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ABSTRACT: The identification of insects found on a dead body
can lead to the estimation of the time of death (postmortem inter-
val). We report an updated version of an established method based
on sequence analysis of PCR products from a region of the cy-
tochrome b oxidase subunit | mitochondrial gene of different mem-
bers of the family Calliphoridae, by sequencing six European
species: Lucilia sericata (Meigen), Lucilia caesar (Linné), Lucilia
illustris (Meigen), Calliphora vicina (Robineau-Desvody), Cal-
liphora vomitoria (Linné), Protophormia terraenovae (Robineau-
Desvody) and one Guianese species: Cochliomyia macellaria
(Fabricius). This technique provided clear results when applied to
the larvae and we al so report the identification of empty puparia.
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A dead body is an attractive place for the colonization and de-
velopment of several insects. During different stages of decompo-
sition, specific species are found inhabiting remains (1,2). The
most frequently encountered insects are blow flies. By the analysis
of the species found near amurder scene, and the estimation of the
ambient temperature, investigators are able to estimate the date of
the death: the postmortem interval. The classical way to identify
the insect species present is by morphological observation. But dif-
ferences are sometimes minute, especialy for the young larval
stages (3). Sometimes, delays between the collection of the larvae
and examination in the forensic laboratory impair the preservation
of the samples. Often, immature specimens must be reared to adult-
hood in the laboratory in order to facilitate accurate species identi-
fication. In other cases, when the remains are old or badly decom-
posed, only empty pupariaor puparial remnants are found. In these
cases, species identification can be impossible and the estimation
of the postmortem interval isless accurate.

In an attempt to identify larvae, more accurately, different meth-
ods have been developed including: studying of the alloenzymes
(4), or mapping mitochondrial DNA by restriction enzyme diges-
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tions (5). These methods can be used for forensic purposes but have
limitations because of the stability of the proteins and the amount
of DNA required to do arestriction analysis on the mitochondrial
DNA (mt DNA).

However, the mitochondrial genomeisavaluable marker for the
identification of different fly species (5-8). The use of PCR and se-
guencing techniques, applied to a region of insect mitochondrial
DNA, alows the determination of species, even in relatively ad-
vanced states of degradation. Mitochondrial DNA isasmall circu-
lar molecule, present in hundreds of copies surrounded by alipidic
envelope. Moreover, mt DNA mutation rates are high enough to
provide differences in sequences between closely related species
(9). This method has aready been described for animal identifica-
tion (10). A similar method has been developed for the identifica-
tion of three members of the family Calliphoridae (8). The latter
study was conducted on North American species of blow flies. We
report the adaptation of this system to European species.

We sequenced aregion of 160 to 270 bp of the cytochrome b ox-
idase subunit I mitochondrial gene (COI) from the larvae and
adults of six European (Lucilia sericata (Meigen), Lucilia caesar
(Linné), Luciliaillustris (Meigen), Calliphora vicina (R.-D.), Cal-
liphora vomitoria (Linné), Protophormia terraenovae (R.-D.)) and
one Guianese (Cochliomyia macellaria (Fabricius)) species of the
family Calliphoridae. We were a'so able to establish the sequence
for this region from empty puparia.

Materialsand M ethods
Samples

Adult blow flies, maggots, and puparia were collected in the
vicinity of Rosny sous Bois (France) and from laboratory colonies.
These blow flieswere identified by Bernard Chauvet, Jean Bernard
Myskoviak, and Christophe Rocheteau from the Department of En-
tomology (IRCGN), according to classical morphological criteria
(11). Cochliomyia macellaria (Fabricius) collected from a
Guianese case, wereidentified by Thierry Pasguerault from the De-
partment of Entomology (IRCGN).

The insects were stored either at —80°C or in acohol prior to
DNA extraction. Entire insects were used in the DNA extraction
process. Empty puparia were stored at room temperature, in aco-
hol, or dried.

DNA Extraction

Total genomic DNA was extracted according to a modification
of the method reported by Harrison et a. (12) and Sperling et a.
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(8). Briefly, each insect was ground into powder using a sterile
teflon pestleinliquid nitrogen in a2 mL Eppendorf tube. The pow-
der was digested at least 2 h under agitation at 56°C in 800 L of
filtered Lifton buffer (0.1 M TrisHCI pH 8, 0.2 M sucrose, 0.05M
EDTA, and 0.5% SDS) with 100 g Proteinase K from Merck. Af-
ter phenol/chloroform extraction, the recovered aqueous phase was
precipitated with two volumes of cold ethanol, 100 mM NaCl dur-
ing 2 hat —20°C. After washing with 70% ethanol, the pellet was
resuspended in T10E1 (10 mM TrisHCI pH 8 1 mM EDTA).

For empty puparia, the procedure was the same, except that the
digestion was done in avolume of 500 wL for 12 h, then 100 p.g of
proteinase K was added for a 2-h incubation. The pellet was resus-
pended in 50 pL of T10EL.

DNA was quantified by measuring OD at 260 nm. After DNA
extraction, asmall aliquot was|oaded on a0.8% agarose gel and vi-
sualized by ethidium bromide staining after electrophoresis (13).

Amplification

DNA amplification (14) was performed on aPerkin EImer Cetus
GeneAmp 9600 apparatus, using primers previously described (8).
Briefly, 100 ng of genomic DNA was used to provide enough ma-
terial for several sequences. PCR was carried out in the presence of
1 mM primers CO-1 2f (5'-CAG CTA CTT TAT GAG CTT TAG
G-3') and CO-I 3r (5'-CAT TTC AAG C/TTG TGT AAG CAT
C-3'), 0.2 mM dNTPs from Pharmacia, and 0.5 U of AmpliTag
(Perkin Elmer Cetus) in afinal volume of 50 wL. Amplification cy-
cleswere: 94°C for 30 s, 45°C for 1 min, and 72°C for 45 s. These
cycles were repeated 35 times and followed by afinal 10-min ex-
tension at 72°C.

Purification of Amplified DNA

The PCR product was|oaded on a1.5% agarose gel (Pharmacia).
After electrophoresis, the band of 348 bp was quickly cut on aUV
tablewith ascalpel and purified on aGenElute™ Agarose Spin col-
umn (Supelco). DNA was precipitated with ethanol and the pellet
was resuspended in 20 to 30 wL of sterile water, depending on the
intensity of the band. Two microliterswereloaded on a1.5% ethid-
ium bromide agarose gel to estimate the amount of purified DNA.

DNA Sequencing

Purified PCR products were sequenced by PCR using the Silver
Sequence™ DNA Sequencing System from Promega according to
the recommendations of the supplier. The sequences were loaded
on an 8% acrylamide denaturing gel. After electrophoresis, the gel
was stained with silver nitrate. Both strands of DNA were se-
guenced using the primers CO-1 2f and CO-1 3r.

Sequence Analysis

The new double strand sequences were submitted to Genbank
under the following access numbers: Lucilia sericata (Meigen);
AF017425, Lucilia caesar (Linné); AF017424, Lucilia illustris
(Meigen); AF022369, Calliphora vicina (R.-D.); AF017422, Cal-
liphora vomitoria (Linné); AF017423, Protophormia terraenovae
(R.-D.); AF017426 and Cochliomyia macellaria (Fabricius);
AF022370.

Restriction Analysis

Fifteen microliters of the amplified products were digested in a
total volume of 30 L with 10 U of Hinf | (Boehringer Manheim).

The DNA was electrophoresed on a 2% agarose gel stained with
ethidium bromide. The bands were visualized on aUV table.

Results

We sequenced 160 to 270 bases on both strands of the mito-
chondrial cytochrome b subunit | gene from seven different species
of the family Calliphoridae. To determine the standard sequence
for each species, we analyzed one sample and compared it with
other individuals from the same species. Figure 1 shows the com-
parison between different European species of the family Cal-
liphoridae. As previously described for other members of thisfam-
ily (8), the sequences were different from one to another (Table 1)
and diverged to an extent of 2.9 to 13.1%. The closest specieswere
Lucilia caesar (Linné) and Lucilia illustris (Meigen) (2.9% of di-
vergence) and Protophormia terraenovae (R.-D.) was the most di-
vergent species within this family considering the standard of 137
nucleotides sequenced (from 9.5 to 13.1% of divergence).

The differences between these sequences were only substitu-
tions. We did not observe any deletions within the sequences of the
different species, as previously described for other members of the
same family (8). We performed the same analysis on aflesh fly of
the family Sarcophagidae and observed a deletion of 9 bp com-
pared to the family Calliphoridae (data not shown).

For each species, we sequenced the same gene from at |east two
individuals. We recorded only one case with a difference among
four Lucilia sericata (Meigen) individuas, namely a point muta-
tion in the sequence of 164 bp (see Fig. 2). To determine the possi-
ble influence of geographic distribution, we compared our se-
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FIG. 1—Sequence comparison, across mitochondrial COI gene, be-
tween Lucilia sericata (Meigen), Luciliaillustris (Meigen), Lucilia caesar
(Linné), Calliphora vicina (R.-D.), Calliphora vomitoria (Linné), Pro-
tophormia terraenovae (R.-D.), and Cochliomyia macellaria (Fabricius).
Dots indicate identity to sequence of L. sericata (Meigen). The nucleotides
1 and 137 of the sequence of L. sericata correspond to the nucleotides 1115
and 1251 of the sequence of Phaenicia sericata published by Sperling et al.
(8) (Genbank accession number: L14947).
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TABLE 1—Divergence and substitutions across the mt DNA sequences of the COI gene from different species of the Calliphoridae family. Above the
diagonal: percentage of DNA divergence (number of different nucleotides/size of the sequence compared) and below the diagnonal: number of
substitutions across the 137 nuclectides of Fig. 1.

L. sericata L. illustris L. illustris C. vicina C. vomitoria P. Terraenovae C. macdlaria
(Meigen) (Meigen) (Meigen) (R-D.) (Linné) (R-D.) (Fabricius)

L. sericata (Meigen) / 10.2% 8.6% 9.5% 10.2% 10.9% 8.0%

L. illustris (Meigen) 14 / 2.9% 9.5% 10.9% 10.9% 9.5%

L. caesar (Linné) 12 4 / 9.5% 10.2% 9.5% 9.5%

C.vicina (R.-D.) 13 13 15 / 51% 13.1% 11.7%

C. vomitoria (Linné) 14 15 16 7 / 13.1% 10.9%

P. terraenovae (R.-D.) 15 15 16 18 19 / 10.9%

C. macellaria (Fabricius) 11 13 13 16 15 15 /
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FIG. 2—Divergences within the mt DNA sequence of the COI gene from
Lucilia sericata (Meigen). The asterisk (*) indicates the only divergence
(substitution) observed among four different individuals.

TABLE 2—Different material tested for DNA extraction
and COI mt DNA sequencing.

Imago Dead, found on the ground
Maggot Conserved in acohol
Pupae Conserved in acohol
Empty puparia Conserved in acohol
Empty puparia Dry at room temperature

quence from Lucilia sericata (Meigen) with the corresponding se-
guence from Phaenicia sericata (8). These two genera are consid-
ered to be closely related in North America (15) and to be onein
the same in Europe (16). The sequences did not show any differ-
ences, even between blow flies from different continents. We also
compared the sequence of European Lucilia illustris to the se-
guence of North American Phaenicia sericata without finding any
differencein the 201 bp sequenced. These two argumentsarein fa-
vor of alow degree of intraspecific variation. We are currently con-
firming this point, by sequencing species from different geographic
placesin France.

Sequences could be established for the COI locus of blow flies
at different stages of development or stored in different conditions
(Table 2). Even the empty puparia provided enough DNA for sev-
eral PCR reactions. Extraction from the alcohol-stored samples al-
ways produced lower amounts of DNA. Concerning the empty pu-
paria, we noticed that dry samples generated better results (data not
shown, see discussion).

Sperling et al. (8) proposed an easy way to distinguish between
blow flies. They showed that restriction enzymatic digestion of the
348 bp PCR product with Hinf | led to three distinct fragment pat-
ternsfor Phaenicia sericata (Lucilia sericata (Meigen)), Luciliail-
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FIG. 3—Restriction patterns obtained by digestion of the PCR product
with Hinf I. M—molecular weight marker (band sizes: 1057, 770, 612, 495,
392, 345/341/335, 297, 210, 162), (1) L. sericata (Meigen), (2) L. caesar
(Linné), (3) L. illustris (Meigen), (4) C. vicina R.-D., (5) C. vomitoria
(Linné), (6) P. terraenovae (R.-D.), (7 and 8) C. macellaria (Fabricius),
M "—molecular weight marker (100 bp ladder, Pharmacia).

lustris (Meigen), and Phormia regina (Meigen). We tested this re-
striction polymorphism on the seven blow flies under study (see
Fig. 3). Wefound the different expected fragment sizesfor Lucilia
illustris (Meigen) and Lucilia sericata (Meigen). However, Hinf |
generated the same pattern of restriction for Lucilia illustris
(Meigen) and Lucilia caesar (Linné), for Calliphora vicina R.-D.
and Protophormia terraenovae (R.-D.), and for Lucilia sericata
(Meigen) and Calliphora vomitoria (Linné). Therefore, this en-
zyme is not useful in distinguishing between these different mem-
bers of the family Calliphoridae, even within the genus Lucilia.

Discussion
Soecies | dentifications

Six European and one Guianese species of the family Cal-
liphoridae were analyzed in this study. As previously described for
three North American species (8), the sequence variability of a
short region of the mitochondrial cytochrome oxidase b subunit |
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geneisenough to providelarval identification. We analyzed the se-
guence of this short region for seven different calliphorid flies.
Other interesting blow flies are currently being analyzed at thislo-
cus. We observed only one case of nucleotide substitution within
Lucilia sericata (Meigen). The standard sequence of the cy-
tochrome oxidase b subunit | gene of this species appears to be
identical to the sequence of Phaenicia sericata (8). These blow
flies were found to be genetically identical even though one was
collected in France and the other in North America (15,16). Since
Lucilia caesar (Linné) and Lucilia illustris (Meigen) seem to be
very closely related species on a molecular level, more extensive
analysisof the variation in these two species needsto be carried out
to verify the hypothesis that a short sequence of the subunit | cy-
tochrome oxidase b gene is enough to distinguish between these
two blow flies species.

Our research demonstrates that restriction analysis of the 348 bp
PCR product with the Hinf | enzymeis not sufficient to distinguish
between calliphorid flies, even those within the genus Lucilia. We
are currently analyzing the sequencesto search for other restriction
polymorphism, and we may have to sequence larger fragments of
the subunit | cytochrome oxidase b gene.

I dentification of Poorly Preserved Larvae and Empty Puparia

The aim of this work was first to distinguish, on a molecular
level, members of the genus Lucilia. Typically, it is very difficult
to identify immatures and puparia from this genus and entomolo-
gists must rear larvae to adulthood to facilitate accurate species
identification. Mortality in rearing can further complicate this
means of identification. Genetic identification methods, adapted to
European species of blow flies can help European investigators
since PCR technology facilitates accurate species identifications
even when specimens are scarce or degraded. We clearly demon-
stratethat it is possibleto obtain aDNA sequence from both poorly
preserved blow flies and from empty puparia.

Interest of the Molecular Identification

Observation of morphology is very often the easiest and the
fastest way to identify insects. Molecular techniques do not aim to
supplant morphological methods, but can help the entomologistsin
cases where the classical approach does not give reliable resuilts.

We employed molecular identification techniques in a murder
case near a big city in France. A person had been apprehended
while throwing foul-smelling bags into a bin. In these bags, po-
lice found half of a dismembered body. In the apartment of the
suspect, investigators found numerous dead pupae and empty pu-
paria. Among these insect remnants, most were easily identified;
others, however, were identified only as members of the genus
Lucilia We identified the empty puparia as Lucilia sericata
(Meigen) and this facilitated a more accurate estimation of the
postmortem interval.

We describe here the genetic identification of species from the
genus Lucilia. Also, we report the successful sequencing of addi-
tionnal species including Calliphora vicina (R.-D.), Calliphora
vomitoria (Linné), Protophormia terraenovae (R.-D.), and
Cochliomyia macellaria (Fabricius). These speciesare easily iden-

tified using the classical morphological approach. Since we were
able to identify blow flies from empty puparia, it may be possible
to identify such insects from legs or wings. Thisis currently being
tested in the lab and may help entomologists in cases where no in-
tact larvae or puparia are found. This technique may aso be ex-
tended to other insects of forensic interest, such as beetles.
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