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Abstract. Insect larvae and adult insects found on human corpses can provide important
forensic evidence however it is useful to be able to prove evidence of association. Without
this, it could be claimed that the insect evidence was a contaminant or had been planted on
the body. This paper describes how mitochondrial DNA (mtDNA) and STR analysis of the crop
contents of larvae of the blowfly Aldrichina grahami collected from separated body parts
was used to provide evidence of association.

INTRODUCTION

Insect larvae and adult insects found on
human corpses provide important clues for
the estimation of the postmortem interval
(PMI) and judgment the identity of individuals
(Wells & LaMotte, 2001). Because fly eggs
are usually deposited on a corpse before
death, determining the age of immature
insect specimens collected from a corpse can
be an accurate way to analyse the forensical
cases. (Linville et al., 2004). Maggots are
commonly used to estimate the period of
insect activity based on aging the oldest
insect specimen associated with the corpse
(Goff, 1993; Wells & LaMotte, 2001). In certain
cases, when maggots but no corpses are
found, the association between the specific
maggots and the particular corpse is
exceptionally important (Zehner et al.,
2004a).

The DNA analysis of insects has the
advantage of being applicable to any life

stages of insects, including the immature
specimens (Zehner et al., 2004b). For the
identification of humans, mitochondrial DNA
analysis is useful because the high copy
number within cells means that it can be
employed when the tissues are degraded.
(Holland & Parsons, 1999; Morley et al.,
1999). Within the blowfly larva crop the
liquefied food is temporarily stored.  Primary
digestion does not occur in the crop because
proteolytic enzymes are not secreted into this
area (Campobasso et al., 2005).

Inferring close relationship between
two individuals or human bodies typically
relies on the same sort of loci such as
microsatellites (Wells & Stevens, 2008). In
previous studies, STR typing (Butler, 2001)
and two particularly hyper-variable regions
(HVI and HVII) within the non-coding control
region or D-loop (Lutz et al., 1998) were used
to identify human tissue, and for insects it
was the 16S rDNA (Li et al., 2010). In this
study, mtDNA (HVII) and STR typing were
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applied for the analyzing of human tissue,
and 16S rDNA gene was picked for the
identification of insects. The crop contents
of maggots collected from human corpses
was subjected to mtDNA and STR genetic
analysis.

CASE DESCRIPTION

In March 2008, a male headless corpse (Body
I) dressed only in underwear was discovered
in a garden in the city of Changsha (28.23ºN,
112.94ºE) Figure 1A. Without the relative
certification, the identity of the corpse was
difficult to identify. Soon after a separated
skull (Body II), which was wrapped in clothes,
was found 500m away from the former
scene, and the identity of the separated skull
was certified soon Figure 1B. On these two
bodies, a large number of nearly full-grown
maggots were discovered. Whether these
two bodies were from the same victim was
difficult to judge because of their state of
decay. The daily average temperature record
of the region was 14ºC and the relative
humidity in the recent weeks was 70%. These
data were obtained at the website of the
China Meteorological Administration (CMA).

MATERIAL AND METHODS

Maggot samples

Third instar maggots were collected from the
Body I and Body II during autopsy, and killed
in boiling water and preserved in 1.5 mL tubes
separately at -70ºC without any preservation
fluid before the analysis (Linville et al., 2004).
Tissue samples (human costal cartilage)
from the two bodies were also collected and
stored at -70ºC prior to examination.

Wash method and maggot dissection

In order to remove the potential external
contaminants, each of the maggots was
soaked in 20% bleach solution before
dissection (Linville & Wells, 2002). Then the
bleach solution was removed and each
maggot was rinsed twice with 1 mL distilled
water (Linville et al., 2004). The dissection

process was followed by the method
described by Linville & Wells (2002). The
remainder of each maggot was preserved for
molecular identification of blowfly species.

DNA extraction and amplification

For the DNA samples produced from the
human tissue samples and crops of maggots
that fed on Body I and Body II, the segment
of the HVII was amplified using primers
L48/H408 (Wilson et al., 1995). Besides the
segment of 16S rDNA was produced for the
insect species identification. The detailed
extraction and amplification processes were
based on Li et al. (2010).

STR Analysis

STR analysis was performed on all
extractions of crop of maggots on Body I
and Body II and human liver. Samples were
amplified using Applied Biosystems
Identifiler System according to the
manufacturer’s protocol. Amplified fragments
were separated using an Applied Biosystems’
3130XL Genetic Analyzer (Foster City, CA).
Data was analyzed using Genemapper ID-3.2
Software (Applied Biosystems).

RESULTS

Insect identification

The maggots were collected from the corpse
during autopsy. The third instar larvae
measured from 1.1cm to 1.6cm (Figure 1C),
and the crop could be observed as a dark
colored object, as seen from the exterior part
(Figure 1D). All the third instar larvae and
pupas were identified as Aldrichina grahami

using morphological keys (Wang et al.,
2002a,b; Zhao et al., 2010). The molecular
method using 16S rDNA fragment confirmed
the above morphological identification
results.

Human and non-human mtDNA

The fragment of HVII was successfully
amplified for the human tissue obtained from
the Body I, Body II and crop of maggots, and
the agarose-gelelectrophoresis gel yield of
PCR products are shown in Figure 2.
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Figure 1. (A) The male headless corpse (Body I) and the discovery site; (B) The
separated skull (Body II). Maggots were found on the skull; (C) The obtained
third instar larvae and the length. (Length values were varied from 1.1cm-1.6cm);
(D) The observed crop in a dark color at the exterior part of the maggot

Figure 2. The yield agarose-gelelectrophoresis gel of PCR products.
(M: marker, H1: Body I, H2: maggot crop, H3: maggot remains, H4:
Body II.)
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STR analysis

STR typing of the human tissue and the crop
content from maggots was successful, and
the complete STR profiles (16 loci) were
obtained for all the specimens. The STR
profiles obtained from the human tissue
matched each other, and the profiles obtained
from the crop of maggots were identical and
matched the ones from the human tissues
completely (Figure 3).

DISCUSSION

A considerable amount of research effort
has been focused on the forensic value of
the molecular genotyping methods for
identifying specimen, including the
identication of the characterization of the
population genetic structure of forensically
important insect species and insect gut
contents (Wells & Stevens, 2008). Previous
studies had demonstrated the potential use
of the genetic analysis of insect gut contents,
including those of the mosquito (Mukabana
et al., 2002), lice (Mumcuoglu et al., 2004)
and carrion ies (Zehner et al., 2004a). The
carrion y maggots gut contents proved to be
suitable for all of the typical human identity

genetic procedures (Wells et al., 2001;
Linville et al., 2004; Zehner et al., 2004a;
Wells & Stevens, 2008), as the gut contents
present similar material for associating its
last food (Wells et al., 2001).

From this study, it is showed that the
mtDNA and STR analysis of maggot crop
contents may potentially be used to associate
the maggots with human corpse, even if
physical contact between the maggots and
corpse or even two different parts of corpse
is not observed.

In the analysis, the 16 loci in STR analysis
were identical for Body I and Body II.
Moreover it showed that the maggots were
feeding on certain body and the possibility
that the maggots were from other places
was excluded, which was ensured by the
accordance among the HVII sequences
extracted from the crop and human tissues.
Therefore the accuracy and possibility of
estimation PMI relying on these maggots
were ensured. The previous study has also
demonstrated the usefulness of mtDNA
(Wells & LaMotte, 2001; Guo et al., 2010a; Guo
et al., 2010b) and STR (Zehner et al., 2004a)
technology in the maggot crop analysis.
Besides, some researchers (Hopwood et al.,
1995; Lutz et al., 1996; Hellmann et al., 2001;

Figure 3. The complete STR profiles (16 loci). A: maggot obtained from Body I; B: maggot obtained
from Body II; C: Body I; D: Body II.
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Zehner et al., 2004a) discussed the reason
for failure of STR analysis, to degraded DNA
or too low amounts of target molecules
including in telogen or rootless hair, faeces
or bones, and they advised the analysis of
human mtDNA as the alternative method. In
this study, both the analysis of mtDNA and
STR were included to ensure the accuracy of
the results.

In this study, only A. grahami were
observed and collected. Aldrichina grahami

is a necrophagous insect since the larvae
usually feed on putrid animal corpse
(Shinonaga, 1965). It is widely distributed
in China (except Xinjiang and some alpine
areas), and is one of the most dominant
species in spring and summer (Ma et al., 2000;
Chen et al., 2003).

In conclusion, this study demonstrated
that it is possible to prove the association of
maggots with specific human remains.
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