
any methods and strategies are developed to
distinguish individuals in forensic medicine.

Deoxyribonucleic acid fingerprinting, a powerful
and reliable method has been a great importance in
forensic identification, and it is widely used as
molecular markers in practice.1-19  Introducing
polymerase chain reaction (PCR) to laboratories,
PCR-based DNA typing methods have been
recognized with considerable successes; parentage
testing, relationship, criminal investigation, group
accidents and postmortem cases can be given as
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ABSTRACT

application examples.3,4,6,9,11,13,15,16,18,20-31 Polymerase
chain reaction is an analytic method, which can
certainly achieve required accuracy with limited
amounts of samples, old or degraded DNA
molecules in forensic specimens.3,6,10-12,15,18,20,22,29,32-34

Deoxyribonucleic acid amplification fingerprinting
or randomly amplified polymorphic DNA (RAPD)
have also been used in a wide variety of species,
including many investigations in population
biology, genetics and ecology13,16,17,25,35-40 When little
or no sequence data is available for the organism of
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Objective: The polymerase chain reaction (PCR) -
based DNA amplification fingerprinting (DAF) or
randomly amplified polymorphic DNA (RAPD) is based
on a strategy using a single arbitrary oligonucleotide
primer to generate anonymous amplification of genomic
DNA. On this basic strategy, in this study, we aimed to
test individual differences and usefulness of 2 basic
primers (5’-CGCGCCGG-3’ and 5’-TGCCGAGCTG-3’)
and examined whether there is a positive effect on results
of 10 x PCR buffer with ammonium sulfate.

Methods: A new approach in DNA fingerprinting, 10 x
PCR buffer with ammonium sulfate, is presented in the
study. Primers with single 8 and 10 nucleotides in length
and 2 different PCR buffers with or without ammonium
sulfate were used to identify 135 volunteers with no
blood relationship. This study was carried out at the

Pharmacology Laboratory, University of Gaziantep,
School of Medicine, Turkey between 1999 and 2000. 

Results: An average of 10 major bands representing
500-1500 base pair (bp) in length was determined as
amplified DNA products on standard agarose gels for
these volunteers. The use of ammonium sulfate in 10 x
PCR buffers has increased to 92% success ratio of
individual difference obtained from the 8 nucleotides
primer. 

Conclusions:  With this study, more reliable results can
be obtained by using ammonium sulfate in 10 x PCR
buffers. 
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(Genius, Cambridge) was set as: 94ºC for 2 minutes
(one cycle); 94ºC for one minute, 40ºC for one
minute; 72ºC, 2 minutes for 35 cycles; and lastly at
72ºC for 7 minutes (one cycle). Polymerase chain
reaction products with 15µl, obtained from
completion of cycles was mixed with Orange-G
solution, and samples were loaded to wells in 2%
agarose gels. Marker 5 (100 bp DNA Ladder Plus,
MBI Fermentas, Lithuania) was used to identify
bands. Polymerase chain reaction products were run
by using agarose gel electrophoresis apparatus
including 1% ethidium bromide trisporic acid (,
TBE) buffer (0.9mol/L Tris, 0.9mol/l borate,
0.025mol/L ethylenediaminetetraacetic acid
(EDTA) (pH: 8.3) at 100 V for 80 minutes.
Photographs of bands were taken with ultraviolet
light.

Results. Bands obtained from each 4 protocols
were between 500-1500 bp in length. The arithmetic
mean of all classified data were calculated, and the
observation was that of average 9 definite different
bands, and identification of 83 individuals (61.5%)
from 135 was performed in protocol 1. When an
ammonium sulfate application buffer (Protocol 2)
was used, average 10 band patterns were observed,
thus 117 individuals (86.7%) might be identified.
Comparing products of protocol 1 and 2, (total
success of method) 124 individuals (92%) were
identified (Figure 1). Bands with similar patterns on
protocol 2 were compared with PCR products
obtained from protocol 1 by running in same
agarose gel, identification of 7 individuals was
achieved with different band patterns.
Deoxyribonucleic acid fingerprints of all volunteers
were taken with this method, only 11 individuals
(8%) were not exactly identified at the end of
essays. A significant individual identification was
not obtained from 10 nucleotides primer unlike 8
nucleotides primer (Figure 2). Although bands were
not identified which is good enough in the mixtures
without DMSO (data not shown), better band
patterns were observed 5% DMSO in the PCR
reaction mixtures.

Discussion. Since properties such as length of
primers and contents of nucleotide are quite
effective on the results found, the most important
factor can be considered as proper selection of
primers in PCR studies.3,13,16,20,34,35,37,40,44  Primer
chosen are amplified sequences having polymorphic
properties in PCR. There is some evidence that high
primer guanine/cytosine (G/C) content generates
detectable levels of amplification products.25,37  G/C
and CG bp are more stable than AT and TA bp.26

Caetano-Anolles et al16,17, and Bassam et al39 have
revealed the genetic differences between organisms
by using different oligonucleotide primers. The

interest, this method can be applicable to any
organism without having no need for an extensive
background research.13,16,17,25,40  The applicability of
DNA amplification fingerprinting (DAF) for
forensic purposes such as human identification is
presented in this study. While studying DAF,
identification of 135 volunteers is planned and
performed using PCR buffers with ammonium
sulfate or not. All results are given comparatively
herein.

Methods. The study was performed on 135
volunteers without any family relationship and not
belonging to one ethnic group living in Gaziantep
City, Turkey. This study was carried out at the
Pharmacology Laboratory, Gaziantep University
School of Medicine, Turkey between 1999 and
2000.  Deoxyribonucleic acid was extracted by the
salting out procedure41 from whole blood samples. It
was amplified by using 8 and 10 base short arbitrary
oligonucleotide primers (MBI Ferments, Lithuania),
and 2 different buffers in the PCR. A very
commonly used 10 x PCR buffer includes only KCl,
Tris HCl. Chamberlain et al42 examined the
efficiency of more complex buffers in supporting
the activity of the Taq polymerase in 1988. For this
reason in our study 10 x PCR with ammonium
sulfate (NH4)2SO4) was used as a complex buffer
besides 10 x PCR without ammonium sulfate. In
this study, Taq polymerase and buffer are
recommended by the manufacturer of the
polymerase (MBI Fermentans, Lithuania).  Four
different mixtures were prepared to improve the test
results. They were named as protocol 1, 2, 3 and 4.
An 8 nucleotides primer (5’-CGCGCCGG-3’) was
used in protocol 1 and 2, similarly a 10 nucleotides
primer (5’-TGCCGAGCTG-3’) was used in
protocol 3 and 4.  In protocol 1, the final
concentration for amplification in PCR were
performed in amount of 100mM Tris-HCl (pH8.8),
500mM KCl, 0.8% Nunnated P40, 25mM MgCl2,
2mM each of the deoxyribonucleotide triphosphates
(dNTPs), 1mM 8 nucleotides primer (MBI
Fermentas, Lithuania), 0.75U of Taq polymerase
(MBI Fermentas, Lithuania), 1.25µl (5%) Dimethyl
sulfoxide (DMSO)3,30,42 and the mixture was
prepared. Negative controls containing water only
were included in every reaction set. In Protocol 3,
like first mixture, instead of 8 nucleotides primer
same amount 10 nucleotides primer.  In protocols 2
and 4, like first PCR mixture, instead of 10 x PCR
buffer, same amount of 10 x PCR buffer (MBI
Fermentas, Lithuania) with 200 mM ammonium
sulfate (NH4)2SO4) were used.18,26,29,32  All PCR
mixtures (25 µl) were put in 0.2 ml Eppendorf
tubes, and 1µl purified DNA was added to these
mixtures in all tests. The protocols where DMSO
was not used instead of 1.25µl DMSO, same
amount of dH2O was added.  The thermal cycler
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Figure 1 - Polymerase chain reaction products obtained from
Protocol 1 (without ammonium sulfate buffer and 8 bp
primer) and 2 (with ammonium sulfate and 8 bp primer).
Also "a" means (5a-10a) with ammonium sulfate, and "b"
means (5b-9b) without ammonium sulfate. (Line numbers
5-10 were sample numbers). Each number represents one
person. Letters a and b also represent the type of buffer
(with or without ammonium sulfate buffer) on the same
person.

also providing new bands generation produced
without standard buffer. However, high-density
bands are obtained as an auxiliary help of
ammonium sulfate buffer in Taq polymerase
activity. Thus, with only ammonium sulfate, better
and more reliable results are obtained for individual
identification.  Although primer and other reaction
conditions are the same, only products obtained
from buffer solutions with and without ammonium
sulfate have been shown different band patterns.
Thus, an observation can be made in using
ammonium sulfate in 10 x PCR buffer for human
identification. Conclusively, ammonium sulfate in
PCR reactions has an active role in results.
However, only 11 individuals (8%) are not
identified both PCR Protocol 1 and 2, 124
individuals  (92%) have been identified.
Deoxyribonucleic acid products are then amplified
by using 10 nucleotides primer in Protocols 3 and 4
mentioned. Although optimum conditions are
provided while performing studies with 10
nucleotides, specific and clear band patterns are not
observed like 8 nucleotides, resulting in 11
unidentified individuals (Figure 2).

In conclusion, DAF is easily applicable when
large populations are concerned17,34,35,40 and it
represents a conceptual and practical advance in
DNA fingerprinting.16,25  Experiments are performed
by using 2 different primers and PCR buffers to
distinguish individuals. The products obtained from
buffer mixtures with and without ammonium sulfate
have realized different band patterns on the
condition that all primers and other reaction
mixtures are the same. Thus, the use of ammonium
sulfate in 10 x PCR buffers has a definite and

highest performance in human genome has been
shown applicability of tested primers among a
reference to selection of primers.  In addition,
Dulger et al34 and Tokdemir et al35 have presented
satisfactory results with all G/C 8 nucleotides
primer in individual identification. In this study,
same 8 nucleotides primer is chosen, and 70% G/C
with content 10 nucleotides primer is additionally
used. When short DNA sequences are compared
with 8 nucleotides primer, exact and distinct bands
patterns are certainly generated giving a positive
result (Figure 1).  Due to its high GC content,
cosolvents in the PCR reaction, like 1-10% DMSO
or glycerol are applied to increase the amount of
amplified DNA.3,30,43  Thus, 8 nucleotides primer
with all GC and 10 nucleotides primer are rich GC
content, DMSO cosolvent is used in PCR reactions
and better band patterns are observed (Figure 1).
Considerably well steps are taken on product
efficiency and specific productivity result in PCR,
such new PCR buffers involving different
components (for example ammonium sulfate) are
tested in different studies.18,26,29,32  A new approach in
DNA fingerprinting, 10 x PCR buffer with
ammonium sulfate is used in the study presented.
The interesting point is that band patterns and level
differences seen in standard 10 x PCR buffer and 10
x PCR buffer with ammonium sulfate are different.
Identification of 83 individuals from 135 is achieved
with protocol 1. When an ammonium sulfate
application buffer (Protocol 2) is used, average 10
band patterns are observed and 117 individuals may
be identified (Figure 1). In additionally, ammonium
sulfate buffer can be increased the activity of Taq
DNA polymerase while changing its function, and

Figure 2 - Polymerase chain reaction products obtained from
Protocol 3 (without ammonium sulfate buffer and 10 bp
primer) and 2 (with ammonium sulfate and 10 bp primer).
Also "a" means (1a-4a) with ammonium sulfate, and "b"
means (1b-4b) without ammonium sulfate. (Line numbers
1-4 were sample numbers). Each number represents one
person. Letters  a and b  also represent the type of buffer
(with or without ammonium sulfate buffer) on the same
person.
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Int J Leg Med 1994; 107: 13-20.
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103-107.
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MM. Comparative identity and homogenity testing of the
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electrophoresis. J Forensic Sci 1999; 44: 1186-1198.

27. Tokdemir M, Dulger HE, Akin H, Doymaz MZ. A study on
polymerase chain reaction-based HLA DQa locus in Elazig,
Turkey. Am J Forensic Med Pathol 2000; 21: 184-188.

28. Dulger HE, Tokdemir M. HLA-DQA1 and polymarker
locus allele frequencies for Elazig, Turkey. J Forensic Sci
2000; 45: 942.
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Japanese population study of a Y-linked dinucleotide repeat
DNA polymorphism. J Forensic Sci 1999; 44: 588-591.

30. Desmarais D, Zhong Y, Chakraborty R, Perreault C,
Busque L. Development of a highly polymorphic STR
marker for identity testing purposes at the human androgen
receptor gene (HUMARA). J Forensic Sci 1998; 43:
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important role in human identification. Although
specific band patterns can be seen with the 8
nucleotides primer, same satisfaction does not come
into existence with the 10 nucleotides  primer. An
overall great success of  92% was obtained.  The
method applied requires careful optimization of
amplification parameters.13,36  All tests, and mixtures
for DNA fingerprinting are to be performed with
special care and in a standardized manner. Even
changing of only one parameter can certainly cause
different results. The method can be carried to
further works with the help of more sensitive
methods rather than using agarose in forensic
medicine. Further studies are also  needed to
improve applicability of this method by ensuring
reproducibility within laboratories in routine cases.
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