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ABSTRACT

Four restriction enzymes; Hae IIl, Msp | (4-base cutters), Pvu Il and Sal | (6-
base cutters), were used to reconstruct restriction-site map, with better resolution, for
the mtDNA from nine geographically different natural populations of D. melanogaster
and D. simulans. A total of 32 restriction sites were scored for mtDNA haplotypes; 24
sites of them were from D. melanogaster and the remaining eight sites were from D.
simulans. Five restriction sites were found to be shared between the two species. Six
fragment patterns were scored for each of Hae Ill and Msp | and two fragment
patterns were scored for each of Pvu Il and Sall. In D. simulans, only one fragment
pattern was scored for each of the four restriction enzymes. Eight sites (Hae IIl, 0.8,
Msp 1, 1.0, Pvul, 4.1,7.1 and 11.0, and Sal |, 2.0, 7.0 and 14.8) were detected in all
D. melanogaster mtDNA haplotypes and were considered to be monomorphic. The
highest estimate of polymorphism (94.29%) was detected for each of the two sites of
Hae 1ll, 4.4 and 10.6. The highest significant estimates of polymorphism were
recorded for each of Alexandria (0.0356:0.0012), Baltim (0.0344+0.0), Seni-Sueef
(0.0338+0.0018), and Assiut (0.032520.023) haplotypes. The lowest estimate of
polymorphism was recorded for Sallom haplotypes (0.1250+0.0). The highest estimate
of heterozygosity (H) was recorded for Alexandria haplotype (0.0230+0.0134). The net
nucleotide divergence rates (da) ranged from 0.0014 (between the two D. simulans
haplotypes) to 0.1415 (between Ismailia, D. simulans and Alexandria, D.
melanogaster). The highest estimates of (ds) between D. melanogaster haplotypes
were recorded between Sallom and each of Beni-Sueef (0.0509) and Assiut (0.0504).
Both methods of phylogenetic tree, UPGMA and NJ joined together the two
populations of D. simulans in one cluster apart from D. melanogaster with @ branch
length equal to 0.1263. The NJ tree used Assiut population as a root. There were fifty
cases (10 significant and 40 highly significant) of disequilibria between the 496
combinations of the 32 scored sites with percentage of 10.08%.
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Drosophila melanogaster, D. simulans, nucleotide diversity, gametic
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INTRODUCTION

Determining the relative contributions of different microevolutionary
processes in the maintenance of genetic diversity in natural populations has
been a major focus in evolutionary biology for several decades. The advent of
allozyme electrophoresis in the 1960s (Harris, 1966: Lewontin and Hubby,
1966) and the burgeoning amount of DNA information prompted a
proliferation of studies that examined genetic diversity across a broad
taxonomic spectrum (Piertney and Oliver, 2006).

An extensive literature exists on the patterns of genetic variation
within and among populations of Drosophila melanogaster (Megeed et al.,
1998a). Drosophila melanogaster has a molecular signature of population
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expansion from Africa (Hale and Singh, 1991 and Aquadro et al., 2001)
spread to Europe and Asia, and is believed to have colonized the New World
in the past few hundred years. Population samples from Africa show
abundant genetic variation, while samples from non-African populations carry
a subset of that variation (Begun and Aquadro, 1995; Moriyama and Powell,
1996). Levels of genetic variation are typically reduced in New World
populations, consistent with a founder event (Townsend and Rand, 2004).

Different studies to date have pointed practically to all the population
mechanisms that can change gene frequencies (cytonuclear coadaptation,
direct natural selection on mtDNA and random genetic drift) as being forces
potentially acting on the mtDNA haplotypes (Christie et al., 2004). An
important difference between the effects of natural selection and history on
genetic variation is that natural selection will exert its influence differently on
individual loci, while the influence of history should be more or less equivalent
on all loci.

In D. simulans, mtDNA genotypes were found to affect their fitness
(James et al, 2003). Flies with specific haplotype were found to be the
fastest in developing and have the lowest probability of surviving and wild-
type males with that mtDNA haplotype were found to be more active.

Results indicated that the maintenance of the frequencies of mtDNA
haplotypes in natural populations could be due to their association with
chromosomal arrangements (Megeed et al., 1998b and Oliver et al., 2005).

The most effective means of understanding population structure is to
compare patterns of genetic variation with muitiple genetic markers.
Quantification of the population structure of mtDNA length variation should
provide focused information on recent population history.

In this paper, restriction analysis of mtDNA polymorphism was used
to infer species history in D. melanogaster and D. simulans. In a preliminary
report (Megeed et al., 1 998a), natural populations of D. melanogaster
showed a much greater degree of population structure for mtDNA restriction
haplotypes using two restriction enzymes. Here, that analysis will be
extended by means of increasing number of enzymes, and resolution of the
full restriction-site map.

MATERIALS AND METHODS

I- Collection localities of Drosophila natural populations:

Seven natural populations of D. melanogaster and two of D. simulans
were collected from different geographic localities in Egypt. The flies were
~ollected at approximately 200-600 kilometers intervals such as Sinai, Suez
Canal, Nile Delta, North Coast, Upper Egypt and Western Desert. These
localities and their abbreviations were as follows:

D. melanogaster populations:

1-Aresh (AR), 2- Ismailia (IS), 3-Baltim (BA), 4-Alexandria (AL), 5-Sallom
(SA), 6- Beni-Sueef (BS), and 7- Assiut (AS).

D. simulans populations:

1- Ismailia (ISs) and 2- Bowaty (BOs), the Western Desert.
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Five iso-female lines were constructed for each population of the two
species to give a total number cf 45 strains, which were incubated at 25°C in
the Iaboratory. For each natural population, a single female was put together
with three to five males to initiate the iso-female line. Each iso-female line
was transferred to a new vial each generation for at least 30 generations. The
optimal medium (cornmeal, agar, molasses, water and propionic acid) was
used.

Il - Isolation of mitochondrial DNA (mtDNA):

Rapid isolation method of Tamura and Aotsuka (1988) was used with
some modifications as previously described (Megeed et al., 1998a).

lil- Digestion with restriction enzymes and agarose gel electrophoresis

Four restriction endonucleases, Hae Ill, Msp | (4-base cutters), Pvu Il
and Sal | (6-base cutters), were used. These four enzymes and their buffers
were obtained from Boehriger Mannheim Ltd. Co., Germany. The recoginition
sequence of these enzymes are: GG*CC for Hae Ill, CACGG for Msp |,
CAG*CTG for Pvu Il and GATCGAC for Sal . The reactions were assembled
by mixing about 1 ug of mtDNA, 5 ul of 10 x buffer and 3-5 units of the
enzyme in a sterile eppendorf tube, according to Sambrook et al. (1989).
Sterile bi-distilled water was added to a final volume of 50 pul. The reactions
were incubated at 37°C for 3 h, 5 ul of stop solution (0.05% bromophenol
blue, 50 mM EDTA and 0.05 % SDS) were added to stop the reaction.

The DNA samples were loaded on 0.8% agarose gels, with TBE
running buffer (Sambrook et al, 1989). After electrophoresis, the gels were
stained with ethidium bromide (0.5 ug/ml) for 15 min and destained with
water for 15min, and mtDNA bands were visualized under UV trans-
eleminator plate. Gels were photographed using Polaroid camera DS34.
Sizes of restriction fragments were estimated by a graphical method using
Hind 1ll digested lambda phage DNA as a size marker.

IV-Data analysis

Polymorphism was estimated for each mtDNA haplotype according to
Weir (1990) as: p= k / 2 j m, where k = number of polymorphic sites, j =
average of the two recognition sequence lengths and m = total number of
sites. Polymorphism was calculated for each natural population as the
average over its five haplotypes.

Estimates of nucleotide diversity (nucleotide substitution rate; dj, the
average of the number of nucleotide substitutions per site between two
sequences), the net nucleotide civergence rate (da) and nucleotide diversity
(7) were calculated according to Nei (1987) and Nei and Miller (1990) as
follows: dj; = - 3/4 log, ( 1 - (4p; / 3) ), where py is the average of the
proportion of different nucleotides between two sequences over all pair wise
comparisons, da = dy, - (d.+ d,) /2, where d, is the nucleotide substitution
rate of the population (x) and d, is the nucleotide substitution rate of the
population (y) and =S T a <1y

The restriction-site {'naps for mtDNA in the 45 iso-female lines were
used to calculate the nucleotide sequence civergence between each pair of
lines, according to Nei (1987). The matrix of genetic distances was used to
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generate phylogenetic trees by means of Saitou’s and Nei's (1987) and the
use of two different computer software programs “Restsite” and “Tdraw” (Nei
and Miller, 1990).

Linkage disequilibrium was estimated according to Weir (1990):
Dais = Pas - Pa Pa. Where p; is the frequency of different restriction sites and i
=A, B or AB. with variance equal to:

Var(Dag)=1/nipa(1- pa) pa(1 - Pe) + (1 -2 P4) (1 - 2 P8 ) Das - D'ss]
_and chi square test was used as: +22= D% I pa(1-pa)pPe(1-Ps)

The time of divergence between D. melanogaster populations or
between D. melanogaster and D. simulans was estimated according to Nei
(1987) as: 7= 2 A T, assuming a constant rate of nucleotide substitution,
where = = number of nucleotide diversity between two species, A= rate of
nucleolide substitution, and T = time since divergence.

RESULTS AND DISCUSSION

1- Sizes and patterns of restriction fragments:

The total size of mMDNA was estimated to be 18.8 and 18.9 kbp in D.
melanogaster and D. simulans, respectively. These sizes are similar to those
reported before by Megeed et al., (1998a) with slight difference to 18.6 and
18.9 kbp which were reported by Shah and Langley (1979) and Choi and
Choo (1993), respectively in D. melanogaster. Solignac and Monnerot (1986)
estimated m{DNA size of D. simulans to be 18.9 kbp while the estimation of
Choi 2nd Choo (1993) was 19.0 kbp. This size variation may be due to cases
of insertion or deletion and, also, to the presence of transposable genetic
elements.

The basic restriction-site maps for the mtDNA in each of D.
melanogaster and D. simulans are presented in Figure (1). The previous
results of Megeed et al. (1998a) were used in this investigation to reconstruct
a better restriction-site map and recalculate the nucleotide substitution rates
between the two species and their natural populations.

A total of 32 restriction sites were scored for mtDNA haplotypes of D.
melanogaster (24 restriction sites) and D. simulans (eight restriction sites).
Five restriction sites; Hae lll, 0.8; Msp 1, 1.0; Pvu I, 4.1, Sal |, 7.0 and Pvu I,
7.1 were found to be shared between the two species. Figure (2) shows
representative examples for mtDNA digests with Hae Ill, Msp |, Pvu i and Sal
| and their different patterns.
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Figure 1. Restriction site maps of D. melanogaster (a) and D. simulans
(b) mtDNA.

*E = Eco RI, H = Hind Il (Megeed et al., 1998a), Ha = Hae lll, M = Msp |,
P=Pvulland S=Sall
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Figure 2. Agarose gel electrophoresis for mtDNA in D. melanogaster
and D. simulans (Ds) natural populations with different
patterns of Hae lll, Msp |, Pvu Il and Sal | digest.

Table 1. Fragments patterns of D. melanogaster and D. simulans mtDNA.

Enzyme Hae Il Mspl
7]
Species D. melanogaster E D. melanogaster a E
:
Patterns| A B|C|ID|IE|F|[G|A|B|C|DI|E]|F G
e 112 9 | 9|9 |7 |8|69|129/9.9(99(99|76|66|146
EE | 76| 4 |62({54]| 4 | 4 6 |39(39(59|89|39|39| 25
g:“- 36|36|36|36|36] 5 | 23] 3 31331418
s R 22 081221221 2 23| 3
. 2 |1 21 2
Enzyme Pvu ll Sall
: D. D.
Species D. melanogaster PR D. melanogaster i B
Patterns A B Cc A B C
. 11.9 75 11.5 6 7.8 12
§5 3 3.9 4.4 5.8 6 6.9
" E% 2 3 3 3 5
| . a
] 1.9 2.4 2
2 2
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Sixteen different fragment patterns were determined for the D.
melanogaster mtDNA digest using four restriction enzymes as shown in
Table (1) and Figure (3). For each of Hae Il and Msp | six fragment patterns
were scored and two fragment patterns were scored for each of Pwu Il and
Sal I. In D. simulans, only one fragment pattern was scored for each of the
four restriction enzymes.

2- Restriction-site map variation:

Eight sites (Hae lll, 0.8, Msp |, 1.0, Pvul, 4.1,7.1 and 11.0, and Sal |,
2.0, 7.0 and 14.8) were detected in all D. melanogaster mtDNA haplotypes
and were considered to be monomorphic. Five of these sites were found to
be shared with D. simulans; Hae Ili; 0.8, Msp |; 1.0, Pvu Il; 4.1 and 7.1 and
Sal I: 7.0. Shah and Langely (1979) considered these sites as conserved
ones in both D. melanogaster and D. simulans mtDNA. Also the sites of Sal |;
2 0 and Hae Ill; 11.0 may be considered as conserved sites since they were
shared by all D. melanogaster natural populations.

A Hae Il
08 | 78 | 10.4
B Hae Il
08 | 26 | 4 ] 22 L 82
C Hae il -
| 6.2 2
sl 2 D Haell
0B [ 38 1 54 o8| 82
E Hae Il
ol 38 1 4 | 2.2 [ 2 [ 62
F Hae Il — ;
8 I 4 | 29 1 7
08 | 4 2 Msp i
2 [ 39 | 1
b 5 Msp |
1] 2 | 3.9 [ 3 | g9
e Msp |
11 59 | 3 | 89
: D Msp |
1] 8.9 8.9
E Msp |
= 2 | 39 | 3 23 | 66
F qul I -
39 | 3 3.3
L2 A Pl
21 ] 3 7 KN . 18
B Pvu ll
rg) T 3 | 39 [ 24 21 34
A Sal |
5 = 3 T W . - ] 4
B Sal |
R | 5 I i e I 4

Figure 3. Restriction patterns for mtDNA of D. melanogaster.
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Table (2) presents the estimates of polymorphism in sixteen
polymorphic sites in D. melanogaster. The highest estimates of polymorphism
(94.29%) were detected for each of the two sites of Hae lll, 4.4 and 10.6,
whereas the lowest estimate (5.71%) was detected for the site Hae lll, 11.6.
The scored polymorphism for the other sites was found to be ranged from as
low as 5.71% (Pvu ll, 11.0) to 85.71% (Msp |, 6.9 and Hae I/, 9.8).

The estimates of polymorphism for each natural population with their
standard errors and their ANOVA analysis are presented in Table (3). The
highest significant estimate was recorded for each of Alexandria
(0.0356+0.0012), Baltim- (0.0344+0.0), Beni-Sueef (0.0338+0.0018), and
Assiut (0.0325+0.023) haplotypes. The lowest estimate of polymorphism was
recorded for Sallom haplotypes (0.012520.0).

Table 2. Estimates of polymorphism (as percentage) in sixteen
polymorphic sites in D. melanogaster mtDNA.

© © | o
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Table 3. Estimates of polymorphism for seven mtDNA haplotypes in D.
melanogaster mtDNA and their mean square estimates.

mtDNA : ANOVA

Haplotypes POl Source d.f. MS F
1-Aresh 0.0175+0.0008bc
2-Ismailia 0.0188+0.0009b
3-Baltim 0.0344+0.0a Haplotypes 6 0.000476 55.88**
4-Alexandria 0.0356+0.0012a
5-Sallom 0.0125+0.0c
6-Beni-Sueef 0.033840.0018a
7-Assiut 0.0325+0.0023a Error 28 | 0.0000852
LSD (0.01) 0.0051

The presence (+) and absence (-) matrix of mtDNA restriction sites
of the 45 different iso-female lines was used to generate estimates of
nucleotide substitution rates (d;) between these iso-female lines, then the net
nucleotide divergence rate (d,) was calculated. Estimates of (da) between
natural populations of D. melanogaster and D. simulans with heterozygosity
(H), for each population on the diagonal, are shown in Table 4.

The highest estimate of heterozygosity (H) was recorded for the
Alexandria population (0.0230+0.0134) and was close to that of
polymorphism (0.0356+0.0012) for the same population. The other estimates
of (H) were found to be ranged from 0.0 (Bowaty and Ismailia, D. simulans) to
0.0137 (Assiut, D. melanogaster). The lower estimates of (H) for Sallom
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(0.0052), Baltim (0.0052), Ismailia (0.0057) and Aresh (0.0092) populations
indicate the nature of environmental isolation and the effective size of
population is very small.

The net nucleotide divergence rates (ds) ranged from 0.0014
(between the two D. simulans haplotypes) to 0.1415 (between Ismailia, D.
simulans and Alexandria, D. melanogaster). The highest estimates of (dj)
between D. melanogaster haplotypes were recorded between Sallom and
each of Beni-Sueef (0.0509) and Assiut (0.0504). This isolated population of
Sallom exhibited higher levels of nucleotide divergence with Baltim (0.0486)
and Alexandria (0.0478) populations. This indicates that Sallom population is
a very recent one and was recently diverged. Also, the rate of nucleotide
substitution of mtDNA in this population is very slow compared to the older
populations of Beni-Sueef and Assiut. Hale and Singh (1991), Begun and
Aquadro (1995), Moriyama and Powell (1996), Aquadro et al. (2001) and
Townsend and Rand (2004) stated that D. melanogaster originated from
Africa (Old World) and spread to the New World, and that the African
populations exhibited abundant genetic variations.

Table 4. Estimates of nucleotide divergence rate (+ S.E.), below the
diagonal, and heterozygosity (H), on the diagonal, for mtDNA
between different natural populations of D. melanogaster and

D. simulans.
Populations
AR IS BA AL SA BS AS ISs BOs
0.0092+
AR 10.0064
S 0.0098%0.0057=
0.0070 | 0.0049
BA 0.0399%(0.0364+/0.0052=
0.0129 | 0.0123 | 0.0048
AL 0.0351+/0.0317£{0.0193%|0.0230%
0.0121 /0.0115| 0.0085 | 0.0134
SA 0.0150+/0.0214+|0.0486+|0.0478%|0.0052=
0.0080 | 0.0150 | 0.0145 | 0.0151 | 0.0045
8BS 0.0391+/0.0356+|0.0099+/0.0174=(0.0509+/0.0133=
0.0135/0.0131 | 0.0062 | 0.0087 | 0.0157 { 0.0110
AS 0.0369+(0.0326+|0.0165+/0.0164=/0.0504+/0.0135%/0.0137+
0.0132/0.0129 | 0.0109 | 0.0076 | 0.0154 | 0.0099 | 0.0102
ISs 0.1227+/0.1241+/0.1301%/0.1415%|0.1177%|0.1322+|0.1282+ 0.0£0.0 0.0014=
0.0432 | 0.0439 | 0.0471 | 0.0516 | 0.0349 | 0.0469 | 0.0445| """ ~""710.0014
80s 0.1208+[0.1217+/0.1280+/0.1393=|0.1156=|0.1300%|0.1260+|0.0014+ 0.0+0.0
0.0428 | 0.0436 | 0.0471 | 0.0515| 0.0344 | 0.0467 | 0.0443 | 0.0014 |~ "~

The net nucleotide diversity (=) for mtDNA in D. melanogaster was
found to be equal to 0.0297+ 0.0116 in this study. This estimate is four times
than that of Hale and Singh (1991); 0.0053. The nucleotide diversity of
mtDNA for D. pseudoobscura and D. subobscura (Afonso et al, 1990 and
Rozas et al, 1990), were 0.012 and 0.008; respectively. The nucleotide
diversity of mtDNA for D. immigrans was 0.009. (Aotsuka et al., 1994). The
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nucleotide diversity (=) for nuclear genes such as Adh (Aquadro et al., 1986),
rosy gene region (Aquadro et al., 1988) and Notch gene region (Schaeffer et
al, 1988) in D. melanogaster were 0.024, 0.003 and 0.005; respectively.
These results indicate that the level of genetic variation in mtDNA is equal to
that in some nuclear genes (Adh). Rand et al. (1994 and 2008) showed that
interspecific mMDNA strains of D. melanogaster exhibited a wide range of
variation. There is also evidence that mtDNA sequences may diverge
(evolve) faster than many nuclear sequences (Brown et al., 1982).

The low degree of variability in mtDNA of D. simulans is very
consistent with the other estimates reported by many authors (Solignac and
Monnerot, 1986; Baba-Aissa et al., 1989; and Hale and Singh, 1991). Baudry
et al (2006) found that an eastern group of D. simulans populations from
continental Africa and Indian Ocean islands (Kenya, Tanzania, Madagascar
and Mayotte island) is widespread, shows little differentiation, and has
probably undergone demographic expansion.

The nucleotide differences between D. melanogaster and D.
simulans populations were very high and ranged from 0.1156 with (SA vs.
BOs) to 0.1415 with (AL vs. ISs). The AL population was the most distant
population out of all the D. melanogaster populations from D. simulans.
These results suggested that the substitution rate of D. simulans is much
slower than D. melanogaster and the last one is more polymorphic. Gupta et
al., (1993) estimated the nucleotide differences between D. bipectinata and
D. melarkotliana to be 0.0002.

Caccone et al. (1988) estimated the nucleotide sequence divergence
per million years per lineage (4) in D. melanogaster to be 0.85%. This
estimate can be used to obtain an estimate for the time since divergence
between D. melanogaster and D. simulans in the equation: #=2 A T. The
estimated net nucleotide diversity (7) between D. melanogaster and D.
simulans in this study was 0.1184. So the time since divergence (T) between
these two species is 0.07 x 10° years ago.
3-Phylogenetic analysis:

Two different methods were used to study the phylogenetic
relationships between different populations. The first method is the
Unweighted Pair-Group Method with Arithmetic mean, UPGMA, (Sneath and
Sokal 1973) (Figure 4). The tree clustered together in one group the two
populations of D. simulans; ISs and BOs, since no mtDNA variation was
obtained between the ten iso-female lines of D. simufans. The closest
populations of D. melanogaster to D. simulans are SA, IS and AR
populations. The tree shows that D. simulans is departed from D.
melanogaster. The tree assigned SA to one branch then it joins AR with IS.
The tree then joins the branch of SA with the cluster of IS and AR. This
means that the nearest population to that cluster is SA.
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Figure 4. The UPGMA phylogenetic tree for mtDNA of D. melanogaster
and D. simulans natural populations,

The tree and the (d) estimates proved that SA population is very
isolated and diverged first from the D. melanogaster / D. simulans cluster.
The next cluster was between BS and BA, which was grouped with AS
population. At the last step, the tree joined Al with the last three populations.

The second method (Figure 5) is the Neighbor-Joining method, NJ,
(Saitou and Nei 1987). The tree shows that AS is the oldest population and it
was used as a root. The link between D. melanogaster and D. simulans was
this population (AS). The tree also joincd together the three populations of
AR, IS and SA as the UPGMA method. Th~ tree clustered i"e two
populations of BS and BA in one separate group and placed AL population
alone in a separate branch.

Figure 5. The NJ phylogenetic tree for mtDNA cf D. melanogaster and D.
simulans natural populations.

The phylogenetic tree generated by the NJ method is more reliable
and widely used than the UPGMA method (Pearson et al., 1999; Mailund et
al., 2006; Mueller, 2006 and Ogdenw and Rosenberg, 20086).
4-Linkage disequilibrium:

Pairwise comparisons were made between restriction sites on the
mtONA maps of the 35 studied isofemale lines of D. melanogaster to
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determine the standardized coefficient of linkage disequilibrium (D"). This
study used the results of both Eco Rl and Hind Ill digests from a previous
study (Megeed et al., 1998a). Table 5.shows that there were 10 significant
cases and 40 highly significant ones of disequilibria between the 496
combinations of the 32 scored sites (10.08%). Nine highly significant cases of
D' were detected between the site of Msp |, 3.0 and each of Sal |, 5.0; Eco RI,
6.7; Msp |, 6.9; Pvu I, 9.0; Sal |, 9.0; Msp |, 12.2; Pvu Il, 13.4; Pwu Il, 15.4
and Hind Ill, 16.2 (Table 5). Also, the site 5.0 of Sal | showed one case of
significant D' with Eco RI, 6.7 and seven cases of highly significant
disequilibria with the sites Msp 1, 6.9; Pvu Il, 9.0; Sal |, 9.0; Hae lll, 9.8; Msp |,
12.2: Pvu I, 13.4 and Pwu I, 15.4. On the other hand, the site Pvu Il, 8.0
showed five highly significant cases-of D' and one significant one.

|Table 5. Estimates of significant linkage disequilibrium (D‘) between
restriction site mtDNA of D. melanogaster natural

populations.
[ Sites H0.0 M 3.0 Hadd | S5.0 E6.7 M6.9 | Hag.4 | P9.0
S50 0.1396
2 +0.0052
E67 |0:0237| 0.0837™ 0.0465"
I 120.0041| +0.0400 +0.0041
MB.9 0.1061"" 0.0775" | 0.0735""
: +0.0063 +0.0049 | *=0.0062
0.0735
Ha 8.4 +0.0047
P90 0.1356" 0.2196"" | 0.0465° | 0.0653"
g +0.0052 +0.0035 | +0.0041 |+0.0042
S9.0 0.139%6"" 0.2482" 0.0775 0.2196
: +0.0052 +0.0012 +0.0049 +0.0035
Ha 9.8 0.10449™ 0.0759"
: - +0.0048 +0.0053
.0539**
Ha 10.6 +0.0059
M 12.2 0.0882°** 0.0375* [ 0.1575™ 0.1281™
' =0.0042 | *0.0042 | *0.0054 +0.0054
0.0555"
Ha 12.6 =% 0041
0.0971(0.0914"
M13.2 +0,0049 | £0.0047
P134 0.1396" 0.2196" 0.0775 0.2482—
’ +0.0088 +0.0035 +0.0049 +0.0012 |
P 154 0.1460°" 0.2326™ 0.3102
: +0.0054 +0.0028 +0.0057
H16.2 0.6286™
g =0.0097
Sites S9.0 Ha 9.8 Ha 10.6 Ha 11.6 M122 [Ha126]| M13.2 | P134
Ha 9.8 .1045"™
©  |+0.0048
M 122 (015677 0.0931 | 0.0375
¢ |+0.0047| *0.0062 | *0.0042
M13.2 0.0457"" | 0.0686" [0.0629™
+0.0050 | +0.0039 |+0.0058
P13.a 24827 0.0759 0.12812 0.0914~
; S%gogz +0.0053 :0.0254 +0.0047
261277 0.1469" 0.2326
P15.4 .5 0019 0.0047 +0.0028
H16.2 0.0441 0.0375
=0.0048 +0.0042

* and ** means significance at P >0.05 and 0.01, respectively.
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A .

These cases of (D') show that thése siies are under selection which
doesn't favor the presence together of these site-combinations. Mitochondria
are often under strong selection and evolVe under unusual evolutionary rules
compared to other genomes (Ballard and Whitlock, 2004). Another
explanation is that some of these sites arg old which were detected in Assiut
population, while others were detected in hewer populations like Baltim (Msp
|.3.0: Sall, 5.0; Sal |, 9.0; Hae Il 9.8; Msp |, 12,2; Pwu Il, 13.4 and Pvu Il
15.4) and one site was detected in much-newer and isolated populations like
Saloom and Areesh (Pvu 11, 9.0). L

Because MIDNA is haploid “and - clonally inherited with no
recombination, consequently, mutations accumulate over time within a clonal
mtDNA line or haplotype. These mutations may become selectively
advantageous and eventually will be fixgd in that population. On the other
hand, they become selectively disadvanta‘geous in other environments or with
other loci combinations. ' '

The study succeeded in reconstructing restriction-site maps, with
better resolution, for the nine MtDNA “haplotypes of the two Drosophila
species; melanogaster and simulans. THese maps were used to reestablish
the phylogenetic tree based on nucleotide substitution rates. There is still the
need for using more restriction enzymes for reaching the best resolution of
these maps.

REFEREMCES

Afonso, J.M.; A. Volz; M. Hernandez; H. Ruttkay; M. Gonzalez; J. Larruga,
V.M. Cabrera and D. Sperlich (1920). Mitochondrial DNA variation and
genetic structure of Drosophila subobscura. Mol. Bio. Evol. 7(2):123-
142. :

Aquadro, C.F.; S.F. Deese, M.M. Bland; C.H. Langley and C.C. Laurie-
Ahlberg (1986). Molecular population genetics of the alcohol
dehydrogenase gene region of Drosophila melanogaster. Genetics
114; 1165-1190.

Aquadro, C.F.; KM. Lado and W.A. Noon. (1988). The rosy region of
Drosophila melanogaster and D. simulans. |- Contrasting level of
naturally occuring DNA restriction map variation and divergence.
Genetics 119:875-888.

Aguadro, C.F.; V.B. DuMont and F.A. Reed. {2001). Genome-wide variation
in the human fruitfly: a comparison. Curr. Opin. Genet. Dev., 11:627-
634. -

Aotsuka, T.; H.Y. Chang; M. Aruga; F' J. Lin and O. Kitagawa. (1994).
MtDNA variation in natural populaticns of Drosophila immigrans.
Zoological Studies, 33(1):29- 33.

Baba-Aissa, F.. M. Solignac; N. Dennebouy and R. David (1989).
Mitochondrial DNA variability in Drosophila simulans, quasi absence of
polymorphism within each of the three cytoplasmic races. Heredity 61:
419-426.

Ballard, J.W.O and M.C. Whitlock. (2004). The incomplete natural history of
mitochondria. Molecular Ecology, 13:729-744.

3484




Abdel Megeed, M.S.

Mueller, R.L. (2006). Evolutionary rates, divergence dates, and the
performance of mitochondrial genes in bayesian phylogenetic analysis.
Syst Biol. 55(2):289-300.

Nei, M. 1987. Molecular Evolutionary Genetics. Columbia University Press,
New York, USA.

Nei. M. and J.C. Miller. (1990). A simple method for estimating average
number of nucleotide substitutions within and between populations
from restriction data. Genetics. 125:873-879.

Ogdenw, T.H. and M.S. Rosenberg. (2006)._ Multiple sequence alignment
accuracy and phylogenetic inference. Syst Biol., 55(2):314-28.

Oliver, P.; J. Balanya; M.M. Ramon; A. Picornell; L. Serra; A. Moya; and J.A.
Castro. (2005). Population dynamics of the 2 major mitochondrial DNA
haplotypes in experimental populations of Drosophila subobscura.
Genome. 48(6):1010-1018. -

Pearson, W.R.; G. Robins, and T. Zhang. {(1999). Generalized neighbor-
joining: more reliable phylogenetic tree reconstruction. Mol. Biol. Evol.
16(6):806-816.

Piertney, S.B. and M.K. Oliver (2008). The evolutionary ecology of the major
histocompatibility complex. Heredity, 96:7-21.

Rand, D.M.; M.L. Dorfsman and L.M. Kann. (1994). Neutral and nonneutral
evolution of Drosophila mitochondrial DNA. Genetics 138: 741-756.

Rand, D.M; A. Fry and L. Sheldahl. (2008). Nuclear—Mitochondrial Epistasis
and Drosophila Aging: Introgression of Drosophila simulans mtDNA
Modifies Longevity in D. melanogaster Nuc'ear Backgrounds.
Genetics, 172:329-341.

Rozas, J.; M. Hernandez; V.M. Cabera and A. Prevosti. (1990). Colonization
of America by Drosophila subobscura group. Mol. Biol. Evol. 7: 103-09.

Saitou, N. and M. Nei. (1987). The neighbor-Joining method. A new method
for reconstructing phylogenetic trees. Mol. Biol. Evol. 4(4): 406-425.

Sambrook, J.; E.F. Fritsch and T. Maniats. (1989). Molecular Cloning. A
Laboratory Manual. Second edition, Cold Spring Harbor Laboratory
Press, USA.

Schaeffer, S.W.; C.H. Aquadro and C.H. Langely. (1988). Restriction map
variation in the Notch region of Drosophila melanogaster. Mol. Biol.
Evol. 5(1):30-40.

Shah, D.M. and C.H. Langley. (1979). Inter and intraspecific variation in
restriction maps of Drosophila mtDNAs. Nature 281: 696-699.

Sneath, P.H.A. and R.R. Sokal. (1973). Numerical Taxonomy. San Francisco:
W.H. Freeman, USA.

Solignac, M. and M. Monnerot. (1986). Race formation, speciation and
itrogression within Drosophila simulans, D. mauritiana and D. sechellia
inferred from mtDNA analysis. Evolution 40(3): 531-539.

Tamura, K. and T. Aotsuka. (1988). Rapid isolation method of animal
mitochondrial DNA by the alkaline lysis procedure. Biochemical
Genetics 26: 815-819.

Townsend, J.P. and D.M. Rand. (2004). Mitochondrial genome size variation
in New World and Old World populations of Drosophila melanogaster.
Heredity, 93:98-103.

3496




J. Agric. Sci. Mansoura Univ., 31 (6), June, 2006

Baudry, E.; N. Derome; M. Huet, and M. Veuille. (2006). Contrasted
polymorphism patterns in a large sample of populations from the
evolutionary genetics model Drosophila simulans. Genetics, 172:in
press, doi: 10.1534/genetics.105.046250.

Begun, D.J. and C.F. Aquadro. (1995). Molecular variation at the vermilion
locus in geographically diverse populations of Drosophila melanogaster
and D. simulans. Genetics, 140:1019-1032.

Brown, W.M.; E.M. Prager; A. Wang and A.C. Wilson. (1982). Mitochondrial
DNA sequences of primates: tempo and mode of evolution. J. Mol.
Evol. 18: 225-239.

Caccone, A.; G.D. Amato and J.R. Powell. (1988). Rates and patterns of
scnDNA and mtDNA divergence within the Drosophila melanogaster
subgroup. Genetics 118:671-183.

Christie, J.S.; J.A. Castro; P. Oliver; A. Picornell; M.M. Ramon and A. Moya.
(2004). Fitness and life-history traits of the two major mitochondrial
DNA haplotypes of Drosophila subobscura. Heredity, 93:371-378.

Choi, J.K. and J.K. Choo. (1993). Restriction site polymorphism and variation
in length of the mtDNA of Drosophila melanogaster, D. simulans and
D. virilis. Korean J. Entomol. 23(3):151-157.

Gupta, J.P.; T. Aotsuka; A. Inaba and O. Kitagawa. (1993). Analysis of
mtDNA in two species of the bipectinata species complex of
Drosophila. Jpn. J. Genetics 68:257-264.

Hale, L.R. and R.S. Singh. (1991). A comprehensive study of genetic
variation in natural populations of Drosophila melanogaster. V.
Mitochondrial DNA variation the role of history vs selection in the
genetic structure of geographic populations. Genetics 129: 103-117.

Harris, H. (1966). Enzyme polymorphism in man. Proc Roy Soc London B
164: 298-310.

James, A.C.; J. Wiliam and O. Ballard. (2003). Mitochondrial genotype
affects fitness in Drosophila simulans, Genetics, 164: 187-194.

Lewontin, R.C. and J.L. Hubby. (1966). A molecular approach to the study of
genic heterozygosity in natural populations. Il. Amount of variation and
the degree of heterozygosity in natural populations of Drosophila
pseudoobscura. Genetics 54: 595-609.

Megeed, M.S.A.; S.A. Dora; A.A. Ali and A.M. El-Moghazy (1998a). Molecular
variation for mitochondrial DNA haplotypes in natural populations of
Drosophila melanogaster and Drosophila simulans. Intl. Congress on
Molecular Genetics CICC, Cairo, Egypt. Feb., 21-25, 1998.

Megeed, M.S.A; AAA. Ali; S.A. Dora and A.M. El-Moghazy (1998b). The
association of isozymes and chromosomal inversions with
mitochondrial DNA haplotypes in natural populations of Drosophila
melanogaster. Intl. Congress on Molecular Genetics CICC, Cairo,
Egypt. Feb., 21-25, 1998.

Mailund, T.; G.S. Brodal; R. Fagerberg, C.N. Pedersen and D. Phillips.
(290?62). Recrafting the neighbor-joining method. BMC Bioinformatics.
19;7:29.

Moriyama, E.N. and J,R, Powell. (1996). Intraspecific nuclear DNA variation
in Drosophila. Mol. Biol. Evol., 13: 261-277.

3495






J. Agric. Sci. Mansoura Univ., 31 (6), June, 2006

Weir, B.S. (1990). Genetic Data Analysis. Chapter 3, pp 89-93. Sinauer
Associates Inc. Publishers, Sunderland, Massachusetts, USA.

Allal g paisSginall g5l Gaall Lalal) CuS) AN G Add jall SUBEAY)
8 Ay A e Sl Y pasi Sod puug g paals gBlia S guu gyl Ak
adadl) ad) gal 482

LA S e

ﬂ-%@b*tﬂ!ﬂ—hbjllﬁs—ubjiﬂ

Pvu Il i(3el, adad <las 330) Msp |« Hae 1 ¢ adad Silay 33 3y i Caacanid
Gl padall aballl adl gl Lo piny ST Ay ja el oo o(dundan adal e 3) Sal 1y
Les dpur g g3 i o (e sl A0 Ll s Al Qgande Jille Qaid (o o5 000 S iud
o samaall dpla¥l Sl 3 b adal b ee TY 220 S o5 il sl iuda s
e Aad Daa gy (Ve p T ALy la 200 p g (e YE) 5 S S
B3 el adadll Ll s llia o Lo 2a gy 20 il DS (B AS Jilia Call L o kel
Y s ) UL Sal | 5 Pvu ll pe 8 cleaiy Msp |y Hae Il Gea 300 0a
Siing o pe A8l e paas 5 8y LA Y1 ) Silay 3 e U8 Haad g Una el 5 8
(Hae lll, 0.8, Msp |, 1.0, Pvu |, : Ay iuls bbal g ¢l 3plal) € G JS 4
acal S gl o o yie) 8,41, 7.1 and 11.0, and Sall, 2.0, 7.0 and 14.8)
%470 5 sles ZilS y &y pedaall IV saail &g s Jef jal Sy 5 pekaal JS2
G oLl @ el Wl Ve g 66 Ly Hae a5y Gedlah G s 39
3 455uS0Y) 5 il (0.0356£0.0012) i dualal) ) al dally &y jekaad JIKSY)
st 03 i #1(0.0338£0.0018) 5 a—hlis i a1(0.034420.0)
s 2al (0.1250£0.0) (5 by i puaii (i W . o god 5 el (0.0325£0.023)
Cay . (0.0230 £0.0134) &y =edu (old (B0 Llall uui e Wl . 4 ldl
Y sl g g 3 AT ) o) eV E e () a8 IS Gl el S
GAma ¥l Sy Y gare B g g ) Adelandl Yl SN ) f N 600 )
S (da) — U S a8 el ol 5y . des pDbal g gl Al A Sl 5 pukal
by (0.0509)ci s s o U8y o) fr s sl £ ill LalaY1 ) 5
g Spd o (NJ JUPGMA ) Ao il ol 6k US i .(0.0504)
) St e Lo VYT Al g o iula Bla g g O lalie dal g g 8 A OaY sas
(Grsinall 305 e €0 5 4 gine Va5 ple) Ala ) gsad Sad S j3aS dagaud 5 e (NJ
Voo A Lol G Ly 350kl TY D) a8l A8 5 €970 o el W1 051 paad
%

3497



