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Abstract

Background: DNA profiling for the victim identification in several forensic situations is mostly challenging due to a
high degree of degradation or due to a high level of intermingling of remains. There are many intrinsic and
extrinsic factors involved in the postmortem decay of tissues. Forensic DNA analysts come across a variety of
samples ranging from stain samples to visceral material to bone or teeth. The amount and quality of DNA recovery
are highly variable/challenging in dealing such forensic evidence.

Material and methods: In the present study, two different types of postmortem tissues (brain and prostate/uterus)
along with teeth of 20 naturally decomposed human bodies were analysed. DNA extraction has been performed
using the phenol-chloroform extraction method. Further, the extracted samples have been subjected for
quantitative analysis using RT-PCR. Samples were amplified using the PowerPlex® 21(PP 21) multiplex system and
were genotyped using capillary electrophoresis in 3500XL Genetic Analyzer.

Results: A perfect short tandem repeat (STR) profile has been generated from all the teeth samples. In most of the
cases, brain tissue samples also provided an optimal profile. In contrast, prostate tissue samples gave partial
amplification at almost all the samples. These findings were further evaluated by DNA profile quality measures for
the studied samples.

Conclusion: The present study may provide a platform to effectively evaluate forensic samples that contain small
or degraded DNA template. The multiplex autosomal STR loci PP 21 system used in the study is efficient enough
for typing such degraded samples with high sensitivity and discrimination power.
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Background
Personal identification or establishing the identity of an in-
dividual is always a challenge for social and medico-legal
purposes, especially in cases of natural mass disasters like
floods, earthquakes, cases of fire deaths (Heinrich et al.
2009; Dumache et al. 2016), tsunamis, landslides and ser-
ious vehicular/train accidents; plane crashes (Hsu et al.
1999); and skeletal remains from mass graves (Prado et al.
1997; Johnston and Stephenson, 2016) or man-made disas-
ters such as terrorist attacks; bomb blasts (Holland et al.
2003); and mass murders also lead to multiple fatalities. In
such situations, it is difficult to establish an identity with

high accuracy of individuals many a times. Various conven-
tional forensic techniques like fingerprint analysis, anthro-
pology, odontology, etc. have been in use for the
identification of human remains. However, there are cases
in which the recovered remains are not recognisable by
using these conventional methods. Examinations on these
material and cases often provide inconsistent and insuffi-
cient results due to a high level of commingling of skeletal
remains or perhaps due to insufficient ante-mortem data
(Gunby 1994). In these circumstances, forensic investiga-
tion of biological samples often requires the analysis of hu-
man DNA (Alonso et al. 2001). In these kinds of
catastrophic events, DNA is expected to undergo a great
degree of fragmentation due to natural process resulting
from the exposure of the stain or tissue samples to the
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environment. The level of degradation may get influenced
by light, humidity or elevated temperature. The growth of
bacterial and fungal contaminations can also lead to phys-
ical, chemical and biochemical degradation of genomic
DNA (Whitaker et al. 1995; Fondevila et al. 2008). There
have been noteworthy advancements in DNA technology
used to genotype such fragmented samples especially low
DNA amplification and inhibitor tolerance.
The forensically important autosomal short tandem re-

peat (STR) loci are composed of tandemly repetitive se-
quences of DNA 2–6 base pairs in length. The regions
containing the repeats are generally quite small and
therefore undergo possible amplification by PCR (Lygo
et al. 1994; Kimpton et al. 1994; Kimpton et al. 1996;
Whitaker et al. 1995). Capillary electrophoresis-based
DNA profiling using PCR with STR loci is the powerful
and widely accepted method for human identification
(Edwards et al. 1991, Budowle et al. 2001, Shrivastava et
al. 2016).
Postmortem decay of human bodies is considered to

be a complex process. It begins with autolysis and putre-
faction which further may be followed by aerobic and
bacterial decomposition. Stability of DNA in the brain
cortex, lymph nodes and psoas muscle can be observed
over a period of 3 weeks postmortem (Bar et al. 1988).
While teeth and bones serve as a good source of DNA
even after a period of months and years (Kaneko et al.
2015). Furthermore, DNA is well preserved in teeth as
compared to other bones (Woodward et al., 1994). The
advancement of decomposition of a corpse depends on a
number of intrinsic and extrinsic factors (Adlam and
Simmons, 2007; Duday and Guillon, 2006; Hau et al.
2014). It is generally considered that head and limbs de-
compose at a faster rate as compared to the body trunk,
mainly due to the presence of a higher mass of soft tis-
sue (Braig and Perotti, 2009; Matuszewski et al. 2008).
The prostate or uterus are considered to last long or re-
sists decomposition for longer duration (Pinheiro, 2006).
However, the rate of degradation varies from body to
body and also depends on a number of environmental
factors. There have been reports regarding the suc-
cessful PCR-based identification of artificially de-
graded samples, blood stains or other biological stains
(Moretti et al. 2000; Dixon et al. 2006). Keeping in
view these points, two different visceral tissues, one
prostate tissue, reported to resist degradation for a
long time (Pinheiro, 2006), and the other a soft tissue
(brain) but reported to retain DNA for a long time
(Bar et al. 1988) along with teeth sample, the best
source of DNA for identification as reference, are
taken into consideration. The present study aims to
assess the suitability of two naturally degraded soft
tissues and teeth as a reference biological sample for
DNA analysis using a new generation autosomal STR

multiplex system (PowerPlex 21TM, Promega
Corporation).

Materials and methods
Sample collection
Two different types of tissue samples (brain cortex and
prostate/uterus tissue) and teeth samples were collected
from 20 unclaimed decomposed bodies with post-mor-
tem interval up to 25 days submitted at the mortuary of
All India Institute of Medical Sciences (AIIMS), New
Delhi. The tissue samples were collected and stored in
sterilised plastic containers at − 80 °C until further pro-
cessing. No preservative was used to store the samples.
Majority of the brain tissue samples were in a liquefied
state at the time of collection itself while the prostate
tissues were all intact. Teeth samples were buried in gar-
den soil for a minimum period of 10 months prior to
extraction.

DNA extraction and quantification
The DNA was extracted using the phenol-chloroform
procedure (Sambrook et al. 1989) with required modifi-
cations. All the samples were eluted in 15 μl of TE buffer
and stored at − 20 °C till further analysis. Each DNA ex-
tract was quantified by a real-time PCR using Quantifi-
ler® Trio DNA Quantification kit (Thermo Fisher
Scientific, Oyster Point, CA) (lot no. 1607013), with an
ABI Prism 7500 detection system (Applied Biosysytems)
according to manufacturer’s recommendations (https://
assets.thermofisher.com/TFS-Assets/LSG/manuals/44
85354.pdf), except half-reaction volume was used (Cho
et al. 2018). Internal positive controls (IPCs) were used
to monitor PCR inhibitors during the reaction. Also,
negative controls and reagent blanks were included in
every step of the study.

PCR amplification
PCR amplification was performed on the Gene Amp
PCR system 9700 (Applied Biosystems). The extracted
DNA samples were amplified with Promega PowerPlex
21TM STR kit (lot no. 0000309091), which simultan-
eously amplifies 20 autosomal STR loci (D3S1358,
D1S1656, D6S1043, D13S317, Penta E, D16S539,
D18S51, D2S1338, CSF1PO, Penta D, TH01, vWA,
D21S11, D7S820, D5S818, TPOX, D8S1179, D12S391,
D19S433, FGA) and amelogenin marker. Amplification
was done as per the manufacturer’s protocol except half-
reaction volume was used (Alenizi et al. 2009; Batham et
al. 2019). A total of 8 μl of final reaction mix was used
for PCR with 0.5 μl of extracted DNA.

DNA detection and data analyses
Capillary electrophoresis was performed using the
3500XL Genetic Analyzer System (Applied Biosystems).
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A total of 10 μl of sample injection volume was used
with 1 μl of PCR product, 10 μl of the Hi-Di formamide
(lot no. 1710526) and 0.2 μl of the WEN ILS 500 Size
standard (lot no. 0000309091). Detection of amplified
STRs was carried out on ABI Prism 3500XL genetic
analyzer. Data analysis was carried out using GeneMap-
per ID v3.2 software. Alleles were designated on the
basis of the number of allele repeats with the help of an

allelic ladder (lot no. 0000309091) provided by the man-
ufacturers of the multiplex systems used for the study.
Peak detection threshold was set to 50 RFUs for allelic
designation.

Results
The results showed that the success rate of brain samples
is found better than prostate samples. Brain tissue (Fig. 1)

Fig. 1 Electropherogram of brain tissue showing amplification at all 21 loci in the form of allele peaks
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and teeth sample (Fig. 2) gave full profile at all the 21 STR
markers in 16 and 9 samples, respectively, unlike prostate
tissue (Fig. 3) which showed partial amplification at a ma-
jority of the loci of PowerPlex 21and no prostate sample
yielded a complete profile. The genotyping results are also
supported by quantification results obtained by using RT-
PCR (Additional file 1: Tables S1, S2, and S3).

The total number of amplified loci per sample for each
of the three types of tested biological samples in the
study is presented in Table 1. An interesting finding with
brain tissue is the fact that only two of the tested sam-
ples yielded non-amplifiable DNA. In more than 12 sam-
ples, 15 or more loci were amplified and allele dropout
mostly occurred on the loci which are more than 300

Fig. 2 Electropherogram of tooth sample showing amplification at all 21 loci
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base pairs namely D13S317, Penta D, Penta E, CSF1PO,
TPOX and FGA loci. Most of the other amplified loci in
all the samples passed DNA profile quality measures. In
the case of prostate tissues, not even a single sample was
successful in providing a full profile at all 21 loci. Only
six of the samples showed amplification at more than 15
loci while the remaining 14 samples showed dropouts in
almost 15 loci on an average. In contrast, teeth samples
exhibit full profile at all 21 loci in 16 tested samples.
Only four samples showed dropout at D2S1338, TPOX
and FGA loci which are also the larger base pair loci
(265–411 bp). The occurrence of each of the 21 STR
markers in brain tissue, prostate tissue and teeth samples
has been shown graphically (Fig. 4).

Profile quality
DNA profile quality of the samples which showed amplifi-
cation at all the 21 markers has been evaluated by estimat-
ing the following measures: balance between allelic peaks
within heterozygous loci (intra-locus or local balance), total
allelic peak height (TPH) and inter-colour balance between
STR markers (ICB or global balance) using PRISM statis-
tical software. In the case of brain tissue samples, the mean
value for peak height ratio (PHR) ranges from 0.62 to 0.92
which indicates most of the samples have PHR near to the
standard value of 0.7. Also, lower 95% confidence interval
of mean ranges from 0.39 to 0.86 while upper 95% confi-
dence interval of mean ranges from 0.78 to 1.1 (Fig. 5a).
Likewise, the mean value for TPH (total peak height) ranges

Fig. 3 Electropherogram of prostate tissue showing partial amplification
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from 1144 to 27,812. Also, lower 95% confidence interval
of mean ranges from 343 to 13,954 while upper 95% confi-
dence interval of mean ranges from 2876 to 42,984 (Fig. 5b).
Similarly, the mean value for global balance ranges from 38,
800 to 60,281. Also, lower 95% confidence interval of mean
ranges from 20,520 to 37,092 while upper 95% confidence

interval of mean ranges from 57,080 to 84,709 (Fig. 5c). In
the case of teeth samples, the mean value for PHR (peak
height ratio) ranges from 0.72 to 0.85 which indicates that
all of the samples have PHR near to the standard value of
0.7. Also, lower 95% confidence interval of mean ranges
from 0.66 to 0.83 while upper 95% confidence interval of

Table 1 Amplifiable STR loci for all the three samples

Sample (brain) No. of loci amplified Sample (teeth) No. of loci amplified Sample (prostate/uterus) No. of loci amplified

B1 21/21 T1 21/21 P1 17/22

B2 21/21 T2 21/21 P2 3/22

B3 11/21 T3 21/21 P3 0/21

B4 20/21 T4 20/21 P4 12/21

B5 15/21 T5 21/21 P5 1/21

B6 17/21 T6 21/21 P6 16/21

B7 21/21 T7 21/21 P7 4/21

B8 8/21 T8 15/21 P8 17/21

B9 14/21 T9 21/21 P9 4/21

B10 21/21 T10 11/21 P10 7/21

B11 13/21 T11 21/21 P11 0/21

B12 14/21 T12 21/21 P12 1/21

B13 0/21 T13 21/21 P13 1/21

B14 21/21 T14 21/21 P14 2/21

B15 0/21 T15 21/21 P15 0/21

B16 21/21 T16 21/21 P16 4/21

B17 21/21 T17 21/21 P17 0/21

B18 21/21 T18 19/21 P18 17/21

B19 21/21 T19 21/21 P19 18/21

B20 11/21 T20 21/21 P20 19/21

The table is showing the total number of amplified loci per sample out of 21 STR loci present in the PowerPlex 21TM STR kit for each of the three samples (brain
tissue, teeth, and prostate tissue) considered in the study

Fig. 4 Histogram showing distribution of each STR markers in different samples
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mean ranges from 0.84 to 0.93 (Fig. 6a). Likewise, the mean
value for TPH (total peak height) ranges from 1144 to 23,
967. Also, lower 95% confidence interval of mean ranges
from 343 to 13954 while upper 95% confidence interval of
mean ranges from 1649 to 42,984 (Fig. 6b). Similarly, the
mean value for global balance ranges from 57,213 to 106,
779. Also, lower 95% confidence interval of mean ranges
from 42,021 to 83341 while upper 95% confidence interval
of mean ranges from 72,404 to 130217 (Fig. 6c). These
measures were not evaluated for prostate tissue as none of
the samples showed amplification at all the 21 STR loci.

Discussions
We demonstrated the PCR amplification of STR loci
from decomposed biological samples. The high success
rate for nuclear STR typing reported here further con-
firmed that STRs could be considered a method of
choice in casework involving rarely sampled tissues
(brain and prostate). The study also suggests the use of
brain tissue as amplifiable DNA was detected in 18 of
the total 20 samples tested. The results also show that
peak height ratio, inter-colour balance and total peak
height (which are profile quality parameters) observed in
teeth are in agreement with the brain tissue. No

amplification or dropout on the larger loci (more than
250 base pairs) included in the multiplex system suggest
the need of the use of specifically designed kits for de-
graded DNA to achieve the amplification at these larger
loci such as ABI Minifiler kit (Lopes et al. 2009; Welch
et al. 2011; Constantinescu et al. 2012). In this study, the
effects of environmental variables were not controlled,
since the samples were collected from a wide range of
contexts. In general, the results are consistent with those
reported in other studies where DNA profiling was per-
formed using different tissues of decomposed human
bodies. These study involved DNA amplification of STR
loci from a relative amount of DNA present in the heart,
liver, femoral muscles and thigh muscles, respectively
(Bar et al. 1988; Clayton et al. 1995; Takahashia et al.,
1997).
The results in this study are categorised as per the suit-

ability of samples among the brain, prostate/uterus and
teeth for the purpose of individualization. This provides in-
formation on the amplification efficiency of different types
of decomposed biological samples considered in the study.
Although teeth are preferred over soft tissues since its ro-
bust nature preserves DNA for a longer duration (Johnston
and Stephenson 2016). Even after being buried in the

Fig. 5 Profile quality parameters for brain tissue samples. a Peak height ratio. b Total peak height. c Global balance

Fig. 6 Profile quality parameters for teeth samples. a Peak height ratio. b Total peak height. c Global balance
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garden soil for the duration of 10months, no substantial
difference could be seen in the profile quality of teeth sam-
ples. Since it is evident from the results, attained by using
PRISM software that brain tissue samples which showed
amplification at all loci may also correspond to a good
profile quality as obtained by teeth samples. These profile
quality measures further provide definitive verification
that brain tissue and teeth samples could be considered as
optimal samples for DNA recovery. But in situations
where the body is found in a skeletonised form, or in a
highly putrefied state, teeth can be considered as the best
samples for identification purposes (Alonso et al. 2005).
Also, with the continual advancements in capillary elec-
trophoresis-based STR marker multiplex systems, six dye
chemistry-based multiplex kits are also available recently.
Improved chemistries of different multiplex systems may
result into amplification of brain tissues on more markers.
Improved methods of extraction including automated
DNA extractions may further be tested on these samples.

Conclusion
The present study put forward the use of brain tissue
samples, which can provide comparable results with that
of teeth samples, when collected and preserved in a
proper manner. In contrast, being the last organ to de-
compose, prostate or uterus tissue could not be a reli-
able source for DNA profiling. Teeth samples usually
take a longer duration of processing time as compared
to tissue samples. However, larger environmental inter-
ferences are yet to be explored for its suitability in differ-
ent kinds of forensic situations. The study concludes
that human brain tissues can also serve the purpose of
identification to a good extent even from the bodies re-
covered in a decomposed state where it could not get
identified just by seeing the facial features. Although, in
the cases of skeletonised remains, teeth samples still re-
main the sample of choice.

Additional file

Additional file 1: Table S1 Quantification data of brain samples using
RT-PCR. Table S2 Quantification data of teeth samples using RT-PCR.
Table S3 Quantification data of prostate/uterus samples using RT-PCR.
(DOCX 22 kb)
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