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Restriction Site Polymorphism of mtDNA for Differentiating

Anopheles quadrimaculatus (Say) Sibling Species
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ABSTRACT Three mitochondrial cDNA probes from Aedes albopictus were used to demonstrate restriction

site polymorphism in mtDNA of three sibling species of Anopheles quadrimaculatus(Say). It
was shown by DNA hybridization to have substantial sequence homology between the mtDNA
of different genus. The probes revealed local restriction site variation between members of the
Anopheles quadrimaculatus sibling species complex. Mitochondrial DNA (mtDNA), isolated
from individual mosquitoes was digested by type II restriction enzymes and four enzymes were
found to be useful for the purpose. Hind Il alone could be used to obtain a diagnostic restric-
tion pattern.
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Anopheles quadrimaculatus (Say) is widely dis-
tributed over the eastern United States. Cyto-
genetic and hybridization studies, so far, re-
vealed the presence of three sympatric sibling
species (Kaiser et al. 1988, Lanzaro et al
1988). Cytological analysis of hybrids revealed
fixed and floating inversions which could be
used as a diagnostic tool for differentiating

species A and B. A third sibling species, C, was
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identified in sympatry with species A. Cross
matings between this species with A and with B
resulted in either sterile hybrids or sterile back-
cross progeny (Kaiser et al. 1989). The ovarian
polytene chromosomes of species C had indis-
tinct, diffuse bands unsuitable for comparison
with species A and B. Narang et al. (1989)
compared genetic differentiation among the sib-
ling species and identified them by an elec-
trophoretic taxonomic key. However, these me-
thods are time consuming and requires much
work and experience. Meanwhile, polymorphism

of cleavage sites in mitochondrial DNA has
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Table 1. Restriction fragment profiles for

mtDNA or Anopheles quadrimaculatus sibling

species probe hybridized with mitochondrial
¢DNA from Aedes albopictus

Fragment size(kbp)

Enzymes
Species A Species B Species C
Hindill 6.1, 2.6,2.1 6.1,2.2,2.1 4.5,26,2.1
EcoR 1 6.1, 3.4 6.1, 3.4 6.1, 4.7
XhoI 138,3.3,25 138,33 -
Bglll 14.3, 2.6 14.3 -

been recognized as a powerful tool in insect
systematics especially for high —resolution
analysis of evolutionary process (Shah &
Langley 1979, Latorre et al. 1986, Hale & Sin-
gh 1986, Harrison et al. 1985, Trick & Dover
1984, Moritz et al. 1986). In this paper, we re-
port mtDNA restriction site polymorphism in
the three sibling species of An. guadrimaculatus

which can be used in differentiating them.
MATERIALS AND METHODS

Sibling Species Cytogentic and hybridiza-
tion studies of isofemale lines established from
the progeny of wild females led to the
identification of sibling species A, B, and C
(Kaiser et al. 1988, Kaiser et al. 1989). Adults
of both sexes were frozen at —70°C until used
for total DNA preparation. Species A and B
were originated from Kanapaha Botanical
Garden, Alachua County and species C was
from Shell Mound, Levy County, Florida.

DNA Sample from Individual Mosquito
Single mosquito in an eppendorf tube was hom-
ogenized in 604 homo. buffer (0.1M NaCl, 0.
2M sucrose, 0.01 M EDTA, 0.03 M Tris—HCI,
pH 8.0) with a motor driven pestle to which 304
{ lIysis buffer (0.25M EDTA, 2.5% (w/w) SDS,
0.5 M Tris—HCI, pH 9.2) was added after
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homogenization. Incubation was done for 40
minutes at 55°C. The tube was placed on ice for
1 hour after adding 501! KAc(8M) to the
homogenate and then was centrifuged at 4C at
12,000 x g for 15 minutes. The supernate was
transferred into a new tube and total DNA was

ethanol precipitated.

Mitochondrial DNA Isolation Mitochon-
drial DNA was isolated from approximately 15
g of sibling species A pupae. Anopheline pupae
have much less anthraquinone pigment than
adults and give cleaner preparations. The pupae
were homogenized in a Dounce tissue homogen-
izer for a few strokes in 38 m¢ cold MIM buffer
(0.01M EDTA, 0.25 M sucrose, 0.03 M Tris—
HCI pH -6.0). The homogenate was centrifuged
at 1,200 x g for 15minutes at 4°C, and the sup-
ernate was then contrifuged at 20,000 x g for

2:EcoRl

3:Bg/ It 4:Xho |

Fig. 1. Autoradiograph of restriction enzyme di-
gested mtDNA of Anopheles quadrimaculatus sibling
species A and B, fractionated on 0.8% agarose,
transferred to nitrocellulose, and hybridized with
mitochondrial cDNA probes from Aedes albopictus.
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20 minutes. The pellet was resuspended to a
total volume of 2.5m¢ STE(0.IM NaCl, 0.01
M EDTA, 0.05M Tris pH 8.5) and mixed with
an equal volume of 20% sucrose. This was
layered on top of a step gradient made up of
15 m¢ 1.5M sucrose, 0.01M Tris(pH 7.5), and 0.
005 M EDTA for the bottom, and 15m¢ 1.0M su-
crose, 0.01M Tris(pH 7.5), and 0.006M EDTA
for the top. The gradient was spun at 100,000
x g for 20 minutes at 4°C. Mitochondria were
isolated from the interface, diluted three—fold
with 0.01 M Tris(pH 8.0), and 0.001M EDTA,
and centrifuged at 20,000 X g for 20 minutes.
The pel-let was resuspended and brought up to
12.5 m¢ with STE,.15.2g CsCl and 0.4 mf¢ (10 mg
/nd) ethidium bromide were added, and the
mixture was centrifuged to equilibrium (40h;
45,000 rpm;Ti 70.1 rotor) in a Beckman L8—
70M ultracentrifuge. Supercoiled mtDNA band
was visualized by fluorescence under UV light
at 305 nm and removed with a needle. Ethidium
bromide was removed by repeated extractions
with 1—butanol and CsCl by dialysis against
TE. The DNA was precipitated with 1/2 volume
of 7.5M ammonium acetate and a 2-fold
volume of 100% ethanol, and pelleted. The pel-
let was vacuum dried and resuspended in TE.

Probe hybridization mtDNAs from species
A and B and total DNAs from individual mos-
quitoes were limit —digested with restriction en-
zymes purchased from commercial suppliers and
used in accordance with the manufacturer’s re-
commendations. Digests were electrophoresed
on horizontal agarose gels submerged in 1X
TBE buffer and transferred to nitrocellulose fil-
ters according to Southern(1975) after an in-
itial depurination step. Mitochondrial cDNA pro-
bes from Aedes albopictus genome were kind
gifts from Dr. D. T. Dubin;K8, —2.8 kbp;K14,
—1.9kbp, K50, —2.5 kbp. Plasmids were pooled
and nick—translated with [¥P]dATP. Hy-
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bridizations were conducted at 68°C overnight,
with approximately 10" dpm activity of probe in
30% formamide, 5X SSPE, and 2% SDS, Fil-
ters were washed four times at reom tempera-
ture in 2X SSPE with 0.1% SDS for 15 min.,
dried, and autoradiographed at —70°C with Ko-
dak X—Omat R film using intensifying screens.

RESULTS AND DISCUSSION

It proved possible to demonstrate unique re-
striction patterns of mtDNA by hybridizing
purified mtDNA digests of species A and B
with cloned probes of closely related Ae. al
bopictus mitDNA (Fig. 1). Among the restriction
endonucleases, Hind M, Xho I, and Bgl 1
produced unique fragment patterns. Although
the probes were not from any of the 3 sibling
species and did not cover the whole mtDNA
genome, the total size of the hybridized frag-
ments resulted from each endonuclease digests
was big enough to show the feasibility of using
those probes for establishing restriction poly-
morphisms without a laborious cloning pro-
cedure of mtDNA of interest. This indicates a
relative homology between mtDNA genomes of
Anopheles and Aedes. It is the number of restric-
tion sites in homologous regions that concerns—
rather than the size of probes itself. Trick and
Dover (1984) used an approximately 750bp—
long Mbo I fragment of Glossina morsitans mo-
rsitans DNA for demonstrating Hinf 1 restric-
tion polymorphism of several G. morsitans sub-
species mtDNA.

Using the above three restriction enzymes
and EcoR 1, significant differences in probe—
hybridized fragment patterns among the three
species were observed. All four enzymes were
useful for differentiating the sibling species,
however, Hind Il could alone produce auto-
radiographic banding patterns diagnostic to
each sibling species (Table 1). The nature of
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the probe used in this study and the sample size
were not sufficient to describe and analyze the
full genetic variability among the sibling
species. However, our results showed large gen-
etic variability which was unlikely, considering
that the three species were sympatric and that

the relative size of the probes.
REFERENCES CITED

Hale, L. R. & S. Singh. 1986. Extensive variation
and heteroplasmy in size of mitochondrial DNA
among geographic populations of Drosophila me-
lanogaster. Proc. Natl. Acad. Sci. USA. 83 : 8813
~8817.

Harrison, R. G.,, D. M. Rand & W. C. Wheeler.
1985. Mitochondrial DNA size variation within in-
dividual crickets. Science 228 : 1446 ~1448,

Kaiser, P. E,, S. E. Mitchell, G. C. Lanzaro & J. A.
Seawright. 1988. Hybridization of laboratory
strains of sibling species A and B of Anopheles
quadrimaculatus. J. Am. Mosq. Control Assoc. 4 :
34~38.

Kaiser, P. E,, S. K. Narang, J. A. Seawright & D.
L. Kline. 1989. A new member of the Anopheles
quadrimaculatus complex, Species C. J. Am. Mosq.
Control Assoc. 4 : 494 ~499.

Lanzaro, G. C., S. K. Narang, S. E. Mitchell, P. E.
Kaiser & J. A. Seawright. 1988. Hybrid male

sterility in crosses between field and laboratory

Korean J. Appl. Entomol. 135

strains of Anopheles quadrimaculatus(Say) (Di-
ptera : Culicidae). J. Med. Entomol. 25 : 248~
255.

Latorre, A., A. Moya & F. J. Ayala. 1986.
Evolution of mitochondrial DNA in Drosophila sub
obscura. Proc. Natl. Acad. Sci. USA. 83 : 8649~
8653.

Moritz, R. F. A., C. F. Hawkins, R. H. Crozier & A.
G. Mackinley. 1986. A mitochondrial DNA poly-
morphism in honeybees (Apis mellifera L.).
Experientia 42 : 322~324.

Narang, S. K., S. R. Toniolo, J. A. Seawright & P.
E. Kaiser. 1989. Genetic differentiation among
sibling species A, B, and C of the Anopheles quad-
rimaculatus complex(Diptera : Culicidae). Ann.
Ent. Soc. Am. 82 : 508 ~515.

Shah, D. M. & C. H. Langley. 1979. Inter-and in-
traspecific variation iIn restriction maps of
Drosophila mitochondrial DNAs. Nature 281 : 696
~699.

Southern, E. M. 1975. Detection of specific se-
quences among DNA fragments separated by gel
electrophoresis. J. Mol. Biol. 98 : 505~517.

Trick, M & G. A. Dover. 1984. Genetic relation-
ships between subspecies of the tsetse fly Glossing
morsitans inferred from variation in mitochondrial
DNA sequences. Can. J. Genetic. Cytol. 26 : 692
~697.

(Received March 30, 1990)



