane in the column. The DNA binding filter
column was transferred to new 1.5 ml microcentrifuge tube and elution buffer
was added and incubated at room temperature for 1 min. To recover the
eluted plasmid DNA, the tube was centrifuged at 13,000 rpm for 1 min, and
the DNA was transferred to a new 1.5 ml microcentrifuge tube.

Each cloned fragment was sequenced with TOPO vector inner primers
(Invitrogen, USA) using an automatic DNA sequencer (ABI 3730xl; Applied
Biosystems, USA) according to the manufacturer’s protocol, and nested

flanking sequencing primers were used to walk in both directions.
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Table 1.1. PCR primers used in this study

Name Sequences (55 — 3))

Apomt-1F TACCCTCACCTGAATTGGAGGC
Apomt-1R GGGTTAATCGTATGACCGCG
Apomt-2F CGCGGTCATACGATTAACCC
Apomt-2-1F=* GCAATGAAGTACGCACACACC
Apomt-2R AGATAGAAACCGACCTGGATTGC
Apomt-3F ACATCCCAATGGTGCAGAAG
Apomt-3-1F=* CCACTACCAATACCTCACCCTC
Apomt-3-2F=* TCATAGCGAGTATCCCACCAT
Apomt-3-3F* ATTGGAGCATGAGGTGGACT
Apomt-3-2Rx CGTGGAAATGCTATGTCTGG
Apomt-3-1Rx GGCAGATGTGAAGTAAGCTCG
Apomt-3R GGGGTTCGAWTCCTTCCTTTC
Apomt-4F GAAAGGAAGGAATCGAACCCC
Apomt-4-1Rx* GAATGAGTGAAGGCGGTTGT
Apomt-4R GCATGRGTTTGGTGKGTCAT
Apnmt-5F ATGACACACCAAACCCATGC
Apomt-5-1F=* GGATTTGAAGCAGCAGCATG
Apomt-5-1R* CTGTTTGGCGTAAGCAGATTG
Apomt-5R GGYTCCTAAGACCAAYGGAT
Apomt-6F ATCCATTGGTCTTAGGAACC
Apomt-6-1F=* TGGACGATCAGACGCAAATAC
Apomt-6-2F=* CAACGCCTGAGCCCTAATAAT
Apomt-6-2Rx* ATGAGCGGGTTTGTAGGTTG
Apomt-6-1Rx AGAAGCCCCCTCAGATTCAT
Apomt-6R GCCTCCAATTCAGGTGAGGGTA

Asterisk indicates nested flanking primers.
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1.2.3. Sequence analysis of mt genomes of Korean Apodemus

The complete mt genome sequences of Apodemus agrarius, A. chejuensis,
and A. peninsulae were compared with the mt genome sequences of other
rodents in the GenBank database. The locations of the 13 protein—coding
genes were determined by comparing nucleotide or amino acid sequences and
identified 2 rDNAs and the CR. The 22 tRNA genes were identified using
tRNAscan-SE (Lowe and Eddy, 1997) and ARWEN (Laslett and Canbéck,
2008).

The size of complete mt genome, gene lengths, and initiation and
termination codons of the 13 protein—-coding genes were compared. In addition,
nucleotide composition, nucleotide frequency, and codon usage of the 13
protein—coding genes, O, and the putative tRNA cloverleaf structures of 3

Korean Apodemus mt genomes were compared.

1.2.4. Phylogenetic analysis

Phylogenetic relationships were analyzed by maximum likelihood (ML)
methods. The mt 13 protein-coding genes of other Rodentia were available in
GenBank database (Table 1.2) and aligned with those of Korean Apodemus
using MEGAS software (Tamura et al, 2011). The best model of nucleotide
evolution was determined using jmodeltest (Posada, 2008). The GTR+I+G
model was determined based on the Akaike Information Criterion (Akaike,
1973). Tree reconstruction was conducted using MEGAS software and
bootstrap analysis were conducted with 1,000 replications. Oryctolagus

cuniculus (AJ001588; Lagomorpha, Leporidae) was used as outgroup species.
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Table 1.2. List of Rodentia mitochondrial genomes

. i i Accession
Order Family Species Size
Num.

Lagomorpha Leporidae Oryctolagus cuniculus 17,245 AJ001588
Rodentia Anomaluridae Anomalurus sp. 16,923 AM159537
Caviidae Cavia porcellus 16,301 AJ222767
Cricetidae Cricetulus griseus 16,284 DQ390542
Cricetidae Eothenomys chinensis 16,362 FJ483847
Cricetidae Eothenomys regulus 16,379 JN629046
Cricetidae Mesocricetus auratus 16,264 EU660218
Cricetidae Microtus kikuchii 16,312 AF348082
Cricetidae Microtus levis 16,283 DQO015676
Cricetidae Proedromys sp. 16,296 FJ463038
Cricetidae Tscherskia triton 16,488 EU031048
Cricetidae Microtus fortis 16,310 JF261174
Dipodidae Jaculus jaculus 16,546 AJ416890
Gliridae Myoxus glis 16,602 AJ001562
Muridae Leggadina lakedownensis 16,262 EU305668
Muridae Mus musculus 16,299 AY172335
Muridae Mus terricolor 16,310 EU352649
Muridae Pseudomys chapmani 16,249 EU305669
Muridae Rattus exulans 16,307 EU273710
Muridae Rattus fuscipes 16,301 GU570664
Muridae Rattus leucopus 16,297 GU570659
Muridae Rattus norvegicus 16,313 AY172581
Muridae Rattus praetor 16,293 EU273708
Muridae Rattus rattus 16,305 EU273707
Muridae Rattus sordidus 16,309 GU570665
Muridae Rattus tanezumi 16,306 EU273712
Muridae Rattus tunneyi 16,292 GU570662
Muridae Rattus villosissimus 16,303 GU570663
Sciuridae Sciurus vulgaris 16,507 AJ238588
Spalacidae Spalax ehrenbergi 16,408 AJ416891
Thryonomyidae Thrvonomys swinderianus 16,626 AJ301644
Muridae Apodemus agrarius 16,260 This study
Muridae Apodemus chejuensis 16,261 This study
Muridae Apodemus peninsulae 16,266 This study
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1.3. RESULTS

1.3.1. Mitochondrial genomes of Korean Apodemus

The complete mt genomes of Apodemus agrarius, A. chejuensis, and A.
peninsulae were determined to be 16,260, 16,261, and 16,266 bp long,
respectively (Fig. 1.1 and Table 1.3-5), and have been deposited in the
GenBank database (Accession Nos. HMO034866, HMO034867, and HQ660074,
respectively). Like other vertebrate mt genomes, the Apodemus mt genomes
contain 13 protein—coding genes, 22 tRNAs, 2 rDNAs, and a noncoding

control region (Fig. 1.1).

1.3.2. Protein—coding genes

The mt genomes of Apodemus agrarius and A. chejuensis had
protein—coding genes that use the most common initiation codon, ATG, and 2
unusual initiation codons: GTG and ATA (Table 1.3-5). A. peninsulae had an
additional unusual ATC initiation codon in the ND2 gene (Table 1.5).

Four termination codons were found in the Apodemus agrarius, A.

chejuensis, and A. peninsulae mt protein—encoding genes: TAA, TAG,

incomplete TA, and T (Table 1.3-5).
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Korean Apodenius

Mitochondrial genome

Figure 1.1. The mitochondrial genome structure of Korean Apodemus.
The complete mt genome have 13 protein—coding genes, 22 tRNAs, 2 rDNASs,

and control region. The mt gene order is identical to those of other

mammalian mt genomes.
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Table 1.3. Location of feature in the mt genome of A. agrarius

Feature® Position Size (bp) Codon
cature 5 3 17e Abp Initiaton Termination

tRNA-Phe 1 67 67

12S rRNA 68 1022 955

tRNA-Val 1023 1091 69

16S rRNA 1092 2663 1572

tRNA-Leu V"™ 2664 2738 75

NDI 2739 3695 957 GTG T--
tRNA-Ile 3694 3762 69

tRNA-Gin 3760 3834 75

tRNA-Met 3835 3903 69

ND2 3904 4941 1038 ATA T-—-
tRNA-Trp 4940 5007 68

tRNA-Ala 5009 5077 69

tRNA-Asn 5079 5149 71

o} 5150 5180 31

tRNA-Cys 5181 5248 68

tRNA-Tyr 5249 5315 67

COl 5317 6861 1545 ATG TAA
tRNA-Ser VN 6859 6927 69

tRNA-Asp 6931 6999 69

co2 7000 7633 684 ATG TAA
tRNA-Lys 7637 7750 64

ATPase 8 7752 7955 204 ATG TAA
ATPase 6 7913 8593 681 ATG TAA
CO3 8593 9377 785 ATG T-—-
tRNA-Gly 9377 9445 69

ND3 9445 9792 348 ATA TAA
tRNA-Arg 9794 9861 68

ND4L 9864 10160 297 ATG TAA
ND4 10154 11531 1378 ATG T--
tRNA-His 11532 11599 68

tRNA-Ser@" 11600 11658 59

tRNA-Leu/ "™’ 11658 11729 72

ND5 11729 13558 1830 ATA TAA
ND6 13536 14054 519 ATG TAA
tRNA-Glu 14055 14123 69

CYTB 14127 15270 1144 ATG T-—-
tRNA-Thr 15271 15339 69

tRNA-Pro 15340 15406 67

Control region 15407 16260 854

*NDI-6, NADH dehydrogenase subunit 1-6 gene; COI-3, cytochrome c oxidase subunit
1-3 gene; ATPase 6 and 8, ATPase subunit 6 and 8 gene; CYTB, cytochrome b gene; O,
L-strand replication origin, CR, control region.

Underlines indicate a gene encoded on the L-strand.
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Table 1.4. Location of feature in the mt genome of A. chejuensis

Feature® Position Size (bp) Codon
cature 5 3 17¢ 1P Initiaton Termination

tRNA-Phe 1 67 67

12S rRNA 68 1022 955

tRNA-Val 1023 1091 69

16S rRNA 1091 2663 1573

tRNA-Leu/ V"% 2664 2738 75

NDI 2739 3695 957 GTG T--
tRNA-Ile 3694 3762 69

tRNA-Gin 3760 3830 71

tRNA-Met 3835 3903 69

ND2 3904 4941 1038 ATA T--
tRNA-Trp 4940 5007 68

tRNA-Ala 5009 5077 69

tRNA-Asn 5079 5149 71

o} 5150 5180 31

tRNA-Cys 5181 5248 68

tRNA-Tyr 5249 5315 67

COl 5317 6861 1545 ATG TAA
tRNA-Ser VN 6859 6927 69

tRNA-Asp 6931 6998 68

co2 7000 7683 684 ATG T--
tRNA-Lys 7637 7750 64

ATPase 8 7752 7955 204 ATG TAA
ATPase 6 7913 8593 681 ATG TA-
CO3 8593 9377 785 ATG T--
tRNA-Gly 9377 9444 68

ND3 9445 9792 348 ATA TAG
tRNA-Arg 9794 9861 68

ND4L 9864 10160 297 ATG TAA
ND4 10154 11531 1378 ATG T--
tRNA-His 11532 11599 68

tRNA-Ser“@’ 11600 11658 59

tRNA-Leu/ "™’ 11658 11728 71

ND5 11729 13558 1830 ATA TAA
ND6 13536 14054 519 ATG TAA
tRNA-Glu 14055 14123 69

CYTB 14127 15270 1144 ATG T--
tRNA-Thr 15271 15338 68

tRNA-Pro 15339 15404 66

Control region 15405 16261 857

®NDI-6, NADH dehydrogenase subunit 1-6 gene; COI-3, cytochrome c oxidase subunit
1-3 gene; ATPase 6 and 8, ATPase subunit 6 and 8 gene;, CYTB, cytochrome b gene; Or,
L-strand replication origin, CR, control region.

Underlines indicate a gene encoded on the L-strand.

_25_



Table 1.5. Location of feature in the mt genome of A. peninsulae

Feature® Position Size (bp) Codon
cature 5 3 17e Abp Initiaton Termination

tRNA-Phe 1 67 67

12S rRNA 68 1023 956

tRNA-Val 1024 1092 69

16S rRNA 1093 2663 1571

tRNA-Leu V"™ 2664 2738 75

NDI 2739 3695 955 GTG TAG
tRNA-Ile 3694 3762 69

tRNA-Gin 3760 3830 71

tRNA-Met 3834 3902 69

ND2 3903 4940 1038 ATC TAG
tRNA-Trp 4939 5006 68

tRNA-Ala 5008 5076 69

tRNA-Asn 5078 5148 71

o} 5149 5179 31

tRNA-Cys 5180 5245 66

tRNA-Tyr 5246 5312 67

COl 5314 6858 1545 ATG TAA
tRNA-Ser VN 6856 6924 69

tRNA-Asp 6928 6995 68

co2 6997 7630 684 ATG TAG
tRNA-Lys 7634 7747 64

ATPase 8 7749 7952 204 ATG TAA
ATPase 6 7910 8590 681 ATG TAA
CO3 8590 9374 785 ATG TA-
tRNA-Gly 9374 9441 68

ND3 9442 9789 348 ATA TAA
tRNA-Arg 9791 9858 68

ND4L 9861 10157 297 ATG TAA
ND4 10151 11528 1378 ATG T--
tRNA-His 11529 11595 67

tRNA-Ser@" 1159 11654 59

tRNA-Leu/ "™ 11654 11724 71

ND5 11725 13554 1830 ATA TAA
ND6 13532 14050 519 ATG TAA
tRNA-Glu 14051 14119 69

CYTB 14123 15266 1144 ATG T-—-
tRNA-Thr 15267 15333 67

tRNA-Pro 15334 15400 67

Control region 15401 16266 366

*NDI-6, NADH dehydrogenase subunit 1-6 gene; COI-3, cytochrome c oxidase subunit
1-3 gene; ATPase 6 and 8, ATPase subunit 6 and 8 gene; CYTB, cytochrome b gene; O,
L-strand replication origin, CR, control region.

Underlines indicate a gene encoded on the L-strand.
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Overall, the nucleotide frequencies of the analyzed mt protein—encoding
genes were similar (Table 1.6). In Korean Apodemus, the nucleotide
frequencies of A. agrarius and A. chejuensis were similar. However, those of
A. peninsulae were different. The protein-coding genes of A. peninsulae had
the greatest adenine and thymine content. In particular, A. peninsulae had the
most thymine and adenine in the second and third position, respectively, in
Korean Apodemus. Adenine frequency in the first position was relatively low
but guanine in same position was much more frequent. In the second
position, A. peninsulae had the most thymine. The third codon position in A.
peninsulae was the most variable. Guanine frequency in the third position
was lowest in A. peninsulae.

Codon usage based on mt protein—coding genes showed that the patterns
of A. agrarius and A. chejuensis were similar, while those of A. peninsulae
slightly differed (Table 1.7-9). With respect to the mt protein—coding genes,
the most frequent codon was CUA for leucine (252 times and 254 times,
respectively) in A. agrarius and A. chejuensis and AUU for isoleucine (277
times) in A. peninsulae whereas the most rare codons were ACG for
threonine and CGG for arginine in A. agrarius (2 times, respectively) and
UCG for serine and AAG for lysine in A. chejuensis (2 times, respectively)
and CGG for arginine (0 time) in A. peninsulae. Of all the codon groups that
encode a single amino acid, leucine was used most frequently (600
times/15.8%, 598 times/15.7%, and 590 times/155% in A. agrarius, A.
chejuensis, and A. peninsulae, respectively). Conversely, the least used amino
acid was the cysteine group [29 times/0.76% in A. agrarius and A.

chejuensis, and 28 times/0.74% in A. peninsulael.
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Table 1.6. Nucleotide frequencies of 13 protein-coding genes

A. agrarius

A. chejuensis

A. peninsulae

Position

Num. ¢ A ¢ T C A G T C A G
1st 284 240 429 47 285 238 429 48 248 226 325 20.1
ond 244 239 317 200 242 240 319 199 423 257 200 120
3rd 419 254 207 120 419 253 208 120 300 213 455 3.2
Total 315 245 318 122 315 244 319 122 323 232 327 118
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Table 1.7. Codon usage based on 13 protein-coding genes of A. agrarius

AA* Codon N’ AA Codon N AA Codon N AA Codon N
Phe UUU 148 Ser UCU 51 Tyr UAU 74 Cys UGU 9
uuc 97 ucc 54 UAC 57 UGC 20
Leu UUA 128 UCA 136 Stop UAA 11 Tmp UGA 93
uuG 9 UucG 3 UAG 2 UGG 13
CUU 110 Pro CCU 43 His CAU 42 Arg CGU 10
CUC 80 cCcC 30 CAC ™ cGC 7
CUA 252 CCA 121 GIn CAA 78 CGA 44
CuG 21 CCG 5 CAG 5 CGG 2
lle AUU 220 Thr ACU 8 Asn AAU 81 Ser AGU 20
AUC 148 ACC 61 AAC 8 AGC 3
Met AUA 197 ACA 159 Lys AAA 94 Stop AGA 0
AUG 35 ACG 2 AAG 3 AGG 0
Val GUU 50 Ala GCU 69 Asp GAU 31 Gly GGU 43
GUC 27 GCC 65 GAC 38 GGC 41
GUA & GCA 93 Glu GAA 78 GGA 101
GUG 8 GCG 4 GAG 15 GGG 2
“Amino acid

bFrequency of codon
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Table 1.8. Codon usage based on 13 protein—coding genes of A. chejuensis

AA* Codon N’ AA Codon N AA Codon N AA Codon N
Phe UUU 149 Ser UCU 49 Tyr UAU & Cys UGU 9
uuc 97 ucc 52 UAC 51 UGC 20
Leu UUA 120 UCA 139 Stop UAA 12 Tmp UGA 9%
uuG 13 ucG 2 UAG 1 UGG 8
CUU 106 Pro CCU 44 His CAU 44 Arg CGU 11
cuc 8 ccCc 29 CAC 52 CGC 6
CUA 254 CCA 123 GIn CAA 78 CGA 41
CUG 23 CCG 4 CAG 5 CGG 6
e AUU 225 Thr ACU 8 Asn AAU 78 Ser AGU 20
AUC 148 ACC 58 AAC &9 AGC 37
Met AUA 199 ACA 156 Lys AAA 97 Stop AGA 0
AUG 33 ACG 4 AAG 2 AGG 0
Val GUU 46 Ala GCU 66 Asp GAU 32 Gly GGU 42
GUC 28 GCC 67 GAC 39 GGC 39
GUA & GCA 91 Glu GAA 73 GGA 104
GUG 8 GCG 5 GAG 20 GGG 24
“Amino acid

bFrequerlcy of codon
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Table 1.9. Codon usage based on 13 protein-coding genes of A. peninsulae

AA* Codon N’ AA Codon N AA Codon N AA Codon N
Phe UUU 144 Ser UCU 62 Tyr UAU 76 Cys UGU 10
uuc 97 UCC 40 UAC 57 UGC 18
Leu UUA 167 UCA 143 Stop UAA 12 Trmp  UGA 100
uuG 11 UcG 1 UAG 1 UGG 4
CUU 111 Pro CCU 43 His CAU 50 Arg CGU 9
cuc 57 ccC 25 CAC 50 CGC 12
CUA 228 CCA 131 GIn CAA &2 CGA 44
CUG 16 cCG 2 CAG 1 CGG 0
e AUU 277 Thr ACU 78 Asn AAU 68 Ser AGU 17
AUC 9% ACC 66 AAC 9 AGC 33
Met AUA 206 ACA 161 Lys AAA 9 Stop AGA 0
AUG 33 ACG 3 AAG 8 AGG 0
Val GUU 45 Ala GCU 66 Asp GAU 39 Gly GGU 42
GUC 20 GCC 63 GAC 36 GGC 43
GUA & GCA 90 Glu GAA 381 GGA 111
GUG 15 GCG 3 GAG 11 GGG 15
“Amino acid

bFrequency of codon
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1.3.3. rRNA and tRNA encoding genes

The 12S rRNA gene was 955, 955, and 956 bp long in Apodemus
agrarius, A. chejuensis, and A. peninsulae, respectively, and the 16S rRENA
gene was 1572, 1573, and 1571 bp long, respectively. As in other
vertebrates, including Rodentia, these genes were located between the
tRNA-Phe and tRNA-Leu™"™ genes and are separated by the tRENA-Val
gene (Table 1.3-5).

The mt genome of Korean Apodemus contained 22 tRNA genes dispersed
between rDNAs and protein—coding genes, as in other rodents (Fig. 1.2-4 and
Table 1.3-5). I identified 2 forms of tRNA-Leu (UUR and CUN) and
tRNA-Ser (UCN and AGY; Fig. 12-4 and Table 1.3-5). The 3 tRNA
clusters, IQM (isoleucine, glutamine, and methionine), WANCY (tryptophan,
alanine, asparagine, cysteine, and tyrosine), and HSL (histidine, serine, and
leucine), were conserved in Korean Apodemus, as in the typical Rodentia mt

AGY
AGY) was compared to the mt

genome. The putative structure of tKNA-Ser
tRNAs of Rodentia. The abnormal structure of tRNA-Ser*™Y was identified
in the dihydrouridine (DHU) arm in the mt genome sequences of 3 Korean

Apodemus (Fig. 1.5).
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Figure 1.2. The putative structures of the 22 tRNAs of Apodemus

agrarius, inferred from nucleotide sequences of the tRNA genes. The

tRNAs are labeled with the abbreviations of their corresponding amino acids.
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Figure 1.3. The putative structures of the 22 tRNAs of Apodemus
chejuensis, inferred from nucleotide sequences of the tRNA genes. The

tRNAs are labeled with the abbreviations of their corresponding amino acids.
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Figure 1.4. The putative structures of the 22 tRNAs of Apodemus
peninsulae, inferred from nucleotide sequences of the tRNA genes. The

tRNAs are labeled with the abbreviations of their corresponding amino acids.
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Figure 1.5. The putative structure of the tRNA-Ser in Korean
Apodemus. The abnormal structure of tRNA-Ser'®®Y was identified in DHU
arm. (A) shows secondary structure of general mt tRNAs (Wyman and
Boore, 2003). General mt tRNAs have normal DHU arm with stem-loop
structure. (B), (C), and (D) has abnormal structures with four nucleotides in

DHU arm of mt tRNA-Ser'®“Y of A. agrarius, A. chejuensis, and A.

peninsulae, respectively.

_36_



1.3.4. Control region

Generally, the mt genomes of mammals have 2 noncoding regions: Op and
CR, which is also called the D-loop. The Op of Korean Apodemus was 31 bp
long and was located between tRNA-Asn and tRNA-Cys (Table 1.3-5),
consistent with other mammals. The stem - loop region, conserved motif (5
-TAAGG-3 "), and the L-strand replication initiation site (GGC) are
presented in Fig. 1.6.

The CR of A. agrarius, A. chejuensis, and A. peninsulae spanned 854 bp,
857 bp, and 866 bp, respectively, and was positioned between the tRNA-Pro
and tRNA-Phe genes (Table 1.3-5). The CR contains several conserved
sequences (Fig. 1.7): the termination—associated sequence (TAS) and
conserved sequence blocks (CSBs). These elements show some sequence

variation but are generally conserved among Rodentia.

1.3.5. Phylogenetic relationships

Generally, the ML tree shows that phylogenetic relationships are highly
supported by sequences of 13 protein—coding genes of Rodentia mt (Fig. 1.8).
Muridae was grouped with Cricetidae as sister taxon. Fattus was divided into
distinct two clades, and Korean Apodemus and Mus derived from common
ancestors. The branch support value of Anomalurus+Cavia+Thryonomys was
lower than 50%. Microtus levis and Proedromys sp. was grouped with very
low support value (10%). The monophyly of Muroidea (Muridae, Cricetidae,

and Spalacidae) was well supported with 1009 bootstrap value.
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tRNA-Cys

A. agrarius CTTCTCCCGCCTATCAGAAAAGG GGGAGAAGCCTTAGTAGA

A. chejuensis CTTCTCCCGCCTATCAGAAAAGG GGGAGAAGCCTTAGTAGA

A. peninsulae CTTCTCCCGCCTATCAGAAAAGG GGLGAGAAGLCC TTAGTAGA
!

{RNA-Cys

e o G T T fmm G T o Ay G A

a0
Figure 1.6. Common features of L-strand replication origin of Korean
Apodemus. The Op sequences of Korean Apodemus mt DNA was identical.
The Op has the potential to form a stable stem-loop structure. The initiation
site "GGC’ for L-strand replication is located on stem region. Bold and

underlines indicate stem region and vertebrate conserved motif, respectively.
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A. agrarius
A. chejuensis
A. peninsulae
A. agrarius
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Figure 1.7. Conserved sequences of the mitochondrial control region of

AACTCTATTA-CTACTTA
A

TAATTTTAA
TAATTTTAA
TAACTTCTA

ATGTCAAACCCCARAR-CCATCAAA
ACGTCAAACCCCARAR-CCA[TCARA
TGCCAAACCCCAAAAATCAHTTARAA
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-

.
[ e T e}
oy O o

Korean Apodemus. TAS and CSB-1, CSB-2, and CSB-3, which occur near

the 3’ and 5 terminus, respectively. Sequences of TAS and CSB-1-3 were

slightly different among control

region of Korean Apodemus.

sequence regions were marked as double waved lines.
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Figure 1.8. Phylogenetic tree of Korean Apodemus. The ML tree (InL =

-168970.343) was reconstructed using GTR+I+G model. The percentage of

replicate trees in which the associated taxa clustered together in the bootstrap

test (1,000 replicates) are shown next to the branches. The tree is drawn to

scale, with branch lengths measured in the number of substitutions per site.
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1.4. DISCUSSION

1.4.1. Comparative analysis of mitochondrial genome sequences

Korean Apodemus contain relatively small mt genomes in the order
Rodentia, according to the GenBank database (Table 1.2). The higher animals
exhibit significantly less variation in mt genome size and tend to have
smaller mt genomes than lower animals (Rand, 1993). Rand (1993) thought
these patterns are due to differential metabolic rates and reduced mutation
pressures. This theory would suggest that Korean Apodemus spp. might have

evolved late in the evolutionary history of Rodentia.

General features of mt genome of the Korean Apodemus are similar to
those of other Rodentia. The gene rearrangements of mt genomes were
reported in various vertebrates such as marsupials (Padbo et al, 1991), birds
(Bensch and Harlid. 2000), reptiles (Yan et al, 2008), fishes (Mabuchi et al,
2004), and amphibians (Mueller and Boore, 2005). However, gene
rearrangements have not been identified in mt genomes of Rodentia, including
Apodemus spp. This indicates that mt genomes of Rodentia are very stable

and highly conserved.

The mt protein—coding genes of Korean Apodemus used various initiation
and termination codons. The mt protein—coding genes of A. agrarius and A.
chejuensis used 3 types of initiation codons (ATG, ATA, and GTG) and
those of A. peninsulae used 4 types of initiation codons (ATG, ATA, ATC
and GTG). ATG is the most common initiation codon, but various vertebrate
mt genes use non-canonical starts (Mouchaty et al, 2001; Mabuchi et al.,

2004; Mueller and Boore, 2005, Horner et al, 2007). These alternative
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initiation codons are translated as methionine or formylmethionine (Touriol et
al., 2003). Five types of initiation codons (ATG, GTG, ATC, ATA, and ATT)
have been identified in the Rodentia. ATT is not used in Korean Apodemus.

The mt protein-coding genes of A. agrarius, A. chejuensis, and A.
peninsulae used 2 (TAA and T), 4 (TAA, TAG, TA, and T), and 3 (TAA,
TAG, and T) types of termination codons, respectively. Korean Apodemus mt
genes also used incomplete termination codons such as TA and T, as occurs
in other vertebrates (Oh et al, 2007a; 2007b; Yan et al, 2008; Oh et al.,
2010). These incomplete termination codons are completed via
post-transcriptional polyadenylation (Ojala et al, 1981).

Overall, the nucleotide frequencies of the analyzed mt protein—-coding genes
were slightly different in Korean Apodemus. Especially, guanine frequency at
the first codon position in A. peninsulae mt was remarkably higher than in
A. agrarius and A. chejuensis, while guanine frequency at the third codon
position of A. peninsulae mt was much lower. The relatively low frequencies
of guanine at the first codon position of A. agrarius and A. chejuensis have
not been reported in Muridae. For instance, guanine at the first codon
position of FRattus norvegicus mt genes were relatively more frequent at 19%
(Gadaleta et al, 1989). In the protein coding genes, the proportion of guanine
at the third codon position is relatively low, as previously reported (Reyes et
al, 1998; Inoue et al, 2000; Bayona-Bafaluy et al, 2003). The wvariation in
base composition at the 3 codon positions is related to gene expressivity
(Gutiérrez et al., 1996). Accordingly, the differential nucleotide preference for
codon position may affect mt gene expression across Korean Apodemus.

The codon usage pattern was similar to those of other rodents (Lin et al,
2002; Horner et al, 2007, Partridge et al, 2007). Codon usage also might be
related to translation of mt genes. Jia and Higgs (2008) discovered very little
evidence for translational accuracy selection in mt genes. They suggested that

the selection for translational efficiency might lead to codon preferences.
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Moreover, Knight et al (2001) suggested low codon frequencies can be
related to codon reassignment, and highly expressed genes have a strong
preference for a subset of codons, while low—expression genes have a more
uniform pattern of codon usage (Ikemura, 1981; Gouy and Gautier, 1982).
Therefore, some frequently used codons such as CUA (tRNA-Leu), AUC
(tRNA-Ile), AUA (tRNA-Met), etc., of Korean Apodemus mt may be
associated with highly expressed genes while infrequently used codons like
UCG (tRNA-Ser), ACG (tRNA-Thr), CGG (tRNA-Arg), etc., might be
related to rarely expressed genes.

The mt genomes of Korean Apodemus contain 22 tRNA genes interspersed
between rRNAs and protein—coding genes. The general features of the mt
tRNA genes were identical to those found in other rodents (Lin et al., 2002;
Horner et al, 2007, Partridge et al, 2007). The tRNA genes ranged from 59
to 75 nucleotides.

The tRNA-Ser®“Y found in the mt genomes of Korean Apodemus had no
discernible DHU stem, similar to other rodents (Gadaleta et al, 1989; Horner
et al, 2007; Partridge et al, 2007). The tRNA-Ser*™ lacking the DHU stem
works in the mt translation system but has low translational activity in an in
vitro translation system of bovine mitochondria (Hanada et al, 2001).
Accordingly, tRNA-Ser'®Y) of Korean Apodemus also might work with some
molecular disadvantages on ribosomes in the mt translation system.

The Or sequence has the potential to form a stable stem - loop structure,
and a conserved motif (5" ~“TAAGG-3 ") is located in the base of the stem
within tENA-Cys. This motif has been reported to exhibit some sequence
variation in vertebrates such as Lialis (5 -ACCGG-3 '), Varanus
(5" -CCCTG-3 "), Bipes (5" -GCCAG-3") (Macey et al, 1997), Halichoeres
(5" -GCCGG-3 " Oh et al, 2008), and Hynobius (5" -TCCGG-3 " Oh et dl,
2007a). The pentanucleotide motif is conserved among vertebrates (Noack et

al, 1996). This sequence may play an important role in in vitro replication of
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the L-strand (Hixson et al, 1986). The Op of Korean Apodemus mt contained
an A-rich region in the loop. Other rodents are not A-rich or have only a
single A in the loop in Jaculus jaculus (AJ416890) and Mus musculus
(AY172335). These dissimilarities may result in slight differences in the
structural recognition efficiency of mt DNA primase (Wong and Clayton,
1985; Hixson et al, 1986). In addition, the stem region of Op has the
initiation site (GGC) for L-strand replication (Brennicke and Clayton, 1981),
which was identical in all Korean Apodemus.

Within the CR, several conserved features were found such as TAS and
CSB-1-3. The TAS element was identified upstream from the 3~ end of the
control region in mammals (Doda et al, 1981, Mackay et al, 1986). This is
associated with the termination of D-loop strand synthesis (Broughton et al,
2001). The TAS elements slightly differed between A. agrarius, A. chejuensis,
and A. peninsulae. The CSB sequences were identical and/or slightly
different. The CSB sequences are associated with mt DNA replication and
transcription (Clayton, 1991; Shadel and Clayton, 1997). Accordingly,
replication and/or transcription efficiency might differ between Korean

Apodemus spp.

1.4.2. Phylogenetic relationships of Korean Apodemus

The ML analysis placed Sciurus and Myoxus at the base of the
phylogenetic tree of rodents showing similar to the phylogenetic tree of major
rodent clades inferred from six nuclear genes (Blanga-Kanfi et al, 2009). The
result showed that major rodent clades comprised a squirrel-related clade, a
mouse-related clade, and Ctenohystrica suggested that the basal position of a
squirrel-related clade might be the most suitable for rodent evolutional
scenario (Blanga-Kanfi et al, 2009).

Rattus consisted of two distinct clades with 1009 bootstrap support value,
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which phylogeny corresponded to previous study (Robins et al, 2008; Robins
et al, 2010). Robins et al. (2008) suggested that the divergence between
Rattus and Mus was occurred at about 12 Mya, and the deepest divergence
within Rattus at 3.5 Mya, however subsequent research using 16 mt genomes
of Rattus proposed the most recent common ancestor of Fattus diverged at
about 2.7 Mya (Robins et al, 2010). The phylogenetic relationships among
Rattus spp. is very complex so that ML analysis using mt genome sequences
of FRattus could not fully resolved their relationships.

The phylogeny of two native Australian rodents, Leggadina lakedownensis
and Pseudomys chapmani showed that these two species related to Mus as a
sister group (Nilsson et al, 2010). However, the phylogenetic analysis
including Apodemus showed that Mus was the closest related to Apodemus
(Fig. 1.8). The closed relationships between Mus and Apodemus was reported
in previous researches (Suzuki et al, 2000; Steppan et al, 2005), however,
those studies contained just a few species of Muridae.

To date, the mt genome sequences of Rodentia were reported only 33
species (37 mt genomes including below subspecies). Accordingly, the
phylogenetic analysis of Rodentia using mt genome sequences could not
clarify the their relationships. However, the sequence data of single gene have
accumulated via continued efforts to explain the phylogenetic relationships of
rodents using nuclear and mt gene sequences. Especially, DNA barcoding
project contributed to accumulate DNA sequences of mt gene such as COI
and CYTB. Accordingly, mt COIl and/or CYTB gene sequences might be
very useful for rodent phylogeny and species identification (Robins et al,

2010).
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Chapter 2

Possible historical migration routes of Apodemus

chejuensis
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2.1 INTRODUCTION

The genus Apodemus contains at least 20 species (Musser and Carleton,
2005), including several of the most common small rodent species, and is
widely distributed in the Palearctic region.

The striped field mouse A. agrarius is distributed throughout nearly the
entire Korean Peninsula and is the most common rodent species in Korea;
another striped field mouse, A. chejuensis, is found only on Jeju Island off
the southern coast of the Korean Peninsula (Won and Smith, 1999; Yoon et
al, 2004a). Generally, A. agrarius inhabits rural flat lands, rivers, and
agricultural farmlands. They breed 3 -4 times a year and have 2 - 8 offspring
per litter (Yoon et al, 1997). They eat seeds of rice, fruits, and grasses
(Kang, 1971). A. agrarius are known to be a vector of the fatal epidemic
hemorrhagic fever and tsutsugamushi disease (Lee and Lee, 1976; Lee et al.,
1991). The Jeju Striped Field mouse, A. chejuensis, is often found near bush
and mountainous area populated by shrubbery. They are distributed from the
coastal region to the high-altitude region of Mt. Halla. They breed 3 -4 times
per year and usually have 4 -5 offspring per litter. Similar to A. agrarius,
they eat rice, fruits, and grass plants.

Although Jones and Johnson (1965) originally classified A. chejuensis as
one (A. agrarius chejuensis) of the 4 subspecies of A. agrarius, subsequent
molecular studies suggested that A. chejuensis is a distinct species (Han et
al., 1996; Koh et al, 2000). The ability of offspring to hang to the mother’s
papilla, known as tenacious nipple attachment, is observed only in A.
chejuensis (Oh and Mori, 1998b); the results of crossbreeding experiments led
to the conclusion that A. chejuensis are separate biological species (Oh and

Mori, 1998a). However, researchers are still performing molecular genetic
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studies of A. agrarius and A. chejuensis (Koh et al, 2000; Yoon et al,
2004b), and the taxonomic status of A. chejuensis still remains a matter of
debate (Musser and Carleton, 2005).

Molecular evolutionary and phylogenetic studies have been conducted by
several researchers focused on Korean Apodemus. Koh and Yoo (1992)
analyzed mitochondrial (mt) DNA polymorphisms of A. agrarius and A.
chejuensis by using 8 restriction enzymes. Thirty-one fragments were
recognized and 15 clones were identified in 15 specimens of A. a. coreae and
6 specimens of A. a. chejuensis. Thus, A. agrarius were grouped into 4 major
subgroups, but the taxonomic status of the subgroup remained unclear. Koh
and Yoo (1992) suggested that the A. chejuensis specimens are indicative of
a distinct species. In 1996, Han et al also conducted restriction fragment
analysis by using 11 restriction enzymes with nuclear ribosomal RNA spacers
and mt DNA and suggested that geographic conditions may preserve various
mtDNA haplotypes. Since the 2000s, molecular studies of DNA sequences
have been used to establish the biogeographic, phylogenetic, and evolutionary
status of Korean Apodemus. The analysis of mt cytochrome b (CYTB)
sequences of A. agrarius and A. chejuensis. from the Korean Peninsula,
southern coastal islets, and Jeju Island showed significant genetic structuring
by geographical area and suggested that the hypothesized oldest haplotypes
were obtained by the Jeju population and A. agrarius might be derived from
A. chejuensis (Yoon et al., 2004b).

Suzuki et al (2008) suggested that the FEuropean lineage is a likely
descendant of the Asian lineage and some genetic elements from Asia
contributed to the mt DNA found in Europe. Phylogenetic analyses of mt and
nuclear gene sequences indicated that A. agrarius and A. chevrieri are the
most closely related sister species (Suzuki et al, 2003; Liu et al, 2004).
Moreover, A. agrarius diverged from A. chevrieri about 2.68 million years ago

(Mya), during the first glacial age of the Quaternary (Liu et al., 2004). The
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most reasonable theory of the origin of Asian Apodemus was suggested by
Xia (1984). He proposed that Asian Apodemus occurred in the Hengduan
Mountain region. This region contains extreme topographic and climatic
complexity (Zang, 2002) that led to species differentiation during the glacial
period of the Quaternary (Liu et al, 2004). If the ancestor of A. agrarius
inhabitants in the Korean Peninsula originated from the Hengduan Mountains,
they may have moved into the peninsula or the North Korea via the Yellow
Sea basin during the glacial age (Fig. 2.1).

The mt CYTB gene is commonly located between 2 transfer RNA (tRNA)
genes, tRKNA-Glu and tRNA-Thr, in the mammalian mt genome. This gene
1s generally used In as a phylogenetic marker in vertebrate population
genetics and phylogenetic inferences (Iwasa et al, 2000; Koh et al, 2001,
Hodgkinson et al., 2003; Yoon et al, 2004b). The CYTB gene contains both
conserved and variable codon positions and its molecular phylogenetic utility
has been demonstrated in vertebrates (Irwin et al, 1991; Graybeal, 1993;
Zardoya and Doadrio, 1999). Therefore, this gene is suitable for investigations
of animal phylogenetic status (Meyer, 1994; Lovejoy and de Aratjo, 2000).

In 2009, Dubey et al. suggested that the CYTB pseudogene can lead to
phylogenetic misinterpretations in Muridae. The existence of a nuclear copy of
the CYTB pseudogene had been not widely recognized. The nuclear
sequences can cause major problems in systematic analyses due to different
selection pressures and rate of nucleotide substitutions. Therefore, such

sequence analysis can lead to inaccurate interpretations (Zhang and Hewitt,

1996, 2003; Triant and DeWoody, 2007).

_49_



Hengduan Mountain Ranoe v

L. m

Figure 2.1. Origination and expansion of ancestral lineage of A.

agrarius into the Korean Peninsula. An open circle is Hengduan Mountain
Range considered as origination of Asian Apodemus (Xia, 1984). Arrows refer
to possible migration routes of ancestor lineages of A. agrarius. The gray

region represents the sea.
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Despite the various data regarding the distribution, morphology, and
molecular genetics of A. agrarius (Han et al, 1996, Serizawa et al., 2000; Liu
et al., 2004; Yoon et al, 2004b; Suzuki et al, 2008) and A. chejuensis (Han
et al, 1996, Koh et al, 2000; Yoon et al, 2004b), their historic migration
routes into the Korean Peninsula and Jeju Island, respectively, are unclear.
The biogeographic history of A. chejuensis has not been established. The
most reasonable theory regarding A. chejuensis, based on recent genetic data,
is that A. agrarius have descended from a population on Jeju Island (Yoon et
al., 2004b). Jeju Island is considered to have been a “refugium” during the
last glacial age, so that the maternal lineages that occur on Jeju Island could
have originated there or elsewhere.

Jeju Island is located southwest of the Korean Peninsula and consists
mainly of basaltic and pyroclastic flows (Yoon et al, 1995). The island
formed via volcanic eruption about 2 Mya (Yoon, 1997). Yoon (1997)
summarized the formation history of Jeju Island. After the formation of the
first Jeju volcanic edifice (about 2 Mya), the volcanic edifice subsided, and
marine transgression occurred about 1.8 Mya. The main volcanic edifice was
formed about 0.89-0.47 Mya. At this time, marine regression occurred, and
the older Jeju Island area became land. Subsequent volcanic activity led to
the formation of various major topographic features of Jeju Island. About 0.07
Mya, the summit of Mt. Halla was formed, and the central part of the main
volcanic edifice was uplifted by rising magma. During this time, marine
transgression occurred again and the Jeju volcanic edifice became Jeju Island.

Sea level changes affect biogeographic distributions (Mercer and Roth,
2003; Won and Renner, 2006). During the glacial epoch, global sea levels
fluctuated repeatedly (Voris, 2000, Zhong et al, 2004), and researchers have
suggested that some species migrated from the Korean Peninsula to Jeju
Island or vice versa during the glacial epoch (Shim and Park, 1998).

Therefore, integrated analysis of the distribution of terrestrial animals and
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geological changes is important to understanding the biogeographic history.
This chapter has been attempted to explain the population history of A.
agrarius and A. chejuensis and migration of A. chejuensis on the basis of the

mt CYTB gene sequences of A. agrarius and A. chejuensis from the Korean

Peninsula and Jeju Island.
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2.2. MATERIALS AND METHODS

2.2.1. Sampling and DNA extraction

Forty—nine Apodemus chejuensis individuals and 24 A. agrarius individuals
were collected in the wild at various sites on Jeju Island and the Korean
Peninsula, respectively (Table 2.1 and Fig. 2.2). Among all tissue samples of
A. agrarius, 13 samples (samples Agrll - 23) from various locations were
obtained from the Conservation Genome Resource Bank for Korean Wildlife.

Genomic DNA was extracted from small pieces of tail or muscle using a
NucleoSpin Tissue Kit (Macherey—-Nagel, Germany). First, small pieces of tail
or muscle was placed in a microcentrifuge tube with buffer T1 and proteinase
K solution and then vortexed. The tubes were incubated at 56°C until
complete lysis was obtained. The lysed samples were vortexed, and buffer B3
was added. The tubes were vortexed and incubated at 70°C for 10 min.
Ethanol was added and the samples were vortexed vigorously. For each
sample, a NucleoSpin® Tissue Column was placed into a collection tube, and
the samples applied to the column. The assembly was centrifuged for 1 min
at 11,000g. The flow-through was discarded and the column returned to the
collection tube. To wash the silica membrane, buffer BW and buffer B5 were
added in turn. The column-collection tube assembly was centrifuged for 1
min at 11,000g after each buffer addition. The silica membrane was dried by
centrifugation. Finally, the column was placed into a new 15 ml tube;
prewarmed buffer BE was added, and then incubated at room temperature for
1 min. The tube was centrifuged for 1 min at 11,000g, and the extracted
DNA was stored at -20°C.
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2.2.2. PCR and sequencing

A 1.2 kbp fragment of the CYTB gene was amplified from the mt DNA
by PCR using primers 114115 and H15288 (Martin et al, 2000). PCR was
carried out in 50 ul reaction mixtures containing 5 ul of 10x Pfu-X buffer
(Solgent, Korea), 2 ul of dNTP mix (25 mM of each dANTP), 1 ul of each
primer (10 uM), 0.5 ul of Pfu-X DNA polymerase (2.5 U/ul), 50-100 ng of
genomic DNA, and sterile distilled water. Amplified products were examined
by electrophoresis on 1% agarose gels, stained with EtBr, visualized under
UV light, and purified using an AccuPrep PCR purification kit (Bioneer,
Korea). The PCR products were directly sequenced using a BigDye
Terminator Sequencing Kit (Applied Biosystems) on an ABI 3730x] automatic
DNA sequencer with the newly designed inner primers ApoCYTB-F
(5" -CAAATCTCCTCTCAGCCATCC-3 ") and ApoCYTB-R (5" -CTGTTGG
GTTGTTTGAGCCTG-3 ).
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Table 2.1. Specimens and collection sources

Species Spl\e](l:llmm.en Collection site Acﬁi?il.on Halsfgpe
A. agrarius Agrl Boreumdo, Incheon-si HMO034868 Hapl
Agr? Cheongdo, Gyeongsangbuk—do HMO034869 Hap?2
Agr3 Cheongdo, Gyeongsangbuk—do HMO034870 Hap3
Agr4d Cheongdo, Gyeongsangbuk—do HMO034871 Hap?2
Agrb Cheongdo, Gyeongsangbuk—do HMO034872 Hap4
Agr6b Yangsan, Gyeongsangnam-do HMO034873 Hapb
Agr7 Yangsan, Gyeongsangnam-do HMO034874 Hap6
Agr8 Yangsan, Gyeongsangnam-do HMO034875 Hapb
Agr9 Yangsan, Gyeongsangnam-do HMO034876 Hap7
Agrl0 Yangsan, Gyeongsangnam-do HMO034877 Hap8
Agrll Kanghwa, Incheon-si HMO034878 Hap9
Agrl?2 Kanghwa, Incheon-si HMO034879 Hapl0
Agrl3 Samcheok, Kangwondo HMO034830 Hapl1l
Agrl4 Macheon, Gyeongsangnam-—do HMO034881 Hapl?2
Agrl5 Macheon, Gyeongsangnam-—do HMO034882 Hapl?2
Agrl6 Seokmodo, Incheon-si HMO034883 Hapl3
Agrl7 Seokmodo, Incheon-si HMO034834 Hapl4
Agrl8 Seokmodo, Incheon-si HMO034885 Hapl5
Agrl9 Seokmodo, Incheon-si HMO034886 Hapl5
Agr20 Seokmodo, Incheon-si HMO034887 Hapl5
Agr?l Hwacheon, Gangwon-do HMO034888 Hapl6
Agr?2?2 Hwacheon, Gangwon-do HMO034889 Hapl7
Agr?23 Hwacheon, Gangwon-do HMO034890 Hapl8
Agrz4 Naju, Jeonranam-do HMO034891 Hapl9
A. chejuensis Chel Hallim, Jeju—do HMO034892 Hap20
Che2 Seongsan, Jeju—do HMO034893 Hap21
Che3 Seongsan, Jeju—do HMO034894 Hap?2?2
Che4 Seongsan, Jeju—do HMO034895 Hap23
Cheb Seongsan, Jeju—do HMO034896 Hap24
Cheb Hallim, Jeju—do HMO034897 Hap25
Che7 Jocheon, Jeju—do HMO034898 Hap26
Che8 Andeok, Jeju—do HMO034899 Hap27
Che9 Ara, Jeju-do HMO034900 Hap25
ChelO Yonggang, Jeju—do HMO034901 Hap28
Chell Yonggang, Jeju-do HMO034902 Hap29
Chel?2 Yonggang, Jeju—do HMO034903 Hap28
Chel3 Gujwa, Jeju—-do HMO034904 Hap30
Chel4 Sanghyo, Jeju—do HMO034905 Hap31
Chelb Sanghyo, Jeju—do HMO034906 Hap32
Chel6 Pyoseon, Jeju—-do HMO034907 Hap33
Chel7 Pyoseon, Jeju—-do HMO034908 Hap34
Chel8 Pyoseon, Jeju—-do HMO034909 Hap27
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Chel9
Che20
Che?1
Che?22
Che23
Che?4
Che?25
Che26
Che27
Che28
Che?29
Che30
Che3l
Che32
Che33
Che34
Che35
Che36
Che37
Che38
Che39
Che40
Che4l
Che42
Che43
Che44
Che45
Che46
Che47
Che48
Che49

Pyoseon, Jeju—-do
Pyoseon, Jeju—-do
Ara, Jeju-do
Ara, Jeju-do
Ara, Jeju-do
Ara, Jeju-do
Ara, Jeju-do
Ara, Jeju-do
Ara, Jeju-do

Yeongpyeong, Jeju—do
Yeongpyeong, Jeju—do

Ara, Jeju-do

Ara, Jeju-do

Ara, Jeju-do
Hallim, Jeju-do
Hallim, Jeju-do
Sanghyo, Jeju—do
Sanghyo, Jeju—do
Sanghyo, Jeju—do
Seongsan, Jeju—do
Pyoseon, Jeju—-do
Pyoseon, Jeju—-do
Pyoseon, Jeju—-do
Pyoseon, Jeju—-do
Pyoseon, Jeju—-do
Pyoseon, Jeju—-do
Pyoseon, Jeju—-do
Pyoseon, Jeju—-do
Pyoseon, Jeju—-do
Seogwipo, Jeju—do
Seogwipo, Jeju—do

HMO034910
HMO034911
HMO034912
HMO034913
HMO034914
HMO034915
HMO034916
HMO034917
HMO034918
HMO034919
HMO034920
HMO034921
HMO034922
HMO034923
HMO034924
HMO034925
HMO034926
HMO034927
HMO034928
HMO034929
HMO034930
HMO034931
HMO034932
HMO034933
HMO034934
HMO034935
HMO034936
HMO034937
HMO034938
HMO034939
HMO034940

Hap27
Hap33
Hap35
Hap36
Hap37
Hap22
Hap32
Hap35
Hap36
Hap23
Hap38
Hap39
Hap35
Hap37
Hap20
Hap28
Hap31
Hap27
Hap40
Hap39
Hap27
Hap41
Hap33
Hap27
Hap33
Hap4?2
Hap20
Hap43
Hap33
Hap44
Hap20

(Continued)
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Figure 2.2. Collection sites of A. agrarius and A. chejuensis. Each
specimen is indicated by a number on the map. Small open and closed circles
indicate A. agrarius and A. chejuensis collection sites, respectively. Each local
population of A. agrarius is indicated by an dotted line and a square. COR,
Korean Peninsula; CHE, Jeju Island. Open squares indicate COR-I (western
islet of the Korean Peninsula) collection sites. Details are shown in the

magnified area. The gray region represents the sea.



2.2.3. Sequence analysis

The sequence analysis was conducted using 73 new CYTB sequences from
A. agrarius and A. chejuensis (Table 2.1). Collection sites were classified for
biogeographic analysis as follows: COR-1 and COR-II, the western islets and
inland of the Korean Peninsula, respectively; and CHE, Jeju Island (Fig. 2.2).
All complete CYTB sequences were aligned using the ClustalX program
(Thompson et al, 1997) and detected single nucleotide polymorphism (SNP)
sites. For CYTB haplotype analysis, MEGA5 software (Tamura et al, 2011)
and DNAsp 5.0 software (Librado and Rozas, 2009) were used to estimate the
Kimura two-parameter genetic distances (Kimura, 1980), the number of
haplotypes and polymorphic sites, the average number of nucleotide
differences, and the level of haplotype and nucleotide diversity. Fu's Fs test
was used to assess evidence of population expansion (Fu, 1997) by using
Arlequin 3.5 software (Excoffier and Lischer, 2010). A mismatch distribution
analysis using DNAsp 5.0 software was conducted to estimate population
dynamics (Librado and Rozas, 2009).

To construct a phylogenetic median—joining network, Network 4.5.1.6

software (http://www.fluxus—engineering.com) was used with haplotype data.

2.2.4. Divergence time estimation

The divergence time between the A. agrarius and A. chejuensis was
calculated according to the method of Liu et al (2004). The maximum
likelihood distances were calculated using the TN93+G model (Tamura and
Nei, 1993), which was selected as the best model for nucleotide evolution,
based on the Akaike Information Criterion (AIC; Akaike, 1973) using
jModeltest software (Posada, 2008). To calibrate the divergence time, 2.68
Mya was employed as the divergence time between A. agrarius and A.

chevrieri (Liu et al, 2004). Because excessive rate heterogeneity affects the
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molecular clock, the heterogeneity of evolutionary change along the different
lineages was estimated. Using X tests (Felsenstein, 1988), I compared the
likelihood trees created with and without an enforced molecular clock. Rate
constancy among lineages was assumed for the tree with the enforced

molecular clock.
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2.3. RESULTS

2.3.1. Haplotype and demographic analysis

Nineteen CYTB sequence haplotypes were defined in 24 A. agrarius
individuals, and 25 were defined in 49 A. chejuensis individuals (Table 2.1).
The most frequent haplotype group was Hap27, which was shared by 6 A
chejuensis individuals. The most frequent haplotype group in the A. agrarius
population was Haplb, which was shared by 3 individuals.

The variable sites of CYTB sequence haplotypes were estimated. In 1,140
sites of CYTB sequence, 105 sites were variable and 43 sites were singleton
variable sites (Fig. 2.3). In A agrarius, variable and singleton variable
sequences were found in 56 sites and 33 sites, respectively, while 53 variable
sites and 20 singleton variable sites were found in A. chejuensis. Among
variable sites, 6 were completely different between the A. agrarius and A.
chejuensis.

The genetic distances of CYTB haplotypes showed that Hap9 is closest to
Hap42, while Hap7 is farthest from Hap36 (Table 2.2). Each haplotype of the
COR-I population, excluding HaplO (Agrl2), were relatively closer to each
other of COR-I than to haplotypes of the COR-II population. In A. chejuensis,

all haplotypes were closer to each other than to haplotypes of A. agrarius.
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Figure 2.3. The variable sites in the CYTB haplotype sequences of A.
agrarius and A. chejuensis. Nucleotides are numbered from the 5 end of
the CYTB sequences. Boxes present identical SNPs of A. chejuensis. Dots
indicates matching with sequence of Hapl. Hapl-19, A. agrarius, Hap20-44,

A. chejuensis.



Table 2.2. Genetic distance matrix among haplotype sequences
Hapl Hap2 Hap3 Hap4 Hapb5 Hap6 Hap7 Hap8 Hap9 HaplO Hapll Hapl2 Hapl3 Hapl4 Hapl5 Hapl6 Hapl7 Hapl8 Hapl9 Hap20 Hap21 Hap22

Hapl

Hap2 0.082

Hap3 0.071 0.029

Hap4 0.092 0.050 0.039

Hap5 0.093 0.050 0.040 0.060

Hap6 0.105 0.083 0.072 0.071 0.094

Hap7 0.139 0.093 0.082 0.104 0.105 0.141

Hap8 0.116 0.072 0.061 0.060 0.083 0.050 0.128

Hap9 0.019 0.060 0.050 0.070 0.071 0.082 0.115 0.093

Hap10 0.082 0.040 0.029 0.029 0.050 0.061 0.093 0.050 0.060

Hapl1 0.082 0.040 0.029 0.050 0.050 0.083 0.093 0.072 0.060 0.040

Hap12 0.082 0.040 0.029 0.029 0.050 0.061 0.093 0.050 0.060 0.019 0.040

Hapl3 0.072 0.093 0.082 0.104 0.105 0.116 0.127 0.128 0.050 0.093 0.093 0.093

Hapl4 0.061 0.082 0.071 0.092 0.093 0.105 0.139 0.116 0.040 0.082 0.082 0.082 0.072

Hapl5 0.106 0.153 0.141 0.165 0.166 0.180 0.220 0.193 0.083 0.153 0.153 0.153 0.142 0.130

Hap16 0.116 0.072 0.061 0.060 0.083 0.072 0.128 0.061 0.093 0.050 0.072 0.050 0.128 0.116 0.193

Hap17 0.082 0.040 0.010 0.050 0.050 0.083 0.093 0.072 0.060 0.040 0.040 0.040 0.093 0.082 0.153 0.072

Hap18 0.105 0.061 0.050 0.071 0.072 0.106 0.116 0.094 0.082 0.061 0.061 0.061 0.116 0.105 0.180 0.094 0.061

Hapl9 0.092 0.050 0.039 0.060 0.060 0.093 0.104 0.082 0.070 0.050 0.050 0.050 0.104 0.092 0.152 0.082 0.050 0.071

Hap20 0.168 0.222 0.208 0.234 0.237 0.252 0.298 0.268 0.142 0.222 0.222 0.222 0.210 0.196 0.255 0.268 0.222 0.252 0.234

Hap21 0.210 0.237 0.222 0.249 0.252 0.268 0.281 0.285 0.182 0.237 0.237 0.237 0.196 0.210 0.305 0.285 0.237 0.268 0.249 0.094

Hap22 0.182 0.237 0.193 0.249 0.252 0.268 0.315 0.285 0.155 0.237 0.237 0.237 0.225 0.210 0.272 0.285 0.208 0.268 0.249 0.072 0.106
Hap23 0.168 0.222 0.208 0.234 0.237 0.252 0.265 0.268 0.142 0.222 0.222 0.222 0.182 0.196 0.255 0.268 0.222 0.252 0.234 0.061 0.029 0.072
Hap24 0.182 0.237 0.222 0.249 0.252 0.237 0.315 0.252 0.155 0.237 0.237 0.237 0.196 0.210 0.272 0.285 0.237 0.268 0.249 0.072 0.106 0.083
Hap25 0.168 0.222 0.208 0.234 0.237 0.252 0.298 0.268 0.142 0.222 0.222 0.222 0.210 0.196 0.255 0.268 0.222 0.252 0.234 0.061 0.072 0.072
Hap26 0.210 0.268 0.252 0.281 0.285 0.302 0.352 0.319 0.182 0.268 0.268 0.268 0.255 0.240 0.305 0.319 0.268 0.302 0.281 0.094 0.130 0.061
Hap27 0.182 0.237 0.222 0.249 0.252 0.268 0.315 0.285 0.155 0.237 0.237 0.237 0.225 0.210 0.272 0.285 0.237 0.268 0.249 0.072 0.106 0.040
Hap28 0.222 0.249 0.265 0.295 0.298 0.281 0.366 0.333 0.193 0.281 0.281 0.281 0.268 0.252 0.319 0.333 0.281 0.315 0.295 0.105 0.141 0.071
Hap29 0.182 0.237 0.222 0.249 0.252 0.237 0.315 0.285 0.155 0.237 0.237 0.237 0.225 0.210 0.272 0.285 0.237 0.268 0.249 0.072 0.106 0.040
Hap30 0.196 0.252 0.237 0.265 0.268 0.285 0.333 0.302 0.168 0.252 0.252 0.252 0.240 0.225 0.288 0.302 0.252 0.285 0.265 0.083 0.118 0.050
Hap31 0.182 0.237 0.222 0.249 0.252 0.237 0.315 0.252 0.155 0.237 0.237 0.237 0.196 0.210 0.272 0.285 0.237 0.268 0.249 0.072 0.106 0.083
Hap32 0.182 0.237 0.222 0.249 0.252 0.268 0.315 0.285 0.155 0.237 0.208 0.237 0.225 0.210 0.272 0.285 0.237 0.268 0.249 0.010 0.106 0.083
Hap33 0.168 0.222 0.208 0.234 0.237 0.252 0.265 0.268 0.142 0.222 0.222 0.222 0.182 0.196 0.255 0.268 0.222 0.252 0.234 0.106 0.094 0.118
Hap34 0.182 0.237 0.222 0.249 0.252 0.268 0.315 0.285 0.155 0.237 0.237 0.237 0.225 0.210 0.272 0.285 0.237 0.237 0.249 0.094 0.106 0.106
Hap35 0.182 0.237 0.222 0.249 0.252 0.268 0.315 0.285 0.155 0.237 0.237 0.237 0.225 0.210 0.272 0.285 0.237 0.268 0.249 0.072 0.083 0.083
Hap36 0.237 0.265 0.281 0.311 0.315 0.298 0.386 0.352 0.208 0.298 0.298 0.298 0.285 0.268 0.337 0.352 0.298 0.333 0.311 0.116 0.153 0.082
Hap37 0.182 0.237 0.222 0.249 0.252 0.268 0.315 0.285 0.155 0.237 0.237 0.237 0.225 0.210 0.272 0.285 0.237 0.268 0.249 0.010 0.106 0.083
Hap38 0.168 0.222 0.208 0.234 0.237 0.252 0.298 0.268 0.142 0.222 0.222 0.222 0.210 0.196 0.255 0.268 0.222 0.252 0.234 0.019 0.094 0.072
Hap39 0.182 0.237 0.222 0.249 0.252 0.268 0.315 0.285 0.155 0.237 0.237 0.237 0.225 0.210 0.272 0.285 0.237 0.268 0.249 0.010 0.106 0.083
Hap40 0.205 0.262 0.247 0.275 0.278 0.262 0.343 0.311 0.178 0.262 0.262 0.262 0.249 0.234 0.298 0.311 0.262 0.295 0.275 0.092 0.127 0.060
Hap4l 0.182 0.237 0.222 0.249 0.252 0.268 0.315 0.285 0.155 0.237 0.237 0.237 0.225 0.210 0.272 0.285 0.237 0.268 0.249 0.010 0.106 0.083
Hap42 0.130 0.180 0.166 0.191 0.193 0.208 0.249 0.222 0.106 0.180 0.180 0.180 0.168 0.155 0.210 0.222 0.180 0.208 0.191 0.029 0.083 0.061
Hap43 0.196 0.252 0.237 0.265 0.268 0.252 0.333 0.302 0.168 0.252 0.252 0.252 0.240 0.196 0.288 0.302 0.252 0.285 0.265 0.083 0.118 0.050
Hap44 0.182 0.237 0.222 0.249 0.252 0.268 0.281 0.285 0.155 0.237 0.237 0.237 0.196 0.210 0.272 0.285 0.237 0.268 0.249 0.072 0.040 0.083
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Hap23 Hap24 Hap25 Hap26 Hap27 Hap28 Hap29 Hap30 Hap31 Hap32 Hap33 Hap34 Hap35 Hap36 Hap37 Hap38 Hap39 Hapd0 Hap4l Hapd2 Hapd3 Hapd4

0.072

0.040 0.072

0.094 0.106 0.094

0.072 0.083 0.072 0.019

0.105 0.116 0.105 0.093 0.071

0.072 0.083 0.072 0.061 0.040 0.050

0.083 0.094 0.083 0.029 0.010 0.082 0.050

0.072 0.019 0.072 0.106 0.083 0.116 0.083 0.094

0.072 0.083 0.072 0.106 0.083 0.116 0.083 0.094 0.083

0.061 0.094 0.083 0.142 0.118 0.153 0.118 0.130 0.118 0.118

0.072 0.106 0.072 0.130 0.106 0.141 0.106 0.118 0.106 0.106 0.118

0.050 0.083 0.010 0.106 0.083 0.116 0.083 0.094 0.083 0.083 0.094 0.083

0.116 0.128 0.116 0.105 0.082 0.010 0.060 0.093 0.128 0.128 0.166 0.153 0.128

0.072 0.083 0.072 0.106 0.083 0.116 0.083 0.094 0.083 0.019 0.118 0.106 0.083 0.128

0.061 0.072 0.061 0.094 0.072 0.105 0.072 0.083 0.072 0.029 0.106 0.094 0.072 0.116 0.029

0.072 0.083 0.072 0.106 0.083 0.116 0.083 0.094 0.083 0.019 0.118 0.106 0.083 0.128 0.019 0.029

0.092 0.104 0.092 0.081 0.060 0.070 0.039 0.070 0.104 0.104 0.139 0.127 0.104 0.081 0.104 0.092 0.104

0.072 0.083 0.072 0.106 0.083 0.116 0.083 0.094 0.083 0.019 0.118 0.106 0.083 0.128 0.019 0.029 0.019 0.104

0.050 0.061 0.050 0.083 0.061 0.093 0.061 0.072 0.061 0.040 0.094 0.083 0.061 0.105 0.040 0.029 0.040 0.081 0.040
0.083 0.094 0.083 0.072 0.050 0.060 0.029 0.061 0.094 0.094 0.130 0.118 0.094 0.071 0.094 0.083 0.094 0.049 0.094 0.072
0.010 0.061 0.050 0.106 0.083 0.116 0.083 0.094 0.083 0.083 0.050 0.083 0.061 0.128 0.083 0.072 0.083 0.104 0.083 0.061 0.094

(Continued)
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The overall haplotype and nucleotide diversity values of A. agrarius were
0.978 and 0.007, respectively, while those of A. chejuensis were 0.962 and
0.007, respectively (Table 2.3). The haplotype diversity of the COR-I was the
lowest of all biogeographic populations. The COR-II was the most diverse.
Although this analyses included more CHE than COR individuals, the COR
exhibited greater genetic diversity (Table 2.3).

Fu's Fs test showed that the COR-II and CHE had significantly negative
Fs values (-4.462 and —-5.703, respectively), whereas the COR-I had a positive
value (0.613). Mismatch distribution analyses suggested population expansion
in the COR-II and CHE but stable COR-I, respectively (Fig. 2.4).

Median—joining network data indicated that A. chejuensis 1s a clearly
separate species (Fig. 2.5) containing 4 subgroups, but these subgroups did
not correspond to local distribution patterns on Jeju Island. The Hap42
(Che44) haplotype was located in the closest linear descendant position of the
common ancestor of A. chejuensis. In A. agrarius, all COR-II individuals
shared a single maternal lineage, and most COR-I individuals were close to
the ancestral position of the A. agrarius. In particular, Hap9 (Agr 11) was

located in the ancestral lineage position of the A. agrarius (Fig. 2.5).

_64_



Table 2.3. Population analysis of A. agrarius and A. chejuensis

Subspecies  Population S N v k h (SD) n (SD) Fs

COR-I 8 6 23 8321 0.893 (0.111) 0.007 (0.001)  0.613

A. agrarius COR-II 16 13 37 6.067 0975 (0.029) 0.005 (0.000) -4.462°

All 24 19 5 8413 0978 (0.019) 0.007 (0.001) -6.207°

A. chejuensis CHE 49 25 53 7776 0962 (0.012) 0.007 (0.000) -5.703°

S, sample size; N, number of haplotypes; v, variable sites; k, average nucleotide difference; A,
haplotype diversity; w, nucleotide diversity; SD, standard deviation; Fs, Fu's Fs.
Asterisks mean a significant difference between populations (P<0.01).
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Figure 2.4. Mismatch distribution analysis in the CYTB gene sequences in
Apodemus populations. The location of the COR-I, COR-II, and CHE is
presented in Fig. 2.2. The dotted line with open circle is the observed

distribution, the solid line is the expected in an expanding population.
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Figure 2.5. Median network tree inferred from CYTB haplotypes. Each
circle indicates a haplotype (represented as a number), and the size of each
circle is proportional to the number of individuals with that haplotype.
Mutational steps between haplotypes are represented by a line. More than one

mutational step is represented by italic numbers.
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2.3.2. Divergence time

The maximum likelihood tree assuming a constant rate for the lineage (InL
= -2451.999) presented the same topology as the tree without an enforced
molecular clock (InLL = -2451.966). The likelihood ratio test failed to reject
the hypothesis of rate constancy between these 2 models ( X = 0.033, df = 7,
P > 0.05). Thus, rate heterogeneity among lineages did not appear to affect
the molecular clock calibration. The TN93+G distance between Apodemus
agrarius and A. chevrieri was about 0.079, which corresponds to an evolution
rate of 0.015 per million years, a result similar to that of Liu et al (2004).
Thus, I suggest that the split between A. agrarius and A. chejuensis

occurred at approximately 0.3 Mya, in the late Pleistocene.
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2.4. DISCUSSION

2.4.1. Haplotype analysis of Apodemus agrarius and A.
chejuensis

The CYTB haplotype sequence alignment showed that the sequences of
Apodemus chejuensis are distinct from those of A. agrarius. Among the
sequence differences, 6 nucleotides could be used as a SNP marker to
discriminate between CY7TB haplotype sequences of A. agrarius and A
chejuensis. Distinguishing between A. agrarius and A. chejuensis in the wild
1s difficult because of their extremely similar morphology. Molecular markers
inferred from sequence differences are often used in molecular systematics
(van Embden et al, 1993; Chu et al, 2001; Gupta et al, 2001). Consequently,
those SNP sites can be used as a marker for species or subspecies
identification from wild samples.

The genetic distances among haplotype sequences suggest that the CHE
population is genetically close to the COR-I population. The geographical
distance between the COR-I region and Jeju Island is farther than the
distance from the southern region of the Korean peninsula to Jeju Island.
Smaller genetic distances indicate a close genetic relationship (Machado et al.,
2000). Accordingly, this result suggests that the common ancestor of the CHE
population is derived from the ancestor of the COR-I population.

Haplotype diversity was very high and nucleotide diversity was very low
in A. agrarius and A. chejuensis, suggesting that the populations of two
species expanded rapidly after a period of low effective population size (Grant
and Bowen, 1998). Although the analyses included more A. chejuensis than A.

agrarius individuals, the A. agrarius exhibited greater genetic diversity.
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Assuming that A. agrarius and A. chejuensis have a common ancestor and
diverged recently, this finding suggests that A. chejuensis diverged from an
A. agrarius ancestor. In addition, network analysis showed that A. agrarius
migrated inland and dispersed from the COR-I population, and that A.
chejuensis diverged from an ancestral lineage of the COR-I population and
migrated to Jeju Island; these populations dispersed rapidly to the Korean
peninsula and Jeju Island, respectively. Fs estimation and mismatch

distribution analysis support this hypothesis.

2.4.2. Possible migration histories of Apodemus chejuensis

It is estimated that Jeju Island was formed by volcanic activity about 2
Mya, and is younger than the Korean Peninsula (Yoon, 1997). The previous
reports have been postulated that A. chejuensis migrated through the southern
region of the Korean Peninsula because Jeju Island is located closer to the
southern Korean peninsula than eastern China or Japan, and is the youngest
in terms of geographic history, scientists suggested that the Southern Sea
acted as a bridge between the Korean Peninsula and Jeju Island (Han et al,
1996; Koh et al., 2000; Yoon et al., 2004b).

However, the results of this study showed that the closer relationship
between the population (CHE) of A. chejuensis and COR-1 of A. agrarius
than that between both populations (COR-I and -1II) of A. agrarius.
Although Jeju Island is much closer to the southern area of the Korean
peninsula than it is to the western islets, indicating that these were
inconsistent with previous opinions on the migration routes of A. chejuensis.

Based on the results of the present study, new hypotheses can be
postulated (Fig. 2.6). At first, the ancestors of A. agrarius probably
immigrated from northeastern China through the northern part of the Korean

Peninsula and reached around the COR-I region, then they arrived on Jeju
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Island through the Yellow Sea shelf about 0.3 Mya (Fig. 2.6A). Although Jeju
Island is remarkably closer to the southern peninsula than to COR-I, the
genetic distance between the CHE and COR-I is higher; it is also supposed
that the geographical conditions of southern parts of the Korean Peninsula
was unsuitable for migration or habitation of their ancestors.

At second, the ancestor of A. chejuensis might have come from the
eastern coastal regions of China via the Yellow Sea basin during glacial
period when the sea level was enough low to pass by walking. Part of the
CHE, an ancestral lineage of A. chejuensis, moved across the Yellow Sea
basin from Jeju Island to the western islets of the Korean Peninsula about
0.3 Mya (Fig. 2.6B).

Finally, since A. agrarius might migrate from eastern China to the Yellow
Sea basin when the sea level was lower (Fig. 2.6D), the species diverged into
2 lines about 0.3 Mya. As the sea level dropped further (Fig. 2.6D), one of
these lines could reach the western islet of the Korean peninsula, and the
other might reach Jeju Island (Fig. 2.6C). The ancestor of the COR-II
scattered rapidly throughout the Korean Peninsula. Differing from the previous
reports proposed the southern parts of the Korean Peninsula as a bridge for
migration of A. chejuensis between the Korean Peninsula and Jeju Island, in
all hypotheses of this study, the Yellow Sea basin may have acted as a
migration route of A. chejuensis. Because the Yellow Sea has an average
depth of 55 m (maximum, 100 m) (Yang et al, 2003), small animals were
able to cross the Yellow Sea when the sea level was low (Park et al, 2004).
Han et al. (1996) suggested that A. agrarius and A. chejuensis diverged 1.2
Mya, whereas Koh et al (2000) estimated that these species diverged about
7000 - 500,000 years ago, although both referred to the last ice age as a
critical period. Therefore, the ancestral lineage of A. chejuensis possibly
migrated to Jeju Island through the Yellow Sea basin and dispersed quickly

after colonizing the island; this lineage eventually became the distinct
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subspecies A. chejuensis.

There has been considerable controversy about the taxonomic status of A.
agrarius and A. chejuensis. The population found on Jeju Island was
classified as a subspecies of A. agrarius by Jones and Johnson in 1965.
However, subsequent molecular studies suggested that A. chejuensis is a
species distinct from A. agrarius (Han et al, 1996; Koh et al, 2000).
Crossbreeding experiments conducted by Oh and Mori (1998a) led them to
conclude that the 2 populations are separate biologic species. The results of
this study support the suggestion that A. chejuensis is a separate species
(Han et al, 1996; Oh and Mori, 1998a; Koh et al, 2000).

The results of this study suggest that A. agrarius and A. chejuensis are
clearly distinct populations, and that A. chejuensis migrated to Jeju Island
through the Yellow Sea basin after divergence from the common ancestral
lineage of A. agrarius. Assessment of additional mouse samples from North
Korea and China may help to understand the evolutionary and biogeographic

history of these 2 species

_72_



0.3 Mya

(& L

(ur) [pas|eag

*
F o

Figure 2.6. Hypothetic migration routes of A. agrarius and A.

chejuensis in Korea. (A) The ancestral lineage of A. agrarius might migrate
into the Korean Peninsula via North Korea and then could migrate to Jeju
Island via the Yellow Sea basin when the sea level was low. (B) The
ancestral lineage of A. chejuensis might migrate to Jeju Island via the Yellow
Sea basin and then could migrate to the western islet of the Korean
Peninsula via the Yellow Sea basin when the sea level was low. (C) The
common ancestor of A. agrarius and A. chejuensis might had originated in
eastern China, where it split into 2 lineages; one lineage could moved to the
western islet of the Korean Peninsula, and the other could moved to Jeju
Island. Arrows with dotted lines indicate dispersion of A. agrarius. (D)
Modified eustatic sea level history (Zhong et al., 2004): Gray bar indicates

divergence time (0.3 Mya) of A. agrarius and A. chejuensis.
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APPENDICES

Appendix 1. The sequence of mitochondrial genome of Apodemus agrarius

LOCUS
DEFINITION
ACCESSION
VERSION
KEYWORDS
SOURGE
ORGAN | SM

REFERENCE
AUTHORS

TITLE

JOURNAL
REFERENCE

AUTHORS

TITLE
JOURNAL

FEATURES
source

tRNA

rRNA

tRNA

rRNA

tRNA

gene

CDS

HM034866 16260 bp DNA circular ROD 30-DEC-2011
Apodemus agrarius mitochondrion, complete genome
HW034866

HM034866. 1  GI:296100340

mitochondrion Apodemus agrarius (Eurasian field mouse)
Apodemus agrarius
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Glires; Rodentia;
Sciurognathi; Muroidea; Muridae; Murinae; Apodemus.
1 (bases 1 to 16260)
Oh,D.-J., Jung, Y.-H., Kim, T.-W., Chang,M.-H., Oh,H.-S., Han,S.-H
and Kim, S. -J.
Biogeography and speciation of Korean striped field mice Apodemus
agrarius and A. chejuensis inferred from mitochondrial DNA
Unpubl i shed
2 (bases 1 to 16260)
Oh,D.-J., Jung,Y.-H., Kim, T.-W., Chang,M.-H., Oh,H.-S., Han,S.-H.
and Kim, S. -J.
Direct Submission
Submitted (25-MAR-2010) Department of Biology, Jeju National
University, 66 Jejudaehakno, Jeju 690-756, Republic of Korea

Location/Qualifiers

1..16260

/organism="Apodemus agrarius”

/organel le="mitochondrion”

/mol_type="genomic DNA”

/specimen_voucher="JBR|-Mam-001"

/db_xref="taxon:39030"

1..67

/product="tRNA-Phe”

68..1022

/product="12S ribosomal RNA”

1023. . 1091

/product="tRNA-Val”

1092. . 2663

/product="16S ribosomal RNA”

2664. . 2738

/product="tRNA-Leu”

/note="codons recognized: UUR”

2739..3693

/gene="ND1"

2739..3693

/gene="ND1"

/note="TAA stop codon is completed by the addition of 3° A
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tRNA
tRNA
tRNA
gene

CDS

tRNA
tRNA
tRNA
rep_origin
tRNA
tRNA
gene

CDS

residues to the mRNA”

/codon_start=1

/trans|_except=(pos:3693, aa: TERM)

/trans|_table=2

/product="NADH dehydrogenase subunit 1”
/protein_id="ADG95699. 1"

/db_xref="Gl:296100341"

/translation="MYF INTLMLLVPIL|AMAFLTLVERKILGYMGLRKGPNVVGPYG
VLQPFADAMKLF | KEPMRPLTTS | SLF I | APTLSLTLALSLWIPLPMPHPL INLNLGL
LFILATSSLSVYS|LWSGWASNSKYSLFGALRAVAQT ISYEVTMAI I LLSVLLMSGSF
SLQML I YTQEHMWL | LPAWPMAMMWY | STLAETNRAPFDLTEGESELVSGFNVEYAAG
PFALFFMAEYTNI ILMNALTS [VFLGP IHMINYPELYS INFMTETLLLSTTFLWIRAS
YPRFRYDQLMHLLWKNFLPLTLALGTWHISLP | FMASVPPY 1

3694. . 3762

/product="tRNA-1le”

comp | ement (3760. . 3834)

/product="tRNA-GIn”

3835. . 3903

/product="tRNA-Met”

3904. . 4939

/gene="ND2"

3904. . 4939

/gene="ND2"

/note="TAA stop codon is completed by the addition of 3 A
residues to the mRNA”

/codon_start=1

/trans|_except=(pos:4939, aa: TERM)

/trans|_table=2

/product="NADH dehydrogenase subunit 2”
/protein_id="ADG95700. 1"

/db_xref="Gl:296100342"
/translation="MNPITIIIIYFTILIGPVITMSSSNLLLMWVGLELSLLAIIPLL
INKKNPRSTEAATKYF | TQATASMI [ LLATVLNFKQLGLWTFQQQTNSLLLNITL 1AL
SMKLGLAPFHFWLPEVTQG | PLHMGL ILLTWQK IAPLS ILFQFYQLLNPT I IMILAIS
SILIGAWGGLNQTQMRK IMAYSS | AHMGWMLA | LPYNPTMTLLNLLIY I ILTVPMFLM
LMLNASTT INS | SLLWNKAPTTLVL IPLILLSLGGLPPLTGFLPKWAI I TELLKNNGL
[ [TTMMAIMALLNLFFYTRL 1YSTSLTMFPTNNNSKMLAHHLNYKNN I [LPSLTIIST
LILPLSPQLI1"

4940. . 5007

/product="tRNA-Trp”

comp | ement (5009. . 5077)

/product="tRNA-Ala”

comp | ement (5079. . 5149)

/product="tRNA-Asn”

comp | ement (5150. . 5182)

/note="L-strand replication origin”

comp lement (5181. . 5248)

/product="tRNA-Cys”

comp | ement (5249. . 5315)

/product="tRNA-Tyr”

5317. . 6861

/gene="001"

5317. . 6861
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tRNA

tRNA

gene

CDS

tRNA

gene

CDS

gene

CDS

/gene="001"

/codon_start=1

/trans|_table=2

/product="cytochrome ¢ oxidase subunit 1”
/protein_id="ADG95701. 1"

/db_xref="Gl:296100343"
/translation="MFINRWLFSTNHKD | GTLYLLFGAWAGMVGTALS |L IRAELGQP
GALLGDDQ | YNV I VTAHAFVM I FFMVMPMM | GGFGNWL VPLM | GAPDMAF PRMNNMSF
WLLPPSFLLLLASSMVEAGAGTGWTVYPPLAGNLAHAGASVDLT | FSLHLAGVSSILG
AINFITTI INMKPPAMTQYQTPLFVWSVL | TAVLLLLSLPALAAG I TMLLTDRNLNTT
FFDPAGGGDP | LYQHLFWFFGHPEVY ILILPGFGI | SHYVTYYSGKKEPFGYMGMVWA
MMS | GFLGF | VWAHHMF TVGLDVDTRAYFTSATMI | AIPTGVKVFSWLATLHGGN | KW
SPAMLWALGF | FLFTVGGLTG IVLSNSSLD I VLHDTYYVVAHFHYVLSMGAVFA IMAG
FVHWFPLFTGYTLDDMWAKTHFA IMFVGVNMTFFPQHFLGLSGMPRRYSDYPDAYTTW
NTVSSMGSF [ SLTAVLLMIFMIWEAFASKREVLTVSYSSTNLEWLHGCPPPYHTFEEP
SYVKVK”

comp | ement (6859. . 6927)

/product="tRNA-Ser”

/note="codons recognized: UCN”

6931..6999

/product="tRNA-Asp”

7000. . 7683

/gene="002"

7000. . 7683

/gene="002"

/codon_start=1

/trans|_table=2

/product="cytochrome ¢ oxidase subunit 2”
/protein_id="ADG95702. 1"

/db_xref="Gl:296100344"

/translation="MAYPFQLGLQDATSP IMEELMNFHDHTLMIVFLISTLVLYISL
MLTTELTHTSTMDAQEVETVWT ILPAVILILIALPSLRILYMMDE INNPVLTVKTMGH
QWYWSYEYTDYEDLGFDSYMIPTTDLKPGDLRLLEVDNRVVLPMGLP | RML | SSEDVL
HSWAVPSLWLKTDA | PGRLNQATVTSNRPGLFYGQCSE | CGSNHSFMP | VLEMVPLKH
FENWSASMI~

7687. . 7750

/product="tRNA-Lys”

7752. . 7955

/gene="ATP8”

7752. . 7955

/gene="ATP8”

/codon_start=1

/trans|_table=2

/product="ATP synthase FO subunit 8"
/protein_id="ADG95703. 1"

/db_xref="Gl:296100345"
/translation="MPQLDTSTWF IT||SSMATLF ILFQLK|SSQSFPTPPSPKTFTA
QETKTPWESKWTK I YLPLLSLPQ”

7913. . 8593

/gene="ATP6”

7913. . 8593

/gene="ATP6”

/codon_start=1
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gene

CDS

tRNA

gene

CDS

tRNA

gene

CDS

/trans|_table=2

/product="ATP synthase FO subunit 6”
/protein_id="ADG95704. 1"

/db_xref="Gl:296100346"
/translation="MNENLFASF | TPSVMGLPIVITI IMFPS|LFPSSERL ISNRLHS
FQHWL IKL | [KQMML IHTPKGRTWTLMIVSL IMF1GSTNLLGLLPHTFTPTTQLSMNL
SMAIPLWAGAVLLGFRHKLKSSLAHFLPQGTPISLIPMLI | IETISLFIQPMALAVRL
TANITAGHLLMHL | GGATLVLMN I SPPTATITF I ILLLLTVLEFAVAL IQAYVFTLLV
SLYLHDNT”

8593. . 9376

/gene="003"

8593. . 9376

/gene="003"

/note="TAA stop codon is completed by the addition of 3° A
residues to the mRNA”

/codon_start=1

/trans|_except=(pos:9376, aa: TERM)

/trans|_table=2

/product="cytochrome ¢ oxidase subunit 3”
/protein_id="ADG95705. 1"

/db_xref="Gl:296100347"
/translation="MTHQTHAYHMVNPSPWPLTGAF SALLLTSGLVMWFHYSSTILLS
LGLLANTLTMYQWWWD | IREGTYQGHHTP [ VQKGLRYGM I LF | VSEVFFFAGFFWAFY
HSSLVPTHDLGGCWPPTG | TPLNPLEVPLLNTSVLLASGVS | TWAHHSLMEGKRNHMN
QALLITILLGLYFTMLQASEYFETPFSISDG|YGSTFFMATGFHGLHV | IGTTFLVVC
LLRQLKFHF TSKHHF GFEAAAWYWHF VDVVWLFLYVS | YWWGS™

9377. . 9445

/product="tRNA-Gly”

9445. . 9791

/gene="ND3”

9445. . 9791

/gene="ND3”

/note="TAA stop codon is completed by the addition of 3 A
residues to the mRNA”

/codon_start=1

/trans|_except=(pos:9790. .9791, aa: TERM)

/trans|_table=2

/product="NADH dehydrogenase subunit 3"
/protein_id="ADG95706. 1"

/db_xref="Gl:296100348"

/translation="MNLMI IMFINTILSLIL|SVAFWLPQMNLYTEKANPYECGFDPS
SSARLPFSMKFFLVAITFLLFDLE | ALLLPLPWATQTTNTNVMVTSAL ILVT ILSLGL
TYEWTQKGLEWTE”

9794. . 9861

/product="tRNA-Arg”

9864. . 10160

/gene="ND4L"

9864. . 10160

/gene="ND4L"

/codon_start=1

/trans|_table=2

/product="NADH dehydrogenase subunit 4L”
/protein_id="ADG95707. 1"
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gene

GDS

tRNA

tRNA

tRNA

gene

CDS

/db_xref="Gl:296100349"

/translation="MSSAF INLTLAFMLSLLGTLTFRSHLMSTLLCLEGMMLSLF IMT
SLASLNSNSMASMPIP1TILVFAACEAAVGLALLVKVSNTYGTDYVQNLNLLQG”
10154. . 11531

/gene="ND4"

10154. . 11531

/gene="ND4"

/note="TAA stop codon is completed by the addition of 3° A
residues to the mRNA”

/codon_start=1

/trans|_except=(pos:11531, aa: TERM)

/trans|_table=2

/product="NADH dehydrogenase subunit 4”
/protein_id="ADG95708. 1"

/db_xref="Gl:296100350"

/translation="MLK| |FPSLMLLPLTWLSKPKKTWMNVTSYSFMISLISLSILWQ
TDGSPLNFSTMFSSDPLSSPL I ILTTWLLPLMLMASQNHLKKENFTYQKLY ISMLVSL
QILLVMTFSATEL IMFY ILFEATLIPTLI | | TRWGNQTERLNAGLYFLFYTLIGSIPL
LIALIFIQNSMGTLNFTMLSLTTNPLNPLWSNN | LWLACMMAFMIKMPLYGVHLWLPK
AHVEAP | AGSMILAAILLKLGSYGMMRIA| I LDPLTKYMAYPF | LLSLWGMIMTSS |G
LRQTDLKSL [AYSSVSHMALV IAS IM1QTPWSFMGATMLMVAHGLTSSLLFCLANSNY
ERTHSRTMIMARGLQM I FPLMATCWLVASLANLALPPS INLMGELF | TMSLFSWSNFS
[ ILMGVNI T ITGMYSMYMI | TTQRGKLTSHMNNLQPSHTRELTLMILHI IPLVLLTIN
PKLITGLTM”

11532. . 11599

/product="tRNA-His”

11600. . 11658

/product="tRNA-Ser”

/note="codons recognized: AGY”

11658. . 11729

/product="tRNA-Leu”

/note="codons recognized: CUN”

11729. . 13556

/gene="ND5"

11729. . 13556

/gene="ND5"

/note="TAA stop codon is completed by the addition of 3° A
residues to the mRNA”

/codon_start=1

/trans|_except=(pos: 13556, aa: TERM)

/trans|_table=2

/product="NADH dehydrogenase subunit 5”
/protein_id="ADG95709. 1"

/db_xref="Gl:296100351"
/translation="MNIITSFIMAIFLILMSPILISSTSLFKHINFPMYATLS|KLSF
FLSLLPLMMLFYHNTEYMITTWHWITINS [ELTMSFKMDYFSTMFLSVALFVTWS IMQ
FSSWYMHSDPH INRF IKYLLLFL | TML ILTSANNLFQLF |GWEGVGIMSFLL | GWWSG
RADANTAALQAILYNRIGD | GF I LAMTWFCLNMNSWELQQILLTNNNNL IPLLGLLIA
ATGKSAQF GLHPWLPSAMEGPTPVSALLHSSTMVVAG | FLLVRFHPMTSNNPS I LTMM
LCLGALTTLFTAICALTQND IKK1VAFSTSSQLGLMMVTLG INQPYLAFLH|CTHAFF
KAMLFMCSGS| I HNLNDEQD | RKMGNMMKTMPF TSSCLT | GSLALTGMPFLTGFYSKD
L1IEAINTCNTNAWALL I TLIATSMTAITYSMRI IYFVVMTKPRFPPL ISINENNPNLT
NP IKRLAFGSILAGFFITYNIPPTNIQVLTMPWYLKTTALL I'SILGFLLALELNNLTL
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gene

GDS

tRNA

gene

C

tRNA

tRNA

DS

D-loop

ORIGIN

1
61
121
181
241
301
361
421
481
541
601

gttaatgtag
ataaacacaa
acatccataa
caagcacata
gataaatatt
ttcgtgccag
gtgttaacta
taggacctaa
acccaagctg
aaaattattt
ttatatccac

NLSMSKKNSYSSFSTSLGYFPSI IHR | IPNKTLNLSFKTSLNLLDLYWLEKSIPKSTS
TMHSYMSKLLTNQKGLVKLYFMSFLLSILLTTTLF | INLEWFQ™

comp | ement (13536. . 14054)

/gene="ND6"

comp | ement (13536. . 14054)

/gene="ND6"

/codon_start=1

/trans|_table=2

/product="NADH dehydrogenase subunit 6
/protein_id="ADG95710. 1"

/db_xref="Gl:296100352"
/translation="MTNY|FVLSLLFLTGCLGLALKPSP|YGGFGL IMSGFVGCLMVL
GFGGSFLGLMVFL | YLGGMMVVFGYTTAMATEEYPE TWGSNWFVFGFL | AGVLMEMFF
VYFLDYYNGEEVVDFDSLGDWLMYE | DDVGVMLEGG | GVAAMYSCATWMMVVAGWSLF
AGIFITIEITRD”

comp | ement (14055. . 14123)

/product="tRNA-Glu”

14127. .15270

/gene="CytB”

14127. .15270

/gene="CytB”

/note="TAA stop codon is completed by the addition of 3° A
residues to the mRNA”

/codon_start=1

/trans|_except=(pos: 15270, aa: TERM)

/trans|_table=2

/product="cytochrome b”

/protein_id="ADG95711.1”

/db_xref="Gl:296100353"
/translation="MTNIRKTHPLFKI INHSF | DLPAPSN|SSWWNFGSLLGLCLVIQ
[LTGLFLAMHYTSGTMTAFSSVTHICRDVNYGWL | RYMHANGASMFF | CLFLHVGRGM
YYGSYAFMETWN | GVVLLFAVMATAFMGYVLPWGQMSFWGATV I TNLLSAIPYIGTTL
VEWIWGGF SVDKATLTRFFAFHF | LPF | I AALV I VHLLFLHETGSNNPTGLNSDADK |
PFHPYYTIKDILGIF IMIMFLMTLVLFFPDLLGDPDNYTPANPLNTPPH IKPEWYFLF
AYAILRS IPNKLGGVLALVLS IL I LALLPLLHTSKQRSLMFRP | TGMLYWILVANLLV
LTWIGGQPVEYPFV 1 IGQLASISYFSIILIFMPISGI | ENNMLKWNL "
15271..15339

/product="tRNA-Thr”

comp | ement (15340. . 15406)

/product="tRNA-Pro”

15407. . 16260

cttaaaacaa agcaaagcac tgaaaatgct tagatggatt ttttaatccc
aggtttggtc ctggecttat aattagttgg aggtaagatt acacatgcaa
accggtgtaa aatcccttaa atatttgtat aaaatttaag gagagggcat
ccatagctta agacgecttg cctggecaca cccccacggg actcageagt
aagcaatgaa cgaaagtttg actaagctat acctcttagg ggtggtaaat
ccaccgeggt catacgatta acccaaacta attacctctc ggcgtaaaac
taaacccata aatagaatta aaatccaact tatatgtgaa aattcattgt
atccaataac gaaagtaatt ctaatattgt tatgttacac gatagctaag
ggattagata ccccactatg cttagecccta aacctcaata atttgacaac
gccagagaac tactagcetgt agcttaaaac tcaaaggact tggeggtact
ctagaggagc ctgttctata atcgataaac cccgetctac ctcaccatct
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661

21

181

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
21701
21761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781

cttgctaatt
gcacaagaat
gggctacatt
gaggatttag
€acaccgece
aatttacgag
atcacagtgt
gaacactttg
attaaaccat
agtaagtacc
accttgtacc
aaataccccg
ttgcaaaata
ctggttacce
ctcatgtaaa
ttaagtagtg
ataaagaaag
tcctacatta
aacaagaact
tcaacctata
aggagtgcta
ctgtttacca
actaaagttt
taattaggga
tgaaattgac
agctttaatt
tataaactca
taacatagat
atcaacggac
caattagggt
atggttegtt
aggteggttt
accttataaa
taactctttg
aaaccttgtt
tattattagt
taggctacat
cattcgcaga
tttcactatt
cactaccaat
catcaagtct
cgetatttgg
ttattctett
cccaagaaca
caaccctage
tttcegggtt
atacaaatat
taattaacta
caacatttct
tcctatggaa
ctatctttat
ttgatagagt
ctattcttaa

cagcctatat
ttagcataaa
ttcttattaa
tagtaaatta
gtcaccctece
aggagataag
agcttaacta
aactaatcct
ttaatctegt
gcaagggaaa
ttttgcataa
aaaccaaacg
gtgggaagat
aaataatgaa
ttttaaatat
aataaactca
cgttcaaget
aaaattgggt
ttattctcca
gataaaaact
taaggaaaga
aaaacatcac
aacggeegeg
ctagcatgaa
ctttcagtga
tatcagttta
taatttcggt
ccacaaatca
caagttaccc
ttacgacctc
tgttcaacga
ctatctatta
taagcgecce
cctagacaag
cccagaggtt
cccgatectt
acaactacga
cgctataaaa
tattattgea
accacaccca
ttcagtatat
tgecttacga
atcagtttta
catatgacta
agaaacaaat
caacgttgag
tattcttata
cccagaactc
atgaattcga
aaattttctc
agcaagtgtt
aaaatataga
gaattcaaaa

accgccatct tcagcaaacc
aacgttaggt caaggtgtag
agaacattta cgaaaccctt
agaatagaga gcttagttga
tcaaactaaa taaactaaac
tcgtaacaag gtaagcatac
caaagcatct ggecctacacc
agccctcaac tcttaataat
aaaagtattg gagaaagaaa
gatgaaagaa taattaaaag
tgagttaact agaataaatt
agctacctaa aaacaattta
ttttaggtag aggtgaaaag
tttaagttca acttaaaatt
agccaaaaga gggacagetc
ataaataacc aaaccattgt
caacattagc atttaaataa
taatctatta atgtatagat
agcacaagcg tataacaact
acaaattaat agatctaaaa
ttaaaaaaaa taaaaggaac
ctctagcata ttaagtatta
gtatcctgac cgtgcaaagg
cggctagacg agggtttgac
agaggectgaa atactataat
atcattctaa taaaattacc
tggggtgacc tcggagaaaa
aagtaagcaa tctatcttat
tagggataac agcgcaatcc
gatgttggat caggacatcc
ttaaagtcct acgtgatctg
acaatttctc ccagtacgaa
caacttaata tatgaattaa
gctattaggg tggcagagee
caaatcctct tcctaatagt
attgccatag cctttttaac
aaaggeccta acgttgtagg
ctctttatta aagaacctat
ccaacccttt cactcacact
ctaatcaatc taaacctagg
tctatcttat ggtcaggatg
gcagtagcac aaacaatttc
ttaataagcg gctcattcte
attttacctg cctgaccaat
cgagctccat tcgacctaac
tacgctgecag gtcccotttge
aacgccctaa catccattgt
tactcaatta attttataac
gcatcatatc cccgettteg
ccccttacac tagcactatg
ccaccataca tctagaaaca
ggtttaagec ctettgttte
ttcttegtge taccaataca
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ctaaaaagga
ccaatgagat
tatgaaatta
attgagcaat
tatacataat
tggaaagtgt
cagaagaatt
ataactattt
ttatttcata
taacaataag
taactaaaag
aacgaatcaa
cctaacgage
taccaaaaga
tttaggaaaa
aggcccaaaa
tttaacaaat
gagatactgt
cggataacca
acaacttgtt
tcggcaaact
gaggcattge
tagcataatc
tgtctettat
aagacgagaa
taatgggata
gaaaatccte
tgacccaaaa
tatttaagag
caatggtgea
agttcagacc
aggacaagag
tctaaatata
aggaaattge
gtattttatt
actagtagaa
tccatacgga
gegececcta
agccctaage
tettttatte
agcatcaaac
atatgaagtt
attacaaata
agctataata
agaaggagaa
actatttttt
cttecectggge
agaaacacta
ttatgaccaa
tacatgacat
tgtctgacaa
taggataata
cctaatccta

actaaagtaa
gggaagaaat
aaggataaag
gaagtacgeca
tcataaacaa
gcttggaata
cataataaat
cacactataa
ggagctatag
caaagataaa
cattagagct
cccgtetatg
ttggtgatag
acatttaatc
ggaaaaaacc
gcagccacca
aataataaat
taacatgagt
ttgttaatta
aatccaacac
aaaaccccgeo
ctgcccagtg
acttgttecct
ttttgatcag
gaccctatgg
accacaatga
cgaatgattt
atcttttttg
ttcatatcga
gaagctatta
ggagtaatcc
aaatggagcc
gtaagtatgt
gtaagactta
aataccctta
cgaaaaattt
gtccttcaac
actacctcca
ctatgaattc
attttagcta
tcaaaatact
acaatagcta
cttatttata
tgatacatct
tcagaactag
atagcggaat
ccaatccata
ttactctcaa
cttatacatc
atctccttac
aagagttact
ggaattgaac
acatagtaag



3841
3901
3961
4021
4081
414
4201
4261
4321
4381
4441
4501
4561
4621
4681
474
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961

gtcagctaat
ctaataaatc
acaatatcaa
attattccce
tttattacac
caactcggac
attgcactat
caaggaatcc
tcaatcctat
tcatccattce
gcatactcat
ataacacttc
atacttaatg
acccttgtat
tttttaccaa
acaataatag
acttctctca
tataaaaaca
tcaccacaac
taagaaaaca
gaatgcaaat
tacgaaactt
tatcagaaaa
aattcgacat
gatttacagt
tcaactaacc
gtagggactg
ggggacgace
atagtaatac
gctcccgata
ttectactce
tatccacctt
tctettcact
attaatataa
ctaattacag
ctattaactg
attctatatc
cctgggtteg
gggtacatgg
gcacatcaca
acaataatta
ggaggtaata
acagtaggtg
gacacatatt
attatagctg
tgagcaaaaa
cattttctag
acatgaaata
atttttatga
tcaaccaact
tcttacgtaa
caacctcata
gtcaaggtta

taagctatcg
ctatcaccat
gctccaacct
tattaattaa
aagcaacagc
tatgaacatt
caatgaaact
cactacacat
ttcaatttta
ttatcggage
caatcgcteca
ttaacttact
catcaacaac
taattccatt
aatgagctat
ctattatage
ccatatttcc
atattatcct
taatcattta
aacaagttta
caatcgettt
tagttaacag
ggggeogggag
gactaacacc
ctaatgctta
acaaagacat
cattgagcat
agatctataa
caataataat
tggcattcce
tattagcatc
tagctggaaa
tagceggtgt
aaccaccagec
ctgttectact
accgaaacct
aacatctatt
gaattatctc
gaatagtttg
tgtttacagt
tcgetatcce
tcaaatgatc
gattaacagg
atgtagtagc
gttttgtcca
cacactttge
gactcteggg
cagtatcatc
tctgagaage
tagagtgact
aagtaaaata
gcctetatgt
aattatagac

ggcccatacc ccgaaaacgt
catcattatt tacttcacta
tctactcata tgagtaggat
caaaaaaaat ccccgatcaa
ctcaataatt atccttttag
tcaacaacaa acaaacagcc
agggctagec ccattccact
aggactaatc ctcctcacat
tcagctactt aatccaacca
atgaggtgga cttaaccaaa
cataggatgg atattagcta
aatttatatt atcctcactg
tatcaactca atctcactcc
aatcctcctc tccctaggag
tatcacagaa ctactaaaaa
cctattaaac ctatttttect
aactaataat aactcaaaaa
tccatcactt actatcatca
gaagtttagg atatatgcag
acttctgata aggactgtaa
aattaagcta agaccttact
ctaaataccc tacttctgge
aagccttagt agatatattg
ttaaggcttg gtaaaaagag
ctcagccatt ttacctatgt
tggcacccta tacctcctat
tctgatccga getgaacteg
tgtcattgtt accgcccatg
tgggggettt ggaaactgac
acgaataaat aatataagct
atccatagtt gaagcaggag
cttagecccat gectggagecat
gtcctcaatc ctaggageta
tataacccaa tatcaaacac
cctattatcc ctcccagecac
aaacacaact ttctttgacc
ctgattcttt ggccaccecceg
tcatgtagtt acttattact
agctataata tcaattgget
aggcttagat gtagacacac
aacaggcegta aaagtattta
tccagctata ctttgagece
aattgtcctc tcaaactcct
ccatttccat tatgtactgt
ttgattcccc ctattcacag
cattatattt gtaggagtta
cataccacga cgatactcag
tataggatca tttatttctc
attcgecttca aaacgagaag
acatggetge ccacctectt
agaaaggaag gactcgaacc
ctttctcaat gagatattag
ttaaatctat atatcttaca
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tggtttaaac ccttcccgta
tccteattgg tccegteate
tagaactaag tttactagca
ctgaagcagc aacaaaatac
ctattgtcct aaattttaaa
tcctactcaa cattacacta
tttgactccc agaagtaaca
gacaaaaaat tgccccacta
tcattatgat cctagcaatt
cacaaatgcg aaaaatcata
tcctgeccta caacccaact
ttcccatatt cctecatactt
tatgaaataa agctccaaca
gtctaccccc actaacagga
acaactgecct aattattacc
acacacgtct gatctactct
tattagccca ccatttaaat
gcacattaat tctccctcta
tccaagagec ttcaaagcce
gactacttcc tacatctatt
agattggtag gaattaaacc
tccaatctac ttctecccgee
ctctacccct tcgaatttge
gacttaaacc tctgtattta
tcattaatcg ttgattattc
tcggagettg ageccggaata
gacaaccagg tgcactttta
cgtttgttat aatcttctte
tcgtaccact tatgattgga
tctgacttct accaccatct
ccggtacagg atgaacagta
cagtagacct gacaattttc
ttaactttat taccactatt
cactgtttgt atgatctgta
tagcagcagg aattacaata
ctgcaggagg tggagaccca
aagtttatat ccttatcctg
ccggtaaaaa agaaccattc
tcctaggttt tattgtatga
gagcctactt tacatctgec
gctgacttge aacactacac
taggctttat cttecctattt
cactcgacat tgtacttcat
ctataggagc agtatttget
ggtataccct agacgatatg
acataacatt cttccctcaa
actatccaga tgcttatacc
ttacagccgt cctactaata
ttctaacagt atcttattct
atcacacatt cgaagagcct
ccctaaaact ggtttcaage
taaaacaatt acataacctt
tggecttatcc attccaatta



7021
7081
na
1201
1261
1321
1381
1441
7501
7561
1621
7681
7141
1801
1861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581
8641
8701
8761
8821
8881
8941
9001
9061
9121
9181
9241
9301
9361
9421
9481
9541
9601
9661
9721
9781
9841
9901
9961
10021
10081
10141

ggtctacaag
ctaataattg
acagaactta
ttaccagctg
gacgaaatta
tatgaatata
ttaaaaccag
cttcccatce
ctatgactaa
cgtccaggac
cctattgtte
taatctcact
tccatagtga
tggectacact
catccccaaa
aaatctattt
tatcatattt
ctcatttcaa
aaaaggacgg
ccttctagge
tatagcaatc
cteccttaget
tatcgaaaca
tattaccgeca
tattagccca
gtttgctgta
tgataacaca
ccacttacag
tatagctcaa
tgatgatgag
aaaggtctte
ttcttectgag
cctccaacag
ctactagcat
aatcacataa
caagcctcag
ttctttatag
gtttgtctee
gcagcagcat
tattgatgag
tctgaacaac
ctatcattaa
aaagccaatc
ataaaatttt
cttectette
attttagtca
tgaacagaat
gatcctatte
tactttcact
tagaaggaat
ctatagcatc
tagggctage
tcaatttact

atgccacatc
ttttecttat
cacacacaag
ttattcttat
ataaccccgt
ctgactatga
gtgacctacg
gaatgcttat
aaactgacgc
tattttacgg
tagaaatagt
gtgaagctta
tatgccacaa
atttatttta
aacctttaca
gectetttta
ccatctatcc
cactgactaa
acttgaactc
cttcttccac
ccactatgag
catttcctte
atcagtctat
ggacatctac
cccaccgeta
gcectaatte
taatgaccca
gagcatttte
ccattcttct
atattattcg
gatacggtat
ctttctacca
gaattactcc
caggtgttte
atcaagccct
aatattttga
caacaggatt
tacgacaatt
gatattgaca
gatcttactc
atcagaagag
tcctaattte
catatgaatg
tcctagtage
catgagcaat
ccattctatc
aactggtaat
ataattacca
tctaggaaca
aatgttatcc
tatacccatt
cctattagtt
tcaatgctaa

ccctattata gaagaattaa
tagcacctta gtactttaca
cacaatagat gcccaagaag
tttaattgea cttccctcac
actaacagta aaaactatag
agacctatge tttgattctt
actattagaa gttgacaacc
ctcatcagaa gacgttctce
tatcccagga cgcctaaate
tcaatgctcet gaaatctgeg
gccactaaaa cacttcgaaa
gagcgttaac cttttaagtt
ctagatacat ccacatgatt
tttcaactaa aaatttcctc
gcacaagaaa caaaaactcc
tcactccctc agtaatagga
tattcccatc atcagaacgt
tcaaacttat tatcaaacaa
taataattgt ctcccttatt
acacatttac accgactact
caggagcagt cctattaggg
cacaaggcac ccctatttca
ttatccaacc tatagctcta
ttatacatct aattggagga
ctattacatt cattatctta
aagcatacgt attcactctt
ccaaacacat gcctatcata
agecccttcta cttacatctg
gtctctagga ctactagcca
tgaaggaacc tatcaaggcc
aatcttgttc attgtctctg
ttcaagccta gtaccaacce
tcttaatcct ctagaagtcc
aatcacatga gcccaccata
actaatcact attctattag
aactccattc tctatttcag
ccacgggctc catgtaatta
aaaatttcac tttacatcaa
ctttgtagac gtagtctgac
ttttagtata attaatataa
agtaataaat cttataatta
agttgecattc tgactcccce
tggatttgac ccatcaagct
tattacattc ctattatttg
ccaaacaact aataccaatg
attaggccta acctatgaat
tagtttaaat aaaattaatg
aaaatgtcat ctgectttat
ttaacgtttc gttctcactt
ttatttatta taacatccct
ccaattacta tcttagtatt
aaagtgtcca acacctatgg
aaattatctt tccatcactc
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taaacttcca
ttatttcact
tagagactgt
tacgaatttt
gccaccaatg
acataattcc
gagtagtttt
actcatgagc
aagcaacagt
ggtctaatca
attgatcage
aaagttagag
tattaccatc
ccaatctttt
ttgagaatca
ctcccaattg
ttaattagta
ataatactta
atattcatcg
caactatcaa
tttcgecata
cttattccta
gcagtacgat
gcaaccctag
ctecttectca
ctagtaagcc
tagttaaccc
gattagtaat
atacacttac
atcatacccc
aagtattttt
acgatctcgg
cactattaaa
gtctcataga
gactttactt
acggaattta
ttggaactac
agcaccattt
tcttectata
ctgacttcca
tcatatttat
aaataaactt
ctgetegttt
atctagagat
taatagtaac
gaactcaaaa
atttcgactc
taatcttaca
aatgtctact
agcttccctg
tgcagcatgce
taccgattac
atacttctge

tgaccacaca
gatattgaca
ttgaactatc
atatatgata
atactgaagc
cacaactgac
accaatagga
tgttccctcea
aacctctaac
cagcttcata
ctcaataatt
accttaaatc
atctcatcta
cccactccte
aaatgaacga
taattactat
atcgacttca
ttcacacacc
gctcaactaa
taaatcttag
aattaaaaag
tacttattat
taacagccaa
tccttataaa
cagtactaga
tatatctaca
aagtccatga
atgatttcac
tatatatcag
tattgtacaa
ctttgctgge
aggttgetga
tacatcagtg
aggcaaacga
caccatactt
cggctecace
attcctecgta
tggatttgaa
tgtatccate
attagtagat
caatactatc
atacacagaa
accattttcg
tgccctacta
ctcagcttta
aggactcgaa
attagattat
ctagcctteca
cttctatget
aattctaact
gaagcagcag
gttcaaaacc
cattaacatg



10201
10261
10321
10381
10441
10501
10561
10621
10681
10741
10801
10861
10921
10981
11041
11101
11161
11221
11281
11341
11401
11461
11521
11581
11641
11701
11761
11821
11881
11941
12001
12061
12121
12181
12241
12301
12361
12421
12481
12541
12601
12661
12721
12781
12841
12901
12961
13021
13081
13141
13201
13261
13321

attatcaaaa
tattagectt
ctccteagat
acttatagct
ttcaatacta
catattttat
aggtaatcaa
ctctatccca
taccatacta
actagcatgc
cccaaaagcc
aaaactagga
catagcctac
cctacgccaa
agtaattgca
agttgctcac
aattcacagc
aacttgctgg
aggggaacta
aggagtcaac
aggaaaacta
tataattctc
gttgacaata
tcaacacttc
aaccacatgg
aaccttggtg
ttttetcatt
ttttccaata
cataatatta
caattctatt
cgtagecccta
tcctcacatt
aacttcagct
tttcctecte
aattttatat
aaacataaac
actgctaggt
acttccatca
agtagtagca
aatcctaact
cctcacccaa
aataatagtt
tgcattctte
tgaacaagac
cctaacaatt
agacctaatc
actaatcgcc
aacaaaacca
ccctattaaa
cccaccaact
aatctctatc
cataagtaaa
tatccatcga

ccgaaaaaaa
tcaatcctat
cctctatcat
agtcaaaatc
gttagecctac
attctatttg
acagaacgat
ctcttaatcg
tcactaacaa
ataatagcat
catgttgaag
agttacggaa
cctttecattt
acagacctaa
tcaattataa
ggcctaactt
cgaactataa
ttagtagcaa
tttattacta
attattatta
acaagtcaca
cacatcatcc
tgtaaatata
ttatttacca
ctttettact
caattccaaa
cttatatcac
tatgcaacac
ttttatcaca
gaactcacaa
ttcgttacat
aatcgattta
aacaatctat
atcggatgat
aaccgaatcg
tcctgagaac
ttactaattg
gccatagaag
ggaatttttc
ataatactat
aacgatatta
acattaggaa
aaagccatac
attcgaaaaa
ggtagtcttg
attgaagcta
acatcaataa
cgattcccac
cgecctageat
aacatccaag
ctaggetttc
aaaaactcat
attatcccaa

cctgaataaa cgtcacttcce
gacaaactga cggaagccct
ccccacttat tattttaaca
acctaaaaaa agaaaacttc
aaattcttct agtaataact
aagctaccct tattcctaca
taaacgcagg actttacttc
cccttatectt tatccaaaac
ctaacccecct gaacccctta
ttataattaa aatacctcta
cacccattge aggatccata
taatacgaat tgccatcatt
tactatccct atggggcata
aatccctaat cgettattcce
ttcaaactcc ttggagettt
catcacttct attctgctta
ttatagcccg aggacttcaa
gectagetaa tettgetcta
tatcactatt ttcttgatcc
caggcatata ctcaatatat
taaacaatct ccaaccttcc
ccctagtect attaactatt
gtttacaaaa acattagact
agaaagcacg caagaactgc
tttataggat agaagtaatc
taaaagtaat aaatatcatt
caattttaat ctcctcaact
tatcaatcaa gctctcattc
acacagaata cataattact
taagctttaa aatagattat
ggtctatcat acaattttcc
ttaaatactt actattattt
ttcaactatt tatcgggtgg
gatctggacg agcagacgca
gtgatatcgg ctttatctta
ttcaacaaat tctattaacc
cagccacagg aaaatcagcc
gacccacacc agtttcagcc
tactagttcg gtttcaccct
gtctaggage actaactacc
aaaaaattgt agcattttcc
ttaaccaacc atatctagca
tcttcatatg ctccggatca
taggaaacat aataaaaact
ccctaacagg aataccattc
tcaatacctg caataccaac
cagctatcta cagcatacga
cattaatctc aatcaatgaa
ttggaagtat cctagectggg
ttcttactat accatgatac
ttctageccct agaactaaat
attcatcatt ttccacatca
acaaaacact taacctaagc
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tacagcttca
cttaactttt
acttgactat
acctaccaaa
ttttcagcaa
ttaattatta
ttattttaca
tccataggta
tgatccaaca
tatggagttc
atcctagegg
ctggacccac
atcataacaa
tcagttagece
ataggagcta
gcaaactcca
ataatctttc
ccaccatcaa
aacttttcaa
ataattatca
cacacccgag
aacccaaaac
gtgaatctaa
taactcatgce
cattggtett
acatcattta
agtctattca
tttctaagece
acctgacatt
ttctcaacta
tcatgatata
ttaatcacta
gaaggagtag
aataccgcag
gctataacat
aataataata
caattcggece
ctactacact
ataacatcca
ctatttaccg
acatcaagtc
ttcttacata
attattcaca
atgccattca
ctaacaggtt
gectgagecce
attatttact
aataacccaa
tttttcatta
ttaaaaacta
aacctcacat
ctaggctact
ttcaaaacat

tgattagect
caactatatt
taccccttat
aactctatat
ctgagctaat
ttacacgatg
ccctecategg
cactcaactt
acatcttatg
acctatgact
caattctctt
taacaaaata
getcaatttg
atatagcttt
caatattaat
actatgaacg
cactcatagc
tcaatctcat
ttatcctaat
caacccaacg
aactaacact
taattacagg
aaacaggagt
ccccatgttt
aggagccaaa
ttatagcaat
aacatattaa
tcttacctect
gaatcacaat
tatttttate
tacactcaga
tactaatttt
gtattatatc
ctcttcaage
gattttgtet
atctaattcc
ttcatccatg
caagcacaat
acaacccatc
ctatctgtgce
agctaggect
tctgcacaca
atctaaacga
catcatcctg
tttactcaaa
tactaattac
ttgtagtcat
atcttactaa
catataatat
cagcectget
taaatctatc
tcccatcaat
cacttaacct



13381
13441
13501
13561
13621
13681
137141
13801
13861
13921
13981
14041
14101
14161
14221
14281
14341
14401
14461
14521
14581
14641
14701
14761
14821
14881
14941
15001
15061
15121
15181
15241
15301
15361
15421
15481
15541
15601
15661
15721
15781
15841
15901
15961
16021
16081
16141
16201

tctagatctg
tatatcaaaa
actttctatt
ataaaaattc
tacatcgcag
atcaatcaat
aaatacacaa
ttagacccte
actattattc
cctaaaacta
ggagaaggct
atataattag
cgttgtaatt
aaatcattaa
actttggctce
ccatacacta
acgtaaacta
tctgettatt
catgaaatat
tacttccgtg
ccatcccata
aagccacttt
tggtaatcgt
actcagacgc
ttttcattat
acccagataa
ggtactttet
tagctctagt
aacgaagcct
ttctegtect
aactcgcctce
ttgaaaataa
cttgtaaacc
ccaccatcag
catagtacat
gcaagtacat
acatgactat
acatacacca
tctatatatc
ctcegggecce
acttcagggc
ggtacgggtc
tatttttagg
agctggactt
atgcttgtta
cccetttgat
tctattctag
aaattaattt

tattgactag
ctactaacta
ctactaacca
cagcaaacaa
caaccccaat
cacctagact
aaaacatttc
aggtctcagg
ctcccaaata
ttagacaacc
ttaaagctaa
tcattatttc
caactacaga
ccactcttte
cctectaggt
cacatcaggc
tggatgacta
tctccatgta
cggagtagtc
aggacaaata
catcggcact
aacacgtttc
ccatctcecta
cgataaaatc
aattatattc
ttacacacca
atttgcatat
cctatccatc
aatattccgt
tacctgaatc
catcagctac
tatactaaaa
aaaaacgaag
cacccaaage
tcatacatat
ttaatcaatg
tcaagactta
ttcagtcata
taccatccte
ataaaacttg
catcaaatgc
taatcagcca
atgctgtgac
acggtgaagg
gacataactc
gtcaaacccce
tagttcacaa
tgaactatca

aaaaatcaat cccaaaatct
accaaaaagg actagtaaaa
ctaccctctt tatcattaat
agaccatcca gcaactacta
accaccctct aacattacac
atcaaaatca actacctcct
cattaaaacc cctgcaatta
atactcctca gtagctatag
aattaaaaat accattagac
cacaaaccca ctcataatta
cccaagacaa ccagtcaaaa
tacacagcat tcaactgtga
aacctaatga caaacatccg
atcgacctcc ctgecccatce
ctatgecctcg taattcaaat
acaataacag cattctcatc
attcgatata tacacgctaa
ggacgaggaa tgtactacgg
ctattatttg cagtcatagc
tccttctgag gagcaacagt
accctggtag aatggatttg
ttcgeattce attttattet
tttctccacg aaacaggctc
ccatttcacc catactacac
ctaataaccc tggtcctatt
gcaaatccac ttaatacacc
gcaattctac gectctattcce
cttatcctag ccttactgece
cctattactc aaatactcta
ggcggacaac cagttgaata
ttctcaatta tcctaatctt
tgaaacctat gccctgatag
aacttctctt ctcagggeat
tgatattcta cttaaactac
atgtatacag tacattaaat
atcctagaca tcaatggtta
cattttaatt aatgatctta
aactcttctc ttccatatga
cgtgaaacca acaacccgec
ggggtageta acctgaaact
gttatcgece atacgttcce
agacggtcat aactgtggtc
tcaccatagc cgtcaaggca
atcatttatc cacataaaac
tattactact tataatttta
aaaaccatca aagacttaac
aattaaactt atattacagt
aaaactcacc ttattcaaat
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acttcaacca
ctatatttta
ctcgagtgat
ttatccaagt
caacatcatc
ccccattata
aaaaaccaaa
ctgtggtata
ctaaaaagga
aaccaaaccc
ataataaact
ctaatgacat
aaaaactcac
taacatctca
tcttacagge
agttacacat
tggagcttca
atcctatgca
tacagcattc
aattacaaat
aggaggattc
cccattcatt
aaacaaccca
aattaaagat
cttceceggac
accacatatc
aaacaaacta
acttcttcac
ctgaatccta
cccattegta
tatgccaatc
tatagaacca
caagaagaag
ttcttgagta
tatttaccce
accaaatata
agacatatct
ctatccctct
cacctatgcc
ttatcagaca
cttaaataag
tcgegeagtt
tgaaggtcag
accaccgaga
acttacccaa
ttaaatttca
attaggcaaa
tccctaataa

tacactctta
tatcattttt
ttcaataata
agcacaacta
aatctcatac
ataatcaaga
aacaaaccaa
cccaaacact
tccaccaaac
cccataaata
taaaacaaaa
gaaaaatcat
cccctattta
tcctgatgaa
ttattcctag
atttgccgag
atatttttta
tttatagaaa
ataggctatg
ctcctetcag
tcagtagata
atcgcagecce
acaggtttaa
atcctaggca
ctacttggag
aaaccagaat
ggaggagtcc
acttcaaaac
gtagctaacc
atcatcggcce
tcaggcatca
ttactctggt
gaaatcctcce
cataaaatta
tagcatataa
tttctectee
gegttatett
ccacatttgg
cctetteteg
tetggttett
acatctcgat
ggtatttttt
cccaccatga
caatttatga
acccccttte
taagttttat
attttataaa
atttatataa



Appendix 2. The sequence of mitochondrial genome of Apodemus chejuensis

LOCUS
DEFINITION
ACCESSION
VERSION
KEYWORDS
SOURGE
ORGAN [ SM

REFERENCE
AUTHORS

TITLE

JOURNAL
REFERENCE

AUTHORS

TITLE
JOURNAL

FEATURES
source

tRNA

rRNA

tRNA

rRNA

tRNA

gene

CDS

HM034867 16261 bp DNA circular ROD 30-DEC-2011
Apodemus chejuensis mitochondrion, complete genome
HM034867

HMO34867. 1 GI:296100354

mitochondrion Apodemus chejuensis (Jeju striped field mouse)
Apodemus chejuensis
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Glires; Rodentia;
Sciurognathi; Muroidea; Muridae; Murinae; Apodemus.
1 (bases 1 to 16261)
Oh,D.-J., Jung, Y.-H., Kim, T.-W., Chang, M.-H., Han,S.-H., Oh, H.-S.
and Kim, S. -J.
Biogeography and speciation of Korean striped field mice Apodemus
agrarius and A. chejuensis inferred from mitochondrial DNA
Unpubl i shed
2 (bases 1 to 16261)
Oh,D.-J., Jung,Y.-H., Kim, T.-W., Chang, M.-H., Han,S.-H., Oh,H.-S.
and Kim, S. -J.
Direct Submission
Submitted (25-MAR-2010) Department of Biology, Jeju National
University, 66 Jejudaehakno, Jeju 690-756, Republic of Korea

Location/Qualifiers

1..16261

/organism="Apodemus chejuensis”

/organel le="mitochondrion”

/mol_type="genomic DNA”

/specimen_voucher="JBR|-Mam-002"

/db_xref="taxon:754351"

1..67

/product="tRNA-Phe”

68..1022

/product="12S ribosomal RNA”

1023. . 1091

/product="tRNA-Val”

1091. . 2663

/product="16S ribosomal RNA”

2664. . 2738

/product="tRNA-Leu”

/note="codons recognized: UUR”

2739..3693

/gene="ND1"

2739..3693

/gene="ND1"

/note="TAA stop codon is completed by the addition of 3° A

residues to the mRNA”

/codon_start=1

/trans|_except=(pos:3693, aa: TERM)

/trans|_table=2

/product="NADH dehydrogenase subunit 1”
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tRNA
tRNA
tRNA
gene

CDS

tRNA
tRNA
tRNA

rep_origin

tRNA
tRNA

gene

CDS

/protein_id="ADG95712.1”

/db_xref="Gl:296100355"
/translation="MYFINILMLLVPIL|AMAFLTLVERKILGYMGLRKGPNVVGPYG
VLQPFADAMKLF | KEPMRPLTTS | SLF | | APTLSLTLALSLW|PLPMPHPL INLNLGV
LFILATSSLSVYS|LWSGWASNSKYSLFGALRAVAQT ISYEVTMAI I LLSVLLMSGSF
SLQML I YTQEHMWL | LPAWPMAMMWY | STLAETNRAPFDLTEGESELVSGFNVEYAAG
PFALFFMAEYTN | ILMNALTSIVFLGP IHMINYPELYS INFMTETLLLSTTFLWIRAS
YPRFRYDQLMHLLWKNFLPLTLALGTWHISLP | FMASIPPY 1™

3694. . 3762

/product="tRNA-1le”

comp | ement (3760. . 3830)

/product="tRNA-GIn”

3835.. 3903

/product="tRNA-Met”

3904. . 4939

/gene="ND2"

3904. . 4939

/gene="ND2"

/note="TAA stop codon is completed by the addition of 3° A
residues to the mRNA”

/codon_start=1

/trans|_except=(pos:4939, aa: TERM)

/trans|_table=2

/product="NADH dehydrogenase subunit 2”
/protein_id="ADG95713.1”

/db_xref="Gl:296100356"
/translation="MNPITIIIIYFTILIGPVITMSSSNLLLMWVGLELSLLAIIPLL
INKKNPRSTEAATKYF | TQATASMI [LLAT ILNFKQLGLWTFQQQTNSLLLNITL AL
SMKLGLAPFHFWLPEVTQG | PLHMGL ILLTWQK IAPLS ILFQFYQLLNPT I IMILAIS
SILIGAWGGLNQTQMRK I VAYSS | AHMGWMLA | LPYNPTMTLLNLLIY I ILTVPMFLM
LMLNASTT INS | SLLWNKAPTTLVLTPL | LLSLGGLPPLTGFLPKWAI I TELLKNNGCL
[ ITTMMAIMALLNLFFYTRL 1 YSTSLTMFPTNNNSKMLTHHLNYKNN I [LPSLTI ST
LILPLSPQLI1"

4940. . 5007

/product="tRNA-Trp”

comp | ement (5009. . 5077)

/product="tRNA-Ala”

comp | ement (5079. . 5149)

/product="tRNA-Asn”

5150..5180

/note="L-strand replication origin”

/direction=LEFT

comp lement (5181. . 5248)

/product="tRNA-Cys”

5249. . 5315

/product="tRNA-Tyr”

5317. . 6861

/gene="001"

5317. . 6861

/gene="001"

/codon_start=1

/trans|_table=2

/product="cytochrome ¢ oxidase subunit 1”
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tRNA

tRNA

gene

CDS

tRNA

gene

CDS

gene

CDS

/protein_id="ADG95714.1”

/db_xref="Gl:296100357"
/translation="MFINRWLFSTNHKD | GTLYLLFGAWAGMVGTALS |L IRAELGKP
GALLGDDQ| YNV I VTAHAFVMIFFMVMPMM | GGFGNWL VPLM | GAPDMAF PRMNNMSF
WLLPPSFLLLLASSMVEAGAGTGWTVYPPLAGNLAHAGASVDLT | FSLHLAGVPSILG
AINFITTI INMKPPAMTQYQTPLFVWSVL | TAVLLLLSLPVLAAGI TMLLTDRNLNTT
FFDPAGGGDP I LYQHLFWFFGHPEVY ILILPGFGI | SHYVTYYSGKKEPFGYMGMVWA
MMS | GFLGF | VWAHHMF TVGLDVDTRAYFTSATMI | AIPTGVKVFSWLATLHGGN | KW
SPAMLWALGF | FLFTVGGLTG I VLSNSSLD I VLHDTYYVVAHFHYVLSMGAVFA IMAG
FVHWFPLFTGYTLDDMWAKTHFA IMFVGVNMTFFPQHFLGLSGMPRRYSDYPDAYTTW
NTVSSMGSF I SLTAVLLMIFMIWEAFASKREVLTVSYSSTNLEWLHGCPPPYHTFEEP
SYVKVK”

comp | ement (6859. . 6927)

/product="tRNA-Ser”

/note="codons recognized: UCN”

6931..6998

/product="tRNA-Asp”

7000. . 7683

/gene="002"

7000. . 7683

/gene="002"

/codon_start=1

/trans|_table=2

/product="cytochrome ¢ oxidase subunit 2”
/protein_id="ADG95715.1”

/db_xref="Gl:296100358"

/translation="MAYPFQLGLQDATSP IMEELMNFHDHTLMIVFLISTLVLYISL
MLTTKLTHTSTMDAQEVETVWT ILPAVILILIALPSLRILYMMDE INNPVLTVKTMGH
QWYWSYEYTDYEDLGFDSYMIPTTDLKPGDLRLLEVDNRVVLPMELP | RML | SSEDVL
HSWAVPSLGLKTDA | PGRLNQATVTSNRPGLFYGQCSE | CGSNHSFMP | VLEMVPLKH
FENWSASMI~

7687. . 7750

/product="tRNA-Lys”

7752. . 7955

/gene="ATP8"

7752. . 7955

/gene="ATP8”

/codon_start=1

/trans|_table=2

/product="ATP synthase FO subunit 8"
/protein_id="ADG95716. 1"

/db_xref="Gl:296100359"
/translation="MPQLDTSTWF IT||SSMATLF ILFQLK|SSQSFPTPPSPKTFTA
QETKTPWESKWTK I YLPLLSLPQ”

7913. . 8593

/gene="ATP6”

7913. . 8593

/gene="ATP6”

/codon_start=1

/trans|_table=2

/product="ATP synthase FO subunit 6"
/protein_id="ADG95717.1”

/db_xref="Gl:296100360"
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gene

GDS

tRNA

gene

CDS

tRNA

gene

CDS

gene

CDS

/translation="MNENLFASF | TPSVMGLPIVITI IMFPS|LFPSSERL ISNRLHS
FQHWL IKL | [KQMML IHTPKGRTWTLMIVSL IMF1SSTNLLGLLPHTFTPTTQLSMNL
SMAIPLWAGAVLLGFRHKLKSSLAHFLPQGTPISLIPMLI I IETISLFIQPMALAVRL
TANITAGHLLMHL | GGATLVLMN | SPPTATITF I ILLLLTVLEFAVAL IQAYVFTLLV
SLYLHDNT”

8593. . 9376

/gene="003"

8593..9376

/gene="003"

/note="TAA stop codon is completed by the addition of 3° A
residues to the mRNA”

/codon_start=1

/trans|_except=(pos:9376, aa: TERM)

/trans|_table=2

/product="cytochrome ¢ oxidase subunit 3”
/protein_id="ADG95718.1”

/db_xref="Gl:296100361"
/translation="MTHQTHAYHMVNPSPWPLTGAF SALLLTSGLVMWFHYSSTILLS
LGLLANTLTMYQWWRDI IREGTYQGHHTP | VQKGLRYGM I LF | VSEVFFFAGFFWAFY
HSSLVPTHDLGGCWPPTG | TPLNPLEVPLLNTSVLLASGVS | TWAHHSLMEGKRNHMN
QALLITILLGLYFTMLQASEYFETPFSISDG|YGSTFFMATGFHGLHV I IGTTFLVVC
LLRQLKFHF TSKHHF GFEAAAWYWHF VDVVWLFLYVS | YWWGS™

9377..9444

/product="tRNA-Gly”

9445. . 9792

/gene="ND3”

9445. . 9792

/gene="ND3”

/codon_start=1

/trans|_table=2

/product="NADH dehydrogenase subunit 3"
/protein_id="ADG95719.1”

/db_xref="Gl:296100362"

/translation="MNLMI IMFINTILSLIL|SVAFWLPQMNLYTEKANPYECGFDPS
SSARLPFSMKFFLVAITFLLFDLE I ALLLPLPWATQTTNTNVMMISAL ILVT ILSLGL
TYEWTQKGLEWTE”

9794. . 9861

/product="tRNA-Arg”

9864. . 10160

/gene="ND4L"

9864. . 10160

/gene="ND4L"

/codon_start=1

/trans|_table=2

/product="NADH dehydrogenase subunit 4L”
/protein_id="ADG95720. 1"

/db_xref="Gl:296100363"

/translation="MSSAF INLTLAFMLSLLGTLTFRSHLMSTLLCLEGMMLSLF IMT
SLASLNSNSMASMPIPITILVFAACEAAVGLALLVKVSNTYGTDYVQNLNLLQC™
10154. . 11531

/gene="ND4"

10154. . 11531

/gene="ND4"
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tRNA

tRNA

tRNA

gene

CDS

gene

CDS

/note="TAA stop codon is completed by the addition of 3° A
residues to the mRNA”

/codon_start=1

/trans|_except=(pos:11531, aa: TERM)

/trans|_table=2

/product="NADH dehydrogenase subunit 4”
/protein_id="ADG95721.1”

/db_xref="Gl:296100364"

/translation="MLK| |FPSLMLLPLTWLSKPKKTWMNVTSYSFMISLISLSILWQ
TDGSPLNFSTMFSSDPLSSPL I ILTTWLLPLMLMASQNHLKKENFTYQKLY ISMLVSL
QILLVMTFSATEL IMFY ILFEATLIPTLI | | TRNGNQTERLNAGLYFLFYTLIGSIPL
LIALIFIQNSMGTLNFTMLSLTTNPLNPLWSNN | LWLACMMAFMIKMPLYGVHLWLPK
AHVEAP | AGSMI LAAILLKLGSYGMMR 1A | | LDPLTKYMAYPF | LLSLWGMIMTSSIC
LRQTDLKSL [AYSSVSHMALV [AS IM1QTPWSFMGATMLM I AHGLTSSLLFCLANSNY
ERITHSRTMIMARGLQMIFPLMATCWLVASLANLALPPS INLMGELF | TMSLFSWSNFS
[ ILMGVNI T ITGMYSMYMI | TTQRGKLTSHMNNLQPSHTRELTLMILHI PLVLLTIN
PKLITGLTM”

11532. . 11599

/product="tRNA-His”

11600. . 11658

/product="tRNA-Ser”

/note="codons recognized: AGY”

11658. . 11728

/product="tRNA-Leu”

/note="codons recognized: CUN”

11729. . 13558

/gene="ND5"

11729. . 13558

/gene="ND5"

/codon_start=1

/trans|_table=2

/product="NADH dehydrogenase subunit 5”
/protein_id="ADG95722. 1"

/db_xref="Gl:296100365"
/translation="MNIITSFIMAIFLILMSPILISSTSLFKHINFPMYATLS|KLSF
FLSLLPLMMLFYHNTEYMITTWHWITINS [ELTMSFKMDYFSTMFLSVALFVTWS IMQ
FSSWYMHSDPH INRF IKYLLLFL | TML ILTSANNLFQLF |GWEGVGIMSFLL | GWWFG
RADANTAALQAILYNRIGD | GF I LAMTWFCLNMNSWELQQILLTNNNNL IPLLGLLIA
ATGKSAQFGLHPWLPSAMEGPTPVSALQHSSTMVVAG | FLLVRFHPMTSNNPS | LTMM
LCLGALTTLFTAICALTQND IKK1VAFSTSSQLGLMMVTLG INQPYLAFLH|CTHAFF
KAMLFMCSGS| IHSLNDEQD | RKMGNMMKTMPF TSSCLT | GSLALTGMPFLTGFYSKD
LITEAINTCNTNAWALL I TLIATSMTATYSMRI [YFVVMTKPRFPPL | SINENNPDLT
NP IKRLAFGSILAGFFITYNIPPTNIQVLTMPWYLKTTALL I'SILGFLLALELNNLTL
NLSMSKKNSYSSFSTSLGYFPSI IHR 1 IPNKTLNLSFKTSLNLLDLYWLEKS IPKSTS
TMHSYMSKLLTNQKGLVKLYFMSFLLSILLTTTLF | INLEWFQ™

comp | ement (13536. . 14054)

/gene="ND6"

comp | ement (13536. . 14054)

/gene="ND6"

/codon_start=1

/trans|_table=2

/product="NADH dehydrogenase subunit 6
/protein_id="ADG95723.1”
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/db_xref="Gl:296100366"
/translation="MTNY|FVLSLLFLTGCLGLALKPSP|YGGFGL IMSGFVGCLMVL
GFGGSFLGLMVFL | YLGGMMVVFGYTTAMATEEYPETWGSNWFVFGFL | AGVLMEMFF
VYFLDYYNGEEVVDFDSLGDWLMYE | DDVGVMLEGG | GVAAMYSCATWMMVVAGWSLF
AGIFITIEITRD”

tRNA comp | ement (14055. . 14123)
/product="tRNA-Glu”

gene 14127. .15270
/gene="CytB”

CDS 14127. .15270
/gene="CytB”
/note="CytB; TAA stop codon is completed by the addition
of 3" A residues to the mRNA”
/codon_start=1
/trans|_except=(pos: 15270, aa: TERM)
/trans|_table=2
/product="cytochrome b”
/protein_id="ADG95724.1"
/db_xref="Gl:296100367"
/translation="MTNIRKTHPLFKI INHSF | DLPAPSN|SSWWNFGSLLGLCLVIQ
|LTGLFLAMHYTSDTMTAFSSVTHICRDVNYGWL | RYMHANGASMFF | CLFLHVGRGM
YYGSYAFMETWN | GV I LLFAVMATAFMGYVLPWGQMSFWGATV I TNLLSAIPYIGTTL
VEWIWGGF SVDKATLTRFFAFHF | LPF | I AALV I VHLLFLHETGSNNPTGLNSDADK |
PFHPYYTIKDILGIF IMIMFLMVLVLFFPDLLGDPDNYTPANPLNTPPH IKPEWYFLF
AYAILRS IPNKLGGVLALVLS IL I LALLPLLHTSKQRSLMFRP | TGMLYWILVANLLV
LTWIGGQPVEYPFV 1 IGALASISYFSITILIFMPISGI I ENNMLKWNL "

tRNA 15271.. 15338
/product="tRNA-Thr”
tRNA comp | ement (15339. . 15404)
/product="tRNA-Pro”
D-1oop 15405. . 16261
ORIGIN

1 gttaatgtag cttaaaacaa agcaaagcac tgaaaatgct tagatggatt ttttaatccc

61 ataaacacaa aggtttggtc ctggecttat aattagttgg aggtaagatt acacatgcaa
121 acatccataa accggtgtaa aatcccttaa atatttatac aaaatttaag gagagggcat
181 caagcacata ccatagctta agacgccttg cctggeccaca cccccacggg actcagcagt
241 gataaatatt aagcaatgaa cgaaagtttg actaagctat acctcttagg gttggtaaat
301 ttegtgeccag ccaccgeggt catacgatta acccaaacta attacctctc ggcegtaaaac
361 gtgttaacta taaacccata aatagaatta aaatccaact tatatgtgaa aattcattgt
421 taggacctaa atccaataac gaaagtaatt ctaatattgt tatgctacac gatagctaag
481 acccaaactg ggattagata ccccactatg cttagcccta aacctcaata atttgacaac
541 aaaattattt gccagagaac tactagctat agcttaaaac tcaaaggact tggeggtact
601 ttatatccac ctagaggagc ctgttctata atcgataaac cccgectctac ctcaccatct
661 cttgctaatt cagcctatat accgecatct tcagecgaacc ctaaaaagga actaaagtaa
721 gcacaagaat ttagcataaa aacgttaggt caaggtgtag ccaatgagat gggaagaaat
7181 gggctacatt ttcttattaa agaacattta cgaaaccctt tatgaaatta aaggataaag
841 gaggatttag tagtaaatta agaatagaga gcttaattga attgagcaat gaagtacgca
901 cacaccgecc gtcaccctcc tcaaactaaa taaattaaac tataaataat tcataaacaa
961 aatttacgag aggagataag tcgtaacaag gtaagcatac tggaaagtgt gcttggaata
1021 atcacagtgt agcttaatta caaagcatct ggcctacacc cagaagaatt cataataaat
1081 gaacactttg aactaatcct agccctcaac tcttaataat ataactattt cacactataa
1141 attaaaccat ttaatctcgt aaaagtattg gagaaagaaa ttatttcata ggagctatag
1201 agtaagtacc gcaagggaaa gatgaaagaa taattaaaag tagcaataag caaagataaa
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1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
21701
21761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
31781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381

accttgtacc ttttgcataa tgagttaact agaataaatt

aaataccccg
ttgcaaaata
ctggttacce
ctcatgtaaa
ttaagtagtg
ataaagaaag
tcctacatta
aacaagaatt
tcaacctata
aggagtgcta
ctgtttacca
actaaagttt
taattaggga
tgaaattgac
agctttaatt
tgtaaactca
taacatagat
atcaacggac
caattagggt
atggttegtt
aggteggttt
accttataaa
taactctttg
aaaccttgtt
tattattagt
tgggctacat
cattcgcaga
tttcactatt
cactaccaat
catcaagtct
cgetatttgg
ttattctett
cccaagaaca
caaccctage
tttcegggtt
atacaaacat
taattaacta
caacatttct
tcctatgaaa
ctatctttat
ttgatagagt
ctattcttaa
gtcagctaat
ctaataaatc
acaatatcaa
atcattccce
tttattacac
caactcggac
attgcactat
caaggaatcc
tcaatcctat
tcatctattc

aaaccaaacg
gtgggaagat
aaataatgaa
ttttaaatat
aataaactca
cgttcaaget
aaaattgggt
ttattctcca
gataaaaact
taaggaaaga
aaaacatcac
aacggeegeg
ctagcatgaa
ctttcagtga
tatcagttta
taatttcggt
ccacaaatca
caagttaccc
ttacgacctc
tgttcaacga
ctatctatta
taagcgecce
cctagacaag
cccagaggtt
cccgateett
acaactacga
cgctataaaa
tattattgea
accacaccca
ttcagtatat
tgecttacga
atcagtttta
catatgacta
agaaacaaat
taacgttgag
tattcttata
cccagaactc
atgaattcgg
aaattttctc
agcaagtatc
aaaatataga
gaattcaaaa
taagctatcg
ctatcaccat
gctccaacct
tattaattaa
aagcaacagc
tatgaacatt
caatgaaact
cactacacat
ttcaatttta
ttatcggage

agctacctaa aaacaattta
ttttaggtag aggtgaaaag
tttaagttca acttaaaatt
agccaaaaga gggacagetc
ataaataacc aaaccattgt
caacattagc atttaaataa
taatctatta atgtatagat
agcacaagcg tataacaact
ataaattaat agatctaaaa
ttaaaaaaaa taaaaggaac
ctctagcata ttaagtatta
gtatcctgac cgtgcaaagg
cggctagacg agggtttgac
agaggctgaa atactataat
atcatactaa taaagttacc
tggggtgacc tcggagaaaa
aagtaagcaa tctatcttat
tagggataac agcgcaatcc
gatgttggat caggacatcc
ttaaagtcct acgtgatctg
acaatttctc ccagtacgaa
caacttaata tatgaattaa
gctattaggg tggcagagee
caaatcctct tcctaatagt
attgccatag cctttttaac
aaaggeccta acgttgtagg
ctctttatta aagaacctat
ccaacccttt cactcacact
ctaatcaatc taaacctagg
tctatcttat ggtcaggatg
gcagtagcac aaacaatttc
ttaataagcg gctcattcte
attctacctg cctgaccaat
cgagctccat tcgacctaac
tacgctgecag gteccctttge
aatgccctaa catccattgt
tactcaatta attttataac
gcatcatacc cccgettteg
ccccttacac tagcactatg
ccaccataca tctagaaaca
ggtttaagec ctettgttte
ttcttegtge taccaataca
ggcccatacc ccgaaaacgt
tatcattatt tacttcacta
tctactcata tgagtaggat
taaaaaaaat ccccgatcaa
ctcaataatc atccttttag
tcaacaacaa acaaacagcc
aggactagec ccattccact
aggactaatc ctcctcacat
tcagctactt aatccaacca
atgaggtgga cttaaccaaa
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taactaaaag
aacgaatcaa
cctaacgage
taccaaaaga
tttaggaaaa
aggcccaaaa
tttaacaagt
gagatactgt
cggataacca
acaacttgtt
tcggcaaact
gaggcattge
tagcataatc
tgtectettat
aagacgagaa
taatggaata
gaaaatccte
tgacccaaaa
tatttaagag
caatggtgea
agttcagacc
aggacaagag
tctaaatata
aggaaattge
gtattttatt
actagtagaa
tccatacgga
gegtecccta
agccctaage
tgttttatte
agcatcaaac
atatgaggtc
attacaaata
agctataata
agaaggagaa
actatttttt
cttcctagge
agaaacgcta
ttatgaccaa
tacatgacat
tgtctgacaa
taggataata
cctaatccta
tggtttaaac
tcctcattgg
tagaactaag
ctgaagcagc
ctattatcct
ttctactcaa
tttgactcce
gacaaaaaat
tcattatgat
cacaaatgceg

cattaaagct
cccgtetatg
ttggtgatag
acatttaatc
ggaaaaaacc
gcagccacca
aataataaat
taacatgagt
ttgttaatta
aatccaacac
aaaaccccgeo
ctgcccagtg
acttgttecct
ttttgatcag
gaccctatgg
accacaatga
cgaatgattt
atcttttttg
ttcatatcga
gaagctatta
ggagtaatcc
aaatggagcc
gtaagtatgt
gtaagactta
aatatcctta
cgaaaaattt
gteccttcaac
actacctcca
ctatgaattc
attttagcta
tcaaaatact
acaatagcta
cttatttata
tgatacatct
tcagaactag
atagcggaat
cccatccata
ttactctcaa
cttatacatc
atctccttac
aagagttact
ggaattgaac
acatagtaag
cctteccgta
tccegteate
tttactagca
aacaaaatat
aaattttaaa
cattactcta
agaagtaaca
tgccccacta
cctagcaatt
aaaaatcgta



4441
4501
4561
4621
4681
474
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
141
1201
7261
1321
7381
1441
7501
7561

gcatattcat
ataacacttc
atacttaatg
acccttgtat
tttttaccaa
acaataatag
acttctctca
tataaaaaca
tcaccacaac
taagaaaaca
gaatgcaaat
tacgaaattt
tatcagaaaa
aattcgacat
gatttacagt
tcaactaacc
gtagggactg
ggggacgace
atagtaatac
gctcccgata
ttectgetee
tacccacctt
tctettcact
attaatataa
ctaattacag
ctattaactg
attctatatc
cctgggtteg
gggtacatgg
gcacatcaca
acaataatta
ggaggtaata
acagtaggtg
gacacatatt
attatagctg
tgagcaaaaa
cattttctag
acatgaaata
atttttataa
tcaaccaact
tcttacgtaa
caacctcata
gtcaaggtta
ggtctacaag
ctaatgattg
acaaaactta
ttaccagctg
gacgaaatta
tatgaatata
ttaaaaccag
cttccaatce
ctaggactaa
cgtccaggat

caatcgcteca
ttaacttact
catcaacaac
taactccatt
aatgagctat
ctattatagc
ccatattccc
atattatcct
taatcattta
aacaagttta
caatcgettt
tagttaacag
ggggeogggag
gactaacacc
ctaatgctta
acaaagacat
cattgagcat
agatctataa
caataataat
tagcattcce
tattagcatc
tagctggaaa
tggccggtet
aaccaccagec
ccgttetget
accgaaacct
aacatctatt
gaattatctc
gaatagtctg
tgtttacagt
tcgetatcce
tcaaatgatc
ggttaacagg
atgtagtagc
gttttgtcca
cacactttge
gactctcagg
cagtatcatc
tctgagaage
tagagtgact
aagtaaaata
gcctetatgt
aattatagac
atgccacatc
ttttecttat
cacatacaag
ttattcttat
ataaccctgt
ctgactatga
gtgacctacg
gaatgcttat
aaactgacgc
tattttacgg

cataggatgg atattagcta
aatttatatt atcctcactg
tatcaactca atctcactcc
aatcctcctc tccctaggag
tatcacagaa ctactaaaaa
cctattaaac ctatttttect
aactaataat aactcaaaaa
tccatcactt actatcatca
gaagtttagg atatatgcag
acttctgata aggactgtaa
aattaagcta agaccttact
ctaaataccc tacttctgge
aagccttagt agatatattg
ttaaggecttg gtaaaaagag
ctcagccatt ttacctatgt
tggcacccta tatctectat
tctgatccga getgaacteg
tgtcattgtt accgcccatg
tgggggettt ggaaactgac
acgaataaat aatataagct
atccatagtt gaagcaggag
cttagecccat gctggagecat
accctcaatt ctaggagcta
tataacccaa tatcaaacac
cctattatcc ctcccagtac
aaacacaact ttctttgacc
ctgattcttt ggccacceceg
tcatgtagtt acttattact
agctataata tcaattgget
aggcttagat gtagacacac
aacaggegta aaagtattta
tccagctata ctttgagece
aattgtcctc tcaaactcct
ccatttccat tatgtactgt
ctgattcccc ctattcacag
cattatattt gtaggagtta
cataccacga cgatactcag
tataggatca tttatctctc
attcgecttca aaacgagaag
acatggetge ccacctectt
agaaaggaag gattcgaacc
ctttctcaat gagatattag
ttaaatctat atatcttaca
ccctattata gaagaattaa
tagcacctta gtactttata
cacaatagat gcccaagaag
tttaattgeca cttccctecac
actaacagta aaaactatag
agatctatge tttgactctt
actattagaa gttgacaacc
ctcatcagaa gacgttctcc
tatcccagga cgecctaaate
tcaatgctct gaaatctgeg
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tcetgeecta
ttcccatatt
tatgaaataa
gtctacccce
acaactgcct
acacacgtct
tattaaccca
gcacattaat
tccaagagce
gactacttcc
agattggtag
ttcaatctac
ctectaccect
gacttaaacc
tcattaatcg
tcggagettg
gaaaaccagg
cgtttgttat
tcgtaccact
tctgacttct
ccggtacagg
cagtagacct
ttaactttat
cactgtttgt
tagcagcagg
ctgcaggagg
aagtttatat
ccggtaaaaa
tcctaggttt
gagcctactt
gctgacttge
taggctttat
cactcgacat
ctataggagc
gatataccct
acataacatt
attatccaga
ttacagccgt
ttctaacagt
atcatacatt
ccctaaaact
taaaacaatt
tggettacce
taaacttcca
ttatttcact
tagagactgt
tacgaatttt
gccaccaatg
acataattcc
gagtagtttt
actcatgagc
aagcaacagt
ggtctaatca

caacccaact
cctecatgett
ggctccaaca
actaacagga
aattattacc
gatctactct
ccatttaaat
tcteccteta
ttcaaagcce
tacatctatt
gaattaaacc
ttetecegee
tcgaatttge
tctgtattta
ttgattattc
agccggaata
tgcactttta
aatcttctte
tatgattgga
accaccatct
atgaacagta
gacaattttc
taccactatt
atgatccgta
aattacaata
tggagaccca
ccttatcctg
agaaccattc
tattgtatga
tacatctgee
aacactacac
cttectattt
tgtacttcat
agtatttget
agacgatata
cttccctcaa
tgettatace
cctactaata
atcttattct
cgaagagcct
ggtttcaage
acataacctt
attccaatta
tgaccacaca
gatattaaca
ttgaactatc
atatatgata
atactgaagc
aacaactgac
accaatagaa
tgttcectea
aacctctaac
cagcttcata



1621
7681
741
1801
1861
1921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581
8641
8701
8761
8821
8881
8941
9001
9061
9121
9181
9241
9301
9361
9421
9481
9541
9601
9661
9721
9781
9841
9901
9961
10021
10081
10141
10201
10261
10321
10381
10441
10501
10561
10621
10681
10741

cctattgtte
taatctcact
tccatagtga
tggctacact
catccccaaa
aaatctattt
tatcatattt
ctcatttcaa
aaaaggacgg
ccttectagge
tatagcaatc
cteccttaget
tatcgaaaca
tattaccgca
tattagccca
gtttgctgta
cgataacaca
ccacttacag
tatagctcaa
tgatgacgag
aaaggtctte
ttcttectgag
cctccaacag
ctactagcat
aatcatataa
caagcctcag
ttctttatag
gtttgtetee
gcagcagegt
tattgatgag
tctgaacaac
ctatcattga
aaagccaatc
ataaaatttt
cttectette
atcttagtca
tgaacagaat
gatcctatte
tactttcact
tagaaggaat
ctatagcatc
taggactagc
tcaatttact
actatcaaaa
tattagcctt
ctccteagat
acttatagct
ttcaatacta
catattttat
aggcaatcaa
ctctatccca
taccatacta
actagcatgc

tagaaatagt
gtgaagctta
catgccacaa
atttatttta
aacctttaca
gectetttta
ccatctattc
cactgactaa
acttgaactc
cttcttccac
ccactatgag
catttcctte
attagtctat
gggcatctac
cccaccgeta
gcectaatte
taatgaccca
gagcatttte
ccattcttct
atattattcg
gatatggaat
ctttctacca
gaattactcc
caggtgttte
atcaagccct
aatattttga
caacaggatt
tacgacaact
gatattgaca
gatcttacte
atcagaagag
tcctaattte
catatgaatg
tcctagtage
catgagcaat
ccattctatc
agctggtaat
ataattacca
tctaggaaca
aatattatcc
tatacctatt
cctattagtt
tcaatgctaa
ccgaaaaaaa
tcaattctat
cctctatcat
agtcaaaatc
gttagecctac
attctatttg
acagaacggt
ctcttaatcg
tcactaacaa
ataatagcat

gccactaaaa cacttcgaaa
gagcgttaac cttttaagtt
ctagatacat ccacatgatt
tttcaactaa aaatttcctc
gcacaagaaa caaaaactcc
tcactccctc agtaatagga
tattcccatc atcagaacgt
tcaaactaat tatcaaacaa
taataattgt ctcccttatt
acacatttac accgactact
caggagcagt cctattaggg
cacaaggcac ccctatttca
ttattcaacc tatagctcta
ttatgcatct aattggagga
ctattacatt cattatttta
aagcatacgt atttactctt
ccaaacccat gcctatcata
agecccttcta cttacatctg
gtctctagga ctactagcca
tgaaggaacc tatcaaggcc
aatcttgttc attgtctctg
ttcaagccta gtaccaacce
tcttaatcct ctagaagtcc
aattacatga gcccaccata
actaattact attctattag
aactccattc tctatttcag
ccacgggctc catgtaatta
aaaatttcac tttacatcaa
ctttgtagac gtagtctgac
ttttagtata attaatatga
agtaataaat cttataatta
agttgecattc tgactcccce
tgggtttgac ccatcaaget
tatcacattc ctattatttg
ccaaacaact aataccaatg
attaggccta acctatgaat
tagtttaaat aaaattaatg
aaaatgtcat ctgectttat
ttaacgtttc gttctcactt
ttatttatta taacatccct
ccaattacta ttttagtatt
aaagtgtcca acacctatgg
aaattatttt tccatcactc
cctgaataaa cgtcacttcc
gacaaactga cggaagccct
ccccacttat tattttaaca
atctaaaaaa agaaaacttc
aaattcttct agtaataact
aagctaccct tattcctaca
taaacgcagg actttacttc
cccttatectt tatccaaaac
ctaaccccct gaacccctta
ttataattaa aatacctcta
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actgatcagc
aaagttagag
tattaccatc
acaatctttt
ttgagaatca
ctcccaattg
ttaattagta
ataatactta
atattcatca
caactatcaa
tttcgccata
cttatcccta
gcagtacgat
gcaaccctag
ctecttectea
ctagtaagcc
tagttaaccc
gattagtaat
atacacttac
atcatacccc
aagtattttt
acgatctcgg
cactattaaa
gtctcataga
gactttactt
acggaattta
ttggaactac
aacaccattt
tcttectata
ctgacttcca
tcatatttat
aaataaactt
ctgetegttt
atctagagat
taataataat
gaactcaaaa
atttcgactc
taatctcaca
aatatctact
agcttccctg
tgcagcatgce
taccgactac
atacttctcc
tacagtttca
cttaactttt
acttgactat
acctaccaaa
ttttcagcaa
ttaattatta
ttattctata
tccataggta
tgatccaaca
tatggagttc

ctcaataatt
accctaaatc
atctcatcta
cccactccte
aaatgaacga
taattactat
atcggettca
ttcacacacc
gctcaactaa
taaatcttag
aattaaaaag
tactaattat
tgacagccaa
tccttataaa
cagtactaga
tatatctaca
aagtccatga
atgatttcac
tatatatcag
tattgtacaa
ctttgctgge
aggttgetga
tacatcagtg
aggcaaacga
caccatactt
cggctecace
attcctcgta
tggatttgaa
tgtatccate
attagtagat
taatactatc
atatacagaa
accattttca
tgeccctacta
ctcagcttta
aggactcgaa
attagattat
ctagcctteca
cttctatget
aattctaact
gaagcagcag
gtccaaaacc
cgttaacatg
tgattagect
caactatatt
taccccttat
aactctatat
ctgagctaat
ttacacgatg
ccctecategg
cactcaactt
acatcttatg
acctatgact



10801
10861
10921
10981
11041
11101
11161
11221
11281
11341
11401
11461
11521
11581
11641
11701
11761
11821
11881
11941
12001
12061
12121
12181
12241
12301
12361
12421
12481
12541
12601
12661
12721
12781
12841
12901
12961
13021
13081
13141
13201
13261
13321
13381
13441
13501
13561
13621
13681
13741
13801
13861
13921

tccaaaagee
aaaactagga
catagcctat
cctacgccaa
agtaattgca
aattgctcac
gattcacagc
aacttgctga
aggagaacta
aggagtcaac
aggaaaacta
tataattctc
gttgacaata
tcaacacttc
aaccacatgg
aaccttggtg
ttttetcatt
ttttccaata
cataatatta
caattctatt
cgtagecccta
tcctcacatt
aacttcagct
tttcctecte
aattttatat
aaacataaac
actgecteggt
acttccatca
agtagtagca
aatcctaact
cctcacccaa
aataatagtt
tgcattctte
tgaacaagac
cctaacaatt
agacctaatc
actaatcgcc
aacaaaacca
ccctattaaa
cccaccaact
aatctctatc
cataagtaaa
catccatcga
tctagatctg
tatatcaaaa
actttctatt
ataaaaattc
tacatcgegg
atcaatcaat
aaatacacaa
ttagaccctc
actattattc
cctaaaacta

catgttgaag
agttacggaa
cccttecatece
acagacctaa
tcaattataa
ggcctaactt
cgaactataa
ttagtagcaa
tttattacca
attattatta
acaagtcaca
cacattatcc
tgtaaatata
ttatttacca
ctttettact
caattccaaa
cttatatcac
tatgcaacac
ttttatcaca
gagctcacaa
ttcgttacat
aatcgattta
aacaatctat
atcggatgat
aaccgaatcg
tcctgagaac
ttactaattg
gccatagaag
ggaatttttce
ataatactat
aacgatatta
acattaggaa
aaagccatgce
attcgaaaaa
ggtagtcttg
attgaagcta
acatcaataa
cgattcccac
cgecctageat
aacatccaag
ctaggetttc
aaaaactcgt
attattccaa
tattgactag
ctactaacta
ctactaacca
cagcaaacaa
caaccccaat
cacctagact
aaaacatttc
aagtctcagg
ctcccaaata
ttagacaacc

cacccattgc aggatccata
taatacgaat tgccatcatt
tactatccct gtggggtata
aatccctaat cgettattcce
ttcaaactcc ttggagettt
catcacttct attctgctta
ttatagcccg aggacttcaa
gectagetaa tettgetcta
tatcactatt ttcttgatcc
caggcatata ctcaatatat
taaacaatct ccaaccttce
ccctagtect attaactatt
gtttacaaaa acattagact
agaaagtacg caagaactgc
tttataggat agaagtaatc
taaaagtaat aaatatcatt
caattttaat ctcctcaact
tatcaatcaa actctcattc
acacagaata cataattact
taagctttaa aatagattat
ggtctatcat acaattctcce
ttaaatactt actattgttt
ttcaactatt tatcggatgg
gatttggacg agcagacgca
gtgatatcgg ctttatctta
ttcaacaaat tctattaacc
cagccacagg aaaatcagcc
gacccacacc agtttcagcce
tactagttcg gtttcaccct
gtctaggage actaactacc
aaaaaattgt agcattttcc
ttaatcaacc atatctagca
tcttcatatg ctccggatca
taggaaacat aataaaaact
ccctaacagg aataccattc
tcaatacctg caataccaac
cagctatcta cagcatacga
cattaatctc aatcaatgaa
ttggaagcat cctagctgga
ttctcactat accatgatac
tactagccct agaactaaat
attcatcatt ttccacatca
acaaaacact taacctaagc
agaaatcaat cccaaaatct
accaaaaagg attagtaaaa
ctaccctctt tatcattaat
agaccatcca gcaactacta
accaccctct aatattacac
atcaaaatca actacctcct
cattaaaacc cctgcaatta
atactcctca gtagctatag
aattaaaaac accattagac
cacaaaccca ctcataatta
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atcctagegg
ctggacccac
atcataacaa
tcagttagece
ataggagcta
gcaaactcca
ataatctttc
ccaccatcaa
aacttttcaa
ataattatca
cacacccgag
aacccaaaac
gtgaatctaa
taactcatge
cattggtett
acatcattta
agcctgttca
tttctaagcce
acctgacatt
ttctcaacta
tcatgatata
ttaatcacta
gaaggagtag
aataccgcag
gctataacat
aataataata
caattcggece
ctacaacact
ataacatcca
ctatttaccg
acatcaagtc
ttcttacata
attattcaca
atgccattca
ctaacaggtt
gectgagece
attatttact
aataacccag
tttttcatta
ttaaaaacta
aacctcacat
ctaggctact
ttcaaaacat
acttcaacta
ctatatttta
ctcgagtgat
ttattcaagt
caacatcatc
ccccattata
aaaaaccaaa
ctgtcgtata
ctaaaaagga
aaccaaacce

caattctctt
taacaaaata
getcaatttg
atatagcttt
caatattaat
actatgagcg
cactcatagc
tcaatctcat
ttatcctaat
caacccaacg
aactaacact
taattacagg
aaacaggagt
ccccatgttt
aggaaccaaa
ttatagcaat
aacatattaa
tcttacctet
gaatcacaat
tatttctatc
tacactcaga
tactaatttt
gtattatatc
ctcttcaage
gattttgtet
atctaattcc
ttcatccatg
caagcacaat
acaacccatc
ctatctgtgce
agctaggect
tctgcacaca
gtctaaacga
catcatcctg
tctactcaaa
tactaattac
ttgtagtcat
atcttactaa
catataatat
cagccctget
taaacctttc
tcccatcaat
cacttaacct
tacactctta
tatcattttt
ttcaataata
agcacaacta
aatctcatac
ataatcaaga
aacaaaccaa
cccaaacact
tccaccaaac
cccataaata



13981
14041
14101
14161
14221
14281
14341
14401
14461
14521
14581
14641
14701
14761
14821
14881
14941
15001
15061
15121
15181
15241
15301
15361
15421
15481
15541
15601
15661
15721
15781
15841
15901
15961
16021
16081
16141
16201
16261

ggagaagget
atatagttag
cgttgtaatt
aaatcattaa
actttggctce
ccatacacta
acgtaaacta
tectgettatt
catgaaatat
tacttccatg
ccatcccata
aagccacttt
tggtaategt
actcagacgc
ttttcattat
acccagataa
gatacttcct
tagctctagt
aacgaagcct
ttctegtect
aactcgcctce
tcgaaaataa
cttgtaaacc
accatcagca
tagtacattc
aagtacattt
catgaatatt
catacaccat
ctatatatct
tccgggecca
cttcagggcce
gtacgggtct
atttttagga
getggactta
aatgettgtt
cccectttga
ttctattcta
aaaattaatt
a

ttaaagctaa
tcattatttc
caactacaga
ccactcttte
cctectaggt
cacatcagac
tggatgacta
tctccatgta
cggagtaatc
aggacaaata
tatcggecact
aacacgtttc
ccatctcecta
cgataaaatc
aattatattc
ttacacacca
atttgcatat
cctatccatc
aatattccgt
tacctgaatc
catcagctac
tatactaaaa
aaaaacgaag
cccaaagetg
atacatatat
aattaatgat
caggacttac
tcagtcataa
accatcctce
taaaacttgg
atcaaatgcg
aatcagccaa
tgetgtgact
cagtgaagga
agacataact
cgtcaaaccc
gtagttcaca
ttgaattatc

cccaagacaa ccagtcaaaa
tacacagcat tcaactgtga
aacctaatga caaacatccg
atcgacctcc ctgecccate
ctatgecctcg taattcaaat
acaataacag cattctcatc
attcgatata tacacgctaa
ggacgaggaa tgtactacgg
ctattatttg cagtaatagc
tcattttgag gggcaacagt
accctggtag aatgaatttg
ttcgecattcc attttattct
tttctccacg aaacaggectc
ccatttcacc catactacac
ctaatagtcc tggtcctatt
gcaaatccac ttaatacacc
gcaatcctac getccattce
cttatcctag ccttactgece
cctattactc aaatactcta
ggcggacaac cagttgaata
ttctcaatta ttctaatctt
tgaaacctat gccctgatag
aacttctctt ctcaggcatc
gtattctact taaactactt
gtatatagta cattaaatta
cctagacatt aatgattaat
attttaatta atgatcttaa
actcttctct tccatatgac
gtgaaaccaa caacccgece
gggtagctaa cctgaaactt
ttatcgccca tacgttccce
gacggtcata actgtggtct
caccatagcc gtcaaggeat
tcatttatcc acataaaaca
ctattattac ttctaatttt
caaaaccatc aaagacttaa
aaattaaact tatattacag
aaaaactcac cttattcaaa
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ataataaact
ctaatgacat
aaaaactcac
taacatctca
tcttacagge
agttacacat
tggagettca
atcctacgca
tacagcattc
aattacaaat
aggaggattc
cccatttatc
aaacaaccca
aattaaagat
tttcccagac
accacatatc
aaacaaacta
acttcttcac
ctgaatccta
tccattcgta
tatgccaatc
tatagaacca
aagaagaagg
cttgagtaca
tttaccccta
caaatatatc
gacatatctg
tatccctete
acctatgecce
tatcagacat
ttaaataaga
cgegtagttg
gaaggtcagc
accaccgaag
aacttaccca
cttaaattcc
tattgggcaa
tttcctaata

taaaacaaaa
gaaaaatcat
cccctattta
tcctgatgaa
ttattcctag
atttgccgag
atatttttta
tttatagaaa
ataggctatg
ctecctetcag
tcagtagata
atcgcagecce
acaggtctaa
attctaggca
ctacttggag
aaaccagagt
ggaggagtcc
acttcaaaac
gtagccaacc
atcatcggcce
tcaggcatca
ttactctggt
aatcctccce
taaaattaca
gcatataagce
tcttctecca
cgttatctta
cacatttggt
ctecttetege
ctggttcecta
catctcgatg
gtattttttt
ccaccatgaa
acaatttatg
aaccccctta
ataagtttta
aattttataa
aatttatata



Appendix 3. The sequence of mitochondrial genome of Apodemus peninsulae

LOCUS HQ660074 16266 bp DNA circular ROD 30-DEC-2011
DEFINITION Apodemus peninsulae mitochondrion, complete genome
ACCESSION  HQ660074
VERSION HQ660074.1 GI:316993300
KEYWORDS
SOURGE mitochondrion Apodemus peninsulae (Korean field mouse)
ORGANISM  Apodemus peninsulae
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Glires; Rodentia;
Sciurognathi; Muroidea; Muridae; Murinae; Apodemus.
REFERENCE 1 (bases 1 to 16266)
AUTHORS ~ Oh,D.J., Kim, T.W., Chang,M.H., Han,S.H., Oh,H.S. and Kim,S. J.
TITLE The mitochondrial genome of Apodemus peninsulae (Rodentia, Muridae)
JOURNAL  Mitochondrial DNA 22 (4), 99-101 (2011)
PUBMED 22040077
REFERENCE 2 (bases 1 to 16266)
AUTHORS ~ Oh,D.-J., Jung,Y.-H., Kim, T.-W., Han, S.-H., Chang, M.-H., Oh,H.-S.
and Kim, S. J.
TITLE Direct Submission
JOURNAL  Submitted (29-NOV-2010) Department of Biology, Jeju National
University, 66 Jejudaehakno, Jeju 690-756, Republic of Korea
FEATURES Location/Qualifiers
source 1..16266
/organism="Apodemus peninsulae”
/organel le="mitochondrion”
/mol_type="genomic DNA”
/db_xref="taxon:105297"

tRNA 1..67
/product="tRNA-Phe”
rRNA 68..1023
/product="12S ribosomal RNA”
tRNA 1024. . 1092
/product="tRNA-Val”
rRNA 1093. . 2663
/product="16S ribosomal RNA”
tRNA 2664. . 2738

/product="tRNA-Leu”
/note="codons recognized: UUR”

gene 2739. . 3693
/gene="ND1"
CDS 2739. . 3693

/gene="ND1"

/note="TAA stop codon is completed by the addition of 3° A
residues to the mRNA”

/codon_start=1

/trans|_except=(pos:3693, aa: TERM)

/trans|_table=2

/product="NADH dehydrogenase subunit 1”
/protein_id="ADU78207.1"

/db_xref="Gl:316993301"

- 118 -



tRNA
tRNA
tRNA
gene

CDS

tRNA
tRNA
tRNA

rep_origin

tRNA
tRNA
gene

CDS

/translation="MYFINI|TLLVPIL|AMAFLTLVERKILGYMGLRKGPNVVGPYG
VLQPFADALKLF | KEPMRPSTTS | SLF | | APTLSLTLALSLWIPLPMPHPL INLNLG |
LFILATSSLSVYS|LWSGWASNSKYSLFGALRAVAQT ISYEVTMAI I LLSVLLMSGSF
SLQTL I YTQEHMWL | VPTWPMAMMWY | STLAETNRAPFDLTEGESELVSGFNVEYAAG
PFVLFFMAEYMN | ILMNALTS| | FLGPMHK | YYPEFYS INFMTETLILSTTFLWIRAS
YPRFRYDQLMHLLWKNFLPLTLAFCMWHISLP | FMAS | PPYM”

3694. . 3762

/product="tRNA-1le”

comp | ement (3760. . 3830)

/product="tRNA-GIn”

3834..3902

/product="tRNA-Met”

3903. . 4938

/gene="ND2"

3903. . 4938

/gene="ND2"

/note="TAA stop codon is completed by the addition of 3° A
residues to the mRNA”

/codon_start=1

/trans|_except=(pos:4938, aa: TERM)

/trans|_table=2

/product="NADH dehydrogenase subunit 2”
/protein_id="ADU78208. 1"

/db_xref="Gl:316993302"
/translation="MNPITLIIIYLTILMGPVITMSSTNLLLMWVGLELSLLAI IPLL
INKKNPRSTEAATKYFVTQATASMI [LLAT ILNYKQLGLWVFQQQTNPLLLNITL 1AL
SMKLGLAPFHFWLPEVTQG I QLHTGL ILLTWQK I APLSML IQNYYLLDHT I IMIFSIL
S|FIGAWGGLNQTQMRK I MAYSS | AHMGWMLA | LPFNPTMTLLNLMIY I ILT IPMFLV
HMFNSSTTMNS | SLMWNKTPTTL IMIPL I LLSLGGLPPLTGFLPKWAI I TELLKNNGCL
[MTTMMAMMALLNLFFYMRL 1 YSTTLTMFPTNNNSKMLTHHTNHKYN I [LPSLTI1ST
LMLPLSPQLI 1"

4939. . 5006

/product="tRNA-Trp”

comp | ement (5008. . 5076)

/product="tRNA-Ala”

comp | ement (5078. . 5148)

/product="tRNA-Asn”

comp | ement (5149. . 5179)

/note="L-strand replication origin”

/direction=LEFT

comp | ement (5180. . 5245)

/product="tRNA-Cys”

comp | ement (5246. . 5312)

/product="tRNA-Tyr”

5314. . 6858

/gene="C01"

5314. . 6858

/gene="001"

/codon_start=1

/trans|_table=2

/product="cytochrome ¢ oxidase subunit 1”
/protein_id="ADU78209. 1"

/db_xref="Gl:316993303"
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tRNA

tRNA

gene

CDS

tRNA

gene

CDS

gene

CDS

/translation="MFINRWLFSTNHKD | GTLYLLFGAWAGMVGTALS IL IRAELGQP
GALLGDDQ| YNV I VTAHAFVMIFFMVMPMM | GGFGNWL VPLM | GAPDMAF PRMNNMSF
WLLPPSFLLLLASSVVEAGAGTGWTVYPPLAGNLAHAGASVDLT | FSLHLAGVSSILG
AINFITTI INMKPPAMTQYQTPLFVWSVL | TAVLLLLSLPVLAAGI TMLLTDRNLNTT
FFDPAGGGDP | LYQHLFWFFGHPEVY ILILPGFGI | SHYVTYYSGKKEPFGYMGMVWA
MMS | GFLGF | VWAHHMF TVGLDVDTRAYFTSATMI | AIPTGVKVFSWLATLHGGN | KW
SPAMLWALGF | FLFTVGGLTG IVLSNSPLD [ VLHDTYYVVAHFHYVLSMGAVFA IMAG
FVHWFPLFTGYTLDDMWAKTHFA IMFVGVNMTFFPQHFLGLSGMPRRYSDYPDAYTTW
NTVSSMGSF | SLTAVLLMIFMIWEAFASKREVLTVTYSSTNLEWLHGCPPPYHTFEEP
SYVKVK”

comp | ement (6856. . 6924)

/product="tRNA-Ser”

/note="codons recognized: UCN”

6928. . 6995

/product="tRNA-Asp”

6997. . 7680

/gene="002"

6997. . 7680

/gene="002"

/codon_start=1

/trans|_table=2

/product="cytochrome ¢ oxidase subunit 2”
/protein_id="ADU78210.1”

/db_xref="Gl:316993304"

/translation="MAYPFQLGLQDATSP IMEELMNFHDHTLMIVFLISSLVLYISL
MLTTKLTHTSTMDAQEVET IWT ILPAVILILIALPSLRILYMMDE INNPVLTVKTMGH
QWYWSYEYTDYEDLCGFDSYMIPTNDLKPGDLRLLEVDNRVVLPMELP | RML | SSEDVL
HSWAVPSLGLKTDA | PGRLNQATVTSNRPGLFYGQCSE | CGSNHSFMP | VLEMVPLKH
FENWSASMI~

7684. . 7747

/product="tRNA-Lys”

7749..7952

/gene="ATP8”

7749..7952

/gene="ATP8”

/codon_start=1

/trans|_table=2

/product="ATPase subunit 8"

/protein_id="ADU78211.1”

/db_xref="Gl:316993305"

/translation="MPQLDTSTWFIT| |SSMATLFVLFQLK|SSQSFPTPPSPKTFST
QKTKNPWESKWTK | YLPLSSPLQ”

7910. . 8590

/gene="ATP6”

7910. . 8590

/gene="ATP6”

/codon_start=1

/trans|_table=2

/product="ATPase subunit 6”

/protein_id="ADU78212.1”

/db_xref="Gl:316993306"
/translation="MNENLFASF | TPSVMGLP I VVT | IMFPS |LFPSSERL INNRLHS
FQHWL IKL | IKQMML IHTPKGRTWTLMIVSL IMF1GSTNLLGLLPHTFTPTTQLSMNL
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gene

GDS

tRNA

gene

CDS

tRNA

gene

CDS

gene

CDS

SMAIPLWAGAVLLGFRHKLKSSLAHFLPQGTPISLIPMLI1IETISLFIQPMALAVRL
TANITAGHLLMHH | GGATLVLMN | SPPTATITF I ILLLLTVLEFAVAL IQAYVFTLLV
SLYLHDNT”

8590. . 9373

/gene="003"

8590. . 9373

/gene="003"

/note="TAA stop codon is completed by the addition of 3° A
residues to the mRNA”

/codon_start=1

/trans|_except=(pos:9373, aa: TERM)

/trans|_table=2

/product="cytochrome ¢ oxidase subunit 3”
/protein_id="ADU78213.1”

/db_xref="Gl:316993307"
/translation="MTHQTHAYHMVNPSPWPLTGAF SALLLTSGLVMWFHYNSTTLLS
LGLLANTLTMYQWWRDI IREGTYQGHHTP | VQKGLRYGM I LF | VSEVFFFAGFFWAFY
HSSLVPTHDLGGCWPPTG | TPLNPLEVPLLNTSVLLASGVS | TWAHHSLMEGKRNHMN
QALLITILLGLYFTILQASEYFETPFSISDG|YGSTFFMATGFHGLHV | IGTSFLIVC
LLRQLKFHF TSKHHF GFEAAAWYWHF VDVVWLFLYVS | YWWGS™

9374. . 9441

/product="tRNA-Gly”

9442..9789

/gene="ND3”

9442..9789

/gene="ND3”

/codon_start=1

/trans|_table=2

/product="NADH dehydrogenase subunit 3"
/protein_id="ADU78214.1”

/db_xref="Gl:316993308"
/translation="MNLAI ILLINTTLSL IL|SVAFLLPYMNLYSEKTNPYECGFDPS
SSARLPFSMKFFLVAITFLLFDLE I ALLLPLPWATQTTNITTMMTSAL ILVT ILSLGL
TYEWTQKGLEWTE”

9791..9858

/product="tRNA-Arg”

9861..10157

/gene="ND4L"

9861..10157

/gene="ND4L"

/codon_start=1

/trans|_table=2

/product="NADH dehydrogenase subunit 4L”
/protein_id="ADU78215.1”

/db_xref="Gl:316993309"

/translation="MSSAF INLTLAFTLSLLGTLTFRSHLMSTLLCLEGMMLSLF IMT
SMASLNANSMASMP IP1TILVFAACEAAVGLALLVKVSNTYGTDYVQNLNLLQC”
10151.. 11528

/gene="ND4"

10151. . 11528

/gene="ND4"

/note="TAA stop codon is completed by the addition of 3" A
residues to the mRNA”
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tRNA

tRNA

tRNA

gene

CDS

gene

CDS

/codon_start=1

/trans|_except=(pos:11528, aa: TERM)

/trans|_table=2

/product="NADH dehydrogenase subunit 4”
/protein_id="ADU78216.1"

/db_xref="Gl:316993310"

/translation="MLKI |FPSLMLLPLTWLSKPKMTWTNVTSYSFLISLISLSIMWQ
TNETPLNFSTMFSSDPLSTPL I ILTTWLLPLMLMASQNHLKKEKTMHQKLY ISLLVSL
QILLVMTFSATEL IMFY ILFEATLIPTLI | | TRNGNQTERLNAGIYFLFYTLIGSIPL
LIALIFMQTSMGTLNFSMLSLMPSPLDSLWSNN | LWLACMMAFMIKMPLYGVHLWLPK
AHVEAP | AGSMI LAAILLKLGSYGMMR | A IMLDPLTKFMAYPF | LLSLWGMIMTSSIC
LRQTDLKSL [AYSSVSHMALV [AS IM1QTPWSFMGATMLM I AHGLTSSLLFCLANSNY
ERITHSRTMIMARGLQMIFPLMATWWLVASLTNLALPPS INL | GELF | TMSLFSWSNFS
[ ILMGINITITGMYSMYMI I TTQRGKLTSHMNNLQPSHTRELTLMALHI IPLLLLTIS
PKFITGLTM”

11529. . 11595

/product="tRNA-His”

11596. . 11654

/product="tRNA-Ser”

/note="codons recognized: AGY”

11654. . 11724

/product="tRNA-Leu”

/note="codons recognized: CUN”

11725. . 13554

/gene="ND5"

11725. . 13554

/gene="ND5"

/codon_start=1

/trans|_table=2

/product="NADH dehydrogenase subunit 5”
/protein_id="ADU78217.1”

/db_xref="Gl:316993311”
/translation="MNTITSSIMAIFIVLLTPILISSTNMLKQINFPLYATMS|KLSF
FLSLLPLMMFFYYNTEYMITTWHWMT INS [ ELTMSFKMDYFS IMFLSVALFVTWS IMQ
FSSWYMHSDPH INRF IKYLLLFL | TML ILTSANNLFQLF |GWEGVGIMSFLL | GWWFG
RSDANTAALQAILYNRIGD | GF I LAMTWFCLNMNSWELQQILLTENNNL IPLLGLLIA
ATGKSAQF GLHPWLPSAMEGPTPVSALLHSSTMVVAG | FLLVRFHPLTSNNPK | LTMM
LCLGGLTTLFTAICALTQND IKK1VAFSTSSQLGLMMVTLG INQPYLAFLH|CTHAFF
KAMLFMCSGS| HSLNDEQD | RKMGNMMKTMPF TSSCLT | GSLALTGMPFLTGFYSKD
L1 TEAMNTCNTNAWALMITL IATSMTAITYSMRI IYFVTMTKPRFPPMIL INENDPNLM
NP IKRLALGS IMAGFFISYNIPPTNIQILTMPWYLKTTALF I'SILGFLMALELNNLTL
KLSMNKKNLYSSFSTSLGYFPSI IHR 1 IPNKTLNLSLKTSLNLLDLYWLENSIPKPIS
TMHSYASKLLTNQKGLVKLYFLSFFLSILLTVILY | INLEWSQ”

comp | ement (13532. . 14050)

/gene="ND6"

comp | ement (13532. . 14050)

/gene="ND6"

/codon_start=1

/trans|_table=2

/product="NADH dehydrogenase subunit 6
/protein_id="ADU78218.1”

/db_xref="Gl:316993312"
/translation="MTNY|FVLRLLFLTGCLGLALKPSP | YGGFGL IMSGFVGCLMVL
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tRNA

gene

GDS

tRNA

tRNA

D-loop

ORIGIN
1
61
121
181
241
301
361
421
481
541
601
661
121
181
841
901
961
1021
1081
1141
1201
1261
1321

gttaatgtag
ataaacacaa
atgtccataa
caagcacata
gataaatatt
ttcgtgccag
tgttcactat
agaacttaaa
tccaaactgg
aaattatttg
tatatccatc
ttgctaattc
cacaagaaca
gctacatttt
ggatttagta
caccgecegt
atatttacta
aatcacagtg
tgaacacttt
aattaaatca
gagtaagtac
taccttgtac
caaatacccc

GFGGSFLGLMVFL | YLGGMMVVFGYTTAMATEEYPETWGSNWFVFGSL | | GVLMELFF
MYL IDYYDGVDVVDFDKLGDWLMYEVDDVGVMLEGG | GVAAMYSCATWMMVVAGWSLF
AGIFITIEITRD”

comp | ement (14051. . 14119)

/product="tRNA-Glu”

14123. . 15266

/gene="CytB”

14123. . 15266

/gene="CytB”

/note="TAA stop codon is completed by the addition of 3' A
residues to the mRNA”

/codon_start=1

/trans|_except=(pos: 15266, aa: TERM)

/trans|_table=2

/product="cytochrome b”

/protein_id="ADU78219.1”

/db_xref="Gl:316993313"
/translation="MTNIRKTHPLLK | INHSF | DLPAPSN|SSWWNFGSLLGVCLI IQ
[VTGLFLAMHYTSDTMTAFSSVTH I CRDVNYGWL | RYMHANGASMFF | CLFLHVGRGM
YYGSYTFMETWN | GV I LLFAVMATAFMGYVLPWGQMSFWGATV I TNLLPAIPY IGTTL
VEWIWGGF SVDKATLTRFFAFHF | LPF | | AALAVVHLLFLHETGSNNPTGLNSDADK |
PFHPYYTIKDILGIF ILVGFLMTLVLFSPDLLGDPDNYMPANPLNTPPH IKPEWYFLF
AYAILRS IPNKLGGVLAL ILSILILALLPFLHTSKQRSLMFRP I TQTLYWILVANLLT
LTWIGGQPVEHPFV | IGQLASISYFS|ILILMPLSG I I EDK | LKWNL"
15267. . 15333

/product="tRNA-Thr”

comp | ement (15334. . 15400)

/product="tRNA-Pro”

15401. . 16266

cttaaataaa gcaaagcact gaaaatgctt agatggattt ttattatccc
aggtttggtc ctagecttat aattagttgg aggtaagatt acacatgcaa
accagtgtaa aatcccttaa atatttttac aaaatttaag gagagggtat
aaatagctta agacaccttg cctagccaca cccccacggg actcagcagt
aagcaatgaa cgaaagtttg actaagctat gcctcttagg gttggtaaat
ccaccgeggt catacgatta acccgaacta attactctcg gecgtaaaacg
aaacttacta atagaattaa aattcaactt atatgtaaaa attcattgtt
ctcaataacg aaagtaattc taataacatt attttacacg atagctaaga
gattagatac cccactatgc ttagccctaa accttaataa ttagataaca
ccagagaact actagctata gcttaaaact caatggactt ggcggtactt
tagaggagcc tgttctataa tcgataaacc ccgetttacc tcaccatcte
agcctatata ccgeccatctt cagcaaaccc taaaaaggaa taatagtaag
aacataaaaa cgttaggtca aggtgtagec aatgagatgg gaagaaatgg
ctttccaaag aacaataacg aaactcttta tgaaattaaa gaacaaagga
gtaaattaag aatagagagc ttaattgaat agagcaatga agtacgcaca
caccctcctc aaactaaata aatttatata tataaataat ttctaaattg
gaggagataa gtcgtaacaa ggtaagcata ctggaaagtg tgcttggaat
tagcttaact acaaagcatc tggecctacac ccagaagatt tcatagcaaa
gaactaatac tagcccttat attttattaa ttaaattatt ttattatata
tttaacttat taaaagtatt ggagaaagaa attataagac aggagcaata
cgtaagggaa agatgaaaga acaattaaaa gtacaaaaaa gcaaagatta
cttttgcata atgaattaac tagaaaaaat ttgactaaaa gaatttaagc
gaaaccaaac gagctaccta agaacaattt tatgaatcaa cccgtctatg
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1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
21701
21761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
31781
3841
3901
3961
4021
4081
1M
4201
4261
4321
4381
4441
4501

ttgcaaaata
ctggttacce
cacacgtaag
ttaatagtga
atagagaaag
tcctattata
aacaagaata
tcaagtcata
aggagtgcte
ctgtttacca
actagagttt
taattaggga
tgaaattgge
agctttaatt
acctaaactt
ataacataga
atcaacggac
caattagggt
atggttegtt
aggteggttt
accttataaa
atatttatag
aaaccttgtt
cactcctagt
taggctatat
catttgcaga
tctcactctt
cactaccaat
catcaagtct
ccctatttgg
ttatccttct
ctcaagaaca
caaccctage
tttcaggett
acataaatat
aaatttacta
caacattttt
ttctatgaaa
ctattttcat
ttgatagagt
caactcctaa
tcagctaatt
taatcaaccc
ccatatctag
tcattccatt
ttgtaaccca
aacttggatt
ttgcactatc
aaggaattca
caatattaat
tatcaatctt
catattcatc
taaccctect

gtgggaagat
aaaaaatgaa
tttaaaatat
ataaacatta
cgttcaaget
aaaattgggt
ttattctcca
gatgaaaact
taaggaaaga
aaaacatcac
aacggeegeg
ctagtatgaa
ctttcagtga
tgtcagttta
aaaatttcgg
cctacaagtc
caagttaccc
ttacgacctc
tgttcaacga
ctatctatta
taagcgecce
cctagacaag
cccagaggtt
acctatcctt
acaattacgt
tgecttaaaa
tattattgea
acctcaccct
ttetgtttat
tgeccctacga
atcagttctg
tatatgactt
agaaactaac
caatgttgaa
tattcttatg
cccagaattt
atgaattcga
aaacttctta
agcgagtatc
aaattataga
gaattcaaaa
aagctatcgg
tattaccctt
cactaacctt
attaattaac
agcaacagct
atgagtattt
aataaaatta
acttcacaca
tcaaaactac
tattggageca
tattgctcac
aaacttaata

tcttaggtag aggtgaaaag
tttaagttca actttaaact
agccaaaaga gggacagetc
aatatttata aaaccattgt
caacattaat ttttctctaa
taatctattc atatatagat
agcacaagtg tataacaact
acaaattaaa ctttctaaat
ttaaaagaaa taaaaggaac
ctctagcata aaaagtatta
gtatcctgac cgtgcaaagg
tggctaaacg agggttcaac
agagactgaa ataaattaat
attattacta tttattaacc
ttggggtgac ctcggagaaa
aaagtaaaca accttatctt
tagggataac agcgcaatcc
gatgttggat caggacatcc
ttaaagtcct acgtgatctg
acaatttctc ccagtacgaa
aaactcaatt tatgaaaaaa
gcaattaggg tggcagagee
caaatcctct ccctaatagt
attgctatag ccttectgac
aaagggccta acgtagtagg
ctatttatca aagaacccat
ccaaccctat cactcacact
ctaattaacc taaacttagg
tctattctat gatcaggatg
gcagtagccc aaacaatttc
ttaataagtg gctcattcte
attgttccaa cctgacctat
cgagctccat ttgacctaac
tacgctgecag gtccatttgt
aatgctctta catctattat
tactcaatta actttataac
gcatcatatc cacgcttteg
ccactcacac tagcattctg
ccaccataca tatagaaata
ggtttaaatc ctettattte
ttcttegtge taccaataca
gcccatacce cgaaaacgtt
attattattt acttaactat
ctacttatat gagtaggttt
aaaaaaaacc cccgatcaac
tcaataatta ttttactagc
caacaacaaa caaacccttt
ggecttgeece cettecactt
ggactaattc tacttacatg
tatcteccttg atcataccat
tgaggtggac ttaaccaaac
ataggatgaa tattagctat
atttatatta ttctcacaat
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cctaacgagc ttggtgatag
taccaaaaga acaccaaatc
tttaggaaag gaaataacct
aggcctaaaa gcagccacca
ttccataaag aataatcaat
gagatactgt taatatgagt
cggatgtcca ttgttagtta
actatttgtt agcccaacac
tcggcaaaca agaaccccge
gaggcattge ctgeccagtg
tagcataatc acttgttcct
tgtctettat ttccaatcag
aagacgagaa gaccctatgg
taatggttta tttatcaata
aaagaatcct ccgaatgatt
attgatccaa ttettttttg
tatttaagag ttcatatcga
caatggtgca gaagctatta
agttcagacc ggagcaatcc
aggacaagag aaatggggcc
tctaaataaa gtaagtacgt
aggaaattgc gtaagattta
gtattttatt aatattatca
attagtagaa cgaaaaattt
cccttatggg gtcctacaac
acgcccctca accacatcca
agecccttagt ctatgaattc
tattttattt attctagcta
agcatccaac tcaaaatatt
atacgaagta acaatagcta
actacaaaca ctcatctata
ggctataata tgatatatct
agaaggggag tcagaattag
actattcttc atagccgaat
tttcctaggt ccaatacata
agaaactcta attctatcaa
ttacgaccaa cttatacatc
catatgacat atctccttge
tgtctgataa aagagttact
taggataaca ggaattgaac
cttaatccta aatagtaagg
ggtttagatc cttcccgtac
tcttataggt ccagtaatta
agaacttagc cttctagcaa
tgaagctgeca accaaatatt
tattattcta aactataaac
acttcttaac attacactaa
ctgattacca gaagtaacac
acaaaaaatt gctccactat
cattataatt ttctcaattt
tcaaatacga aaaattatag
tttaccattt aacccaacta
tcctatattc cttgtacata



4561
4621
4681
474
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
na
1201
1261
1321
7381
1441
7501
7561
7621
7681

tatttaactc
ctctaattat
tcctaccaaa
ctataatagc
ccacacttac
ataaatataa
caccacaact
aagaaaacga
aatgcaaatc
acgaaatttt
atcagaaaag
tcgacatgac
ttacagtcta
accaatcata
ggaaccgcat
gatgaccaaa
gttataccaa
ccagacatag
ctactcctac
ccaccactag
cttcatttgg
aatataaaac
attacagctg
ttaaccgacc
ctctatcaac
ggattcggaa
tatataggaa
catcatatat
ataattattg
ggtaatatta
gtaggaggac
acatactatg
atagctggat
gcaaaaactc
ttcctaggac
tgaaacacag
tttataattt
accaacctag
tatgttaaag
ccccataacc
aaggttaaat
ttacaagatg
ataattgttt
aaacttacac
ccagcagtaa
gaaattaata
gagtacactg
aaaccaggtg
ccaatccgaa
ggactaaaaa
ccaggectat
attgtcctag
tttcattatg

atcaacaaca
aattccacta
atgagccatt
tataatagct
catatttccc
tattatcctt
catcatttag
acaagtttaa
aattgettta
agttaacagc
gggegegaga
taacacctta
atgcttacte
aagacattgg
taagtatttt
tctataatgt
taataattgg
catttccacg
tagcatccte
caggaaactt
ctggggtete
cacctgecat
tceotgetttt
gcaatcttaa
acctattctg
ttatttccca
tagtttgage
ttacagtagg
ctatcccaac
aatgatccce
taactggaat
tagtagcaca
tcgttcactg
actttgccat
tatcaggaat
tgtcatctat
gagaagcatt
aatgacttca
taaaataaga
tctatgtett
tatagactaa
ccacatccce
tccttattag
acacaagtac
ttettatttt
accctgtatt
actatgaaga
acttacgact
tactaatttc
ctgacgctat
tttacggtca
agatagtgecc
aagcttagag

ataaactcaa tttcacttat
atccttttat ccctaggagg
attacagaat tattaaaaaa
cttctaaatc tattctttta
actaacaata actcaaaaat
ccatcactta ccattattag
aagtttagga tatttatagt
cttctgetaa ggactgtaag
attaagctaa gacctcacta
taaataccct acttctgget
agccttagta gaatattatc
agacttggta aaaagaggac
agccatttta cctatgttca
cacattatat ctcctattcg
aatccgagec gaactaggac
cattgtcact gcccatgecat
aggcttcgga aactgactag
aataaacaat ataagctttt
tgtagtagaa gcaggagcag
agctcacget ggagcatcag
ttcaatctta ggagctatta
aactcaatat caaacaccat
attatcactc ccagtactag
tacaaccttt tttgatcctg
attctttggt caccctgaag
tgtagttact tactactctg
cataatgtca attggtttcc
cttagatgta gacacacgag
aggtgtcaaa gtatttaget
agctatatta tgagccctag
tgttctatca aactctccac
tttccactat gtcttatcca
atttccacta tttacagget
tatatttgta ggagttaaca
accacgacga tactcagact
aggatcattc atctccctaa
tgcctcaaaa cgagaagtac
cggetgeecca ccaccttace
aaggaaggaa tcgaacccce
tctcaatgag atattagtaa
aatctatata tcttatatgg
tattatagaa gaactgataa
ttccctagta ctatatatta
catagatgcc caagaagttg
aattgecctc ccctcactac
aacagtaaag actataggtc
cctatgettt gattcctata
actagaagta gataatcgag
atctgaagat gtacttcact
cccaggacga ttaaatcaag
atgctcagaa atttgegggt
acttaaacat tttgaaaatt
cgttaacctt ttaagttaaa
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atgaaacaaa
cttaccccca
caattgtcta
tatacgecta
attaacccat
cacactgata
ccaagagcct
actacttctc
gattggtagg
tcaatctact
tacaccttcg
ttaaacctct
ttaaccgttg
gegettgage
aacccgeege
ttgttataat
taccactaat
gacttttacc
gaactggatg
tagacttaac
actttattac
tattcgtectg
cagcaggaat
caggaggtgg
tttatattct
gaaaaaaaga
taggatttat
cttacttcac
gacttgcaac
getttatett
tagatattgt
taggagcagt
acactctaga
taacattttt
acccagatge
cagececgttet
taacagtaac
atacattcga
taaaattggt
aataattacg
cttatccatt
actttcatga
tttcacttat
aaactatttg
gaattctata
atcaatgata
taatcccaac
tagtactacc
catgagetgt
caacagtaac
ctaaccacag
gatcagccte
gttagagacc

actccaacaa
cttacagget
attataacca
atttactcta
catacaaacc
cttectetet
tcaaagccct
acatctattg
aatcaaacct
tctececgeet
aatttgcaat
gtatttagat
attattctca
tggaatagta
acttttagga
tttetttata
aattggagce
accatcattt
gacagtttac
aattttctct
aactattatt
atcagtgtta
tacaatactg
agacccaatt
tattttacca
accatttgge
tgtatgagee
atctgccaca
actacacgga
cttatttaca
actccacgac
attcgetatt
cgatatatga
tcctcaacat
ctatactaca
tctaataatt
atactcctca
agaaccttca
ttcaagccaa
taaccttgte
tcaattagge
ccacacacta
attaacaaca
aaccatttta
tataatagat
ctgaagctat
aaacgatcta
aatagaacta
tcectcacta
atctaatcge
ctttatacct
aataatttag
ttaaatctce



741
1801
1861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581
8641
8701
8761
8821
8881
8941
9001
9061
9121
9181
9241
9301
9361
9421
9481
9541
9601
9661
9721
9781
9841
9901
9961
10021
10081
10141
10201
10261
10321
10381
10441
10501
10561
10621
10681
10741
10801
10861

atagtgatat
ctacactatt
ctcccaagac
tctatttgee
catatttcca
attccaacat
aggacgtacc
actaggtctt
agcaattcca
tctagecccac
tgaaacaatt
caccgcagga
tagcccacca
tgctgtagee
taacacataa
ctaacaggag
aactcaacta
tgacgagata
ggcttacgat
ttctgagect
ccaacaggaa
ctagcatcag
catataaatc
gcctcagaat
tttatagcaa
tgectettac
gcagcatgat
tgatgaggat
gaaaataatc
tcactaattc
acaaatccat
aaatttttcc
ccacttccat
ttagtaacta
acagaataat
ttcactcata
tgtetttatt
aaggaataat
tagcatcaat
gtttggeect
atttactaca
ttcaaaacca
tagtctctca
ctectgaccct
aatagcaagt
cctactagtt
attctatatc
taatcaaaca
aatcccactt
tatgctatca
agcatgcata
aaaagcccat
gttaggaagt

gccacaacta
tgtectattt
tttctctact
tctttcatca
tctattctat
tgactaatta
tgaaccttaa
ctccctcata
ctatgagcag
tttcttecac
agcctattta
cacttactta
actgctacta
ttaattcaag
tgacacacca
ctttttcage
cactattatc
ttatccgtga
atggaataat
tttaccactc
ttaccccact
gtgtttcaat
aagccctatt
attttgaaac
caggatttca
gacaattaaa
actgacactt
cttattctct
agaagagaat
taatctcagt
acgaatgtgg
tagtggctat
gagcaattca
tcttatcatt
tggtaattag
attaccaaaa
aggaaccctc
actatcctta
gectatecca
attagttaaa
atgctaaaaa
aaaataacct
attatatgac
ctatcgaccc
caaaatcacc
agcctacaaa
ctatttgaag
gaacgattaa
ttaattgect
cttatgccca
atagcattta
gttgaagcac
tatggtataa

gacacatcca catgatttat
caacttaaaa tttcttcaca
caaaaaacaa aaaacccttg
ccccttcagt aataggatta
ttccatcatc agaacgttta
aacttattat taaacaaata
taattgtttc cttaattata
cattcacacc tactactcaa
gagccgtact actaggattt
aaggaacacc aatctcacta
tccaacctat agcccttgea
tgcatcatat tggaggagca
ttacatttat tattcttctc
catatgtatt tactttacta
aacccatgca tatcatatag
tcttetteta acatccggat
tctaggactc ttagccaata
aggaacctac caaggccatc
cttgtttatc gtctccgaag
aagcctagta ccaacacacg
taatccacta gaagttccac
tacatgagct catcacagcc
aattactatt ctgctaggac
tcetttctet atctcagacg
tggattacat gtaatcattg
gtttcatttt acatcaaaac
tgtagacgta gtctgactat
tagtataatt aatataactg
aataaattta gcaattattt
agcattctta ctcccctaca
atttgatcct tcaagctctg
tacattcctc ttatttgatt
aacaaccaac attactacta
aggactaacc tacgaatgaa
tttaaataaa attaatgatt
atgtcatctg cctttattaa
acattccget ctcacctaat
tttatcataa cctcaatage
attaccattc tagtgtttgc
gtatctaaca cctacggcac
ttatttttcc atcattaata
gaaccaatgt aacttcttac
aaacaaacga aacccctcta
cactaattat tttaacaacc
taaaaaaaga aaaaactatg
ttctactagt aataacattc
ccactctaat tcctacgcta
atgcaggaat ttacttctta
taatttttat gcaaacctct
gtcctttaga ttetttatga
taattaaaat accactatac
caattgcagg ctctataatt
tacgaattgc cattatacta

- 126 -

tactattatce
atcattccca
agaatcaaaa
ccaatcgtag
attaacaacc
atattaattc
tttattgget
ctatcaataa
cgtcataaac
atcccaatac
gtacgattaa
actttagtcc
cttcttacag
gtaagecttt
ttaacccaag
tagtaatatg
ctcttactat
acactcctat
tattcttett
atttaggagg
tattaaatac
taatagaagg
tttattttac
gaatttacgg
gaacctcctt
atcacttcgg
tcectttacgt
acttccaatt
tacttatcaa
taaatttata
cccgectace
tagaaattge
taataacctc
ctcaaaaagg
tcgactcatt
tctcacatta
atccaccctt
ctccttaaac
agcatgtgaa
tgactatgta
cttctccecac
agcttcctaa
aacttctcaa
tggcttetac
caccaaaaac
tcagcaactg
attattatta
ttttatacac
ataggaacat
tctaacaata
ggtgtccacc
ctagcagcta
gatcccttaa

tcatctatgg
acccctectt
tgaacgaaaa
tcaccattat
gecttcacte
atacaccaaa
caacaaacct
accttagtat
taaaaagctc
tcattattat
cagccaacat
ttataaacat
tactagaatt
atttacatga
tccatgacca
atttcactac
atatcaatga
tgtacaaaaa
cgecaggette
ctgetgacca
atcagttcta
aaaacgaaac
tattcttcaa
ctccacttte
tctaattgta
atttgaagca
ttccatctat
agtagattct
tactacacta
ttcagaaaaa
attttcaata
tcttetgete
agccttaate
acttgaatga
agattatgat
gcectttacat
ctatgcttag
gctaactcaa
gcagcagtag
caaaatctta
tgacatgact
ttagcttaat
ctatattctc
ccttaatatt
tctatatcte
aactaattat
cacgatgggg
ttattggctce
taaacttttc
tcttatgact
tctgactacc
ttctactaaa
ctaaatttat



10921
10981
11041
11101
11161
11221
11281
11341
11401
11461
11521
11581
11641
11701
11761
11821
11881
11941
12001
12061
12121
12181
12241
12301
12361
12421
12481
12541
12601
12661
12721
12781
12841
12901
12961
13021
13081
13141
13201
13261
13321
13381
13441
13501
13561
13621
13681
13741
13801
13861
13921
13981
14041

agcttatect
acgccaaaca
cattgcatca
tgcccatgge
tcacagccga
ctgatgactt
agaattattt
aattaacatt
aaaactaact
agctctacat
aacaatatgt
tactccttat
acatggettt
ttggtgcaaa
attgttctac
ccgctatacg
atattttttt
tctatcgage
gecctetteg
cacattaatc
tcagctaaca
cttctaattg
ttatataacc
ataaactctt
ctaggactac
ccctecgeta
gtagcaggca
cttacaataa
acacaaaatg
atagtgacac
ttcttcaaag
caagacattc
acaatcggaa
ctcatcattg
atcgccacat
aaaccacgat
attaaacgac
ccaaccaata
tctattttag
aacaaaaaaa
caccgaatta
gacctctatt
tctaaattat
tccatcttat
aaattcccge
ttgcecgcaac
gtcaatcacc
atataaaaaa
accctcaagt
tcataccacc
acaccataag
aaggctttaa
aattagtcat

ttcattttat
gacctaaaat
atcataatcc
ttaacttcat
actataatta
gtagcaagct
atcactatat
atcattacag
agccatataa
attatcccge
aaatatagtt
ttaccaagaa
cttactttta
tccaaataaa
tcacgcccat
ctacaatatc
actataatac
taactatgag
tgacatgatc
gatttattaa
acttatttca
getgatgatt
gaatcggaga
gagaacttca
taattgcagc
tagaaggacc
tttttctact
tgttatgtet
atattaaaaa
taggtattaa
ccatactttt
gcaaaatagg
gecttgetet
aagccataaa
ccataacagc
tcccaccaat
tagcactagg
tccaaatcct
gattcctaat
atctatactc
ttcccaacaa
gattagaaaa
taactaacca
taacagttat
aaataaagat
tccaataccg
caacttatca
caactctatt
ttctggatac
taagtaaatt
acaacctaca
agccaaccce
tatttccaca

tatcattatg aggaataatt
cactaatcgc atactcttca
aaaccccctg aagctttata
cactcctatt ctgtctggea
tggcccgagg tcttcaaata
taaccaacct agctttacca
cactattctc ttgatctaat
gaatatactc aatatatata
ataaccttca accttcacac
ttctectett aacaattage
tacaaaaaca ttagactgtg
agaatgcaag aactgctaac
taggataaaa gtaatccatt
agtaataaac actattacat
cctaatttct tcaactaata
catcaaactc tcattttttc
agaatatata attacaactt
cttcaaaata gattatttct
tattatacaa ttttcttcat
gtacctacta ttatttctga
actatttatt gggtgagaag
tggacgatca gacgcaaata
catcggattt attttagcca
acaaatttta ttaaccgaaa
aacaggtaaa tcagctcaat
aacaccagtt tcagctctac
agtacgattt catcccctca
tggaggactc actaccctat
aatcgtagca ttctctacat
ccaaccatat ttagccttcc
catgtgctcc ggatcaatca
aaacataata aaaaccatac
cacaggaata ccattcctaa
cacctgtaat accaacgcct
tatttacagc atacgaatca
aatcttaatt aacgaaaacg
aagcattata gectggattct
tactatacca tgatatttaa
agccttagaa ttaaacaatc
ctcattttca acatcactag
aacactaaac ctaagtttaa
ttcaattcca aaacccatct
aaaaggacta gtcaaattat
tctatatatt attaatctcg
caaccagcca ctaccatcat
cccteccaata ttacaccaac
aaatcaacta catctacccc
aacactccaa taattaaaga
tcctcagtag ctatagcagt
aaaaacacta ttaaacctaa
aacccgctca taattaaacc
agacacccag ttaaaaataa
cagcatttaa ctgtgactaa
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ataacaagtt
gttagccata
ggagctacaa
aactcaaact
atcttcccac
ccatcaatta
ttttctatta
attattacaa
acacgagaac
ccaaaattta
aatctaaaaa
tcatgectce
ggtcttagga
cttccatcat
tattaaaaca
tcagtcttct
gacactgaat
caattatatt
gatatataca
ttactatatt
gagtaggaat
cagcagccct
taacatgatt
ataataacct
ttggtcttca
tgcattcaag
cctcaaacaa
ttaccgctat
caagccaact
tacatatctg
ttcacagect
cattcacatc
caggetttta
gagccctaat
tctacttegt
accccaacct
ttatctctta
aaaccacagc
tcacactcaa
getacttcce
aaacatcatt
caacaataca
atttcctatc
agtgatctca
tcaagtagca
atcatcaacc
atcataatag
accaaaaaca
agtataacca
aaatgatcca
aaacccacca
taaacgtaaa
tgacatgaaa

caatctgett
tagccctagt
tactgataat
atgaacgaat
tcatggcaac
acctcattgg
ttettatggg
cccaacgagg
taacacttat
ttacaggett
caggaattaa
atgtttaaac
accaaaaaca
agcaattttt
aatcaatttt
cccactaata
aacaatcaac
tttatcagtg
ctcagatcct
aattctaacc
tatatccttt
gcaagcaatt
ctgcctaaat
aattccactt
cccatgacta
cacaatagta
cccaaaaatc
ctgegeccte
aggcctaata
cacacacgca
taatgatgaa
atcctgctta
ttcaaaagac
aattacacta
cacaatgaca
tataaatcct
caatattcca
actattcatt
actttctata
atcaattatt
aaatctccta
ttcctatgea
tttttttett
ataataataa
caactgtata
tcatacatta
tcaattaaat
aatcaattag
aataccacca
ccaaacccta
taaataggag
acaaaaatat
aatcatcgtt



14101
14161
14221
14281
14341
14401
14461
14521
14581
14641
14701
14761
14821
14881
14941
15001
15061
15121
15181
15241
15301
15361
15421
15481
15541
15601
15661
15721
15781
15841
15901
15961
16021
16081
16141
16201
16261

gtaattcaac
tattaatcac
tggcteccta
acactacact
aaattacggc
cttgtttett
aaacattgga
cccatgaggg
tcectacate
tactctaaca
agttgttcac
agacgctgat
cattctagtg
agacaactat
tttettattt
cctaatccte
aagcctaata
taccctcacce
agcctcaatt
agataaaatc
aaccaaaaat
tcagcaccca
acattcatac
atattaaatc
ctatcaaaca
ccattaagtc
ttctaccatc
cccatttaac
ggccatcaaa
gtctaatcag
aggatgetgt
cttcaagtta
tgttagacat
aaaatccttc
ataattctat
attaaaatta
tactaa

tatagaaact
tctttecateg
ctaggtgtct
tcagatacaa
tgactaattc
catgtaggac
gttattttac
caaatatcct
ggaaccacce
cgcttetteg
ctgettttee
aaaattccat
ggatttctaa
ataccagcaa
gectatgeaa
tcaattttaa
tttegtecta
tgaattggag
agctatttet
ctaaaatgaa
gaaaaactac
aagctgatat
atctatgtat
aatgtatcaa
catacataaa
ataaaccttt
ctcegtgaaa
ttggegggtag
tgegttateg
ccaagacggt
gactcaacat
aggatcattt
aacacattta
aatgccaaac
tctagtagtt
ttttaaattg

aaatgacaaa catccgaaaa
acttacccge tccatctaat
gectaattat tcaaatcgtt
taacagcatt ttcatcagta
gatatataca cgcaaacgga
gaggaatata ctacggatca
tatttgcagt aatagccaca
tttgaggagc aacagtaatt
tagtagaatg aatctgaggg
ctttccactt tattcttcca
tccacgaaac aggctcaaac
tccacccata ctacacaatt
taaccttagt tctattctce
atccactcaa tactccccca
ttctacgetc aattccaaac
ttctagetct actaccattc
tcacccaaac actatactga
gccaaccagt tgaacatcca
ccattattct tatcctcata
atctatgecc cgatagtata
ttttctcagg gcatcaagaa
tctcattaaa ctacttcttg
aaagtacatt aaattatttc
gacattacaa acaatcgtac
attaatgtaa taaagacata
ctctteccata tgactatccce
ccaacaaccc geccacctat
ctacacatga attttatcag
cccatacgtt ccccttaaat
cataactgtg gtctcgagca
agccgtcaag gecatgaaggt
atccacataa accaatcatc
attaacttaa cttctactta
cccaaaaatc attaaaagat
cataaaacta gactcacatt
tcaaaaactt acctcaccta
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acacatccac
atttcatctt
acaggcttat
acacatattt
gectcaatat
tatacattta
gcattcatag
acaaacctcc
ggcttctcag
ttcattattg
aatccaacag
aaagacatcc
ccagatcttc
cacattaaac
aaactaggag
cttcacactt
atcctagtag
tttgtaatta
ccactatcag
aacattactc
gaaggagtgt
tgtacataaa
cccctageat
attaattata
tctgegttat
cttccacatt
geccctette
acatctggtt
aagacatctc
gttggtattt
cagcccatca
taagactatt
atcaaacccc
ttaactttaa
ttagtatctg
aatcttctaa

tactaaaaat
gatggaactt
tcttagetat
gtcgagacgt
ttttcatctg
tagaaacatg
gttatgttet
ttccagcaat
tcgataagge
cagctctage
gcctaaactce
taggtatttt
taggagaccc
cagaatgata
gagtactagc
caaaacaacg
ctaatcttct
ttggccaact
gtatcattga
tggtettgta
ctccccacca
attacatagt
ataagcaagt
tcccteatgt
catacataca
ttgtctatat
tcgcteeggg
cttacttcag
gatggtacgg
ttttattttt
tgtagectgga
tattaatgct
ctccccccaa
ttttataagt
tcaaattttt
tattaatttg
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