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ABSTRACT

Context: Crime scene investigation is one of the mainstream
branches in forensics. Body fluids like blood, saliva, reproduc-
tive fluids, etc., and identification, collection, storage, and inter-
pretation of these samples are of great importance in solving
a case. This review article throws light into various techniques
for analysis of these samples emphasizing on genetic material
identification.

Objectives: This review elaborates on various procedures
and techniques involved in forensics for the identification and
analysis of blood samples from a crime scene.

Materials and methods: Data were obtained and analyzed from
electronic database searches of relevant published literatures
from PubMed and Google Scholar.

Conclusion: The advent of advanced techniques in the analy-
sis of genetic materials from blood samples like short tandem
repeat (STR) recognition, single-nucleotide polymorphism (SNP)
analysis, mitochondrial deoxyribonucleic acid (DNA) analysis,
microfluid system, and nanotechnology helps the scientists in
forensic investigations.
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INTRODUCTION

Biological fluids obtained from a crime scene contain
genetic materials that may help in identifying a victim
or a suspect, as well as in absolving an innocent accused.

Usually it is difficult to detect as well as collect such
fluids from the crime scenes. Specialized techniques using
alternate light sources for the detection of stains made

158pPostgraduate Student, 2*Reader, 3Senior Lecturer

6Department of Oral Pathology & Microbiology, Royal Dental
College, Palakkad, Kerala, India

Corresponding Author: Prethweeraj Jitin, Postgraduate
Student, Department of Oral Pathology & Microbiology, Royal
Dental College, Palakkad, Kerala, India, Phone: +919495974607
e-mail: jthnprj@yahoo.com

by those biological fluids are necessary in this scenario.
The specimens thus collected contain genetic materials
like DNA which may be either intact or damaged and
specialized techniques are used for the amplification and
identification of such genetic materials which ultimately
help in recreating the crime scene and identifying the
suspect or victim.

Blood is a common and important finding in crime
scenes. Blood may be either in the liquid form or dried
state as well as stains on the objects. It may not be visible to
naked eyes and requires specific identification techniques.
Biological fluids often require use of a particular type of
light source or chemical treatment to reveal their presence.
Methods used to achieve this goal are called “presump-
tive tests.”! Such methods are by no means conclusive by
themselves, and further analysis remains essential.

The strength of DNA as a forensic tool is that it can
be elicited and studied months or even years after it is
partially degraded. Time, temperature, humidity, radia-
tions, and chemicals affect the DNA integrity.

Blood Detection

Locating, investigating, and interpreting bloodstains on
various surfaces help in recreating the crime scene. The
forensic investigations that deal with this is known as
bloodstain pattern analysis (BPA) founded in 1983.% The
BPA involves gathering, classification, and interpreta-
tion of the bloodstain patterns found in crime scenes.
Bloodstain patterns can be categorized as: Dripped and
splashed blood, impact patterns, projected blood, expi-
rated bloodstains, transferred bloodstains, and castoff
stains.

In some cases, bloodstain can be detected, whereas
in some cases, it may not be evident because of lack of
contrast and/or absorption of the fluid. Alternative light
sources (ALSs) are used to visualize the fluorescence
with improved contrast. Bloodstains have an absorption
rate of 300 to 900 nm which covers wave lengths from
ultraviolet to infrared.

This helps in utilization of ultraviolet rays as alternate
light source for visualization. Crimelite, Crimescope, Mini
Crime scope, TraceEr Laser, Ultra Lite Als, etc., are the
commercially available ALS. Modern devices help detect
both red and brown bloodstains.
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If these methods did not help in identifying the blood-
stains or the scene has been washed to remove stains,
alternate chemical methods to visualize the bloodstains
are required. Chemiluminescent reagents are used for
conducting presumptive tests; and they reveal latent
bloodstains in crime scenes, which are not visible to
naked eye.

Several chemical agents like ortho-toluidine, benzi-
dine, and tetramethylbenzidine help in visualization, but
cause DNA damage, whereas others like amido black and
luminol do not cause DNA damage. Amido black is an
organic dye which stains the hemoglobin and produces
a dark blue-black image. It is used for detecting blood-
stained finger prints. It can be used in porous as well as
nonporous surfaces and does not cause DNA damage.

Chemical agents like Acid Yellow-7 are used for the
uncovering of blood-stained finger as well as shoeprints.
Prints become yellow after treatment and fluoresce under
blue or blue-green light (385-509 nm).>'* If the bloodstain
is left for a long time, it changes its color from red to dark
brown.

In such cases, luminol is frequently used as the reagent
of choice if the crime scene has been cleaned. Luminol
reacts with iron in the hemoglobin and creates a blue
chemiluminescence in the dark.''® Other chemical agents
like Kastle-Meyer test, Sangur stick test, Hemastix test,
Leucomalachite green test, Leucocrystal violet test, etc.,
are also used.

These tests are based on the fact that the heme groups
of hemoglobin possess a peroxidase-like activity which
catalyzes the breakdown of hydrogen peroxide. The oxi-
dizing derivatives formed can then react with a variety of
substrates and produce a visible color change.

Samples of wet bloodstains must be collected using a
swab, and sealed in an airtight container for comprehen-
sive examination. Dried bloodstains should be scraped
onto a sheet of clean paper, or into a paper bag.”

Estimation of Age of the Blood Sample

Old blood samples are more prone to errors while detect-
ing various proteins as well as genetic materials from the
sample. Various nongenomic and genomic methods are
used for the age estimation of the sample. Nongenomic
methods like high-performance liquid chromatography,
reflectance spectroscopy, oxygen electrodes (determine
the amount of HbO,), electron paramagnetic resonance,
atomic force microscopy (determines the elasticity of
extracorporeal red blood cells) are used for age estima-
tion of the sample.

Genomic methods like real-time polymerase chain
reaction (RT-PCR), STR segment analysis, etc., are used
for age estimation of the sample."”

ABO Blood Group Recognition

ABOblood grouping was one of the most commonly used
tests during older time, but it has very limited application.
It can eliminate a possibility, whereas it cannot confirm a
possibility in the crime scenario.

A recent study showed interest of an indirect com-
petitive enzyme-linked immunosorbent assay (ELISA)
technique, as conventional ELISA needs immobilization
of ABO blood group antigens located on the membrane
surface, which are difficult to extract from dried stains,
except if one uses solubilization with detergents or

organic solvents.'8%2

Genetic Material Detection from Blood Samples

Since the commencement of forensic DNA analysis in
the 1980s, it has gone through a number of stages of
development.

First Generation of DNA Analysis

Restriction fragment length polymorphism (RFLP) profil-
ing is no longer used by the forensic group of people, as
it requires relatively great amount of DNA and ruined
samples could not be analyzed with precision. The
second generation of DNA analysis was based on PCR
and mainly consists of dot-blot techniques. However, it
is not suitable in the analysis of longer strands of DNA.

The third generation of DNA analysis is STR analysis.
More efficient, faster, and cheaper DNA analysis tech-
niques are constantly being refined. The RFLP profiling
may be considered as the first generation of DNA analysis
methods.

The RFLP is a procedure that exploits variations in
homologous DNA sequences. It refers to a dissimilarity
between samples of homologous DNA molecules from
contrary locations of restriction enzyme sites, and to a
related laboratory technique by which these segments
can be illustrated.

In the RFLP analysis, the DNA sample is broken and
digested by restriction enzymes and the resulting restric-
tion fragments are separated according to their lengths by
gel electrophoresis. Polymerized chain reaction combined
with RFLP is used nowadays with improved accuracy.

Polymerase chain reaction is a technique used to
amplify a single copy or a few copies of a segment of DNA
across several orders of magnitude, generating thousands
to millions of copies of a particular DNA sequence.?!*
Advantages of the PCR-RFLP technique included low
expensiveness and unnecessity of advanced technology.

Repetitive DNA regions, which are located outside
the coding regions of DNA, are used for further analysis
of DNA. They are different for each individual and can
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be used for personal identification as well as a group of
people, such as a group of family members. Developed
by Mullis in 1983, PCR continues to be a valuable tool in
forensic DNA analysis.

Polymerase chain reaction is able to replicate specific
nucleotide sequences from low levels of DNA or degraded
DNA. Amplification involves the addition of DNA
primers, nucleotides, and DNA polymerases, which are
then taken through a series of temperature changes. The
detection of DNA is further confirmed through the use
of fluorescence, which uses fluorescent dyes that attach
to PCR primers in the amplicons.”>* Forensic scientists
use the slot-blot hybridization approach to target the
D17Z1 locus, a highly recurring alphoid primate-specific
sequence for DNA quantification in forensic work.

The development of RT-PCR human DNA quantifica-
tion kits has contributed to the popular use of RT-PCR in
forensic genetics. Real-time PCR or quantitative PCR has
been used to detect male DNA in sexual assault cases. A
DNA quantification assay that uses Alu, a highly repeti-
tive DNA sequence, has been able to detect down to 4 pg
during DNA quantification which is highly specific and
sensitive.”® More advanced variations of PCR like digital
PCR (dPCR) offer a higher degree of precision.

In combination with duplex reactions, where two
targets are analyzed per reaction, dPCR can prove to
be more precise measurement. Particularly in cell free
DNA analysis, duplexing dPCR can reduce the number
of individual PCR reactions. Other quantitative methods
that are able to detect picogram levels of DNA include the
hybridization method and the threshold method.

The hybridization method uses either radioactive
isotopes or chemiluminescent compounds, whereas the
threshold method is mediated by antibodies. Another
variant called real-time degenerate oligonucleotide
primed PCR (DOP-PCR) can amplify the whole genome
regardless of DNA size. It is also independent of DNA
sequence and can be used for many different species,
giving it a universal property.”

Advancements in DNA Analysis

The STR analysis PCR technique can be used to amplify
STR typing with highly polymorphic DNA sequences
of repeating 2 to 7 base pairs. The amplification of STR,
via PCR, starts with targeting loci by sequence-specific
primers. Electrophoresis is used to separate the DNA
fragments.

The STR markers in human identification need to
exhibit the highest irregularity among individuals and are
measured by the lengths of the diverse alleles. The STRs
are generally categorized by the length of their repeat:
mono-, di-, tri-, tetra-, penta- and hexa-nucleotides.

Tetranucleotides are most often used in STR analysis
because they have a smaller probability of stutter prod-
ucts, amplicons that are one repeat less than the true allele.

Higher molecular weight STR loci are difficult to
amplify and result in a DNA profile that is incomplete.
Moving the PCR primers closer to the STR region has been
able to beat some of these difficulties. These reduced size
STR amplicons are often referred to as “miniSTR” assays
and are able to obtain information from degraded DNA.*!

Single-nucleotide Polymorphism Analysis

The SNPs offer a benefit over STRs due the fact that
greatly degraded DNA fragments can be analyzed with
SNPs.

The SNPs are base substitutions, insertions, or dele-
tions and occur only at one position of a genome. It is the
biallelic nature of SNPs that can aid in DNA profiling but
also make them not as revealing per locus as STR and
difficult in detection when working with DNA mixtures.
The SNPs have a low mutation rate rendering them more
established as genetic markers.

The ABO genotyping used along with SNP can be
used to decide the ABH antigen expression that can be
found on the surface of red blood cells. Variations of the
SNP detection use four ABO loci and an amelogenin
gender marker, so that individual identification and pater-
nity testing can be done simultaneously. The DNA chips
can also be used as a tool for analyzing SNPs.* Degraded
DNA has been successfully amplified for STR genetic
profiling using whole-genome amplification (WGA).

Among the variation of WGA, there are DOP-PCR,
primer extension preamplification (PEP), multiple dis-
placement amplification, blunt-end ligation-mediated
WGA, rolling circle amplification (RCA), and restriction
and circularization-aided RCA. The PEP is established
to work well with highly degraded DNA or low copy
number DNA.*

Mitochondrial DNA Analysis

Mitochondrial DNA (mtDNA) found in the mitochondria
are tiny organelles in the cell, not associated with the
nuclear chromosomes.

The mtDNA remains as a viable source because of
its quantity. It is often used in degraded DNA due to the
higher proportional amount of mtDNA to nuclear DNA
and are less prone to degradation. The hypervariable
regions of mtDNA are used for analysis.

Modified multiplex PCR systems are used to
produce small overlapping amplicons that are used
to determine the sequence of mtDNA. The mtDNA
analysis and SNP-based screening methods provide a
higher sensitivity.®

Oral and Maxillofacial Pathology Journal, July-December 2018;9(2):79-84 81



Prethweeraj Jithin et al

Deoxyribonucleic Acid Methylation Analysis

The DNA methylation appears to be the best suited for
body fluid identification at this time, because of its high
specificity and compatibility with current STR typing
protocols. There are tissue-specific differential methylated
regions that are seen in the genome of mammals.

The PCR methods that are methylation specific are
combined with existing STR typing protocols. It helps in
estimating the age of the individual. This assay uses a set
panel of loci that are differentially methylated in between
tissues to conclude the most probable source tissue of an

unknown DNA sample.°

Microfluidic Systems for DNA Analysis

A microfluidic system is composed of two or more micro-
devices or chips that can perform a single processing step,
such as microcapillary electrophoresis. The PCR micro-
devices are commonly made of glass or from polymeric
substrates, such as polymethylmethacrylate.> The use of
robotics is becoming more and more incorporated into
the microfluidic systems.

The appeal is the fact that extraction and purification
can be automated, reducing cost, time, and the chance of
contamination. An automated DNA extraction platform
which uses magnetic particle chemistry provides a robust
and more cost-effective method of extracting DNA with
less chance of contamination.

One technique used to integrate the extraction and
purification in a microfluidic system is the use of surface-
charge switchable magnetic particles, which help with the
flow of nucleic acid through the system. Low-frequency
electric fields can offer an alternative to the reagents that
are commonly used for the fluorescent recognition and
extraction step of microfluidic systems.>?® In three steps,
thermal denaturation, annealing, and extension can occur,
reducing reagents and chance of contamination.

Even in cases where most of the DNA samples are
annihilated or when only limited amounts of DNA
samples are available, improved multiplexes have been
able to identify STR profiles. Other variations of the
microfluidic system include the use of various enzymes.
Inability to quantify DNA is one of the main drawbacks
of a microdevice.

Nanotechnology for DNA Analysis

Nanoparticles have begun to be included into the
process of PCR amplification due to their distinctive
ability to create physical and chemical properties based
on what may be on their surface. For example, gold
nanoparticles can develop specificity and increase PCR
efficiency.

Specificity of PCRis also enhanced by silver nanopar-
ticles, carbon nanotubes, and nanometer-sized polymers.
Recently, nanotechnology has been gaining popularity, as
it can create devices that can assemble, manipulate, and
analyze things at very small levels. Providing a system
for DNA detection that is portable, quantitative, and
available to the public is the goal of nanotechnology in

the field of forensic science.?>%”

Deoxyribonucleic Acid Databases

National DNA databases are maintained by the govern-
ments to store DNA profiles of the people based on PCR,
and using STR analysis.

Their purpose is to search and match DNA profiles of
potential criminal suspects. The Interpol DNA gateway
contains DNA profiles, which are submitted by differ-
ent member countries. They contain profiles created
from samples which were collected from sites of natural
disasters, crime scenes, unidentified bodies, and missing
people.

It has more than 140,000 DNA profiles contributed
from 69 member countries. The combined DNA index
system (CODIS) loci CSF1PO, FGA, TH01, TPOX, VWA,
D351358, D5S818, D75820, D8S1179, D13S317, D16S539,
D185S51, and D21S11 are now nationally and interna-
tionally recognized as the standard for human identi-
fication.*® (CODIS is the United States national DNA
database created and maintained by the Federal Bureau
of Investigation.)

CONCLUSION

In this review, a brief analysis of blood as an investiga-
tive tool in various crime scenarios has been discussed.
The methods of visualizing, identification, collection,
storage, and analyzing the sample have evolved in recent
years. Advanced techniques like STR recognition, SNP
analysis, mtDNA analysis, and microfluid system have
helped forensic scientists to solve the various cases.
Nanotechnology has a new application in forensic
science.

REFERENCES

1. Virkler K, Lednev IK. Analysis of body fluids for forensic
purposes: from laboratory testing to non-destructive rapid
confirmatory identification at a crime scene. Forensic Sci Int
2009 Jul;188(1-3):1-17.

2. Peschel O, Kunz SN, Rothschild MA, Miitzel E. Blood
stain pattern analysis. Forensic Sci Med Pathol 2011
Sep;7(3):257-270.

3. Attinger D, Moore C, Donaldson A, Jafari A, Stone HA. Fluid
dynamics topics in bloodstain pattern analysis: comparative
review and research opportunities. Forensic Sci Int 2013

82

Sep;231(1-3):375-396.



OMP]

Recent Advancements in Human Blood Identification in Forensics

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Thanakiatkrai P, Yaodam A, Kitpipit T. Age estimation of
bloodstains using smartphones and digital image analysis.
Forensic Sci Int 2013 Dec;233(1-3):288-297.

Sheppard K, Cassella JP, Fieldhouse S, King R. The adaptation
of a 360° camera utilising an alternate light source (ALS) for
the detection of biological fluids at crime scenes. Sci Justice
2017 Jul;57(4):239-249.

Laberke PJ, Ilg S, Bieri HP, Hausmann R, Balitzki B. Amido
Black 10B in the forensic investigation—comparative studies
of forensic stain material. Forensic Sci Sem 2014 Dec;4(1):
40-44.

Sears VG, Prizeman TM. Enhancement of fingerprints in
blood—part I: the optimization of Amido Black. J Forensic
Ident 2000 Jan;50(5):470-480.

Sears VG, Butcher CP, Fitzgerald LA. Enhancement of fin-
gerprints in blood, part 3: reactive techniques, acid yellow 7,
and process sequences. ] Forensic Ident 2005 Dec;55(6):
741-763.

Blum L], Esperanca P, Rocquefelte S. Anew high-performance
reagent and procedure for latent bloodstain detection based
on luminol chemiluminescence. Can Soc Forensic Sci ] 2006
Sep;39(3):81-100.

Patel G, Hopwood A. An evaluation of luminol formula-
tions and their effect on DNA profiling. Int ] Legal Med 2013
Jul;127(4):723-729.

Edler C, Gehl A, Kohwagner J, Walther M, Krebs O, Augustin
C, Klein A. Blood trace evidence on washed textiles—a
systematic approach. Int ] Legal Med 2017 Jul;131(4):
1179-1189.

Nagesh D, Ghosh S. A time period study on the efficiency of
luminol in the detection of bloodstains concealed by paint on
different surfaces. Forensic Sci Int 2017 Jun;275:1-7.
Ramsthaler F, Kroll AK, Kettner M. Duration and intensity of
chemiluminescence of different luminol kits. Effect of varied
storage times on bloodstain identification. Rechtmedizin 2017
Jun;27(3):185-190.

Spalding, RP. Presumptive testing and species determination
in blood and bloodstains. In: James SH, Kish PE, Sutton TP,
editors. Principles of bloodstain pattern analysis theory and
practice. Boca Raton (FL): CRC Press; 2005. p. 349-368.
Hochmeister MN, Budowle B, Baechtel FS. Effects of presump-
tive test reagents on the ability to obtain restriction fragment
length polymorphism (RFLP) patterns from human blood and
semen stains. ] Forensic Sci 1991 May;36(3):656-661.
Geberth, VJ. Collection of evidence. In: Practical homicide
investigation: tactics, procedures, and forensic techniques.
4th ed. Boca Raton (FL): CRC Press; 2006.

Fisher, BA. Blood and other biological evidence. In: Techniques
of crime scene investigation. 7th ed. Boca Raton (FL): CRC
Press; 2004.

Cox M. A study of the sensitivity and specificity of four
presumptive tests for blood. J Forensic Sci 1991 Sep;36(5):
1503-1511.

Poon H, Elliott J, Modler J, Frégeau C. The use of Hemastix
and the subsequent lack of DNA recovery using the Promega
DNA IQ system. ] Forensic Sci 2009 Nov;54(6):1278-1286.
Durdle A, Mitchell R], van Oorschot RA. The use of forensic
tests to distinguish blowfly artifacts from human blood,
semen, and saliva. ] Forensic Sci 2015 Mar;60(2):468-470.
Tobe SS, Watson N, Daéid NN. Evaluation of six presump-
tive tests for blood, their specificity, sensitivity, and effect on

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

high molecular-weight DNA. ] Forensic Sci 2007 Jan;52(1):
102-109.

Spence L, Asmussen G. Spectral enhancement of leucocrystal
violet treated footwear impression evidence in blood. Forensic
Sci Int 2003 Mar;132(2):117-124.

Hornbeck P. Double-immunodiffusion assay for detecting
specific antibodies (Ouchterlony). Curr Protoc Immunol 2017
Feb;116(1):2.3.1-2.3.4.

Spear, TE.; Khoskebari, N. The evaluation of ABAcard®
HemTrace®. The CAC News, 3rd Quarter. 1999. p. 24-25.
Johnston S, Newman JC, Frappier R. Validation study of the
abacus diagnostics ABAcard® HemaTrace® membrane test for
the forensic identification of human blood. Can Soc Forensic
Sci 2003 Sep;36(3):173-183.

Findlay I, Taylor A, Quirke P, Frazier R, Urquhart A. DNA
fingerprinting from single cells. Nature 1997 Oct;389(6651):
555-556.

Suwa N, Ikegaya H, Takasaka T, Nishigaki K, Sakurada K.
Human blood identification using the genome profiling
method. Leg Med (Tokyo) 2012 May;14(3):121-125.

Butler JM. The future of forensic DNA analysis. Philos Trans
R Soc Lond B Biol Sci 2015 Aug;370(1674):20140252.
Bremmer RH, de Bruin KG, van Gemert MJ, van Leeuwen
TG, Aalders MC. Forensic quest for age determination of
bloodstains. Forensic Sci Int 2012 Mar;216(1-3):1-11.

Li B, Beveridge P, O'Hare WT, Islam M. The estimation
of the age of a blood stain using reflectance spectroscopy
with a microspectrophotometer, spectral pre-processing
and linear discriminant analysis. Forensic Sci Int 2011
Oct;212(1-3):198-204.

Edelman G, Manti V, van Ruth SM, van Leeuwen T, Aalders
M. Identification and age estimation of blood stains on colored
backgrounds by near infrared spectroscopy. Forensic Sci Int
2012 Jul;220(1-3):239-244.

Anderson S, Howard B, Hobbs GR, Bishop CP. A method
for determining the age of a bloodstain. Forensic Sci Int 2005
Feb;148(1):37-45.

Hara M, Nakanishi H, Yoneyama K, Saito K, Takada A. Effects
of storage conditions on forensic examinations of blood
samples and bloodstains stored for 20 years. Leg Med (Tokyo)
2016 Jan;18:81-84.

Madea B, Saukko P, Oliva A, Musshoff F. Molecular pathol-
ogy in forensic medicine-Introduction. Forensic Sci Int 2010
Dec;203(1-3):3-14.

Bauer M, Polzin S, Patzelt D. Quantification of RNA degrada-
tion by semi-quantitative duplex and competitive RT-PCR: a
possible indicator of the age of bloodstains? Forensic Sci Int
2003 Dec;138(1-3):94-103.

Takada N, Mori C, Iida M, Takai R, Takayama T,
Watanabe Y, HYPERLINK “https://www.ncbi.nlm.nih.
gov/pubmed/?term=Nakamura%20K%5BAuthor%5
Dé&cauthor=true&cauthor_uid=24637072” Nakamura
K, HYPERLINK “https://www.ncbi.nlm.nih.gov/
pubmed/?term=Takamizawa%20K%5BAuthor%5D&c
author=true&cauthor_uid=24637072" Takamizawa K.
Development of an indirect competitive ELISA for the detec-
tion of ABO blood group antigens. Leg Med (Tokyo) 2014
May;16(3):139-145.

Jiang X, He ], Jia F, Shen H, Zhao J, Chen C, HYPERLINK
“https:/ /www.ncbi.nlm.nih.gov/pubmed /?term=Bai%?20
L%5BAuthor%5D&cauthor=true&cauthor_uid=22516188"
Bai L, HYPERLINK “https://www.ncbi.nlm.nih.gov/

Oral and Maxillofacial Pathology Journal, July-December 2018;9(2):79-84

83



Prethweeraj Jithin et al

pubmed/?term=Liu%20F%5BAuthor%5D&cauthor=tru
e&cauthor_uid=22516188" Liu F, HYPERLINK “https://
www.ncbi.nlm.nih.gov/pubmed/?term=Hou%20G %5
BAuthor%5D&cauthor=true&cauthor_uid=22516188"
Hou G, HYPERLINK “https://www.ncbi.nlm.nih.gov/
pubmed/?term=Guo0%20F%5BAuthor%5D&cauthor=true&
cauthor_uid=22516188" Guo F. An integrated system of ABO

38.

typing and multiplex STR testing for forensic DNA analysis.
Forensic Sci Int Genet 2012 Dec;6(6):785-797.

Rasmussen, HB. Restriction fragment length polymorphism
analysis of pcr-amplified fragments (PCR-RFLP) and gel
electrophoresis—valuable tool for genotyping and genetic
fingerprinting. In: Magdeldin S, editor. Gel electrophoresis—
principles and basics. Niigata: InTech; 2012. pp. 315-334.

84



