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Abstract

Sternum bone is one of the most common exhibits received in forensic laboratories for the establishment of the identity of
unidentified human dead bodies. However, the extraction of DNA from sternum bone is a multi-step process and time-
consuming. The fleshy costal cartilage attached with sternum bone can be used as an alternative for DNA extraction. In the
present study, DNA profiling from costal cartilage of one hundred nineteen sternum bones of unidentified dead bodies was
done, as a part of casework analysis across seven years between 2014 to 2020.Most of the dead bodies were retrieved in
conditions of advanced stages of decomposition and skeletonization. In the present study, the DNA was isolated from costal
cartilage with Qiagen EZ1 Advanced XL BioRobotusing magnetic bead based method. The isolated DNA was quantified
using agarose gel electrophoresis (0.8%) and subjected to multiplex PCR amplification using Power Plex® 21 System and
Global Filer™ Kits. The capillary electrophoresis of amplified products was done using 3130, 3500, and 3500 XL genetic
analyzers. The data were analyzed using Gene Mapper® ID Software Version 3.2 and Gene Mapper™ ID - X Software v 1.6.
Despite advanced stages of decomposition of the bodies, full DNA profiles were obtained from 115 out of 119 sternum bones.
Hence, the fleshy costal cartilage of sternum bone can serve as an alternate for quick extraction of DNA as compared to hard
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sternum bones.
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Introduction

Biological evidences play an important role to establish the
identity of unidentified dead bodies. The evidences from these
dead bodies are received in the forensic laboratories from cases
such as homicide™? wildfire®, traffic accident®, armed conflicts®,
mass disasters®’, disaster victim identification®, wars®, terrorist
attacks™, plane accidents™, etc. The majority of the mremain
unnoticed by the public and police hence get decomposed with
time. Establishing the identity poses a great challenge due to the
onset of decomposition causing loss of soft tissue. The degree of
decomposition may range from fresh to skeletonization state.
Skeletonization is observed in the final stage of decomposition,
due to the breakdown of skin and soft tissues depending on the
inter-individual variation in the body mass*. While bones are
more stable than soft tissues, they can still undergo breakdown
via the physical, chemical, or microbial aspects of organic and
inorganic components slowly with time®.

Skeletonisation takes place approximately between 3 weeks to 6
months but can vary greatly due to the impact of taphonomic
variables influencing the process of skeletonization®**®. The
visual identification by clothing and belongings is less reliable.
Decomposition is a multistep process happening simultaneously
ranging from cellular autolysis to tissue autolysis facilitated by
insects and microbial activity"*%.
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Predators ranging from insects to mammals get attracted to the
decomposing body as a nutrient source and accelerate the
decomposition. The law enforcement agencies, public safety
and health officials can play an important role in the
identification of unidentified dead bodies from a social and legal
perspective'®. DNA profiling in unidentified bodies is a major
challenge due to the complexities arising out from intrinsic and
extrinsic factors. While the assessment of identity is accurate
with the use of commonly encountered biological evidences
such as body fluids or tissues, there have been challenges
associated with identification especially when advanced stages
of decomposition are encountered™.

Medical practitioners after the post-mortem of dead bodies send
different samples to forensic laboratories such as blood, blood
on gauze, blood on Whatman® FTA® Cards, tooth and long
bones, however, sternum bone is one of the most frequently
received sample. While the age and sex of a person may vary,
the sternum bone is a good source of DNA in fresh/active
decomposition states to advanced stages*’. Age estimation to
narrow down the identity can be tracked either by dental or
skeletal developments or both and is supported by biochemical,
morphological, and histological changes®.

In addition to bones, dental evidences are also collected as a

potential source for DNA. The quality and quantity of the yield
are variable according to the type of teeth?’.
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A dental autopsy to retain the maxillary and mandible arch for
assessment of dentition can be done in support of the
preservation of skeletal remains for DNA studies®. Factors that
affect dental DNA depends upon the age of a person, type of
tooth? whether deciduous or permanent teeth® obtained and the
ability of DNA to be retained in the root pulp considering the
aging process, number of teeth found® development and decay,
injuries sustained and how well dental DNA was preserved
before the extraction process?®?’. While teeth can be very
important in cases of decomposed or burnt remains the process
of DNA extraction, yield, and quality is challenging to restore
and takes longer processing time in comparison to sternum
analysis. In cases where sternum and teeth are sent as evidence,
it would be preferable to process sternum faster than teeth and
the findings of DNA profiles from both will complement each
other.

The sternum is a T-shaped bone withinthe anterior
thoracic portion of the human body. It consists of manu brium,
body and xiphoid process®®. The organic method is most
commonly used to extract DNA from these bones but is time-
consuming and prone to contamination. The qualitative
characteristics of the sternum are useful for personal
identification®®. The costal cartilage attaches the sternum with
the ribs and contain abundant cells for DNA extraction. In the
last few years, several bones have been recommended with
relevant methods for DNA profiling. Despite all available
methods, DNA profiling with sternum bones is promising in
cases of advanced decomposition. DNA profiling is the new
gold standard in forensic science® for the identification of dead
bodies by Short Tandem Repeats (STR) technology.

Taking into consideration, this study was designed to test the
suitability of costal cartilage for DNA profiling. These bones
were received from various police stations of the Himachal
Pradesh for DNA profiling. The effect of preservation on DNA
profiling was also discussed.

Materials and Methods

This study was performed at the DNA Division, State Forensic
Science Laboratory, Junga, Shimla, Himachal Pradesh, India. A
total of one hundred nineteen (119) sternum bones from
unidentified human dead bodies were selected as a routine
casework between years 2014 to 2020. The bones were found
preserved in plastic jars or wrapped with paper and cloth pieces.
The samples were stored at -20°C for long-term preservation
until sample analysis.

DNA Extraction: The DNA extraction from costal cartilage
attached with sternum bones was done by magnetic bead based
method using Qiagen EZ1 Advanced XL BioRobot®. In brief,
the costal cartilage was washed with autoclaved ultrapure water
and chopped into pieces with sterilized blades and put into the
micro vials (1.5 ml). To this, buffer G2 (450 pl) and proteinase
K (25 pl) was added.
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The costal cartilage pieces were vortexed and lysed in an NB 20
water bath (Nuve, Ankara, Turkey) at 56°C for 24 hours. After
lysis, the vials were centrifuged at 10000 rpm for 5 minutes in a
5430R refrigerated centrifuge (Eppendorf, Hamburg, Germany)
and supernatant was poured into separately labeled sample tubes
(2 ml). Elution tubes, tip holders containing filter-tips, and
reagent cartridges were inserted in EZ1Advanced XL BioRobot
(QIAGEN, Hilden, Germany) as per manual®. The “Large-
Volume Protocol” was used for DNA isolation without the
addition of MTL buffer due to the presence of sufficient lysate.
The isolated DNA was stored at -20°C in a refrigerator
(Celfrost, India) for further use. The quantification of DNA was
done with agarose gel electrophoresis (0.8%) and 1.0 ng DNA
was used for PCR amplification.

PCR Amplification: The PCR amplification of extracted DNA
was performed using PowerPlex®21 System and Global Filer™
kits>**®*. The PowerPlex® 21kit amplifies 20 autosomal STR
loci and the amelogenin gender determining marker in a single
PCR amplification run. The amplification was performed in a
reaction volume of 25ul using 5pl of the master mix, 5ul of
primer mix, and 15ul of isolated DNA in separately labeled
PCR tubes. The contents were mixed thoroughly and spun in
SPINWIN micro centrifuge (Tarsons, India). The amplification
was done using the GeneAmp PCR System 9700and Veriti Dx
thermal cycler (Applied Biosystems, U.S.A.). The following
protocol was set for PCR amplification: 96°C for 1 minute,
94°C for 10 seconds, 59°C for 1 minute, 72°C for 30 seconds
for 30 cycles, then 60°C for 10 minutes and 4°C soak. 2800 M
DNA as positive control and nuclease-free water was used as a
negative control to the check quality of the Kit.

The GlobalFiler™ kit amplifies 21 autosomal STR loci, the
amelogenin, and two male-specific Y-Indel and DYS391
markers. The PCR amplification was performed with 25 pl of
reaction volumes using 7.5ul of the master mix, 2.5 pl of primer
mix, and 15ul of isolated DNA. The contents were vortexed for
10 seconds and amplification was done with GeneAmp PCR
System 9700 and Veriti Dx thermal cyclers (Applied
Biosystems, U.S.A.). Control DNA 007 as positive control and
nuclease-free water as a negative control was used to evaluate
the quality of the kit. The following protocol was set for PCR
amplification: 95°C for 1 minute, 94°C for 10 seconds, 59°C for
90 seconds, 60°C for 10 minutes for 29 cycles, then 4°C holds.
The amplified products were stored at 4°C in a refrigerator.

DNA Genotyping: The capillary electrophoresis of PCR
products from PowerPlex® 21System kit was done with ABI
3130 genetic analyzer (Applied Biosystems, U.S.A.) using 9.5
pl of Hi-Di formamide, 0.5 ul WEN ILS 500size standard, and
1 ul allelic ladder. Besides this, capillary electrophoresis from
the GlobalFiler™ PCR kit was done with ABI 3500 and 3500
XL Genetic Analyzers (Applied Biosystems, U.S.A.) using 9.6
pl of Hi-Di formamide, 0.4 pl of GeneScan 600 LIZ size
standard, and 1 pl of the allelic ladder.
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The 96 well plates were denatured at 95°C for 5 minutes in
GeneAmp® PCR 9700 thermal cycler and cooled to 4°C for
completion of the denaturation process. The denatured samples
were run using POP-4 as a sieving matrix. The genotyping was
carried out with GeneMapper® ID Software Version 3.2 for
PowerPlex® 21 System kit and GeneMapper™ ID- X Software
v 1.6 for GlobalFiler™ Kkit.

Results and Discussion

In the present study, a total of one hundred nineteen sternum
bones (n=119) were analyzed between 2014-2020. Out of these,
110 were male and 9 were female profiles. The majority of
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bones were from decomposed dead bodies followed by partially
decomposed, fresh, advanced stage of decomposition and
partially burnt conditions as seen in Figure-1. Figure-2 indicates
various locations where unidentified bodies were reported for
forensic analysis. Out of 119 bones, 115 complete DNA profiles
were obtained whereas four (04) samples showed partially
mixed profiles or no result due to the use of formaldehyde as a
preservative. Electropherogram of representative male DNA
profile from costal cartilage using PowerPlex® 21 System kit
(showing amplification at 21 loci) and GlobalFiler™ kit
(showing amplification at 24 loci) is given in Figure-3 and 4.
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Figure-1: Condition of recovered dead bodies.
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Figure-2: Sites of recovered dead bodies.
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Figure-3: Electropherogram of a representative sample showing the complete DNA profile of a male using PowerPlex® 21 kit.
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Figure-4: Electropherogram of a representative sample showing the complete DNA profile of a male using GlobalFiler™ kit.

Discussion: Sternum analysis is important in investigating
unidentified human dead bodies as they are less prone to
environmental factors of degradation as compared to the soft
tissues. The analysis of costal cartilage of the sternum show
results within 24hours in the entire work flow of DNA profiling,
making it faster and efficient as compared to bones or teeth
DNA analysis which takes longer than 72 hours. This offers
quick results for paternity cases or cases that require quick
disposal.

In the present study, most of the unidentified dead bodies were
recovered from various locations in decomposed and partially
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decomposed conditions as shown in Figure-1 and 2. This is
because dead bodies remain unnoticed by the public and police
because of the tough geography, terrain, and sub-humid-tropical
climate of Himachal Pradesh®®. They are also eaten by animals,
worms, etc., and get decomposed with time. The majority of
dead bodies were recovered in the village, river, hospital, and
water course. This might be due to diseased conditions of
persons or lack of adequate health care facilities after accidents.
Despite most of the dead bodies were recovered in decomposed
conditions, 115 out of 119 bones showed complete DNA
profiles.
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This suggested that costal cartilage is one of the best parts from
sternum bone for DNA isolation within a short time. Also, it is
easy to transport, store and process in forensic laboratories as
compared to full sternum bone. In comparison, Kumar et al.*’
isolated DNA from the manubrium part of sternum bone within
4-5 days after putting them for decalcification in 0.5 M EDTA.

Besides this, sternum bones preserved in plastic jars and cloth
pieces get dried with time which yields a good quantity of DNA,
hence showed complete profiles without allelic dropout as seen
in Figure-3 and 4. The age of the sample did not affect the
stability of the costal cartilage, which is why adequate
conservation is most important. A few bone exhibits showed a
partially mixed profile and no result. This was because of the
preservation of samples in formaldehyde solution.DNA
degrades with time in moist conditions®’. It has been reported
that formaldehyde causes single-strand breaks in DNA by
forming cross-links between DNA and proteins. Hence, an
insufficient quantity of DNA is obtained which results in partial
or no DNA profile. There is no literature available on DNA
profiling from costal cartilage attached with the sternum,
however, there are few studies on DNA profiling from sternum
bones. Kumar et al.*” studied the effect of preservation on DNA
isolated from thirty sternum bones of unidentified dead bodies.
They observed a good quantity of DNA and complete profiling
from dry sternum bones as compared to wet ones.

Recently, De Donno et al.* identified a saponified human body
without arms and legs from the sea. The dead body was in the
advanced stage of putrefaction and they used sternum bone for
DNA profiling. A complete DNA profile was obtained and
compared with the putative son for a genetic match. It is
recommended that medical practitioners should send small
pieces of costal cartilage for analysis instead of the whole
sternum bone for DNA profiling with ease of handling with
minimum sample required. Besides this, costal cartilage should
be sent in plastic jars without preservatives. The use of
preservatives such as formaldehyde followed by bleaching,
maceration, and disarticulation of the tissues and bones is seen
while sample preparation is done®.

Samples preserved using formaldehyde did not give results as it
interfered with the stability of the costal cartilages for DNA
profiling. Alternatively, normal saline can be used or the bones
can simply be wrapped with paper or cloth pieces for better
storage and yield of DNA. Hence, this technique can be
recommended to law enforcement agencies during search and
medical experts during autopsy for better handling and
preservation strategies to obtain useful results for casework.

Conclusion

The costal cartilage of the sternum greatly helps in identifying
decomposed remains beyond recognition. The current research
throws light on less explored areas of analysis of sternal analysis
sourced under various decomposing conditions for STR
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profiling. Their identification by scientific analysis is important
for investigation and forensic casework. DNA profiling through
short tandem repeats (STR) technology can play a crucial role in
their identification. It is time-consuming to isolate DNA from
sternum bones hence the costal cartilage attached to the sternum
containing abundant cells and can be used for DNA profiling in
a short time (<24hours). Formaldehyde as a preservative should
never be used. It is suggested that the costal cartilage can be
packed in aplastic jar preferably without preservatives.
Alternatively, they can be wrapped in paper or cloth during
handling, transportation, and preservation until sample
processing. In conclusion, findings from the current study
showed that costal cartilage attached with sternum bone is
useful evidence of obtaining DNA profiles as compared to other
biological evidence types routinely used.

Acknowledgements

The authors are thankful to the Director, Directorate of
Forensics Services, Junga, Shimla for providing necessary
infrastructure and consumables to carry out this research work
as routine case work.

References

1. Prahlow, J.A., Cameron, T., Arendt, A., Cornelis, K.,
Bontrager, A., Suth, M.S., Black, L., Tobey, R., Pollock, S.,
Stur, S., Cotter, K. and Gabrielse, J. (2017). DNA testing in
homicide investigations. Med. Sci. Law., 57(4), 179-191.
https://doi.org/10.1177/0025802417721790.

2. Kumar, N., Chauhan, A., Gupta, R., Maitray, A. and
Sharma, D. (2019). Effect of fire on DNA and its profiling
in homicide cases. Forensic Res. Criminol. Int. J., 7(2), 90-
94. https://doi.org/10.15406/frcij.2019.07.0268.

3. Gin, K, Tovar, J., Bartelink, E.J., Kendell, A., Milligan, C.,
Willey, P., Wood, J., Tan, E., Turingan, R.S. and Selden,
R.F. (2020). The 2018 California wildfires: Integration of
rapid DNA to dramatically accelerate victim identification.
J. Forensic Sci.,65(3), 791-799.
https://doi.org/10.1111/1556-4029.14284.

4. Taki, T., Machida, M. and Shimada, R. (2019). Trends of
traffic fatalities and DNA analysis in traffic accident
investigation. IATSS Res., 43(2), 84-89.
https://doi.org/10.1016/j.iatssr.2019.05.001.

5. Goodwin, W.H. (2017). The use of forensic DNA analysis
in humanitarian forensic action: The development of a set
of international standards. Forensic Sci. Int., 278, 221-227.
https://doi.org/10.1016/j.forsciint.2017.07.002.

6. Budowle, B., Bieber, F.R. and Eisenberg, A.J. (2005).
Forensic aspects of mass disasters: Strategic considerations
for DNA-based human identification. Leg. Med., 7(4), 230-
243. https://doi.org/10.1016/j.legalmed. 2005.01.001.

7. Alonso, A., Martin, P., Albarran, C., Garcia, P., Fernandez
de Simon, L., JesUs lturralde, M., Fernandez-Rodriguez, A.,



Research Journal of Forensic Sciences
Vol. 12(1), 1-8, January (2024)

10.

11.

12.

13.

14.

15.

16.

17.

ISSN 2321-1792

Atienza, |., Capilla, J., Garcia-Hirschfeld, J., Martinez, P.,
Vallejo, G., Garcia, O., Garcia, E., Real, P., Alvarez, D.,
Ledn, A. and Sancho, M. (2005). Challenges of DNA
profiling in mass disaster investigations. Croat. Med. J.,
46(4), 540-548.

Prinz, M., Carracedo, A., Mayr, W.R., Morling, N.,
Parsons, T.J., Sajantila, A., Scheithauer, R., Schmitter, H.
and Schneider, P.M. (2007). DNA Commission of the
International Society for Forensic Genetics (ISFG):
Recommendations regarding the role of forensic genetics
for disaster victim identification (DVI). Forensic Sci. Int.
Genet.,, 1(1), 3-12. https://doi.org/10.1016/j.fsigen.200
https://doi.org/10.4314/aja.v6i2.160496.6.10.003.

Roewer, L. (2013). DNA fingerprinting in forensics: Past,
present, future. Investig. Genet., 4, 22.
https://doi.org/10.1186/2041-2223-4-22.

Biesecker, L.G., Bailey-Wilson, J.E., Ballantyne, J., Baum,
H., Bieber, F.R., Brenner, C., Budowle, B., Butler, J.M.,,
Carmody, G., Conneally, P.M., Duceman, B., Eisenberg,
A., Forman, L., Kidd, K.K., Leclair, B., Niezgoda, S.,
Parsons, T.J., Pugh, E., Shaler, R., Sherry, S.T., Sozer, A.
and Walsh, A. (2005). DNA identifications after the 9/11
World Trade Center attack. Sci., 310(5751), 1122-1123.
https://doi.org/10.1126/science.1116608.

Nedi¢, D. and Pilija, V. (2020). The challenges of forensic
medical expertise in aircraft accidents: A case report. J.
Indian  Acad.  Forensic  Med.,, 42(1), 63-65.
https://doi.org/10.5958/0974-0848.2020.00016.0.

Roberts, L.G., Spencer, J.R. and Dabbs, G.R. (2017). The
effect of body mass on outdoor adult human dcomposition.
J. Forensic Sci., 62(5), 1145-1150.
https://doi.org/10.1111/1556-4029.13398.

Emmons, A.L., Mundorff, A.Z., Keenan, S.W., Davoren, J.,
Andronowski, J., Carter, D.O. and DeBruyn, J.M. (2020).
Characterizing the postmortem human bone microbiome
from surface-decomposed remains. PLoS One., 15(7),
€0218636. https://doi.org/10.1371/journal.pone.0218636.

Pinheiro, J. (2006). Decay Process of a Cadaver. In:
Schmitt, A., Cunha, E., Pinheiro, J. (eds). Forensic
Anthropology  and  Medicine.  Humana  Press.,
https://doi.org/10.1007/978-1-59745-099-7_5

Almulhim, A. M. and Menezes, R. G. (2022). Evaluation of
Postmortem Changes. May 8. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2022 Jan-—.
PMID: 32119351.

Shrestha, R., Kanchan, T. and Krishan, K. (2022). Methods
of Estimation of Time Since Death. May 15. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing;
2022 Jan—. PMID: 31751057.

Niederegger, S. and Mall, G. (2021). Flies do not jump to
conclusions: Estimation of the minimum post-mortem
interval for a partly skeletonized body based on larvae of

International Science Community Association

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Res. J. Forensic Sci.

Phormia regina (Diptera: Calliphoridae). Insects., 12(4),
294. https:// https://doi.org/10.3390%2Finsects12040294

Thomas, T.B., Finley, S.J., Wilkinson, J.E., Wescott, D.J.,
Gorski, A. and Javan, G.T. (2017). Postmortem microbial
communities in burial soil layers of skeletonized humans. J.
Forensic Leg. Med., 49, 43-49.
https://doi.org/10.1016/j.jflm.2017.05.009.

Alves-Cardoso, F. and Assis, S. (2018). Can osteophytes be
used as age at death estimators? Testing correlations in
skeletonized human remains with known age-at-death.

Forensic Sci. Int., 288, 59-66.
https://doi.org/10.1016/j.forsciint.2018.04.034.
Ellingham, S. and Adserias-Garriga, J. (2019).

Complexities and considerations of human age estimation,
in:  Age Estimation. A Multidisciplinary Approach.
Elsevier, pp. 1-15. https://doi.org/10.1016/B978-0-12-
814491-6.00001-7.

Carrasco, P., Inostroza, C., Didier, M., Godoy, M., Holt,
C.L., Tabak, J. and Loftus, A. (2020). Optimizing DNA
recovery and forensic typing of degraded blood and dental
remains using a specialized extraction method,
comprehensive qPCR sample characterization, and
massively parallel sequencing. Int. J. Legal Med., 134, 79—
91. https://doi.org/10.1007/s00414-019-02124-y.

Nuzzolese, E. (2018). Dental autopsy for the identification
of missing persons. J. Forensic Dent. Sci.,10(1), 50-54.
https://doi.org/10.4103/jfo.jfds_33_17.

Rathmann, H. and Reyes-Centeno, H. (2020). Testing the
utility of dental morphological trait combinations for
inferring human neutral genetic variation. Proc. Natl. Acad.
Sci., 117(20), 10769-10777.
https://doi.org/10.1073/pnas.1914330117.

Kim, J-H., Jeon, M., Song, J-S., Lee, J-H., Choi, B-J., Jung,
H-S., Moon, S.J., DenBesten, P.K. and Kim, S-0. (2014).
Distinctive genetic activity pattern of the human dental pulp
between deciduous and permanent teeth. PLoS One., 9(7),
€102893. https://doi.org/10.1371/journal.pone.01028 93.

Oeschger, E.S., Kanavakis, G., Halazonetis, D.J. and
Gkantidis, N. (2020). Number of teeth is associated with
facial size in humans. Sci. Rep., 10(1), 1820.
https://doi.org/10.1038/s41598-020-58565-8.

Girish, K., Rahman, F. and Tippu, S. (2010). Dental DNA
fingerprinting in identification of human remains. J.
Forensic Dent. Sci., 2(2), 63-68.
https://doi.org/10.4103/0975-1475.81284.

Cafiero, C., Re, A, Stigliano, E., Bassotti, E., Moroni, R.
and Grippaudo, C. (2019). Optimization of DNA extraction
from dental remains. Electrophoresis., 40(14), 1820-1823.
https://doi.org/10.1002/elps.201900142.

Krishan, K., Kanchan, T., & Garg, A. K. (2015). Dental
evidence in forensic identification—An  overview,



Research Journal of Forensic Sciences
Vol. 12(1), 1-8, January (2024)

29.

30.

3L

32.

33.

34.

ISSN 2321-1792

methodology and present status. The open dentistry journal,
9, 250.

Sternal Foramen: A Case Report.
https://www.researchgate.net/publication/307836131_STE
RNAL_FORAMEN_A_CASE_REPORT (Accessed
February08, 2023).

Leite, V.M., de S. Placido, C.F., Gusméao, C.L.V., Soriano,
E.P., Almeida, A.C., Antines, A.A. and Petraki, G.G.P.
(2020). Sternal variation: Anatomical-forensic analysis. Int.
Arch. Med., 13(10), 1-12.https://doi.org/10.3823/2626.

Lynch, M. (2003). God’s signature: DNA profiling, the new
gold standard in forensic science. Endeavour., 27(2), 93-97.
https://doi.org/10.1016/S0160-9327(03)00068-1.

EZ1® (2023). Advanced XL User Manual.
https://www.giagen.com/us/resources/download.aspx?id=c9
ecd500-147b-4a8e-ae71-3dc86cd3d17a&lang=nb-NO
(Accessed February08, 2023).

EZ1&2® (2022). DNA Investigator® Kit Handbook.
https://www.giagen.com/us/products/human-id-and-
forensics/investigator-solutions/ez1-2-dna-investigator-Kit
(Accessed February 08, 2023).

PowerPlex® (2023). 21 System.
https://www.promega.in/resources/pubhub/ebrochures/pow
erplex-21-system/ (Accessed February08, 2023).

International Science Community Association

35.

36.

37.

38.

39.

Res. J. Forensic Sci.

GlobalFilerTM and GlobalFilerTM 1QC PCR (2023).
Amplification KitsUser Guide.
https://assets.thermofisher.com/TFS-Assets/LSG/manuals/
4477604.pdf (Accessed February08,2023).

News (2023). Climate of Himachal Pradesh.
https://www.himachalworld.com/himachal-geography/
climate-conditions-in-himachal.html (Accessed
February08, 2023).

Kumar, N., Maitray, A., Gupta, R., Sharma, D. and Shukla,
S.K. (2017). Effect of preservation on DNA and its
profiling from sternum bone from unidentified bodies. J.
Punjab Acad. Forensic Med. Toxicol., 17(2), 77-79.
https://doi.org/10.5958/0974-083X.2017.00016.4.

De Donno, A., Mele, F., Baldassarra, S.L., Martini, A.,
Lauretti, C., Favia, M., Introna, F. and Santoro, V. (2020).
DNA extraction from sternum bone for identification of a

saponified body: Use of a modified protocol.
AnthropolAnz.,77(3), 235-242. https://doi.org/10.1127/
anthranz/2020/1162.

Odukoya, A.S.O., Ajani, O. and Adelodun, T.S. (1970).
Long term effects of formaldehyde preservation on
subsequent bone maceration procedures: a comparative
study between cold and hot water maceration. Anat. J.
Africa.,, 6(2), 1000-1008. https://doi.org/10.4314/
aja.v6i2.160496.



