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Identification of screwworm species by polymerase
chain reaction-restriction fragment length polymorphism
DAVID B . TAYLOR, ALLEN L . SZALANSKI and
RICHARD D . PETERSON, I I USDA, ARS Midwest Livestock Insects Research Laboratory,
Department of Entomology, University of Nebraska, U .S .A.

Abstract . Restriction fragment length polymorphisms in polymerase chain reaction
amplified fragments (PCR-RFLP) of mitochondrial DNA were used to differentiate species of New World screwworms (Diptera : Calliphoridae) . Twenty-seven restriction enzymes were screened on five regions of mtDNA . Eleven restriction fragment length
patterns differentiated New World screwworm, Cochliomyia hominivorax (Coquerel),
from secondary screwworm, Cochliomyia macellaria (F.) . Five restriction fragment length
patterns were polymorphic in C. hominivorax while all fragment patterns were fixed in
.C.D
macelri iagnostic restriction fragment length patterns were used for species diagnosis, whereas intraspecific variable patterns were used to characterize field samples
and laboratory strains . The PCR-RFLP technique is flexible with regard to developmental stage of the sample and method of preservation . We were able to characterize specimens of all life stages from egg to adult including larvae preserved in alcohol and pinned
adults . PCR-RFLP is rapid and inexpensive, enabling specimens to be characterized
within 24 h for less than $2 .50.
Key words . Cochliomyia hominivorax, Cochliomyia macellaria, screwworm,
mitochondrial DNA, PCR-RFLP, molecular taxonomy.

Introduction
New World screwworm, Cochliomyia hominivorax (Coquerel)
(Diptera: Calliphoridae), is among the most important insect pests
of livestock in neotropical regions . This pests was formerly distributed from the southern United States to northern Argentina
and throughout much of the Caribbean (Guimaraes et al., 1983;
Dear, 1985 ; Rawlins & Mansingh, 1987) . Eradication
programmes have eliminated C. hominivorax from the United
States, Mexico, Belize, Guatemala, El Salvador, Virgin Islands,
and Puerto Rico (Graham, 1985 ; Vargas-Teran, 1991) . Eradication programmes are active in the remaining countries of Central
America.
Rapid international movement of livestock and travel have
C.hominvrax increased the likelihood of the introduction of
to eradicated zones or to regions where it is not native.
Climatic models indicate that C. hominivorax could potentially
colonize most of the tropical and semitropical regions of the
world (Sutherst et al., 1989 ; F.A .O ., 1991) . C. hominivorax was
introduced into Libya in 1988 (El Azazy, 1989), by sheep
Correspondence : Dr David B . Taylor, 305 Plant Industry Bldg,
East Campus, UNL, Lincoln, NE 68583, U .S .A .

imported from South America (Beesley, 1991) . The Libyan
introduction was eradicated at a cost of $78 million (F.A .O .,
1992 ; Lindquist et al ., 1992 ; Vargas-Teran et al ., 1994).
C. hominivorax has been found in France, on a dog returning from
Brazil (Chermette et al., 1982) ; in the United States, on a soldier
wounded in Panama (Mehr et al., 1991) ; and in Australia, on
a woman returning from Brazil (Searson et al., 1992) . Fortunately, viable populations were not established from these
C.hominvrax introductions . Re-introductions or outbreaks of
C.hominvrax have occurred in previously eradicated zones.
was eradicated from Curacao in 1954 (Bushland et al .,
1955), but the island was reinfested in 1971 (Snow et al.,
1978) . In Mexico, a C. hominivorax outbreak in 1992 and
1993 spread to within 250 km of the U .S . border and cost
$9 .5 million to control (J . Wyss, personal communication).
C. hominivorax are usually collected as larvae from infested
hosts . Adult flies are rarely observed without special effort, even
in areas with high populations . Although third-instar larvae
are relatively easy to identify, second-instar larvae can be
difficult (F.A .0 ., 1990 ; Spradbery, 1991) . Frequently, larval
samples received for identification are in poor condition
due to mechanical damage while being extracted from the
wound and/or poor preservation . In addition, an outbreak is
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frequently indicated by a small number of samples . A total of
six C. hominivorax samples was collected in the 1993 Mexican
outbreak.
Cochliomyia hominivorax co-exists with Cochliomyia
macellaria (F .) the secondary screwworm, which is
morphologically similar but behaviourally very different (Laake
et al ., 1936) . C. macellaria is common and ranges into
C. hominivorax - free regions, complicating the identification of
screwworm samples.
Mobilization of a sterile insect technique (SIT) control programme to eradicate C. hominivorax is very expensive . Because
a single female can lay up to 500 eggs per egg mass and can
develop an egg mass every 3 days (Thomas & Mangan, 1989),
a control programme must be initiated as quickly as possible
after detection to prevent the rapid expansion of an infestation.
A model prepared by the Queensland Department of Primary
Industry predicts that a screwworm infestation in tropical
Australia would expand at a rate of 10 km per week
(Queensland Department of Primary Industry, 1994).
C. hominivorax populations can expand from their overwintering
areas
km/
in the southern U .S . and Mexico at a rate of 50—60
week (Barrett, 1937) . The need for a rapid response to a
C. hominivorax introduction and difficulties associated with
the identification of larval samples poses a dilemma for programme managers . With the finding of a questionable sample,
they are left with the decision to initiate a control programme
costing millions of dollars or wait for additional samples,
possibly allowing the infestation to spread (J . Wyss, personal
communication) . A fast reliable technique is needed to identify
and characterize all stages of C. hominivorax, including poorly
preserved, field-collected specimens.
Taylor & Peterson (1994) identified two allozyme loci, Fum
and Mdh, which are diagnostic between C. hominivorax and
C. macellaria and five additional loci with less than l% overlap,
Acoh, Fdh, Gcd, Hadh and Pgdh . Unfortunately, specimens must
be maintained below -70°C to preserve allozyme activity for this
analysis and expression of several of the allozymes is stage specific . Such storage conditions are frequently not available when
screwworm larval samples are obtained . Cuticular hydrocarbons
offer another option for screwworm identification ; however, they
vary with stage, age and sex (Pomonis & Mackley, 1985;
Pomonis, 1989).
DNA is more stable than the enzymes used for allozyme
analysis and does not vary during the life cycle . Polymerase
chain reaction (PCR) allows isolation and amplification of DNA
fragments from small and poorly preserved specimens . Hall &
Smith (1991) used restriction enzyme analysis of PCR products
(PCR-RFLP) to differentiate African and European honey bee
races, and Simon et al. (1993) used PCR-RFLP to characterize
periodic cicada broods . The latter authors indicated that the
PCR-RFLP is less expensive and has higher resolution than
standard RFLP analysis (Simon, 1991) . Sperling et al. (1994)
modified the PCR-RFLP technique to differentiate three species
of blow flies . The latter authors used restriction fragment length
differences in a 348 bp sequence from the mitochondrial COI
gene. They were able to identify larval specimens which had been
stored in 75% ethanol at room temperature for up to 1 month
and adults which had been dried and stored at room temperature
for 5 days.

The purpose of this study was to use the PCR-RFLP technique to identify field samples of C. hominivorax. In order to be
useful, the technique must give unambiguous identifications of
alcohol-preserved and dried samples . The technique should also
be able to identify all stages of the life cycle based upon the
same criteria . A second aim was to determine if PCR-RFLP can
be used for intraspecific characterization of field-collected
C. hominivorax samples.

Materials and Methods
Samples . Samples used for the geographic survey are listed
in Table l . All of these specimens had been stored at -80°C . In
addition, we examined an adult C. hominivorax from Tapachula,
.macelri Chiapas, Mexico, which had been pinned in 1982, aC
from Fargo, North Dakota, which had been pinned in 1991, six
larval samples collected in Mexico from 1989 to 1991 and
preserved in alcohol, and an egg mass preserved in alcohol for
2 months . None of these samples received special treatment
during their storage period . We also examined several outbreak
Mexican—Amr and questionable samples received by the
Commission for the Eradication of Screwworm (Table 2).
These included six samples, one larva each, from the 1992—93
outbreak of C. hominivorax in northeastern Mexico ; an adult
female collected on a livestock vessel in Quintana Roo,
Mexico ; an egg mass collected from a wound infested with
larvae from other species of blow flies near Cintalapa, Chiapas,
Mexico ; larvae collected from a wound in a calf near Chiapa
de Corzo, Chiapas, Mexico ; and one of several pupae scattered
on the desk of an official of the Mexican Department of Agriculture offices in Tuxtla Gutierrez, Chiapas, Mexico, by an unknown
individual . These samples were collected from areas believed
C.hominvrax to be screwworm-free . Eight flies from the
strain currently in mass production, CR-91, were characterized
for comparison to the outbreak and questionable samples . These
were obtained from the production facility in Tuxtla Gutierrez,
Chiapas, Mexico, in February 1994.
DNA extraction and amplification . Eggs (one egg mass, about
10 mg), larvae (whole first or second instar larvae or a quarter to

Table

1 . Screwworm specimens analysed.

Species

Location

C. hominivorax Tripoli, Libya
Canas, Costa Rica
Rio Grande do Sul, Brazil
V-81, Veracruz, Mexico

C. macellaria

n

Origin

Stage

2
2
2
2

Adult
Adult
Adult
Adult
Larvae
Larvae
Pupae
Adult

Jamaica
Trinidad
Cuba

1
2
1

Colony
Colony
Field
Colony
Field
Field
Field

OW-87, Orange Walk, Belize

2

Colony

Fargo, ND, U .S .A .
Lincoln, Neb ., U .S .A .
Tuxtla Gutierrez, Mexico
Canas, Costa Rica
Rio de Janeiro, Brazil

2
2
2
2
2

Colony
Field
Field
Field
Field

Adult
Adult
Adult
Adult
Adult
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Table 2 . Unknown and questionable field samples from Mexico.
Specimen

Location

Source

Date

1992—93 outbreak
GB-1361-92
GB-378-93
GB-347-93
GB-397-93
GB-466-93
GB-977-93

Panuco, Veracruz
Panuco, Veracruz
Panuco, Veracruz
Gonzalez, Tamaulipas
Panuco, Veracruz
San Felipe Orizatlan, Hidalgo

Bovine
Bovine
Bovine
Bovine
Bovine
Bovine

December 1992
1 April 1993
21 May 1993
4 June 1993
17 June 1993

1994 samples
Adult
Eggs
Larvae
Pupae

Quintana Roo
Cintalapa, Chiapas
Chiapa de Corzo, Chiapas
Tuxtla Gutierrez, Chiapas

Livestock vessel
Bovine
Bovine
Desk

January 1994
23 June 1994
14 July 1994
22 July 1994

I gene, tRNA (leucine) gene, and the beginning of the large

an eighth third instar larvae), pupae (with and without puparia)
and adult thoraces or heads were ground in 200 µl lysis buffer

ribosomal RNA gene . For amplification, I µl of sample
DNA was added to a reaction mixture containing 2 .5 µl of
reaction buffer (Perkin-Elmer, Norwalk, Conn .), 2 µl of

(100 mM NaCl, 100 mM EDTA, 100 mm Tris, 0 .5% SDS, pH
7 .5) . Proteinase

K, 4

µg, was added and the lysis mixture was

incubated at 55°C for 3 h . RNAase, 2 µg, was added and the
samples were incubated at 37°C for 20 min . Following the addi-

dNTP mix (10 mM each, dATP, dTTP, dCTP and dGTP), 1 µl of

tion of 100 µ1 of phenol, samples were incubated for 10 min of
55°C . 100 µl chloroform / isoamyl alcohol (24:l) was added and

and deionized water to a volume of 25 µl . Amplifications

samples were centrifuged for 5 min . The aqueous (upper) phase

programmed for 35 cycles of 92°C for 1 min, 42°C for I min,
and 72°C for 1 or 2 .5 min . Amplification products were stored

each primer (20 mm), l .0 unit of Taq polymerase (Perkin-Elmer)
were done in a Perkin Elmer Cetus Model

was transferred to a new l .5 ml centrifuge tube to which 200 µl

9600

thermocycler

of chloroform / isoamyl alcohol was added and the samples were
again centrifuged for 5 min . The aqueous phase was transferred

at 4°C.

ml centrifuge tube to which 400 µl of 100% ethanol
was added . The tubes were centrifuged for 20 min and the ethanol
was decanted. The DNA pellet was washed with 70% ethanol

enzymes (RE, Alu I, Apo I, Ase I, Ava I, Ban II, Bfa, I, Bsr I, Dde

to a new

Restriction endonuclease digests. Twenty-seven restriction

l .5

I, Dpn II, Dra I, EcoR I, EcoR V Hae III, Hinc 11, Hind Ill, Hint'
I, Hpa I, Mse I, Msp I, Pvu II, Rsa 1, Sac 1, Sau96 I, ScrF I, Ssp I,
Taq 1 and Xha I) were screened on four adult C. hominivorax,

and centrifuged for 7 min . The ethanol was decanted and
the pellet was vacuum-dried and resuspended in 25-100 µl of

two each from colonies that originated from Canas, Costa Rica

sterile, Nanopure (Barnstead, Dubuque, Iowa) water and stored

and Libya and four adult C. macellaria, two from a colony origi-

at 4°C.
Five mitochondrial DNA (mtDNA) amplicons were studied

nating in Fargo, N .D ., U .S .A ., and two field collected adults

(1)

348

from Rio de Janeiro, Brazil . REs which resulted in diagnostic

base-pair (bp) region [lengths are based

digest patterns were tested on the other populations (Table 1) to

on the Drosophila yakuba mtDNA map (Clary & Wolstenholme, 1985)] of the cytochrome oxidase I gene, (2) a 137 bp

verify that intraspecific variability would not confound species

(Table 3) :

a

identification.

region of the cytochrome oxidase II gene, (3) a 257 bp region of

Digests were done using 1 µl of crude PCR product, 0 .2 µl

the NADH dehydrogenase 4 gene, (4) a 345 bp region including

enzyme (New England Biolabs, Beverly . Mass .). I x buffer (New

the end of the cytochrome b gene, the tRNA (serine) gene

µl England Biolabs) and water to bring the volume to

(5) a

320

5 µl

in 200

tubes . Samples were incubated at 37°C for 3-16 h, followed by

and the beginning of the NADH dehydrogenase I gene, and
bp region including the end of NADH dehydrogenase

65°C for 10 min and held at 4°C.

Table 3 . Polymerase chain reaction primers.
Forward
Amplicon

primer

1
2
3
4
5

Sperling-2 b
C2F3 d
N4R2c
P6d
P4 c

Sequence
5'—3'

Reverse
primer

Sequence
5'— 3'

Location"

CAGCTACTTTATGAGCTTTAGG

Sperling 3 H
Sperling -4 b
c N4F3

CATTTCAAGCTGTGTAAGCATC
GAGACCATTACTTGCTTTCAGTCATCT
GCTTATTCATCGGTTGCTCA
GGTACATTACCTCGGTTTCGTTATGAT
GAGTTCAAACCGGCGTAAGCCAGGT

2474—2821
3662—3798
8481—8737
11523—11867
12559—12878

GGTCAATGTTCAGAAATTTGTGG
GTAGGAGGAGCTGCTATATTAG
ACATGAATTGGAGCTCGACCAGT
GGTCCCTTACGAATTTGAATATATCCT

P7'
PS'

Drosophila yakuba mtDNA map (Clary & Wolstenholme . 1985) . b Sperling et al. (1994) . c Pruess et al. (1992) . d K . Pruess (personal communication).
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Electrophoresis. 1 µµl of loading buffer (10% Ficoll 400 ; (Sigma
Chemical Co . . St . Louis, Mo .), 0 .25% Bromophenol Blue (Sigma
Chemical Co ., St . Louis, Mo .), 50 mm EDTA, 10 ms Tris-HCI
pH 7 .5, was added to the 5 p1 digest product . Fragments were
separated by vertical polyacrylamide gel electrophoresis (PAGE).
The entire digest product was loaded onto a 10% gel
(l x Tris :borate :EDTA (TBE), 0 .5% Photoflo-200 ; (Kodak,
Rochester, NY ; 0 .15% TEMED and 0 .05% ammonium
persulfate) . Hoefer (Hoefer Scientific Instruments, San Francisco, Calif.) SE 600 electrophoresis units with 16 x 20 cm by
0 .75 mm gels and twenty-eight well combs were used for
electrophoresis . Gels were run in 1 x TBE buffer at a constant
300 V (I5 mA/gel) for l .5 h at 20°C . Gels were stained for 5 min
with ethidium bromide (1 g/ml), rinsed in distilled water, and
interpreted on an ultraviolet (312 nm) transilluminator . A
molecular size standard, pGEM (Promega, Madison, Wis .), was
included on each gel . Fragment sizes were calculated with a computer program, GEL-JML (LaCroix, 1994) and extrapolated.
Mitochondria] DNA sequences of Drosophila yakuba (Clary &
Wolstenholme, 1985), Anopheles gambiae (Beard et al., 1993),
and Anopheles quadrimaculatus (Mitchell et al ., 1993) were
examined and, when probable restriction sites were apparent,
fragment lengths were adjusted.

Results
We successfully amplified DNA from eggs, first, second and third
instar larvae, pupae and adults . Adequate DNA product was

obtained for all five primer pairs from dried pinned adults 13
years old, larvae stored in alcohol for 3-5 years, pupae stored in
alcohol, and eggs stored in alcohol . Initially, we had difficulties
amplifying DNA from third-instar larvae and larvae with a large
amount of blood in the gut . By using only a quarter to an eighth
of a third-instar larva for each DNA isolation and by repeating
the ethanol precipitation step we were able amplify DNA from
these samples.
The mtDNA fragments consistently migrated at a rate representative of a size about 10% larger than their actual size relative
to the molecular weight marker . The fragment sizes indicated by
the GEL-JML program were adjusted to take this into account.
For most of the digests, a probable restriction site was located
within a few base-pair of the predicted cut site based upon the
fragment lengths . We considered a site to be probable when the
site existed in D. yakuba or when a single base-pair change, not
affecting the amino acid coded for, would produce the site . All
of the variation observed within and between species could be
explained by the presence or absence of one or two restriction
sites except for EcoR V for amplicon 1 and Mse 1 for amplicon
3 . For EcoR V the second fragment clearly and consistently migrated slower in C. hominivorax . This may be the result of a
conformational difference rather than a site change . The Mse 1
digest of amplicon 3 was difficult to interpret because of the
large number of small fragments and the origin of the 28 bp
fragment in C. macellaria could not be determined.
Species diagnostic RE digest patterns were observed for four
of the five amplicons (Table 4) . Five RE digests, Dra EcoR V,
Hinf Rsa I and Ssp I, were diagnostic for screwworm species

Table 4 . Estimated fragment sizes for diagnostic and polymorphic RE digests for screwworm species.
Fragments size (bp)
Fragment

Enzyme

Pattern

Dra 1
1

EcoR V
Hinc 11

A

B
1

Hinf l
Rsa 1
Ssp 1 *
Alu

2

A

B
3
3

Alu I
Mse 1

3

Msp I

A

B
A

B
Asel

4

A

B
4
4
5
5

Bfa I
Dde I
Hinf /
Mse 1

C. hominivorax

C. macellaria

348 '
181, 172
348'
307, 41
348'
348 '
230, 118

206, 142
181, 167
348

I11,26
137 '
234, 23
130, 39, 35, 25
70 . 60, 39, 35, 25
257'
142, 115
222, 83, 40
305, 40
345 '
285, 60
275, 45
129, 83, 72, 36

111,26

226, 122
175, 173
34W

105, 93, 37, 23
70, 60, 39, 35, 28, 25
257'
305, 40
211, 134
345 '
320 '
129, 72, 52, 36, 31

* Presumptive . not tested on geographic samples.
' Uncut amplicon .

63-70 : 10

Fig . 1 . Restriction enzyme digests of amplicon 1, a 348 by region of the mitochondrial COI gene . Lanes 1–6 are C. mace//aria (lanes 1 and 2 . adults,
Lincoln, Nebraska, U .S .A . ; lanes 3 and 4, adults, Tuxtla Gutierrez, Chiapas, Mexico ; lanes 5 and 6, adults, Canas, Guanecaste, Costa Rica) . Lane 7 is a
molecular standard (pGem, Promega) . Lanes 8–19 are C. hominivorax (lanes 8 and 9, adults, Rio Grande do Sul, Brazil ; lanes 10 and I I . adults . V-81;
lanes 12 and 13 adults, OW-87 ; lanes 14 and 15, egg masses, OW-87 ; lanes 16 and 17, larvae Trinidad ; lane 18 . pupa . Guantanamo Naval Base, Cuba:
lane 19, larva Jamaica) . The single hand observed for the Rsa I digest of C. macellaria is composed of two comigrating fragments estimated to be 175
and 173 hp.

with amplicon 1 (Fig . 1) . Cochliomyia hominivorax was polymorphic for a Hinc II restriction site in amplicon I as well . No
diagnostic digests were obtained with amplicon 2, although
C. hominivorax was polymorphic for an Alu I site . In amplicon 3.
Alu I and Mse 1 digests resulted in species diagnostic patterns
and C. hominivorax was polymorphic for Mae I and Msp 1 sites.
In amplicon 4, Bfa l and Dde I digests had species diagnostic
patterns while Hint ' 1 and Mse I gave diagnostic patterns
in amplicon 5 . The Ase I digest pattern for amplicon 4 was
considered diagnostic until a single C. hominivorax from Costa
Rica lacking the C. hominivorax - specific site was observed after
the present study was completed . No polymorphic restriction
sites were detected in ten C. macellaria from five populations
representing North, Central and South America.

Application
Once diagnostic and polymorphic RE patterns were identified, we used the PCR-RFLP technique to characterize outbreak
Mexican–Amr and questionable samples obtained by the
Commission for the Eradication of Screwworm and samples from
the CR-91 mass-production strain . One of the primary questions
involved in this phase of the study was to determine if the samples could have originated from CR-91, the strain in mass production at the time these samples were submitted . The six samples
from the 1992–93 northeast Mexico outbreak were characterized early in this study before our DNA isolation techniques had
been perfected . Consequently these samples did not amplify as
well as later samples . Of the six samples from the 1992–93 northeast Mexican outbreak, three were second-instar larvae and three

were third-instar larvae . We were unable reliably to amplify DNA
from the third-instar larvae for the reasons cited above . We were
able to obtain amplicon 3 from GB-1361-92, GB-397-93 and
GB-466-93, and amplicon 4 from GB-347-93 and GB-397-93.
Amplicon 1 did not amplify in any of the samples and amplification of amplicons 2 and 5 was not attempted . GB-1361-92 exhibited Alu I and Mse I digests patterns for amplicon 3 which
differed from both C. hominivorax and C. macel/aria (two fragments about 153 and 103 bp for Alu l and 5 fragments about 110,
65, 50, 39 and 35 bp for Mse I) and was identified as a non
-screwworm sample . GB-397-93 and GB-466-93 exhibited fragment patterns for Alu I and Mse I on amplicon 3 which did not
differ from C. hominivorax. GB-347-93 and GB-397-93 exhibited digest patterns for Bfa I and Dde I on amplicon 4 which did
not differ from those of C. hominirorax. These three samples were
classified as C . hominivorax. Amplicons 1 and 3 were obtained
for the Quintana Roo adult, the Cintalapa egg mass, and the
Chiapa de Corzo larvae . Amplicon 4 was obtained for the
Cintalapa egg mass and the Chiapa de Corzo larvae . All three of
these samples were identified as C. hominivorax based upon their
fragment length patterns for Hinf I and Rsa I for amplicon 1, Alu
I and Mse I for amplicon 3 . and Bfa 1 and Dde I for amplicon 4.
The pupae found on the desk in Tuxtla Gutierrez exhibited Hinf
I and Rsa I patterns for amplicon 1 (two fragments . 215 and 133
hp and two fragments, 183 and 165 hp . respectively) which
differed from both C. hominivorax and C.macellaria.
Haplotypes . based upon composite digest patterns, for each of
the unknown samples . several samples representing the
geographic range of C.hominivorax, and eight CR-91 flies were
characterized using the four restriction sites polymorphic
in C.hominirorax (Table 5) (excluding Ase I in amplicon 4) . Six

0 1996 Blackwell Science Ltd . Medical and Veterinary Entomology 10 : 63–70
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Table 5 . Haplotypes of CR-91, unknown, and geographic samples of C. hominivorax.
Amplicon 1
Hinc 11

Amplicon 2
Alu I

Amplicon 3
Msp I

Amplicon 3
Mse I

A
A
A
B
A
A
A
B

A
B
B
A
B
A
A
B

B
A
A
B
A
B
B
B

A
B
B
A
B
B
B
A

A
A
A

B
B
B

A
A

Haplotype

CR-91 production strain
2
3
4
5
6
7
8

2

5
1
3
3
6

1992—93 outbreak samples
GB-347-93
GB-397-93
GB-466-93
1994 samples
Adult, Quintana Roo
Egg mass, Cintalapa
Larvae . Chiapa dc Corzo

B
B
A

A
A
A

B
B
B

A
A
B

5
5
3

Geographic samples
Cuba
Jamaica
Trinidad-7
Trinidad-8
Rio Grande do Sul-4
Rio Grande do Sul-5
Libya
Costa Rica, Canas

B
A
A
A
A
A
A
B

A
B
B
B

B
A
A
A
A
B
B
B

A
B
B
B
B
B
B
A

5

B
B
B
A

of the sixteen possible haplotypes were observed and CR-91
contained five of the six . One haplotype was observed in the
1992-93 outbreak samples, two in the 1994 samples, and three in
the geographic samples.

Discussion
The PCR-RFLP technique allowed us to positively identify
C. hominivorax eggs, larvae, pupae and adults frozen, dried or
preserved in alcohol . Total sample processing from receipt to
identification can be completed within 24 h at a cost of about
$2 .50 for expendables . PAGE allowed us to examine many RE
digests rapidly and to visualize fragments as small as 10-15 bp.
The primary disadvantage of PAGE on non-denaturing gels
is that migration is affected by secondary structure of the
double-stranded DNA molecule (Sambrook et al ., 1989) . This
complicated determination of the fragment sizes . However, for
species identification, migration relative to controls should be used,
rather than absolute fragment lengths.
The PCR-RFLP technique has proved to be an efficient and
robust
C.hominvrax
technique for the identification of
samples . The large number of diagnostic characters reduces the
possible impact of undetected variation, rendering individual
characters invalid . Application of this technique enabled us to
identify or verify the identifications of several field-collected samples . Questions surrounded several of those samples . One, GB-

1
1
1
4
4
5

1361-92, had been classified as C. hominivorax by one identifier
and C. macellaria by another. A consensus of C. hominivorax was
reached when the two identifiers examined the specimen together.
Based upon PCR-RFLP, we determined that this sample differed
from both C. hominivorax and C. macellaria and was therefore a
third species . The Chiapa de Corzo larvae were initially
identified as C. macellaria and later as C. hominivorax, with the
consensus being C. hominivorax. We verified the consensus
identification . The pupae from the desk were not identified in
the field because keys to blow fly pupae are lacking . The origin
of these pupae was unknown . Again, our analysis indicated that
these were neither C. hominivorax nor C. macellaria . Later morphological examination indicated that the puparia had the posterior spiracles in a cavity and were probably from the family
Sarcophagidae. The Cintalapa egg mass was unusual in that it
came from an infected wound containing larvae of other muscid
and calliphorid species . Cochliomyia hominivorax does not
normally infest such wounds . Furthermore, the individual who
submitted the sample could not be located to verify the sample
and, finally, differentiating C. hominivorax and C. macellaria eggs
is difficult . We were able to verify the egg mass identification as
C. hominivorax.
In addition to species diagnosis, this technique has the potential ability to characterize within species differences in order to
determine the possible origins of C. hominivorax samples . Frequently. questions of fraud, sabotage and false samples surround
outbreak samples . Of special importance is the possibility that
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the sample originated from the production factory . Roehrdanz
strains,
(1989) examined several composite C. hominivorax
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not previously been characterized . These unknown RFLP

including three strains which had been in mass production . Al-

patterns may be associated with specific identifications as
broader databases of species specific patterns are compiled . Fi-

though each of these strains was the result of crossing sixteen or

nally, the PCR-RFLP relies on several independent characters

more independent lines, Roehrdanz found that all of the com-

for identification . Undetected variability can occur at one or even

posite strains were fixed for a single mitochondrial haplotype.
He observed several strains which were polymorphic, contain-

several of the sites and not preclude accurate identifications due
to the large number of characters available . Most of the other

ing more than one haplotype . At a later date when these strains

techniques rely upon differences in a single region of the DNA

were re-examined, all were fixed for one of the two haplotypes.

and can be confounded by undetected variation within that

C.hominvrax Based upon these findings, we postulated that

region.

composite strains move towards fixation for a single haplotype,
and that finding a different haplotype in the field samples
would be evidence that they did not originate from the massproduction colony.
Unfortunately, CR-91 was highly variable, containing five of
the six haplotypes observed . The high level of variation of
CR-91 precluded us from drawing any conclusions as to the
relationship of the field samples to CR-91 . More study is needed
to determine the dynamics of mtDNA haplotypes in massproduction strains before we can determine if the high level of
variability in CR-91 is a general or exceptional occurrence.
Several techniques have been published for the identification
of insects using molecular characters . Scott et al. (1993) used
PCR with a universal primer paired with species-specific primers to differentiate species of the Anopheles gambiae

complex.

This technique has two disadvantages compared to PCR-RFLP.
First, a detailed genetic analysis including sequencing is
needed to identify the species specific primers . This procedure
must be done for each species to be identified . Second, a failure
to amplify may be due to technical difficulties or sample
quality rather than the absence of the species-specific sequence.
This may result in false negative identifications . Randomly
amplified polymorphic DNA (RAPD-PCR) has been used to differentiate species in several insect groups (Black . 1993) . RAPDPCR has several drawbacks, the technique frequently gives
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different results at different laboratories, and contamination,
symbionts and parasites can cause confusion (Black, 1993).
Hiss et al. (1994) used single-strand conformation polymorphisms
(SSCP) to differentiate species in several species groups . This
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