Article type: Review

DNA Profiling in Forensic Dentistry

M. Laksita', K. R. Don?, Jothi Priya A3

Research Associate, °Reader, Department of Oral and Maxillofacial Pathology, Assistant Professor, Department

of Physiology, Saveetha Dental College and Hospitals, Saveetha Institute of Medical and Technical Sciences
(SIMATS), Saveetha University, Chennai

Abstract

The recent advances in molecular biology have revolutionized all aspects of dentistry. Deoxyribose Nucleic
Acid (DNA), the language of life yields information beyond our imagination with respect to our body
health conditions. DNA is present in chromosomes and is responsible for storing all the genetic material
and they are not the same for all individuals. Forensic dental comparison has been used for identification of
humans in cases where body tissues are damaged or prolonged exposure to the environment has made the
identification impractical. The use of DNA profile tests in forensic dentistry provides a new perspective in
human identification. This article summarizes the recent literature on use of this technique in identification
of unidentified human remains, highlighting the importance of DNA in the cases of forensic investigation.
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Introduction

The discipline of Forensic Dentistry was introduced
to the curriculum of the Brazilian Dental Schools after
issuing of Decree no. 19852, amended in 1931. Since
then, this specialty has continued to evolve, showing
remarkable scientific and professional maturity lately!.
The role of dental restorations, and radiological
identification among forensic odontology has declined,
whereas the molecular biology and laboratory procedures
are increasing at a fast rate in efficiency and availability?.
The Deoxyribose Nucleic Acid (DNA) extracted from
the teeth of an unknown individual is matched with
DNA isolated from known ante mortem samples such
as stored blood, tooth brush, hairbrush, cervical smear,
biopsy, to a parent or sibling. This is the usual procedure
in DNA analysis>.
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Several biological materials are used for isolation
of DNA and accomplish the laboratory tests for human
identification, including bone tissue, hair bulb, biopsy
sample, saliva, blood, etc.It is possible to obtain DNA
from all human body tissues but only with variations in
the quality and quantity of the DNA extracted from each
tissue. Teeth play an important role as the subject of
DNA studies as the dental hard tissue physically encloses
the pulp and offers an anatomical configuration of great
durability*. When morphologically evaluated, even a
single tooth provides valuable information regarding
the individual to whom the tooth belongs 3%7. The
importance of Forensic Dentistry in the field of human
identification, mainly when there is little remaining
material to perform these identifications has brought
dentists to work with forensic investigation and make
them more familiar with the new molecular biology
technologies. Previously our team had conducted

814 and surveys 132

numerous original studies over
the past 5 years. Now we are focusing on applying this
knowledge to write the review on new advancements
in various fields. This article summarizes the recent
literature on use of this technique in identification of
unidentified human remains, highlighting the importance

of DNA in the cases of forensic investigation.
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BASIS OF DNA FINGERPRINTING

Each individual has a unique DNA sequence. The
DNA is the same for every cell in a person. Every person
has a different DNA fingerprint which will identify
only that individual. The knowledge of DNA science is
the only way to identify a particular individual. DNA
fingerprinting or DNA profile are the only codes that
reflect a person’s DNA makeup, which can also be
used to identify individuals. The repetitive sequence
is highly polymorphic and unique to each individual.
It is generally seen as long tandem repeats (midi
satellites), short tandem repeats (STR; mini satellites)
and distributes repetitive sequences. A gene particularly
codes a separate protein which is found in a segment of
DNA. The function of the remaining 95% or more of
the DNA is not known and is called non-coding DNA
or junk DNA?3. Variations in DNA sequence called
polymorphisms can be used both to differentiate and to
correlate individuals®*. A variable number tandem repeat
is a location in a genome where an organized tandem
repeat is from a short nucleotide sequence. These are
commonly found on many chromosomes, and often
show variations in length (number of repeats) among
persons. Each variant acts as an allele which is inherited,
allowing them to be used for identification of a person or
a parent. Their analysis is useful in genetics, forensics,
and DNA fingerprinting.

DNA AND FORENSIC DENTISTRY

The main factors which are exogenous may limit the
retrieval of information from body remnants and stops
the processes of human identification are the elements
present or associated with heat and its impacts®. In this
sense, the teeth play an important role in identification
and criminology, due to the high uniqueness of dental
characteristics in addition to the relatively high degree
of physical and chemical resistance of the dental
structure®®. Due to the resistant nature of dental tissues to
environmental assaults, such as incineration, immersion,
trauma, mutilation, decomposition and microbial action,
teeth represent an excellent source of DNA material. In
a tooth, dentin and pulp are rich sources of DNA which
can be successfully extracted where pulp is vascular
and dentin is avascular?’. Total production of genomic
DNA obtained from dental samples may range from 6
ug to 50 pg DNA?8, A study stated that the polymerase
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chain reaction method enables the differentiation of an
individual from another, with a high level of reliability
and with about 1 ng of the target DNA. Thus, abundance
of quality DNA can be extracted from a tooth which
is an important advantage in DNA analysis®’. DNA is
preserved in the teeth and bones for a very long period
and thus is a valuable source of information. Ancient
DNA (aDNA) analysis can be carried out in samples
that are hundreds to tens of thousands of years old*’.
Even though 99% of the bodies were identified using
dental records or fingerprints and only 1% of forensic
identification was made by DNA profiling®!.

SOURCES OF DNA IN TOOTH

The teeth differ in shape and size (dimensions)
but have similar histological structure .The dentin is a
connective tissue that forms the major structural axis of
the tooth. The dentin on the crown of the tooth is covered
by enamel . The tooth is attached to the bone through
periodontal ligament . The enamel origin is ectoderm
and is a highly mineralized tissue. Furthermore, it is an
acellular and avascular structure without nerves. Soft
tissue within the coronal and radicular pulp chamber
consists of odontoblasts, fibroblasts, endothelial cells,
peripheral nerve, undifferentiated mesenchymal cells and
nucleated components of blood which are rich sources of
DNA. Odontoblastic processes that extend into dentinal
tubules, soft tissue within accessory canals, cellular
cementum, adherent bone and periodontal ligament
fibres are less frequently used in anatomical locations
of DNA. Pulp tissue is most commonly used because it
is usually abundant and has blood supply and has least
chance of contamination by nonhuman DNA. Sampling
ofthe pulp tissue is done in three ways: crushing, vertical
or horizontal splitting, and by endodontic access.

DNA EXTRACTION

DNA extraction process is composed of 3 different
stages: cell rupture or lysis (which allows use of several
techniques for effective rupture of the cell membranes),
protein denaturation and inactivation (by chelating
agents and proteinases in order to inactive elements,
such as proteins), and finally DNA extraction itself>2.
The techniques of DNA extraction most often employed
in Forensic Dentistry are the live and natural method
(composed of phenol-chloroform and used for high
molecular weight DNA, laborious, time consuming, with
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a higher likelihood of errors, given the use of multiple
tubes and can only be done if abundance of sample is
available); Chelex 100 (the fastest with the lowest risk
of contamination, yet very expensive); FTA Paper
(composed of absorbent cellulose paper with chemical
substances, which speed up its use); and isopropyl
alcohol (containing ammonium and isopropanol, which
is less expensive and also an alternative to the organic
method)™3.

TYPES OF DNA

Genomic and mitochondrial are two types of DNA
which are used in forensic sciences. The genomic
DNA is found in the nucleus of each and every cell
in the human body and represents a DNA source for
most forensic applications. The teeth are an excellent
source of genomic DNA. Mitochondrial DNA (mtDNA)
is another type of material that can be used when the
extracted DNA samples are too small or degraded,
such as those obtained from skeletonized tissues, the
likelihood of obtaining a DNA profile from mtDNA
is higher than that with any marker found in genomic
DNA3, Various biological samples such as hair and
teeth that lack nucleated cellular material can be analyzed
with mtDNA.

RESTRICTION
POLYMORPHISM

FRAGMENT LENGTH

RFLP is used for analyzing the variable lengths of
DNA fragments that result from digesting a DNA sample
with “restriction endonuclease” which is a special kind
of restriction enzyme. The separate sections of DNA at
a specific sequence pattern is known as a “restriction
endonuclease recognition site”. RFLP requires relatively
large amounts of DNA. Hence, cannot be performed
with the samples degraded by environmental factors and
also takes longer time to get the results™>.

PCR

Polymerase Chain Reaction (PCR) is used to
amplify the amount of DNA material available, so
DNA analysis is carried out by sufficient quantity. To
proceed the special enzymes and DNA primers are
required. These primers resemble the probes with known
constant sections of DNA but they are unlabeled. They
are designed to know constant sections of DNA at the
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ends of variable regions to be amplified. The principle
of PCR is that the DNA has a special feature that it can
duplicate itself. This is usually done by unwinding the
DNA strands and each strand helps in synthesis of new
strands. By PCR technique, amplification of specific
DNA segments dependent on the employed primer is
done. The standard PCR reaction runs through 30 cycles
in a couple of hours which results in amplification of
original DNA by over 109 times>®.

The DNA found can be of two types, they are
genomic DNA and mtDNA. The teeth are excellent
in PCR analyses and allows comparing the collected
postmortem samples to known antemortem samples or
parental DNA. Main advantage of mtDNA is the high
number of copies per cell (from hundreds to thousands
of organelles). PCR was performed in a thermal cycler.
More recently, application has also been found in
molecular biology, where different methods are used in
optimizing PCR.

STRs TYPING

In forensic samples taken from humans, the study
of DNA is usually performed by Short Tandom Repeat
(STR) analysis, which can be defined as hypervariable
regions of DNA that present consecutive repetitions
of fragments that have 2-7 bp*’. The Federal Bureau
of Investigation has chosen 13 specific STR loci to
serve as the standard for the Combined DNA index
system’®. STR was used on 45 DNA samples from teeth
obtained from unidentified bodies buried in 1995 and
exhumed in 2000, and pulp showed the strongest PCR
amplification signals®*. STR testing is being used for
forensic identifications, making a revolution on human
identification and paternity tests.

mtDNA ANALYSIS

mtDNA is the strongest tool in forensic identification

since it possesses high copy number, maternal
inheritance, and high degree of sequence variability. Each
offspring has the same mtDNA as their mothers since
the mitochondrion of each new embryo comes from the
mother’s egg cell and the nuclear DNA is contributed by
the father’s sperm. It is used in finding missing persons,
comparing the mtDNA profile of unidentified remains
with the profile of a potential maternal relative can be an

important technique®>. However, mtDNA analysis is a
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very costly technique and is less informative. Thus, this
analysis is not used in all forensic laboratories directed
at resolution of crimes.

Y - CHROMOSOME ANALYSIS

DNA-polymorphisms on the human Y chromosome
are valuable tools for understanding human evolution,
migration and for tracing relationships among males*’.
Most of the length of the Y chromosome is inherited as a
single block in linkage from father to male offspring as a
haploid body. Hence Y chromosomal DNA variation has
been mainly used for investigations on human evolution
and for forensic purposes or paternity analysis*!.

X - CHROMOSOME STR

Chromosome X specific STR is used in the
identification and the genomic studies of various ethnic
groups in the World*?. Since the size of X-chromosome
STR alleles is small, generally including 100-350
nucleotides, it is relatively easy to be amplified and
detected with high sensitivity*}. X-chromosome STR
(X-STR) markers are a powerful complimentary system
especially in deficiency paternity testing.

SNPs

Single Nucleotide Polymorphism (SNP) detection
technologies are used in scanning the new polymorphisms
and helps in determination of the allele(s) of a known
polymorphism in target sequences**. SNP detection
technologies have evolved from labor intensive, time
consuming, and expensive processes to some of the
most highly automated, efficient, and some inexpensive
methods. Local, target, SNP discovery relies mostly
on direct DNA sequencing or on denaturing high
performance liquid chromatography™’.

AMPLIFIED FRAGMENT
POLYMORPHISM (Amp FLP)

LENGTH

AmpFLP,amplified fragment length polymorphism
was also put into practice during the early 1990s%.
This technique is faster than RFLP analysis and used in
PCR to amplify the DNA samples. AmpFLP analysis
can be highly automated, and allows in creating easy
phylogenetic trees based on comparing individual
samples of DNA. Owing to its relatively low cost and
ease of set-up and operation, AmpFLP remains popular
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in lower income countries®’.

Conclusion

The
revolutionised the concept of identification. It is sensible

finding of DNA fingerprinting has
to anticipate that future advances in DNA technology
will reduce the time and cost factor for identification
of unknown deceased. It has also revolutionised the
forensic identification procedures. Therefore, dental
professionals who are working on the field of Forensic
Dentistry should include these new technologies in
their work, as several methods are available for DNA
extraction from biological materials, yet similarity of the
protocols adopted for such purpose has not been reached
so far. The field is developing to find out many riddles in
the human genome.

Acknowledgement: The author extends gratitude
to the institution for their support.

Conflict of Interest: No conflict of interest declared

Ethical Clearance: It is taken from ‘“Saveetha
Institute Human Ethical Committee” (Ethical Approval
Number- SDC/SIHEC/2020/DIASDATA/0619-0320)

References
1. Case Studies in Self-Regulation: Medicine,
Dentistry, and Land Surveying [Internet].

Regulating Professions. 2018. p. 113-58. Available
from: http://dx.doi.org/10.3138/9781487515447-
006

2. Naafs M. Dental DNA Fingerprinting [Internet].
Vol. 2, Modern Approaches in Dentistry and Oral
Health Care. 2018. Available from: http://dx.doi.
org/10.32474/madohc.2018.02.000143

3. Sweet D, DiZinno JA. Personal identification
through dental evidence--tooth fragments to DNA.
J Calif Dent Assoc. 1996 May;24(5):35-42.

4.  Sweet D, Pretty IA. A look at forensic dentistry —
Part 2: Teeth as weapons of violence — identification
of bite mark perpetrators [Internet]. Vol. 190,
British Dental Journal. 2001. p. 415-8. Available
from: http://dx.doi.org/10.1038/sj.bdj.4800990

5. Smith BC, Fisher DL, Weedn VW, Warnock
GR, Holland MM. A Systematic Approach to the
Sampling of Dental DNA [Internet]. Vol. 38, Journal



10.

11.

12.

13.

Indian Journal of Forensic Medicine & Toxicology, October-December 2020, Vol. 14, No. 4
14.

of Forensic Sciences. 1993. p. 13524]. Available
from: http://dx.doi.org/10.1520/jfs13524;j

Sweet D, Hildebrand D, Phillips D. Identification
of a Skeleton Using DNA from Teeth and a PAP
Smear [Internet]. Vol. 44, Journal of Forensic
Sciences. 1999. p. 14522]J. Available from: http://
dx.doi.org/10.1520/jfs14522j

Sweet D, Hildebrand D. Recovery of DNA from
human teeth by cryogenic grinding. J Forensic Sci.
1998 Nov;43(6):1199-202.

Shree KH, Hema Shree K, Ramani P, Herald
Sherlin, Sukumaran G, Jeyaraj G, et al. Saliva as a
Diagnostic Tool in Oral Squamous Cell Carcinoma —
a Systematic Review with Meta Analysis [Internet].
Vol. 25, Pathology & Oncology Research. 2019. p.
447-53. Available from: http://dx.doi.org/10.1007/
$12253-019-00588-2

Abitha T, Santhanam A. Correlation between
bizygomatic and maxillary central incisor width for
gender identification [Internet]. Vol. 22, Brazilian
Dental Science. 2019. p. 458—66. Available from:
http://dx.doi.org/10.14295/bds.2019.v22i4.1775

Krishnan RP, Ramani P, Sherlin HJ, Sukumaran
G, Ramasubramanian A, Jayaraj G, et al. Surgical
Specimen Handover from Operation Theater to
Laboratory: A Survey. Ann Maxillofac Surg. 2018
Jul;8(2):234-8.

Palati S, Ramani P, Herald. J. Sherlin, Gheena
S, Don KR, Jayaraj G, et al. Age Estimation of
an Individual Using Olze’s Method in Indian
Population-A  Cross-Sectional Study [Internet].
Vol. 13, Indian Journal of Forensic Medicine &
Toxicology. 2019. p. 121. Available from: http://
dx.doi.org/10.5958/0973-9130.2019.00179.8

Sarbeen JI, Insira Sarbeen J, Gheena S. Microbial
variation in climatic change and its effect on
human health [Internet]. Vol. 9, Research Journal
of Pharmacy and Technology. 2016. p. 1777.
Available from: http://dx.doi.org/10.5958/0974-
360x.2016.00359.0

Harrita S, Santhanam A. Determination of
Physical Height Using Clinical Crown Height of
Deciduous Teeth [Internet]. Vol. 13, Indian Journal
of Forensic Medicine & Toxicology. 2019. p. 23.
Available from: http://dx.doi.org/10.5958/0973-
9130.2019.00255.x

15.

16.

17.

18.

19.

20.

21.

4615

S.  Molar
hypomineralization and its prevalence [Internet].

Sukumaran G, Padavala incisor
Vol. 9, Contemporary Clinical Dentistry. 2018. p.
246. Available from: http://dx.doi.org/10.4103/ccd.
ccd 161 18

Palati S, Ramani P, Shrelin H, Sukumaran G,
Ramasubramanian A, Don KR, et al. Knowledge,
Attitude and practice survey on the perspective of
oral lesions and dental health in geriatric patients
residing in old age homes [Internet]. Vol. 31, Indian
Journal of Dental Research. 2020. p. 22. Available
from: http://dx.doi.org/10.4103/ijdr.ijdr_195 18

Prasanna GE, Gheena S. A study of empathy across
students from 4 health disciplines among 1st years
and Final years [Internet]. Vol. 9, Research Journal
of Pharmacy and Technology. 2016. p. 1472.
Available from: http://dx.doi.org/10.5958/0974-
360x.2016.00286.9

Uma PK, Ramani P, Sherlin H, Gheena S,
Ramasubramanian A, Don KR, et al. Diet and
exercise among students of a wellreputed dental
college in Chennai: A questionnaire-based survey
[Internet]. Vol. 2, International Journal of Orofacial
Biology. 2018. p. 47. Available from: http://dx.doi.
org/10.4103/ijofb.ijofb 1 19

Hannah R, Ramani P, Herald. J. Sherlin, Ranjith
G, Ramasubramanian A, Jayaraj G, et al
Awareness about the use, Ethics and Scope of
Dental Photography among Undergraduate Dental
Students Dentist Behind the lens [Internet]. Vol.
11, Research Journal of Pharmacy and Technology.
2018. p. 1012. Available from: http://dx.doi.

org/10.5958/0974-360x.2018.00189.0

Gunasekaran G, Abilasha R. TOOTH
SENSITIVITY AMONG RESIDENTIAL
UNIVERSITY STUDENTS IN CHENNAI
[Internet]. Asian Journal of Pharmaceutical and
Clinical Research. 2016. p. 63. Available from:
http://dx.doi.org/10.22159/ajpcr.2016.v9s2.13228

Ahad M, Gheena S. Awareness, attitude and
knowledge about evidence based dentistry among
the dental practitioner in Chennai city [Internet].
Vol. 9, Research Journal of Pharmacy and
Technology. 2016. p. 1863. Available from: http://
dx.doi.org/10.5958/0974-360x.2016.00380.2

Manohar J, Abilasha R. A Study on the Knowledge



4616

22.

23.

24.

25.

26.

27.

28.

Indian Journal of Forensic Medicine & Toxicology, October-December 2020, Vol. 14, No.4

of Causes and Prevalance of Pigmentation of
Gingiva among Dental Students [Internet]. Vol.
10, Indian Journal of Public Health Research &
Development. 2019. p. 95. Available from: http://
dx.doi.org/10.5958/0976-5506.2019.01859.x

Sheriff KAH, Ahmed Hilal Sheriff K, Santhanam
A. Knowledge and Awareness towards Oral Biopsy
among Students of Saveetha Dental College
[Internet]. Vol. 11, Research Journal of Pharmacy
and Technology. 2018. p. 543. Available from:
http://dx.doi.org/10.5958/0974-360x.2018.00101.4

Girish K, Rahman FS, Tippu SR. Dental DNA
fingerprinting in identification of human remains. J
Forensic Dent Sci. 2010 Jul;2(2):63-8.

Fernandez-Rodriguez A, Alonso A, Albarran
C, Martin P, Iturralde MJ, Montesino M, et al.
Microbial DNA Challenge Studies of PCR-Based
Systems Used in Forensic Genetics [Internet]. 16th
Congress of the International Society for Forensic
Haemogenetics (Internationale Gesellschaft fiir
forensische Hamogenetik e.V.), Santiago de
Compostela, 12—16 September 1995. 1996. p. 177—
9. Available from: http://dx.doi.org/10.1007/978-
3-642-80029-0_47

Sgarbi ACG, de ALMEIDA CAP, Daruge E, Junior
ED. CRITERIOS DE AVALIACAO PENAL POR
JUIZES, PERITOS E ESPECIALISTAS EM
ODONTOLOGIA LEGAL — PARTE I: LESOES
DENTAIS DECORRENTES DE AGRESSAO
[Internet]. Revista Brasileira de Odontologia Legal.
2017. Available from: http://dx.doi.org/10.21117/
rbol.v4i1.80

Morgan OW, Sribanditmongkol P, Perera C,
Sulasmi Y, Van Alphen D, Sondorp E. Mass Fatality
Management following the South Asian Tsunami
Disaster: Case Studies in Thailand, Indonesia, and
Sri Lanka [Internet]. Vol. 3, PLoS Medicine. 2006.
p. €195. Available from: http://dx.doi.org/10.1371/
journal.pmed.0030195

Shiroma CY, Fielding CG, Lewis JA Jr, Gleisner
MR, Dunn KN. A Minimally Destructive Technique
for Sampling Dentin Powder for Mitochondrial
DNA Testing [Internet]. Vol. 49, Journal of
Forensic Sciences. 2004. p. 1-5. Available from:
http://dx.doi.org/10.1520/jfs2003432

Potsch L, Meyer U, Rothschild S, Schneider PM,

29.

30.

31.

32.

33.

34.

35.

36.

37.

Rittner C. Application of DNA techniques for
identification using human dental pulp as a source
of DNA. Int J Legal Med. 1992;105(3):139-43.

Corte-Real A, Andrade L, Anjos MJ, Carvalho M,
Vide MC, Corte-Real F, et al. The DNA extraction
from the pulp dentine complex of both with and
without carious [Internet]. Vol. 1288, International
Congress Series. 2006. p. 710-2. Available from:
http://dx.doi.org/10.1016/j.ics.2005.11.053

Pinchi V, Torricelli F, Nutini AL, Conti M, lozzi S,
Norelli G-A. Techniques of dental DNA extraction:
Some operative experiences. Forensic Sci Int. 2011
Jan 30;204(1-3):111-4.

Petju M, Suteerayongprasert A, Thongpud R,
Hassiri K. Importance of dental records for victim
identification following the Indian Ocean tsunami
disaster in Thailand [Internet]. Vol. 121, Public
Health. 2007. p. 251-7. Available from: http://
dx.doi.org/10.1016/j.puhe.2006.12.003

Butler JM. Forensic DNA Typing: Biology,
Technology, and Genetics of STR Markers.
Elsevier; 2005. 688 p.

Datta P, Datta S. Role of deoxyribonucleic acid
technology in forensic dentistry [Internet]. Vol. 4,
Journal of Forensic Dental Sciences. 2012. p. 42.
Available from: http://dx.doi.org/10.4103/0975-
1475.99165

Sweet DJ, Sweet CHW. DNA Analysis of Dental
Pulp to Link Incinerated Remains of Homicide
Victim to Crime Scene [Internet]. Vol. 40, Journal
of Forensic Sciences. 1995. p. 15365]. Available
from: http://dx.doi.org/10.1520/jfs15365j

Zehner R, Zimmermann S, Mebs D. RFLP and
sequence analysis of the cytochrome b gene
of selected animals and man: methodology
111,
International Journal of Legal Medicine. 1998. p.
323-7. Available from: http://dx.doi.org/10.1007/

s004140050180

Brannon RB, Kessler HP. Problems in mass-
disaster dental identification: a retrospective
review. J Forensic Sci. 1999 Jan;44(1):123-7.

da Silva RHA, Sales-Peres A, de Oliveira RN, de
Oliveira FT, Sales-Peres SH de C. Use of DNA
technology in forensic dentistry. J Appl Oral Sci.

and forensic application [Internet]. Vol.



38.

39.

40.

41.

42.

Indian Journal of Forensic Medicine & Toxicology, October-December 2020, Vol. 14, No. 4
43.

2007 Jun;15(3):156-61.

Chakraborty R, Stivers DN, Su B, Zhong Y,
Budowle B. The utility of short tandem repeat
loci beyond human identification: implications
for development of new DNA typing systems.
Electrophoresis. 1999 Jun;20(8):1682-96.

Malaver PC, Yunis JJ. Different dental tissues as
source of DNA for human identification in forensic
cases. Croat Med J. 2003 Jun;44(3):306-9.

Zhong H, Shi H, Qi X-B, Xiao C-J, Jin L, Ma
RZ, et al. Global distribution of Y-chromosome
haplogroup C reveals the prehistoric migration
routes of African exodus and early settlement in
East Asia. ] Hum Genet. 2010 Jul;55(7):428-35.
L, Forti G. Y
chromosome polymorphisms in medicine. Ann
Med. 2004;36(8):573-83.

Kang L, Li S. X-chromosome STR polymorphism
of Luoba Ethnic Group living in Tibet (SW China).
Forensic Sci Int. 2006 Jan 6;156(1):88-90.

Krausz C, Quintana-Murci

44,

45.

46.

47.

4617

Gu S, Li S. X-chromosome STRs analysis of
Ewenke ethnic population. Forensic Sci Int. 2006
Apr 20;158(1):72-5.

Budowle B. SNP typing strategies. Forensic Sci Int.
2004 Dec 2;146 Suppl:S139-42.

Kwok P-Y, Chen X. Detection of single nucleotide

polymorphisms. Curr Issues Mol Biol. 2003
Apr;5(2):43-60.
Hochmeister MN, Budowle B, Borer UV,

Eggmann U, Comey CT, Dirnhofer R. Typing of
Deoxyribonucleic Acid (DNA) Extracted from
Compact Bone from Human Remains [Internet].
Vol. 36, Journal of Forensic Sciences. 1991. p.
13189]. Available from: http://dx.doi.org/10.1520/
jfs13189j

Comey CT, Koons BW, Presley KW, Smerick JB,
Sobieralski CA, Stanley DM, et al. DNA Extraction
Length
Polymorphism Analysis [Internet]. Vol. 39, Journal
of Forensic Sciences. 1994. p. 13711J. Available
from: http://dx.doi.org/10.1520/jfs13711]

Strategies for Amplified Fragment



