
Int J Legal Med (2007) 121: 1–8
DOI 10.1007/s00414-005-0056-8

ORIGINAL ARTICLE

Jeffrey D. Wells . Diana W. Williams

Validation of a DNA-based method for identifying Chrysomyinae
(Diptera: Calliphoridae) used in a death investigation

Received: 30 June 2005 / Accepted: 27 September 2005 / Published online: 19 November 2005
# Springer-Verlag 2005

Abstract Many authors have proposed DNA-based meth-
ods for identifying an insect specimen associated with
human remains. However, almost no attempt has been
made to validate these methods using additional observa-
tions. We tested a protocol for identifying insects in the
blow fly subfamily Chrysomyinae (Diptera: Calliphoridae)
often found to be associated with a human corpse in
Canada or the USA. This method uses phylogenetic anal-
ysis of DNA sequence from a short segment of the mito-
chondrial gene for cytochrome oxidase one (COI). Test
chrysomyine COI sequences were obtained from 245
newly sequenced specimens and 51 specimens from the
published literature. Published sequences from representa-
tives of nonchrysomyine genera were also included to
check for the possibility of a false positive identification.
All of the chrysomyine test haplotypes were correctly
identified with strong statistical support, and there were no
false positives. This method appears to be an accurate and
robust technique for identifying chrysomyine species from
a death investigation in this geographic region. The far
northern species Protophormia atriceps was not evaluated;
therefore, caution is required in applying this method at
very high latitudes in North America.

Keywords Forensic entomology . Mitochondrial DNA .
Cytochrome oxidase . Phylogeny . Species determination

Introduction

Correct identification of an insect specimen is usually a
crucial early step in a forensic entomological analysis [28].

Although traditionally accomplished using anatomical
characters, this can be difficult or impossible for the
immature stages of many species [3]. Sperling et al. [29]
first proposed that such specimens should be identified
using mitochondrial DNA (mtDNA). The majority of
published insect mtDNA sequences cover some portion of
the genes for cytochrome oxidase subunits one and two
(COI + COII) [7]. Consequently, most authors have ad-
vocated the use of a region within COI + COII for forensic
insect identification (e.g., [8, 14, 20, 40]). However, some
closely related species could not be distinguished using the
COI + COII sequence [36, 42]. Protocols are available for
characterizing other mtDNA [37, 43] or nuclear [26, 30]
loci in forensically important Diptera, and some of these
may prove to be more useful than COI + COII for some
taxa.

A locus that works well for diagnosing species of one
taxonomic group may not work for a different group. The
use of mtDNA sequence data for species determination
requires an assumption of reciprocal mtDNA monophyly
when comparing a particular species with its closest rel-
ative in the data set [22, 24]. In other words, unless each
morphological species under consideration corresponds to
a single mtDNA lineage, it will not be possible to assign
at least some sample haplotypes to a single species
(Fig. 1).

Not surprisingly, carrion flies show intraspecific varia-
tion in mtDNA haplotypes [35], and geographic variation
is also possible [31]. Therefore, we believe that validation
of any molecular genetic species test for these insects
requires a population and geographic survey of the target
locus. Wells and Sperling [40] proposed a method for
identifying all forensically important species in the blow
fly subfamily Chrysomyinae (Diptera: Calliphoridae) like-
ly to be found in a human corpse in Canada or the USA.
This test relies on a short region of the COI sequence from
an evidence specimen and maximum parsimony phyloge-
netic analysis [33] to potentially associate a haplotype from
an unidentified specimen with a haplotype from an iden-
tified specimen. The current study aims to validate this
analytical method using newly generated and published but
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previously untested chrysomyine haplotypes from a wide
range of geographic locations.

Materials and methods

Specimens and published COI haplotypes

Table 1 lists the 245 adult flies sequenced for this study as
well as previously published COI haplotypes representing
59 specimens, not including those of Wells and Sperling
[40], that were tested. These represent all but one of the
Chrysomyinae species likely to be found in a human corpse
in Canada or the USA [40]. We were unable to obtain ad-
ditional specimens or published sequence data for Proto-
phormia atriceps, which was included in the 2001 paper.
However, this fly is only found at very high latitudes in
North America (Alaska to Greenland; [13]). Therefore, we
believe that our results are valid for death investigations in
the USA, southern Canadian, and farther north if an in-
vestigator has good reason to exclude P. atriceps as a
candidate species.

An effort was made to obtain specimens or genetic data
covering as wide a geographic range as possible to de-
termine if this species-diagnostic procedure could similarly
be widely applied. Compsomyiops callipes (=Paralucilia
wheeleri), which was only sampled from California
(Table 1), has been reported north of Mexico only in the
western part of the USA [13]. Chrysomya albiceps and
Chrysomya putoria, which spread from Africa to Brazil in
the 1970s [11], have not yet been collected as far north as
the USA. We suspect, however, that their ranges in the
Western hemisphere are likely to expand north as has re-
cently occurred with C. albiceps in Europe [10, 25].

In addition to the chrysomyine haplotypes, we also con-
sidered homologous sequence data from a representative
selection of other forensically important Diptera (Table 1).
The purpose was to test for the possibility of our analytical
method yielding a false positive, i.e., a nonchrysomyine
specimen mistakenly identified as one of the chrysomyine
species. Although not all of these data are from species that
occur in North America, they represent genera that are
found here.

The new fly specimens in Table 1 were all captured with
a hand net at a decayed meat bait, with the exception of the
Protophormia terraenovae specimens from France, which
were purchased as fishing bait. Their true geographic origin
is therefore uncertain, although we think that it is probably
somewhere in Europe. They were also almost certainly
from a colony and therefore were potentially inbred. How-
ever, the six specimens we processed produced five
different COI haplotypes based on about 1 kb of sequence
(data not shown). Therefore, it appears that these speci-
mens can conservatively be considered a sample size of
five for purposes of an mtDNA survey.

The time and manner of specimen preservation prior to
laboratory processing varied with regard to good DNA
preservation conditions, including some that were fresh-
frozen at −70°C and some that were held for several years
at room temperature in ethanol with a range of 70–90%
concentration.

Test sequence and laboratory techniques

The region of COI we used to mimic data from an evidence
specimen is a 304 base sequence corresponding to positions
1029–1332 of GenBank accession number L14946 [29].
We refer to this in the context of a validation study as a test
sequence or haplotype, and an individual insect from which
it was derived as a test specimen. This region can be
amplified using primers C1-J-2495(5′ CAGCTACTTTAT
GAGCTTTAGG; [29]) and C1-N-2800 (5′ CATTTCAA
GYTGTGTAAGCRTC; [40]). Although a larger region can
easily be amplified from fresh tissue using a single poly-
merase chain reaction (PCR) reaction, we generated either
this segment or considered only this portion of a longer
sequence, because this short region can often be character-
ized from a very degraded specimen. DNA was extracted
from the thoracic muscle or legs using a DNeasy tissue kit
(QIAGEN, Valencia, CA). PCR reactions were carried out

A A A B B B B

A A B B A B B

A A A B B B

Reciprocal
monophyly

A is monophyletic
B is paraphyletic

A and B are
polyphyletic

Fig. 1 Hypothetical results of a phylogenetic analysis of mitochon-
drial DNA haplotypes for species A and B, showing some possible
relationships and their implications for a reliable species-diagnostic
test. If reciprocalmonophyly exists, then a haplotype obtained from an
additional member of one of these two species will be grouped with
one lineage or the other, and thereby identified. If a monophyletic +
paraphyletic arrangement exists, then an additional haplotype that fell
within the A lineage would be identified, but one falling between the
two species could either be one of them. A polyphyletic arrangement
does not support a species diagnosis
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Table 1 Sources of the test COI haplotypes for this study

Chrysomyinae newly sequenced for this analysis GenBank record or otherwise previously published COI haplotype

Species Collection site Number of
specimens

Accession
number

Collection site Number of
specimens

Reference

Protophormia
terraenovae

Paris, Francea 5 L14946 British Columbia,
Canada

1 Sperling et al. [29]

Morgantown, WV 34 AF295553b White Mountains,
CA

1 Wells and
Sperling [40]

Phormia
regina

White Mountains,
CA

10 AF295550b Hopland, CA 1 Wells and
Sperling [40]

Berkeley, CA 10
Santa Barbara, CA 6
Lyle Grove, WA 7
Tucannon R., WA 9
Orr, MN 2
Madison County, IA 8
Morgantown, WV 10
Quantico, VA 10
Birmingham, AL 10

Cochliomyia
macellaria

Cabo Rojo,
Puerto Rico

4 AF022370 French Guiana 1 Vincent et al. [34]

Key Largo, FL 5 AF295555b Gainesville, FL 1 Wells and
Sperling [40]

Birmingham, AL 2
Sarita, TX 5
Baja California,
Mexico

5

Rsva.Sanguaré,
Colombia

3

Plata Had,
Colombia

2

Compsomyiops
callipes

Martinez, CA 20
Berkeley, CA 14
White Mountains,
CA

1

Chrysomya
megacephala

Mayaguez,
Puerto Rico

1 AY092761 Taipai, Taiwan 1 Chen et al. [8]

Cabo Rojo,
Puerto Rico

2 AB080252 Western Australia 1 Harvey et al. [14]

Miami, FL 10 AB112830 KwaZula-Natal,
South Africa

1

Birmingham, AL 15 AB112841 Brisbane, Australia 1 Harvey et al. [15]
Sulawesi, Indonesia 1 AB112846 Perth, Australia 1 Harvey et al. [15]
Guam 1 AB112847 Perth, Australia 1 Harvey et al. [15]
Moorea, Fr.
Polynesia

1 AB112848 Pretoria, South Africa 1 Harvey et al. [15]

AB112856 Kitwe, Zambia 1 Harvey et al. [15]
AB112861 Kitwe, Zambia 1 Harvey et al. [15]
AF295551b Nr. Lae, Papua

New Guinea
1 Wells and

Sperling [40]
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Chrysomyinae newly sequenced for this analysis GenBank record or otherwise previously published COI haplotype

Species Collection site Number of
specimens

Accession
number

Collection site Number of
specimens

Reference

Chrysomya
rufifacies

Cabo Rojo,
Puerto Rico

3 None Adelaide, Australia 1 Wells and
Sperling [39]

Miami, FL 10 None Ceram, Indonesia 1 Wells and
Sperling [39]

Honolulu, HI 6 None Moorea, French
Polynesia

1 Wells and
Sperling [39]

Birmingham, AL 13 None Kerrville, TX 1 Wells and
Sperling [39]

AB080253 Western Australia 1 Harvey et al. [14]
AB080254 Western Australia 1 Harvey et al. [14]
AB080255 Western Australia 1 Harvey et al. [14]
AB112828 Perth, Australia 1 Harvey et al. [15]
AB112845 Perth, Australia 1 Harvey et al. [15]
AY092760 Taipai, Taiwan 1 Chen et al.

unpublished
Chrysomya
albiceps

AB112836 KwaZula-Natal,
South Africa

1 Harvey et al. [15]

AB112839 Pretoria, South Africa 1 Harvey et al. [15]
AB112840 Pretoria, South Africa 1 Harvey et al. [15]
AB112842 KwaZula-Natal,

South Africa
1 Harvey et al. [15]

AB112849 Deka, Zimbabwe 1 Harvey et al. [15]
AB112851 Manzini, Swaziland 1 Harvey et al. [15]
AB112854 Manzini, Swaziland 1 Harvey et al. [15]
AB112858 Deka, Zimbabwe 1 Harvey et al. [15]
AB112865 Manzini, Swaziland 1 Harvey et al. [15]
None Campinas, Brazil 1 Wells and

Sperling [39]
None Bloemfontein,

South Africa
2 Wells and

Sperling [39]
AF083657b Alexandria, Egypt 1 Wells and

Sperling [39]
Chrysomya
putoria

AY139693 Grahamstown,
South Africa

3 Wells et al. [42]

AY139694 Grahamstown,
South Africa

9 Wells et al. [42]

NC_002697 Brazil 1 Junqueira et al. [17]
AB112831 Kitwe, Zambia 1 Harvey et al. [15]
AB112835 Snake Island,

Botswana
1 Harvey et al. [15]

AB112855 Snake Island,
Botswana

1 Harvey et al. [15]

AB112860 Kitwe, Zambia 1 Harvey et al. [15]
AF295554b Panama 1 Wells and

Sperling [40]
Ophyra
capensis

AY818106 Cai et al.
unpublished

Musca
domestica

AY818108 Cai et al.
unpublished

Table 1 (continued)
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using a commercial master mix (Promega, Madison, WI,
Catalog #M7505) following the manufacturer’s instruc-
tions. The thermal cycler program consisted of an initial
denaturation of 95°C for 3 min, 45°C for 1 min, 72°C for
1.5 min, followed by 35 cycles of 94°C for 1 min, 45°C for
1 min, and 72°C for 1.5 min, and a 4°C hold. PCR products
were cleaned using a QIAquick PCR purification kit
(QIAGEN) and then cycle-sequenced using BigDye
reagents (Applied Biosystems, Foster City, CA). The
sequence was detected using several Applied Biosystems
310, 3100-Avant, or 3130 capillary instruments. In most
cases, only one of the DNA strands was sequenced.

Computer analysis

Sequence files were edited and aligned using Sequence
Navigator (Applied Biosystems), phylogenetic analysis
was performed using phylogenetic analysis using parsi-
mony (PAUP) 4.0b2 [32]. The PAUP data set was that used
by Wells and Sperling [40] and consisted of 2.3 kb COI +
COII reference sequences for the outgroup species Hypo-
derma lineatum (Oestridae), Eucalliphora latifrons (Calli-
phoridae: Calliphorinae), Lucilia sericata (Calliphorinae),
and Lucilia illustris. Reference ingroup taxa were complete
COI + COII haplotypes for a variety of Chrysomyinae (see
Fig. 2) plus a 678 base sequence from P. atriceps, which
included the test COI region.

PAUP analysis involved 1,000 bootstrap replicates using
the maximum parsimony optimality criterion, in which a
tree implying the fewest number of point mutations is
preferred [33], and the software default settings. Each test
sequence was individually queried by running the PAUP

Non-Chrysomyinae haplotypes from forensically important genera used to test for a false positive

Species Accession number Reference

Fannia armata AF104623 Bernasconi
et al. [4]

Cynomya
cadaverina

AF259505 Wells et al. [41]

Calliphora
vicina

AY842603 Wallman
et al. [37]

Aldrichina
grahami

AY818124 Cai et al.
unpublished

Sarcophaga africa AY315642 Zehner et al.
unpublished

Megaselia scalaris AF217464 Morehead et al.
unpublished

Locations are within the USA unless otherwise stated
aPurchased from a fishing supply shop. See “Materials and methods”
bReference specimen from the phylogenetic data file used for comparative analysis (see “Materials and methods”). Only those reference
individuals from an otherwise unlisted location are shown here in order to give the full geographic range of samples. See Wells
and Sperling [40] for a description of the reference data set

Hypoderma lineatum

Eucalliphora latifrons

Lucilia sericata
Lucilia illustris

Protocalliphora sialia

Protophormia terraenovae

Protophormia atriceps

Phormia regina

P. regina Iowa test #1

Compsomyiops callipes

Cochliomyia macellaria

Cochliomyia hominivorax

Chrysomya megacephala

Chrysomya bezziana

Chrysomya semimetallica

Chrysomya rufifacies

Chrysomya albiceps
Chrysomya putoria

Chrysomya norrisi

Chrysomya varipes

Maximum parsimony bootstrap majority
consensus tree. 1000 replicates.

Non-chrysomyine outgroup

Test comparison

Fig. 2 An example of the results of our analyses. Each test COI
haplotype listed in Table 1 was individually subjected to a maximum
parsimony phylogenetic analysis following addition to the data set
of Wells and Sperling [40]. A number on a branch is percent boot-
strap support for that lineage

Table 1 (continued)
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analysis using the reference sequences plus the test sequence
(Fig. 2).

Results and discussion

The chrysomyine test sequences were paired with the
correct reference haplotypewith≥92%bootstrap support for
the C. albiceps test sequences and ≥97% for the other
species (Table 2). None of the test sequences from non-
chrysomyine genera paired with a chrysomyine reference
haplotype in amajority consensus bootstrap tree. The PAUP
data files are available by request. We conclude that the
analytical procedure of Wells and Sperling [40] is a reliable
and robust method for identifying insects in this subfamily
associated with a human corpse in the USA outside of
Alaska and in southernCanada. Becausewe did not evaluate
P. atriceps, which is found at very high latitudes, a similar
study should be performed with this species. If a death
investigator can exclude P. atriceps as a candidate species
based on other knowledge, such as season or geographic
location, then this is not a concern. We suspect that iden-
tifying P. atriceps in this manner will be found to be valid
given that the available COI haplotype of that species [40] is
quite distinct from those of its closest relativeP. terraenovae.
Some of the taxonomic literature treats it as a member of the
separate genus Boreelus [12].

Strong statistical support for correct identification was
obtained, although some of the sequences we used were
shorter than 304 bases (Table 2), either because only that
portion of a published sequence overlapped the test region

or because a poorly preserved specimen did not yield clean
sequence data for the entire PCR product.

The importance of defining a method like this in terms of
geographic region is illustrated by the fact that COI data did
not distinguishC. putoria from its sister speciesChrysomya
chloropyga [42]. These two flies are extremely closely
related, resulting in a history of confusion concerning the
taxonomic separation; however, they are clearly separate
species with distinct bionomic traits [27]. Although they
coexist in Africa, C. chloropyga has never been reported
from the western hemisphere, permitting COI-based iden-
tification of C. putoria in the Americas. However, all four
Chrysomya test species in this study are originally Old
World flies that were introduced to the New World, where
they became common and widespread within a few decades
[2, 11, 16, 38]. When analyzing forensic entomological
evidence, close attention must be paid to the scientific
literature for any report of such range expansions.

There are a variety of forensic applications for a mo-
lecular species-diagnostic test, including the violation of
hunting or conservation laws [9, 23], and the fraudulent
labeling of food [6, 19, 21]. Although DNA-based species
determination has been widely successful, certain condi-
tions must be fulfilled before such a test can be considered
reliable. One condition is the availability of known ref-
erence genetic data for all species relevant to the evidence
in hand. In other words, the investigator must be confident
that the evidence specimen, although unidentified, is a
species for which correctly identified genetic data are
available for comparison. Narrowing the set of candidate
species can be accomplished using biological information
that is independent of the evidence genotype, such as
morphology, seasonality, or geographic distribution. It may
also be that the genotypes of a given taxonomic group have
been so well surveyed that association of an evidence
specimen with a species in that group can be made based on
genetic data alone.

In most situations, the species that are difficult or im-
possible to distinguish based on anatomical characters are
close relatives. It is also these close relatives that may not
be distinguishable with a genetic test, although that test
may unambiguously separate more distantly related line-
ages (e.g., Birstein et al. [5]). Some closely related carrion
flies differ greatly in forensically important aspects of their
natural history, such as larval growth rate [18] or diapause
response [1]. Therefore, the utility of a species-diagnostic
data set depends on whether it allows one to separate such
close relatives.

The authors of several forensic fly DNA papers have
apparently not considered this problem in their experi-
mental design. For example Ratcliffe et al. [26] claimed
that PCR-restriction fragment length polymorphism (PCR-
RFLP) of the internal transcribed spacer regions provides
“accurate identification of forensically important [fly]
species.” This conclusion was based on their demonstration
that each of the ten forensically important species yielded a
unique PCR-RFLP pattern. However, Ratcliffe et al. [26]
did not evaluate common and forensically important close
relatives of their study species, close relatives that often co-

Table 2 Statistical support for the correct identification of the
chrysomyine test specimens in this study based on maximum
parsimony analysis of a short region of COI

Species Number
of test
individuals
included in
analysis

Mean and range
of percent
bootstrap support
for correct
identification

Length of
shortest
sequence and
bootstrap
value

Protophormia
terraenovae

40 99.7 (99–100) 304 bp (99)

Phormia
regina

82 100 267 (100)

Cochliomyia
macellaria

27 99.8 (98–100) 230 (98)

Compsomyiops
callipes

35 98.9 (97–100) 215 (99)

Chrysomya
megacephala

40 100 227 (100)

Chrysomya
rufifacies

42 99.9 (99–100) 228 (100)

Chrysomya
albiceps

13 93.9 (92–95) 304 (92)

Chrysomya
putoria

17 99.9 (99–100) 281 (100)
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occur with the flies they investigated. It is not known if
their procedure will distinguish between a species they
examined, e.g., Calliphora vicina, and one they did not
examine that might easily be found in the same corpse, e.g.,
Calliphora vomitoria. Therefore, their method cannot be
considered accurate until it is evaluated using a more
complete sample of taxa.

The genotyping and phylogenetic methods used in this
paper are widely and commonly practiced, and we see no
reason why an experienced and competent molecular
geneticist or forensic mtDNA analyst with no entomolog-
ical training cannot use them correctly. In our experience,
crime laboratory analysts in the USA are reluctant to
genotype nonhuman tissue; hence, the involvement of
academic scientists is probably needed if this procedure is
to aid death investigations to the greatest possible extent. In
most circumstances, the best arrangement is a collaboration
between an experienced forensic entomologist and a DNA
expert, along with close consultation with other profes-
sionals concerned with the case. If possible, a duplicate
tissue sample(s) must be preserved for potential indepen-
dent testing. A DNA extraction negative control as well as
the typical PCR negative control should be prepared, and,
of course, sample security and chain of evidence doc-
umentation must be maintained.
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