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Mitochondrial DNA variation in screwworm
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Abstract. Polymerase chain reaction-restriction fragment length polymorphism (PCR-
RFLP) analysis was used to characterize mitochondrial DNA (mtDNA) variation in screw-
worms, Cochliomyia hominivorax, and secondary screwworm, C.macellaria, from the
Caribbean, North America and South America. Four amplicons, totaling 7.1 kb, were
analysed with sixteen restriction enzymes. A total of 133 restriction sites was observed
in the two species, 104 in C.hominivorax, of which nineteen were variable, and ninety-
five in C.macellaria, none of which was variable. Fourteen mtDNA haplotypes were
observed among eighteen C.hominivorax examined. Mean divergence between
C.hominivorax haplotypes (d) was 0.0064 substitutions per base-pair and genotypic
diversity (G) was 0.97. Mean divergence between C.hominivorax and C.macellaria was
0.0824. Cochliomyia hominivorax haplotypes could be divided into three assemblages
representing North America, South America and Jamaica, based on UPGMA clustering
with d values. The assemblages did not exhibit complete geographic fidelity. These data
were discordant with previously published allozyme data indicating little differentiation
between screwworm populations. A scenario invoking historically isolated populations
coming into contact with the introduction and movement of European livestock is proposed
to explain the observed population structure of screwworm.
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Introduction

Screwworm, Cochliomyia hominivorax (Coquerel) (Diptera:
Calliphoridae), is a widespread pest of livestock in the New
World tropics. Formerly this species was distributed from the
southern United States to northern Argentina and throughout
the Caribbean (Guimaraes et al., 1983; Dear, 1985; Rawlins &
Mansingh, 1987). Eradication programmes have eliminated
screwworm from the United States, Mexico, Guatemala, Belize
andEI Salvador (Graham, 1985; Vargas-Teran, 1991). Eradication
programmes are currently active in the remaining countries of
Central America. Population structure and genetic variation in
this species have been controversial topics. Richardson and co-
workers (Richardson et al., 1982; Richardson & Ellison, 1984)
indicated that screwworm was a complex of sibling species or
'gamodemes' in the southwestern United States and Mexico based
upon cytological and allozyme differences. Others (LaChance
et al., 1982; McInnis, 1983; McInnis et al., 1983) disputed
these findings, claiming that screwwortn was actually a single
polymorphic species. Subsequent research (Dev et al., 1986;
LaChance & Whitten, 1986; Krafsur & Whitten, 1993; Taylor &

Peterson, 1994) supports the single species concept. In fact, all
of these studies have found screwworm to be a remarkably
homogenous species despite its broad geographic range. Dev
et at. (1986) found no variation in polytene chromosomes of
screwworm from the United States, Mexico and the Caribbean,
Allozyme studies have found moderate levels of variability, but
little differentiation, even between Central and South American
populations (Taylor et al., 1 996a). Roehrdanz and coworkers
(Roehrdanz & Johnson, 1988; Roehrdanz, 1989; Taylor et al.,
1991) found screwworm mitochondrial DNA (mtDNA) to be
highly variable. Virtually every screwwonn sample from southern
Mexico had a unique mtDNA haplotype (Roehrdanz, 1989). Less
variation was observed in samples from northern Mexico and
the United States. However, those samples were obtained from
colonies, many of which had been in the laboratory for 5 or more
years. Laboratory contamination or bottle-necking could account
for the low level of variation observed in the northern populations.
Roehrdanz examined few samples from outside of Mexico and
no specimens from South America.

Simon et at. (1993) compared mtDNA restriction fragment

length polymorphism (RFLP) analysis using the whole mtDNA
molecule with polymerase chain reaction RFLP (PCR-RFLP)
analysis using specific regions of the mtDNA molecule. They
detennined that the PCR-RFLP technique was faster, less
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expensive, allowed finer resolution, and enabled analysis of poorly

preserved samples.
The purpose of this study was to use PCR-RFLP analysis to

survey mtDNA variation in screwworms from the Caribbean,
Central America and South America. A primary aim of this survey
was to determine ifphylogeographic correlations can be made
such that mtDNA RFLP patterns can be used to determine the
geographic origins of unknown screwworm samples. Secondary
screwworms, Cochliomyia macellaria (F.), from North and South
America were examined for outgroup comparisons and to deter-
mine the level of mtDNA divergence between the two species.

Materials and Methods

Samples. Cochliomyia hominivorax used for this study are
listed in Table 1. All samples were stored at -80°C. The Canas
colony was sampled in January 1991 and the Libya colony was
sampled in April 1991. The Bijagua, Costa Rica, flies were
collected at liver-baited feeding stations (Parker & Welch, 1992).
The Dominican Republic and Jamaica samples were from wounds
in bovines. The Trinidad collections were from wounds in dogs
from Diego Martin, Caguanas, Mt Hope and Port of Spain. The
samples from Rio Grande do SuI, Brazil, were collected from
wounds in bovines near the Universidade Federal Rural do Rio
Grande do SuI and reared to adults. No two samples were from
the same individual host. Four C.macellaria, two from a colony
established with flies collected in Fargo, North Dakota (August
1990), and two field collected from wounded calves at the
Universidade Federal Rural do Rio de Janeiro, Rio de Janeiro,
Brazil, were analysed.

DNA extraction, amplification, and restriction enzyme analysis.
DNA extraction, amplification, restriction digest, and electro-
phoresis procedures were those used by Taylor et al. (1996b).
Genomic DNA was isolated using phenol-chloroform extraction
and precipitated with ethanol. DNA pellets were dried under
vacuum and DNA was resuspended in sterile-distilled water. For
amplification, II!! of sample DNA was added to a reaction
mixture containing 2.5 111 buffer (GeneAmp lOx PCR buffer with

15 roM MgC12, Perkin-Elmer, Norwalk, Conn.), 2 ~l of dNTP
mix (10 mM each: dATP, dTTP, dCTP and dGTP), 1 ~l of each
primer (20 mM), 1.0 unit ofTaq polymerase (perkin-Elmer) and
deionized water to a volume of 25 ~l. The PCR profile was thirty-
five cycles of 92°C for 1 min, 42°C for 1 min, and 72°C for
2.5 min. Amplicons 1-4 (Fig. 1, Table 2) were examined in all
samples and used to detect the mtDNA-RFLP polymorphisms.
Based on the Drosophila yakuba mtDNA map (Clary &
Wolstenholme, 1985) amplicons 1-4 were 2.4, 2.3, 1.6 and 1.3 kb
respectively. Amplicons 5-8, as well as the products of Spl-Sp3,
Sp2-Sp4, C2F3-C3Rl, C3Fl-N3R2 and N3Fl-N3R2, were
used to assist in the evaluation of restriction patterns and to
partially map restriction sites. Restriction sites in the region of
overlap between two amplicons are included in the 5' amplicon
of the pair only. Twenty-seven restriction enzymes (RE, Alu I,
Apo I, Ase I, Ava I, Ban II, Bfa I, Bsr I, Dde I, Dpn II, Dra I,
EcoR I, EcoR V, Hae Ill, Hinc II, Hind Ill, Hinl I, Hpa I, Mse I,
Msp I, Pvu II, Rsa I, Sac I, Sau96 I, ScrF I, Ssp I, Taql and Xba
/) were screened and sixteen (Table 3) were used for the study.

Vertical polyacrylamide gel electrophoresis (PAGE) was used
to analyse the restriction patterns.. Digest products were loaded
onto 8% gels (16 cm x 20 cm x 0.75 mm) in Hoefer (Hoefer
Scientific Instruments, San Francisco, Calif.) SE 600 electro-
phoresis units. Gels were run at constant 300 V (15 mNgel) for
1.5h at 20°C, stained for 5 min with ethidium bromide (1 ~g/
ml) and interpreted using an ultraviolet (312 om) transilluminator.

A molecular size standard, pGEM'i' DNA Markers (Promega,
Madison, Wis.), was included on each gel. Fragment sizes were
calculated with GEL-JML (LaCroix, 1994) and extrapolation.
Because conformation, as well as size, affects DNA migration
rates on polyacrylamide gels, sizes were adjusted based upon
the expected length of the amplicon (using the mitochondrial
DNA sequence of Drosophila yakuba [Clary & Wolstenholme,
1985]), and the position of some of the restriction sites within
amplicons 5-8, Spl-Sp3, Sp2-Sp4, C2F3-C3Rl, C3Fl-N3R2
and N3Fl-N3R2. Composite haplotypes wete determined by
combining haplotypes for each of the amplicons.

Statistical analysis. Sequence divergence (d) was calculated
using The Restriction Enzyme Analysis Package (REAP)

Table 1. Cochliomyia hominivorax samples.

No. of
individuals TypeLocation Collected

3 Field, adults
Colony, adult

October 1992
1989

Field, pupae
Field, larvae
Field, larvae
Field, larvae

July 1993
October 1992
October 1992
November 1992

2

4

Costa Rica
Bijagua, Alajuela (BJ)
Canas, Guanecaste

Caribbean
Cuba, Guantanamo Bay
Dominican Republic (DR)
Jamaica
Trinidad (TT)

Brazil
Rio Grande do Sui (RGS)

North Africa

Libya

5 Field, adult* March 1993

Colony, adult October 1990

* Collected as .larvae from wounds and reared.
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Fig. 1. Mitochondrial DNA molecule of D.yakuba (Clary & Wolstenholme, 1985). Genes are indicated below the line and location (bp x 103) is
indicated above the lin~. The upper line indicates the location of the amplicons used for this study. Numbers in parentheses following the primer names
indicate the location of the 5' end of the primer on the D.yakuba map.

Table 2. Polymerase chain reaction primers.

Forward

primer
Reverse
primerAmplicon Sequence 5'-3' Sequence 5'-3 Location*

Sp-lt
C2F31
N3Fli
P61

Sp-2t
C3Fli
P61
P41

T ACAA1Tr ATCGCCT AAACTrCAGCC
GGTCAATGTTCAGAAA1TrGTGG
CCT1TrG AAT G T GG A1TrG ATCC
ACATGAATTGGAGCTCGACCAGT
CAGCTAC1TrATGAGCTTTAGG
ACA GGTGCT ATTGG AGCT AT

Sp-4t
N3R2*
N5F3*
P51

Sp-3t
C3Rl*
P7*
P51

GAGACCA1TAcrrGC'M'fCAGTCATCT
TGA'M'fCA1TCATGATATAGTCC
1TGTCTAcrIT AAGACAA1TAGO
GAG1TCAAACCGGCGTAAGCCAGGT
CA'M'fCAAGCTGTGTAAGCATC
CCATAAACTGAATCAGCAAT
GO TACA1TACCTCGG'M'fCG1T ATGAT

1435-3793
3662-5942
5725-7329

11523-12878

2474-2821
4797-5323

11523-11867
12559-12878

2
3
4
5
6
7
8 GO TCCC1TACG AA1TfGAATATATCCT

* Drosophila yakuba mtDNA map (Clary & Wolstenholme, 1985). t Sperling et al. (1994). I Pruess et al. (1992). § K. Pruess, personal communication.


