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Abstract: We determined the sequence of mitochondrial Cytochrome oxidase subunit 1 (CO1) in two Drosophila melanogaster
strains originating at “Evolution Canyon”, Israel. CO1 nucleotide sequences from two iso-female strains, 2-1 and 6-1, were 1,534 and
1,543 base-pairs, respectively. In each strain, ATAA was used in initiation of translation. Exchange rates for nucleotide and amino
acid sequences were larger in the 6-1 strain than in the 2-1 strain when Oregon-R was used as the standard. Non-synonymous
exchange rate was larger than synonymous exchange rate among the three strains.
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1. Introduction consequently, mtDNA data are well suited for studies
of genetic divergence among related populations
and/or geographically isolated strains. The fruit fly
Drosophila melanogaster (Meigen 1830) is widely
distributed all over the world, except at the North and
South Poles. Analysis of the rate of mtDNA exchange
serves as a powerful molecular marker for the
reconstruction of evolutionary lineage within species.
The Cytochrome oxidase subunit I (CO1) gene is
located within the mitochondria genome, indicating its
ancient origins. CO1 is one of the most frequently
utilized segments of mtDNA for genetic and
evolutionary studies because 1) COLl sequences are
relatively easy to align and 2) it has been extensively
characterized in numerous vertebrate taxa. Nucleotide
sequences of 10 genes-COl, I, I1l, ATPase subunit 6
and six tRNA genes-together with two unassigned
sequences have been presented; notably, the

quadrupled ATAA is used in the initiation of
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For evolutionary and genetic studies, the notion of
biodiversity can be understood if species diversity is
considered in the context of observed patterns of
genetic diversity among geographically closely
isolated populations. Accumulating evidence indicates
that genetic differentiation phenomena associated with
ortholog evolution based on speciation and paralog
evolution based on gene duplication may occur on a
very small spatial scale among neighboring
populations [1].

A number of studies have used mitochondrial DNA
(mtDNA) sequence data to investigate genetic
variation within and between species and natural
populations. A crucial finding arising from these
studies is that mtDNA exhibits a relatively high rate of
nucleotide substitution compared to nuclear DNA,;
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in Israel, designated as “Evolution Canyon”, is home
to about 3,000 species [3]. The opposing slopes of this
Plio-Pleistocene Canyon, which is estimated to be 3-5
million-years old, show dramatic contracts that have
considerable consequences for species compaosition
and diversity among animal and plant populations and
for population genetic structure. Populations are
separated by opposing slopes to cope with markedly
different ecological conditions. The Nahal Oren
microsite appeared to be an optimal place for studying
the forces that drive evolution and adaptation [3]. In
this study, mtDNA COI sequences were analyzed to
assess fine-scale biodiversity among Drosophila
melanogaster populations of “Evolution Canyon”,
Israel.

2. Materials and Methods
2.1 Stations and Fly Collection

At “Evolution Canyon”, seven stations were
arranged along a N-S transect line that extended
across and from the top to the bottom of the
south-facing slope (SFS) and the north-facing slope
(NFS); the SFS housed stations 1, 2, and 3; the NFS
housed stations 5, 6, and 7.

2.2 Flies and Chemicals

D. melanogaster were reared on a standard
cornmeal-yeast medium at 25 °C.

The wild-type laboratory strain Oregon-R served as
the control. The iso-female line 2-1 was established
from a specimen collected on the SFS; iso-female line
6-1 was established from a specimen collected on the
NFS. DNA Isolation Reagent, DNA zol, was
purchased from Gibco BRL, Life Technologies,
Galthersberg, MD, U. S. A.. Thermo Seaquenase
Cy5.5 Dye Terminator Cycle Sequencing Kit was
from Amersham Biosciences, Uppsala, Sweden.

2.3 Extraction and Purification of mtDNA

DNA sol Reagent (Genomic DNA isolation reagent,
Life technologies, Buckinghampshiere, UK) was used

according to manufacturer instructions with some
modifications to isolate mtDNA from five live females
of each strain [4]. The animals were ground with a
glass motor. The crude DNA sample was purified with
a spin column (Freeze ‘N Squeeze DNA Gel
Extraction Spin Columns, Bio-Rad Laboratories Inc.,
Hercules, CA, USA). Concentration of DNA was
measured via electrophoresis through a 1.5% agarose
gel (TaKaRa LOS, Takara, Kyoto, Japan) using a
Mupid kit (Advance Co. Ltd., Tokyo, Japan) and a
spectrophotometer system (U-2000 system, Hitachi,
Tokyo, Japan).

2 4 PCR Conditions

MtDNA encoding CO1 was amplified by PCR
using specifically designed oligonucleotide primers.
To amplify the full-length of COI (1,069-2,609 bp),
sense and anti-sense oligonucleotide primers were
constructed based on the control sequence [2, 4].
Primer sequences used in this study were as follows:

Forward primer:

DCOF0 5’ CAATAATCG CGACAA 3’

DCOF3 5 CAAATC ATAAAGATATTG CAA 3’

DCOF1 5 CTT TAT ATT TTATTT TTG GGG C
3’

DCOF2 5’ CAG CGCGAG GAG GAGATTC 3’

Reversed prime: DCOR2 5° CAT TAT TTT CTA
CAA3Z’

DCORS1 5 CAA CAG GAATTT CAT TAG ATC
GT3

DCOR1 5" TGA TAC CAA AAT ACT CCG CCA
GCT GAACATAG ¥

DCONR1 5 GAATTA CCACTT TTA ACA AAT
3’

2.5 DNA Sequence

MtDNA sequence was obtained via the
dye-terminating method [5] using a Sequanase version
20 Kit (USB). Sequence data (Fig. 1) were analyzed
with GENETYX version 9 and MEGA version 6.
Genetic sequence by de Bruijin [2] was used as the
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S SVD I LHDTYYVVAH HYV
TTCATCAGTAGATATTATTTTACATGATACTTATTﬁTGTAGTAGCTCATTTTCATTATGT
Y APRDPVLTP D YVCTPYRT
GTATGCACCCCG&GAGGCGGTATTACCGGAT&GTG&CTATGTATGCAGGCGGTACGGTAC
FFSG VTTGOGCS S ART HESW
GTTCTTTAGTGGGGAGGT&ACCACAGGCTGTTCGTCGGCGCGTACGTCGGKCG&AAGATG

L SMGAVFAIMAGEFTIHWYPLF
TTTATCTATAGGAGCTGTATTTGGTATTATAG?AGGTTTTATTC?CTEATACCCGTTATT

A P VA A R v
GGCTTTATGCCGCGTTGCCCGGTATGCCCCGATCGCGGGTATGACCAGTCATGGACCCGT
G CMGCKTRETLS RSV KPKSR
AGGGTGCATGTGCAAGACGCGTGAATTGTCAGGCGCCGGGTCGGTTAAGGCCA&ATGTCG

T TLNNEKWLEKSHTEFTITIMFTIG
TACTGGATTAACGTTAAATAATAAATGATTAAAAAGTCATTTCATTATTATATTTATTGG
S S TPIAPVLPRTRPUY P D
CAGCACCGCTAGTACCCCGATCGCCCCGGTATTACCCCGTACTCGCCCCGTACTGCCCGA
S GMRCWMOQRMWOQHAVDWVYDR
AAGAGGGATGCGGTGTTGGATGCAACGGTGGCAACACGCGGTAGATTGGGTGTATGATCG

VNLTFFPQHFTLGLAGMPRR RY
AGTTAATTTAACATTTTTTCCTCAACATTTTTTAGGATTGGCTGGAATACCTCGACGTTA
RPNLSTP APYAPVLPVLPRTR
TCGACCCAATTTATCGCCGATCGCCCCGTATGCCCCCGTACTGCCCGTACTGCCCCGACG
S SVGRLAVRQGRRVNTVHTRA
AAGAAGCGTGGGGCGTCTAGCGGTGCGGCAGGGTCGTCGAGTAAATACGGTGCATCGAGC

SDYPDAYTTW I vsSTI1G6GST.I
TTCAGATTAGGCAGATGCTTAGACAACATG&A&TATTGTATGAACTETTGGATCAACTAT
Y RY AP L P L T RHAA CPD
TTATCGGCGCTACGCGCCGTAGTTACCCCTGATG&GCGGTGATGCCGCGT&TTGGCCGGA
W v T LPF SR T AHL R S R
ATGGAGRGGGGTGGGCACGTTGGCGTTCTCTCGGGGAACﬁGCTCATCTTAGACGGTCTCG

SLLGILFFFFIITIWESTLVSAQR
TTCATTATTAGGAATCTTATTCTTTTTTTTTATTATTTGAGAAAGTTTAGTATCACAACG
DPYRGVLPVCTRLPVLTATA
TGACCCCGTACGCGGCGTACTGCCCGTATGCACCCGTCTGCCCGTACTGAGCGCTACTGC
Q WVFSQDEKVYIPHAPSPGATP
TCAGTGGGTTTTCAGTCAGGATGAGAAGGTAATTCCCCATGCGCCCAGCCCAGGTGCCCC

QVIYPIQLNSSIEWYQNTPP
ACAAGTAATTTACCCAATTCAACTAAATTCATCAATTGAATGATACCAAAATACTCCGCC
PSSNVCLHSNTIMMTTITRHEKMNY
CCCGTCATCGAACGTATGCCTCCACTCAAATATTATGATGACTACACGACACAAAATGGT

G PCPKTSSPREETTGEHYTITL
CGGGCCGTGCCCAAAGACAAGATCACCGCGTGAAGAAACCACGGGCGAACATTATATCCT

AEHSYSELPLLTN *
AGCTGAACATAGATATTCTGAATTACCACTTTTAACAAATTAA
NI SNSNELZPLLTN ®=*
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D § § K C E P L L N *
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Fig. 1 Sequence of the D. melanogaster mtDNA fragments in the 2-1 and 6-1 strains. The coding strand is shown containing
the sense sequence encoding cytochrome oxidase I (COI) gene. The gene below is shown translated into the one-letter amino

acid residue above.
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3. Results and Discussion
3.1 Sequence of Nucleotide and Amino Acid Residues

COlI gene fragment was identified by PCR method.
The COI nucleotide sequences were 1,534 bp long in
the 2-1 strain and 1,543 in the 6-1 strain; each CO1
sequence included the ATAA initiation codon (Fig. 1).
The numbers of deduced amino acid residues were
512, 505, and 512 in Oregon-R, strain 2-1, and strain
6-1, respectively. The 2-1 and 6-1 CO1 nucleotide
sequences have been deposited in DDBJ/EMBL/Gen
Bank Data Base under the accession numbers
LC025528 (2-1 strain) and LCO25529 (6-1 strain).

Cytochrome oxidase 1 (CO1) is a cytochrome
cd;-type oxidase, while the other enzymes are
cytochrome aas-type oxidases. In general, the
cytochrome cd;-type enzyme is a nitrite reductase that
also acts as a CO. An enzyme of this type could have
functioned exclusively as a nitrite reductase under
conditions where molecular oxygen was not available.
After oxygen appeared due to
photosynthesis of blue-green algae, the enzyme might
have acted as a CO. However, as the enzyme is
extremely labile in the presence of hydrogen peroxide,
CO must have become the enzyme that is more stable
in the presence of peroxide [6].

molecular

3.2 Divergence of Nucleotide and Amino Acid
Residues

The total numbers of nucleotide and amino acid

residue substitutions in the COIl gene were estimated
using nonparametric methods. Mathematical theory
can be used to study the rate of nucleotide substitution,
which also serves as a basic quantity in the study of
molecular evolution. Estimating the rate of nucleotide
substitution was based on the number of nucleotide or
amino acid. The total number of amino acid residue
substitutions was calculated using the same method
used for nucleotide substitutions (Fig. 1).

The rate of nucleotide and amino acid residues
revealed an orthologous genetic divergence among
strains; that is, exchange rates between geographically
related strains, 2-1 and 6-1, were as large as 0.72 and
0.9 for nucleotide and amino acid sequences,
respectively (Table 1).

In addition, the rate of both synonymous and
non-synonymous substitutions demonstrated large
variations among the three strains. Non-synonymous
substitution approximately  0.95,
suggesting that higher isolation is currently occurring
among “Evolution Canyon” populations; the values
for the 2-1 and 6-1 strains were each approximately
0.95 (Table 2).

values were

3.3 Codon Usage Variation

Codon usage variation among the three strains was
evident for amino acid residue order. Therefore,
nucleotide and amino acid residues were shown the
strain specific codon usage (Table 3).

Table 1 Exchange rates of nucleotide and amino acid residue substitutions.

Strain Nucleotide Amino acid

Oregon-R vs 2-1 0.49 0.64

Oregon-R vs 6-1 0.70 0.89

2-1vs 6-1 0.72 0.9

Table 2 Exchange rates of synonymous/non and non-synonymous substitutions.

Strain Substitution Synonmous Nonsynonymous
Oregon-R vs 2-1 305 0.04 0.96

Oregon-R vs 6-1 314 0.06 0.94

2-1vs 6-1 299 0.04 0.95
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Table 3 Divergence of codon usage.
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Amino acid Codon Oregon-R 2-1 6-1
TCA 3.51 1.19 2.92

TCC 0.19 0.20 0.78

TCG 0.19 0.79 311

Ser(S) TCT 2.14 0.79 1.36
AGC 0.00 0.40 233

AGT 0.78 0.79 2.14

AGA(-Ser 0.97 0.99 2.72

AGG(-Ser 0.00 0.00 0.19

, CGA 1.56 3.37 175
Ag’(R) cee 0.00 1.39 1.36
CGG 0.00 0.20 117

cGT 0.39 3.17 4.09

CTA 1.36 158 1.75

cTC 0.00 0.20 0.97

Leu) cTG 0.00 2.38 0.58
cTT 0.78 0.59 1.36

TTA 10.33 4.95 3.31

TG 0.19 0.00 175

ACA 2.53 0.99 136

ACC 0.39 416 0.78

Thr(T) ACG 0.19 0.59 3.50
ACT 3.31 2.18 156

CCA 1.75 0.59 0.58

cce 0.19 7.33 1.36

Pro(P) cce 0.19 3.96 0.97
ccT 2.73 1.98 1.36

GCA 1.36 2.38 253

AA) Gee 0.00 2.18 117
GCG 0.00 0.79 0.97

GCT 5.85 3.37 0.78

GGA 7.80 3.37 0.19

GGC 0.00 0.40 0.78

Gly(©) GGG 0.19 0.20 1.56
GGT 117 0.79 117

GTA 331 7.02 2.33

alY) GTC 0.00 0.99 1.75
GTG 0.19 0.79 1.95

GTT 2.92 0.99 2.72

AAA 0.97 0.40 0.78

Lys(K) AAG 0.19 0.00 1.56
Aol AAC 0.00 0.20 0.39
AAT 3.51 2.77 0.58

CAA 1.95 0.40 0.97

GIn@Q) CAG 0.00 0.00 3.50
. CAC 0.39 0.59 0.97
His(H) CAT 3.12 1.78 2.14
S® GAA 1.75 0.59 1.56
GAG 0.00 0.20 1.95
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Table 3 continued

Amino acid Codon Oregon-R 2-1 6-1
Asp(D) GAC 0.19 1.78 1.36
GAT 2.73 2.18 1.75
Tyr(Y) TAC 0.97 1.58 1.95
TAT 2.53 2.38 1.56
, TGC 0.00 1.58 1.36
Cys'(©) TGT 0.00 0.00 0.97
Phe(F) TTC 0.58 0.79 2.14
TTT 7.02 2.77 1.95
Met(M) ATG 0.19 2.57 0.78
ATA(-Met 4.48 2.57 0.78
le(l) ATC 0.19 0.79 1.56
ATT 9.55 3.96 1.36
Trp(W) TGG 0.00 0.20 1.75
Ter TGA(-Trp 2.92 0.79 1.36
TAA 0.19 0.20 0.19
TAG 0.00 0.00 0.00
Total% 100.00 100.00 100.00
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