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1.  INTRODUCTION

The discovery of deoxyribonucleic acid
(DNA) double helical structure by James Wat-
son and Francis Crick in 1953 (Watson and Crick
1953), gave rise to modern molecular biology.
Following this discovery, knowledge of the ge-
netic material’s composition, organization and
function has accumulated at a very rapid pace.
Genetic variation studies in the early 1980s
showed that majority of the human DNA does
not vary between individuals, however, the small
percentage that does vary presents enormous
potential to understand human phenotypic vari-
ation and disease. More recently, in the 1000
genome project the difference between two un-
related individuals was estimated at about 20
million base pairs, in other words ~ 0.6% of the
3.2 billion base pairs of the human genome is
unique to an individual (Genomes Project et al.
2015). The techniques of DNA finger printing
utilize this DNA variation for individual, phylo-
genetic and taxonomic identification (Chambers
et al. 2014; Jamieson 2000; Roewer 2013).

While studying the myoglobin gene, Alec
Jeffreys and his co-workers at the University of
Leicester, UK, discovered that a short sequence
of DNA located in one of the myoglobin gene
introns, was tandemly repeated. The number of
these tandem repeats varied between individu-

als. They isolated the piece of DNA containing
this tandem repeat region and used it as a probe
in DNA analyses, the probe bound to a large
number of DNA regions/loci and produced a
banding pattern unique to an individual and thus
‘the genetic fingerprint’ was discovered (Jeffreys
et al. 1985a,b) . Later, a number of multi allelic
“variable number of tandem repeats” (VNTR)
loci that produced an allele specific banding
pattern were identified. A multi-locus VNTR anal-
ysis is the principle behind today’s DNA profil-
ing technology.

2.  DNA EXTRACTION

Before any type of DNA analysis, DNA must
be isolated from the biological material. The
source of DNA can be any biological sample
(for example, whole blood, bloodstains, sperms,
hairs, and other tissues) containing nucleated
cell(s). The mitochondrial- and other organellar-
DNA can be isolated from enucleated cells.  The
success and choice of the subsequent DNA pro-
filing procedure(s) depends on the availability
of sufficient amounts of DNA and its quality.
For example, a “restriction fragment length poly-
morphism” (RFLP) analysis would require 10-50
ng of high molecular weight (MW > 20-23 kb)
DNA, whereas, a polymerase chain reaction
(PCR) based analysis can be successfully per-
formed using a very small amount (0.2 - 0.5 ng)
of purified DNA, and the average fragment size
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can be significantly smaller (< 2 kb). Many dif-
ferent methods and technologies were devel-
oped to isolate and purify genomic and mito-
chondrial DNA from biological samples. Typi-
cally, every method involves disruption and ly-
sis of the cells contained in the biological sam-
ple, followed by removal of proteins and other
contaminants and finally isolation of purified
DNA. We have discussed several of these com-
monly used DNA isolation methods in this chap-
ter, so that readers can make an informed choice
based on their available biological sample and
downstream analysis. The time and expense of
DNA isolation may also be important factors in
some analysis.

2.1 Salting out DNA Extraction (after Sunnucks
and Hales 1996; and Aljanabi and Martinez 1997)

The Salting out DNA extraction procedure
uses an alkaline cell lysis buffer to lyse nucleat-
ed cells contained in the biological sample, fol-
lowed by a protein digestion step, performed at
56 oC in the presence of proteinase K and sodi-
um dodecyl sulfate (SDS). The protein diges-
tion step partially digests cellular proteins and
loosen the association between DNA and the
proteins. The partially digested proteins are pre-
cipitated by raising the salt concentration and
the sample is centrifuged to remove the precipi-
tated proteins. The supernatant containing the
DNA is then separated and treated with isopro-
panol or ethanol to precipitate the DNA. The
precipitated DNA is removed and washed with
70% ethanol to remove any salt and protein con-
taminants. The isolated DNA is then dried and
dissolved in water or TE Buffer (10 mM Tris-
HCl, 1 mM EDTA, pH 8.0). The DNA extracted by
this method is generally high molecular weight
(average fragment size >20 kb) and double strand-
ed and therefore is suitable for either RFLP anal-
ysis or PCR amplification. However, may still con-
tain more than desired salt and/or protein con-
taminants for certain downstream applications.

2.2 Phenol-Chloroform DNA Extraction (after
Sambrook et al. 1989)

Similar to the salting out DNA extraction pro-
cedure, cells are lysed in an alkaline lysis buffer
and then incubated at 56 oC in the presence of
proteinase K and SDS to partially digest cellular
proteins and loosen the association between
DNA and the proteins. Additionally, depending

upon the sample source RNase A may also be
added to the protein digestion reaction to de-
grade cellular RNA. After the protein digestion
step the cell lysate is then extracted using buff-
er-saturated phenol-chloroform solution. Dur-
ing the phenol-chloroform extraction step the
DNA remains in the aqueous phase while the
cellular proteins are extracted into the organic
phase. The phenol-chloroform extraction of the
aqueous phase is often repeated a second time
to ensure complete removal of the proteins. The
DNA present in the final aqueous phase, is then
precipitated using equal volume of isopropanol
or ethanol. The precipitated DNA is then spooled
out or removed by centrifugation and washed
with 70 % ethanol to remove any remaining salt
and/or protein contaminants. The isolated DNA
is then dried and dissolved in water or TE Buffer
(10 mM Tris-HCl, 1 mM EDTA, pH 8.0). The DNA
isolated using the phenol-chloroform extraction
method is generally of high molecular weight
(average fragment size >20 kb), double stranded
and is devoid of salt and protein impurity, and
therefore is suitable for most downstream appli-
cations. If the phenol-chloroform extraction of
the aqueous phase is not performed properly,
phenolic contaminants may interfere with some
downstream applications.

2.3 Chelex Extraction (after Walsh et al. 1991)

In the Chelex DNA isolation method, the so-
lution containing the biological sample is direct-
ly heated up to 98-100 oC in the presence of Chelex
resin. The heating breaks open the cells, and
partially denatures the DNA bound proteins re-
sulting in the release of DNA in the solution.
The Chelex resin binds to the cellular compo-
nents and proteins leaving the DNA in the solu-
tion. The protein and cellular component bound
Chelex resin is then removed by centrifugation.
The DNA extracted using this method is single-
stranded and therefore, is not suitable for RFLP
analysis. However, can be successfully ampli-
fied and used in a PCR based analysis.

2.4 Magnetic Affinity Resin (DNA IQTM system/
kits commercially available from Promega)

The DNA IQTM system is commercially avail-
able as a kit from Promega and is specifically
designed to isolate DNA for forensic and pater-
nity testing applications. The DNA IQTM extrac-
tion method uses novel magnetic resin particles
to capture a consistent amount of DNA that is
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highly purified for downstream forensic appli-
cations. The paramagnetic resin particles have a
defined DNA binding capacity and therefore
deliver a specific amount of DNA in the pres-
ence of excess biological sample and can be used
to extract DNA from a variety of biological sam-
ples including liquid blood, dried blood stains,
buccal or other biological sample swabs and
variety of traditional and/or commercial blood
sampling cards. To isolate DNA using this meth-
od the samples are predigested using a preferred
method (buffers are supplied as part of the com-
mercial kit) and then incubated with paramag-
netic resin particles to facilitate the binding of
DNA to paramagnetic resin particles. The DNA
bound paramagnetic resin particles are separat-
ed from the solution using a magnetic stand and
then washed with buffer formulations supplied
in the kit. Finally, the purified DNA is eluted in a
measured volume of elution buffer supplied in
the kit. Since, paramagnetic resin particles binds
specific quantity of the DNA, the kits are de-
signed to isolate a measured quantity of DNA
even if used with excess biological sample(s),
this allows bypassing the quantification step
typically necessary in other purification proce-
dures. Furthermore, the DNA IQ system/kit does
not require the use of harmful organic solvents
such as phenol and chloroform and eliminates
multiple centrifugation steps of most other DNA
extraction procedures. However, DNA extracted
using this method is single-stranded and there-
fore is not suitable for RFLP analysis. The meth-
od produces highly purified DNA sample pre-
ferred for PCR based forensic applications such
VNTR and STR analysis.

2.5 Silica-Based Methods (after Hoss and
Paabo 1993)

This method uses silica-gel membrane that
selectively adsorb nucleic acids in the presence
of high concentrations of chaotropic salts. The
sample lysate is passed through a silica-gel mem-
brane, which selectively binds to the DNA in
the presence of high concentration of chaotro-
pic salts present in the lysate buffer, while cellu-
lar proteins, and other metabolites remain in so-
lution and are subsequently washed away. Then
a low-salt buffer is used to elute purified ready-
to-use DNA from the silica-gel membrane.

The silica-gel membrane-based method is
implemented in many commercially available
DNA extraction kits and comes with step by step
instructions to perform DNA extraction.

The phenol-chloroform based organic extrac-
tion of DNA is one of the most widely used and
cost-effective method and therefore, we includ-
ed detailed step-by-step protocols for extract-
ing DNA from various biological tissues/fluids
using the organic extraction method in Table 1.

3.  QUANTITY  AND  QUALITY
ASSESSMENT OF PURIFIED DNA

3.1. DNA Concentration Measurement by
Spectrophotometry

1. Dilute 10 μl of the DNA preparation in 990μl
of ultrapure water (that is, 1:100 dilution), if
expecting lower DNA concentration, make
dilution 1:50 or 1: 20.

2. Blank a spectrophotometer with ultrapure
water.

3. Measure optical density (OD) of the dilut-
ed DNA aliquot at 260 nm and 280 nm.

3.1.1 Quality Assessment

A ratio of measured OD values at 260 nm and
280 nm is used as an indicator of the extracted
DNA purity. A ratio within the range of 1.6 to 2.0,
is expected from purified DNA that is free from
common salt and protein contaminants. An OD
ratio below 1.6 may indicate residual protein or
phenol contamination. Whereas a ratio higher
than 2.0 may indicate RNA contamination.

3.1.2 Quantity Assessment

A DNA concentration of 50 μg/ml produce an
OD measurement of 1.00 at 260 nm, in other words
an OD measurement of 1.00 at 260 nm indicates 50
μg/ml DNA concentration in the solution.

Therefore, DNA concentration of an extract-
ed sample can be calculated as follows.

DNA concentration = OD at 260nm*50*

Dilution factor.
For Example: Sample DNA at 260 nm =0.049 O.D.
1 OD = 50 μg/ml
0.049 OD*50 = 2.45 μg/ml
If diluted to 1: 100 (at the time of OD
measurement)
then 2.45*100 = 245 μg/ml
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3.2. Quality Check by Gel Electrophoresis

The extracted DNA should be of high molec-
ular weight and not broken down in small frag-
ments, particularly for RFLP analysis. This must
be ensured for each DNA sample by running a
small aliquot of DNA sample on an agarose gel.

1. For electrophoretic analysis of the extract-
ed DNA, wash an appropriate size gel tray
and an electrophoresis gel comb.

2. The edges of the gel plate are sealed with
sticky tape so that it forms a wall 1 cm.
high all around the plate.

3. Place it on a leveled surface preferably
on a screw feet spirit leveler table.

4. Place a gel comb so that there is about
1mm of space between the base of the
teeth and the gel tray.

5. To prepare ~1% agarose gel in a 7cm. x
7cm. gel tray, weigh ~ 0.4 g of agarose
into a 250 ml conical flask.

6. Add 40 ml of 0.5X TAE buffer16, mix gen-
tly and heat in a microwave oven or boil-
ing water bath until agarose dissolves.

7. Let the agarose solution cool to about 65
oC and then add 2μl of 1% ethidium bro-
mide17 solution (~ 0.5μg/ml final concen-
tration in the gel), mix it gently and pour it
on to the gel tray and allow it to set for 20
– 30 minutes at room temperature.

8. Remove the sticky tape from the gel tray
and place it in an electrophoresis tank.

9. Pour 0.5X TAE buffer16 into the electro-
phoresis tank until the gel gets immersed.

10. Take a 2μl aliquot of the extracted DNA
sample.
Note: If the concentration of the extract-
ed DNA sample is very high dilute the
DNA with ultrapure water or TE and
record the dilution factor.

11. Add 2μl of the 6X loading dye18 to the
2μl DNA sample aliquot.

12. Carefully remove the gel comb.
13. Connected the electrophoresis tank to an

electrophoresis power supply, cathode to-
wards the wells side, DNA will move to-
wards the anodal side. Do not start the
electrophoresis yet.

14. Load the prepared samples and an appro-
priate size molecular ladder into the wells.

15. Switch on power supply and electro-
phoresis at 50 to 80 volts for 30 to 60 min-
utes or until Bromophenol Blue dye (load-

ing dye) move up to the middle to two-
thirds of the gel.

16. Switch off the power supply and take out
the gel from the tank and drain excess
liquid.

17. Place the gel on to a UV transilluminator
and document the quality and size of the
sample DNA band with reference to the
molecular ladder.

4.  CLASSICAL  DNA PROFILING

(DNA  FINGERPRINTING USING DNA
HYBRIDIZATION BASED TECHNIQUE)

The classical/early DNA profiling mainly re-
lied on larger VNTR regions/loci and was car-
ried out using Restriction Fragment Length Poly-
morphism (RFLP) analysis. In early 1970s the
discovery of class II endonucleases that cut the
DNA in a predictable and sequence specific
manner paved the way for the development of
RFLP techniques. In 1985, Jeffreys and his co-
workers used the same technique to develop
the first human DNA fingerprint. The class II
endonucleases also commonly referred to as re-
striction enzymes cuts DNA into smaller mole-
cules called as restriction fragments. When an
individual’s DNA carrying the autosomal VNTR
region is treated with specific restriction enzyme,
it usually results in restriction fragments of two
different sizes, one inherited maternally and the
other inherited paternally and these alleles of a
VNTR locus are elements of genetic polymor-
phism. The lengths of the corresponding restric-
tion fragments define the polymorphic alleles
that were used in classical DNA profiling to de-
velop individual’s unique DNA fingerprint. (Pan-
neerchelvam and Norazmi 2003; Snowdon and
Langsdorf 1998).

Restriction Enzymes Fundamental Tools in DNA
Analysis

As discussed above restriction enzymes are
characterized by their ability to recognize a spe-
cific DNA sequence, usually comprised of 4-6
base pairs, and ‘cut’ the DNA double strands
either within or in close proximity to the DNA
sequence recognition site. Consequently, restric-
tion enzymes are being used to cut the DNA
molecules reproducibly and predictably in a se-
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quence specific manner and therefore have be-
come the biochemical tools of fundamental im-
portance in both gene technology and DNA
analysis.

4.1. RFLP Analysis Protocols

4.1.1. Restriction Enzyme Digestion

Set up the restriction enzyme reaction in a
1.5 ml microcentrifuge tube.

1. Add up to 2 μg of DNA, prepared as de-
scribed in section 2 and 3 of this chapter. If
the DNA solutions is viscous, a wide bore
pipette tip (~ 2 mm) may be used for mea-
surement of the DNA solution.

2. To the DNA sample, add 5 μl of the 10X
Restriction Enzyme buffer.

3. Add a required amount of Restriction En-
zyme19 (up to 5 μl volume). The amount of
enzyme required is calculated in units (1
unit of enzyme cuts 1 μg of DNA in 1 hour
at 37°C in a volume of 50 μl reaction).

4. Bring the final reaction volume to 50  μl with
ultrapure water.
Note: A larger reaction volume may be used
if more than 2 μg DNA is to be cut or if the
enzyme is too dilute. But make sure the
amounts of reagents are adjusted accord-
ingly and the volume of enzyme used do not
exceed one-tenth of the reaction volume.

5. Incubate the reaction mixture for 1 hour at
appropriate temperature. Most enzymes
work best at 37°C but some may require a
different temperature, follow the restriction
enzyme manufacturer’s instructions. Most-
ly, 1-hour incubation is sufficient; howev-
er, it is often convenient and advantageous
to incubate the reaction longer or even
overnight.

A fast test gel should be run initially to as-
sess if the DNA is well cut:
1. Using agarose gel electrophoresis tech-

nique described above, perform agarose gel
electrophoresis of 2-5 μl of the reaction di-
gest at 120 V (50 mA) for 1-2 hour(s).

2. Visualize the restriction fragments using an
UV transilluminator. The gel may be photo-
graphed for documentation. If DNA is not
cut to completion, re-digest the DNA us-
ing more restriction enzyme. If the DNA is
cut as desired, the remaining reaction mix

is separated by agarose electrophoresis as
described below for Southern blotting.

4.1.2. Concentrating Restriction Digested DNA

If the volume of digested DNA exceeds the
capacity of the agarose well or if same sample is
to be digested with another restriction enzyme.
The DNA may be concentrated using following
steps:
1. Add 1/10 volume 3M NaAcetate13 to the

restriction digest and mix well by inverting
tube end to end several times.

2. Then add 2 to 2 ½ volume of ice cold 100%
ethanol, mix by inverting the tube end to
end several times.

3. Incubate the tube at -20 oC for 30 minutes
to facilitate DNA precipitation. If do not
wish to proceed, the reaction can be
paused over night at this step.

4. After incubation centrifuge at 12,000 rpm
and 4 oC for 15 to 20 minutes. Carefully dis-
card the supernatant (the DNA pellets may
be fragile and difficult to see).

5. Wash the DNA pellet with ice cold 70%
ethanol. Centrifuge at 12,000 rpm and 4 oC
for 5 to 10 minutes. Discard the superna-
tant without disturbing the pellet.

6. To remove the remaining liquid, centrifuge
inverted at 180g for 30 seconds or air dry
the DNA pallet.

7. Resuspend the DNA pellet in a volume of
TE Buffer15 sufficient to achieve 400-500
ng/μl DNA concentration. Resuspension of
DNA may be aided by placing tube in a 37 oC
water bath. The resuspended DNA may be
stored frozen for a prolonged period.

8. Return to restriction digestion protocol
for restriction digestion with another re-
striction enzyme or proceed to analysis by
agarose gel electrophoresis. The DNA must
be completely and uniformly resuspended
prior to loading on an analytical gel.

4.1.3. Agarose Gel/Analytical Gel
Electrophoresis20

1. Prepare a 20 x 20 cm gel tray and an appro-
priately sized gel comb using the method
described in section 3.2. The teeth of the
gel comb should be ~ 5 mm broad and 1-1.5
mm thick.
Note: (If the gel is 9 mm thick, a 5 mm x 1 mm
well will hold 40 μl of DNA sample and a 5
mm x 1.5 mm well will hold 60  μl).
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2. Place the gel tray mounted with the gel
comb on a leveled surface preferably on a
screw feet spirit leveler table. The distance
between the base of the comb teeth and
the gel tray should be about 1 mm.

3. To prepare a 0.6% to 0.7% agarose gel,
weigh 2.1 to 2.45 g of agarose in a 500ml
conical flask and then add 350 ml of Agar-
ose Gel Running Buffer21.

4. Mix gently by swirling the flask and then
heat in a microwave oven or a boiling water
bath until agarose is completely dissolved.

5. Let the agarose solution cool to about 65
oC and then pour it in the gel tray. Allow the
gel to set at room temperature for 20 to 30
minutes. The gel may be store overnight in
a humidifying chamber at 4 oC.

6. Remove the tape used in preparing the gel
tray boundary and place the gel tray into
an appropriate size electrophoresis tank.

7. Fill the electrophoresis tank with Agarose
Gel Running Buffer21 to the level that the
buffer is 1 mm above the gel surface.

8. Add agarose Gel Loading Solution22 to the
restriction digest (Final concentration 20%
to 30%). For example, for 30 μl of restric-
tion digest add 9 μl of Agarose Gel Load-
ing Solution.

9. Prepare a Biotinylated DNA Molecular
Weight Markers to be run in one well of the
analytical gel. The volume and concentra-
tions of the Molecular Weight Markers
working solution should be same as the
restriction digest/samples.
For Example, a 40 μl working solution of
the Molecular Weight Markers will con-
tain 10 μl of Biotinylated DNA Molecular
Weight Markers, 3 μl 10X Restriction En-
zyme Assay Buffer, 17 μl of ultrapure water,
and 10  μl Agarose Gel Loading solution.

10. Heat the Molecular Weight Markers work-
ing solution to 65 oC for 5 minutes and then
immediately cool on ice.

11. Load the Molecular Weight Markers and
restriction digested DNA samples into the
gel and electrophoresis at 40 V for 20 hours
or until bromophenol blue dye has just left
the gel and at room temperature.

12. To stain the gel with Ethidium bromide17,
prepare an appropriate amount of 0.5 μg/ml
Ethidium bromide working solution in Aga-
rose Gel Running Buffer21.

13. Place the gel in an appropriate tray/con-
tainer and pour the Ethidium bromide

working solution so that the gel is fully
submersed.

14. Incubate at 37 oC with constant agitation
for 30 minutes.

15. Place the gel on an UV transilluminator and
examine the migration of digested DNA.
The gel may also be photographed for doc-
umentation.

4.1.4. Southern Transfer

Denaturation and Blotting23

1. Place the gel in an appropriate tray/con-
tainer and carefully trim away any unused
portions of the gel.

2. Perform acid depurination to partially hy-
drolyze the gel. Submerge the gel in sever-
al volumes of Southern Transfer Depuri-
nation Solution24 for 30 minutes. Due to
the acid treatment Bromophenol blue dye
will turn yellow. The Bromophenol blue
colour shift may be used as a control/indi-
cator of acid depurination process.

3. After acid depurination, denature the DNA
by submersing the gel in several volumes
of Southern Transfer Denaturing and
Transfer Solution25 and incubating at room
temperature for 30 minutes under constant
agitation.

4. The colour of bromophenol blue shifts back
from yellow to blue due to alkaline South-
ern Transfer Denaturing and Transfer So-
lution25.

5. Carefully invert the gel so that its original
under side is uppermost and place it on a
Whatman No. 3 filter paper wick that has
been saturated with Southern Transfer De-
naturing and Transfer Solution25.

6. Place the gel on a glass plate, filter paper
wick facing down and then place the glass
plate in a tray/container filled with Transfer
Denaturing and Transfer Solution25 in
such a way that only filter wicks touches
the transfer solution. Squeeze out any bub-
bles between the gel and filter paper wick.

7. Carefully align one side of the nitro cellu-
lose (marked side down) membrane to one
edge to the gel and then gently place it on
to the gel. Remove any air bubble forms
between the gel and the nitro cellulose
membrane.

8. Cut 4 pieces of Whatman No. 3 filter paper
to the gel size. Saturate the two filter paper
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pieces with distilled water and place them
on the nitro cellulose sheet.

9. Place the remaining two dry pieces of filter
paper on top of wet filter papers and re-
move air bubbles carefully.

10. Immediately place a stack of paper towels
on top of filter papers followed by an ap-
propriate size glass plate. On the top of the
glass plate place a weight of 500 g, make
sure the weight is distributed evenly over
the entire area of the stack.

11. Allow the transfer to proceed at room tem-
perature for 6 to 8 hours or overnight.

12. Using a pair of forceps dissemble the trans-
fer apparatus/stack and remove the cellu-
lose membrane.

13. Neutralize the membrane by submerging it
in Southern Transfer Neutralization So-
lution26 for 5 minutes.

14. Transfer the membrane to a dish contain-
ing 2X SSC29a and submerge for 2 minutes.

15. Place membrane between two sheets of
Whatman No. 3 filter paper in a vacuum
oven at 80 oC for 1 hour or until dry.

16. Membrane may be stored overnight by cov-
ering with a Whatman No. 3 filter paper and
placing in dry place at room temperature.

4.1.5. DNA Hybridization27

1. Prepare 40 ml Prehybridization Solution28

(~0.1 ml solution/cm2 membrane).
2. Submerge the baked membrane in distilled

water for 2 minutes.
3. Handle the baked membrane edges with

forceps and transfer it in sealable plastic
pouch.

4. Add Prehybridization Solution to the pouch,
squeeze any air out and seal the pouch us-
ing a heat sealer (make double seal).

5. Place the sealed pouch in a container filled
with water heated to 60 oC and then incu-
bate in a shaking water bath at 60 oC for 2-4
hours.

6. Prepare 10 ml Hybridization Solution28 (~0.025
ml solution/cm2 membrane) and add 100  μl
biotin labelled denatured DNA Probe (that
is,10  μl probe/ml of Hybridization solution).
(For denaturation, aliquot a calculated
volume of probe solution into a tube. Heat
the tube to 95 oC for 5 minutes in a dry
bath or in a thermal cycler and then im-
mediately cool it on ice. Add hybridiza-

tion Solution to the probe just prior to
use).

7. At the end of prehybridization, remove the
pouch from the water bath, cut one side
and remove the prehybridization solution.

8. Add Hybridization Solution28 containing
denatured probe to the pouch, squeeze out
any air introduced during this process and
re-seal the pouch with a heat sealer.

9. Place the sealed pouch in container filled
with water pre-heated to 60 oC and incu-
bate in a shacking water bath at 60 oC over-
night with gentle shaking.

10. Prepare Hybridization Wash Solutions29&30

and store in a closed container. Pre-warm
the solutions to 60 oC before use.

11. At the end of hybridization remove the
membrane pouch and cut one side to remove
the membrane. Handle the membrane with for-
ceps. Do not touch membrane with hand.

12. Wash the membrane in Hybridization Wash
Solution No. 129 briefly (a 400 cm2 mem-
brane will require 300 ml Wash Solution).

13. Repeat the wash twice in Hybridization
Wash Solution No. 1.

14. Transfer the membrane in Hybridization
Wash Solution No. 230 using forceps, close
the container and incubate at 60 oC in a
shaking water bath for 5 minutes.

15. Repeat the wash twice in Hybridization
Wash solution No. 2.

4.1.6. Colour Development and
Autoradiography

Colour Development

1. Prepare Avidin - Horseradish Peroxidase -
Complex solution by adding 50 μl of Bioti-
nylated Horseradish-Peroxidase and 50 μl
of Avidin probe to 40 ml of Colour Devel-
opment Buffer A31.

2. Incubate the Avidin-Horseradish Peroxi-
dase-Complex Solution at room temperature
for 30 minutes.

3. Using forceps transfer the membrane from
Hybridization Wash Solution No. 2 con-
tainer to a container of Colour Develop-
ment Buffer A31, make sure the entire mem-
brane is submersed in the buffer. Incubate
at room temperature for 5 minutes with gen-
tle shaking.

4. After 5 minutes discard the Colour Devel-
opment Buffer A31 and using forceps trans-
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fer the membrane into a sealable plastic
pouch.

5. Immediately pipette the Avidin-Horserad-
ish Peroxidase-Complex solution into the
plastic pouch and squeeze out any air en-
tered during this process. Seal the pouch
and incubate at room temperature for 40-60
minutes with gentle agitation.

7. Using forceps remove the membrane from
the plastic pouch and transfer to a contain-
er filled with 300 ml of Colour Develop-
ment Buffer B32. Incubate at room tempera-
ture for 5 minutes with gentle agitation.

8. Wash the membrane four additional times
in Colour Development Buffer B32. A total
of 5 washes.

9. Prepare a 400 ml 1:20 solution of reconsti-
tuted TMB (3,3', 5,5;-tetramethylbenzidine)
Chromogen (2 mg/1 ml TMB in 100% etha-
nol) and Colour Development Buffer C33.
Keep the solution on ice.

10. Transfer the membrane to a container filled
with 300 ml of Colour Development Buffer
C and incubate for 5 minutes at room tem-
perature with gentle agitation.

11. Discard Colour Development Buffer C and
pour half (200 ml) of the Chromogen/Buffer
C solution (prepared in step 9) on the mem-
brane. To avoid photo-oxidation of TMB,
protect the container from light. Incubate
at room temperature for 5 minutes with gen-
tle agitation.

12. To the second half of the Chromogen/Buff-
er C solution add 90 μl of 3% Hydrogen
Peroxide34 (0.0014% final concentration).

13. Proceed immediately, using forceps trans-
fer the membrane to a clean empty contain-
er and then add the Chromogen-Buffer C-
Hydrogen Peroxide solution. Incubate at
room temperature for about 30 minutes with
gentle agitation and protected from light.
Make sure the entire membrane is covered
with solution.

14. When optimal contrast is achieved, stop
the colour development reaction by drain-
ing the chromogen Buffer C- Hydrogen
Peroxide solution from the membrane. Rinse
the membrane and container with distilled
water.

15. Add fresh distilled water to fill the contain-
er and incubate for 30 to 60 minutes at room
temperature with gentle agitation.

16. Store the membrane dampened with dis-
tilled water in a sealed pouch in the dark.

(For long term storage, wash the membrane 5
times for 30 minutes in distilled water to remove
remaining free (unreacted) TMB trapped in the
membrane and then store in a sealed plastic pouch
protected from light. Unremoved free TMB will
photo-oxidize and darken the background.

Alternatively, membrane may be air-dried and
stored in the dark. Photograph while wet or Pho-
tocopy the dried membrane for documentation.

Autoradiography

Alternatively, the DNA probe(s) may be ra-
dioactively labelled, often with 32P for detection.
The radioactively labelled probes are detected
using X- ray film and the process is commonly
referred to as autoradiography. Typically, an X-
ray film is placed against the gel or blot carrying
the hybridized radiolabeled DNA probe over-
night. The beta particles emitted by radiolabeled
probe penetrates the X- ray film emulsion to a
depth proportional to the particle’s energy. The
beta particles passing through the film activates
the silver halide crystals in the X- ray film emul-
sion and when the X- ray film is developed, the
activated crystals are reduced to form black sil-
ver grains, which produces a permanent record
of the positions and relative intensities of radio-
labeled bands in a gel or blot.

1. Place the blot against an unexposed X-
ray film in a film cassette. It is important
that an intensifying screen is placed over
the X-ray film, to enhance the signal
strength.

2. Incubate the cassette at -70 oC, preferably
overnight.

3. After the appropriate exposure allow cas-
sette to warm to room temperature to pre-
vent condensation upon opening the
cassette.

4. In a dark room open the film cassette and
place the film in developer solution for 5-
10 minutes with gentle agitation.

5. Rinse briefly in water and then place in
fixer solution for 10 minutes.

6. After fixing rinse the X- ray film in water
and view under normal light.

4.1.7. Interpretation of Photograph or
Autoradiographs

Interpret the results from the photograph, if
chromogenic staining is used- or from autorad-
iograph if autoradiography is used- for probe
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detection. A control DNA sample of known pro-
file should always be included in the experiment
for a comparative analysis, to determine that all
the steps were performed precisely and accu-
rately. The results on photograph or autoradio-
graph developed by multi-locus and/or locus
specific probes are analyzed as per the objec-
tive of the DNA profiling test. The known and
unknown samples are run in different lanes in
parallel and the bands on the photograph or
autoradiograph are examined to determine “ the
match” of unknown sample and the known
sample(s) by visual inspection (size and loca-
tion of the bands measured manually) or using a
computer connected digitizer. A match is said to
occur if the sizes and number of the detected
RFLP bands in the known sample lane and un-
known sample lane are indistinguishable or are
within a permissible degree of error. If a match is
found, it is important to determining the likeli-
hood of the match by random chance or in other
word the likelihood that the match is unique. The
likelihood tests are performed by generating the
probe specific allele frequency data in relevant
population(s). The population studies to deter-
mine the allele frequencies should utilized the
same methodology as used in the DNA profiling.

4.2. Advantages and Limitations

The greatest advantage of RFLP based DNA
profiling is that the classical VNTR regions/loci
are highly polymorphic and shows a very high
degree of allelic variability. Therefore, identical
DNA profile of two unrelated individuals are ex-
tremely unlikely. However, there are several in-
herent weakness of a RFLP based analysis,
which includes (i) large restriction fragments with
small variation in their size/molecular weight are
often difficult to separate clearly on a electro-
phoresis gel, which makes correct identification
of the variant(s) harder and error prone, espe-
cially if the samples were analyzed on separate
gels; (ii) high molecular weight DNA is essential
for successful RFLP-based DNA profiling; and
(iii) large amount (at least 20 nanogram) of high-
ly purified DNA is required for RFLP analysis.
These limitations restrict the successful use of
this methodology in medico-legal cases where
the sample(s) are limited and are often degrad-
ed. For example, DNA extracted from blood
stains, semen stains and stains of other body
fluids collected from crime scenes, are often limit-
ed and degraded. Furthermore, the interaction

of DNA molecules  with co-extracts from the
background, for example dyes from cloths or
other contaminants lifted from the crime exhibits
may alter the DNA’s molecular configuration
and/or molecular weight, which consequently
will affect the migration rate of the restriction
fragments on an analytical gel.

5.  MODERN  DNA
PROFILING – TECHNOLOGY

Modern forensic DNA profiling methodolo-
gies uses short tandem repeat (STR) loci, also
commonly referred as microsatellites, instead of
larger VNTRs. The STR loci are highly polymor-
phic and contains a repeated nucleotide se-
quence, that is two to seven nucleotides in
length. The numbers of nucleotides per repeat
unit are mostly same in the entire length of the
STR locus. However, the number of repeat units
may differ and hence making the loci highly poly-
morphic in their lengths (Fan and Chu 2007;
Moretti et al. 2017; Tautz 1989). In a STR based
DNA profiling, the STR loci/region(s) are first
amplified by polymerase chain reaction (PCR),
that produces millions of copies of the desired
DNA templet for downstream analysis of the al-
lelic length(s).  Under predefined conditions, the
PCR technology allows simultaneous primer ex-
tension of the two complementary stands of DNA
and thereby produce several million copies of a
specific DNA sequence within a few hours.

5.1. Basic Component of Polymerase Chain
Reaction

1. DNA sample(s) to be analyzed,
2. DNA polymerase (an enzyme to synthe-

size complementary copies of the DNA
templet),

3. The four-deoxyribonucleoside triphos-
phates (dNTPs).

4. Two small oligonucleotides (single-
stranded DNA molecules), commonly re-
ferred to as primers, usually 18-30 nucle-
otides long and are designed to hybridize
the DNA templet on opposite strands, on
each side of the region of interest in a
sequence specific manner.

PCR amplification of the sample DNA
 typically involves:

1. Initial Preparation: (1) Design and syn-
thesis of primer oligos that are comple-
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mentary and specific to the regions flank-
ing the DNA amplicon (DNA segment to
be amplified). The designed primers may
be obtained from a commercial source. (2)
Quantified DNA sample isolated from bi-
ological evidence/source. It is also im-
portant to note that under special circum-
stances, partially purified or un-purified
DNA may be successfully amplified us-
ing PCR technique. (3) Acquire other nec-
essary reagents such as DNA polymerase
enzyme, four dNTPs and PCR reaction
buffer. All these reagents are commercial-
ly available.

2. Preparing the PCR Reaction Mix:  To a
suitable amount of purified DNA sample
add a premixed volume of the reaction
mixture containing measured quantities
of  complementary primer pair, four dNTPs
(equal amounts of dATP, dCTP, dGTP, and
dITP), reaction buffer, and DNA poly-
merase. Mix the reaction volume by gen-
tle pipetting.

3. PCR Reaction:  Mount the tubes or plate
containing the PCR reaction mix on a ther-
mal cycler (PCR machine), programmed
with predefined suitable temperature con-
ditions and number of cycles (usually 25-
35 cycles). A typical PCR cycle involve
three steps: (1) denaturation of the DNA
templet, which is accomplished by heat-
ing the PCR reaction mix to about 94 oC
for a brief period (0.5 to 1 minute; specific
to each PCR reaction); (2) followed by
primer annealing at a temperature and time
specific to the primer pair used (usually
range from 56 oC to 62 oC for 0.5 to 1
minute.); and (3) primer extension/DNA
synthesis at about 72 oC. Usually an ini-
tial (one time) brief denaturation (before
the PCR cycles) and a final DNA exten-
sion, after the completion of PCR cycles
are also added. Theoretically, each PCR
cycle doubles the quantity of targeted
DNA.

5.2. Analysis of Amplified DNA

The STR’s allelic size are determined by elec-
trophoretic analysis of the PCR products/ampl-
icon. Sophisticated genetic analyzers and com-
puter-based programs are now available and
being used in the analysis of PCR amplified

polymorphic STR loci and while directly com-
paring them with DNA molecules of known size
that co-migrate with the PCR products on the
gel. The studies of dinucleotide STR loci has
shown that the Taq DNA polymerase enzyme
used in the PCR amplification of the dinucle-
otide STR loci, regularly ‘slips’ during the reac-
tion and produce artefactual stutter bands 2 bp
apart, same as the genuine allele of such locus.
These stutter bands make unambiguous allele
designation difficult and therefore severely limit
the reliable interpretation of such loci. Within a
forensic setting the integrity of the amplifica-
tion and the clarity of the result are of paramount
importance, hence, dinucleotide STRs are gen-
erally avoided in a forensic analysis. Tetranu-
cleotide repeat loci, however, have wider allele
spacing and are significantly less prone to en-
zyme slippage thus making them significantly
more suitable for routine forensic identification.
Some tetranucleotide repeat loci display not only
alleles differing in size by 4 bp but also interme-
diate alleles differing in size by 2 bp. This in-
creases the discrimination power of such loci,
almost similar to the dinucleotide repeat loci but
without the associated limitations. Like the sin-
gle locus probe, single STR locus provide limit-
ed discriminatory power in identifying an indi-
vidual. It is therefore a multiplex or a number of
STR loci are analyzed to obtain a discrimination
potential robust enough for forensic identifica-
tion.

Multicolor dye technology and automation
allows multiplexing of the STR loci, including
loci that have alleles of overlapping size, and
therefore multiple STR loci can be analyzed in a
single lane of an electrophoresis gel or capillary
injection. The alleles of the STR loci that are
very similar or same in size are distinguished by
labeling the locus-specific primers with differ-
ent florescent dyes. In a STR multiplex reaction
by experimental design only one primer in a pair
is labeled, and therefore the automated DNA
analyzer detects DNA fragments amplified from
only one strand of the DNA, eliminating the
doublets that may arise from the different mobil-
ity of complementary strands, that are often ob-
served during the manual gel staining and de-
tection procedure. Using automated DNA ana-
lyzers and locus specific florescent labelling,
hundreds of loci can be analyzed in a single day.
Therefore, automation and multiplex STR kits
dramatic increase the productivity as compared
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to a manual gel staining technique, which visu-
alize all PCR products in the same color. Addi-
tionally, the use of an internal size standard elim-
inates the need to run multiple lanes of the allel-
ic ladder, thus allowing analysis of more sam-
ples in a single run.

5.3. STR Multiplex Kit

There are a number of fluorescent labeled
STR multiplex kits available commercially for dif-
ferent application. For example, ThermoFisher
Scientific offers a number of such kits for foren-
sic applications. (1) GlobalFiler kits, which in-
cludes GlobalFiler, GlobalFiler IQC and Global-
Filer Express and assays 24 STR markers in a
single multiplex reaction using 6 fluorescent
dyes. The GlobalFiler kits contain all markers
recommended in the Combined DNA Index Sys-
tem (CODIS) by the Core Loci Working Group
and those commonly used in Europe. (2) VeriFil-
er kits includes VeriFiler Plus and VeriFiler Ex-
press PCR Amplification kits and are designed
for challenging forensic samples. These kits uti-
lize 6-dye STR chemistry and includes 25 markers
- 23 autosomal STRs, and two gender discrimina-
tion markers. (3) Yfiler Plus kit uses 6-Dye tech-
nology and contains 27 Y chromosome STR mark-
ers. (4) AmpFlSTR Identifiler kits, includes Amp-
FlSTR Identifiler Plus and AmpFlSTR Identifiler
Direct kits and assays 15 STR (tetranucleotide
repeat) loci and a gender-determining marker in a
single PCR amplification  reaction.

Here we describe a detailed STR multiplex
analysis protocol using AmpFlSTR Identifiler
Plus kit. The primer sequences in the AmpFlSTR
Identifiler Plus kit are maintained to allow geno-
typing concordance with the samples typed pre-
viously using an older generation of STR multi-
plex kits such as Identifiler, Profiler Plus, COfiler,
or SGM Plus kits, and therefore facilitate com-
parison of current samples with existing data-
bases. The key features of this kit are detailed
below:

1. All thirteen CODIS required loci, impor-
tant for known offender databasing in the
United States are included in this kit.

2. Additional two loci, D2S1338 and
D19S433, consistent with the AmpFlSTR
® SGM Plus™ PCR Amplification Kit and
ensure compatibility with additional glo-
bal database requirements are also includ-
ed in this kit.

3. The 15 STR loci included in AmpFlSTR
Identifiler Plus kit are consistent with sev-
eral worldwide database recommendations.

The locus information (Table 2) and detailed
PCR amplification and analysis protocol using
ABI Prism 3730 Genetic Analyzer is described
below:

5.3.1. PCR Amplification of Targeted STR loci
Using AmpFlSTR® Identifiler™ Kit

1. To prepare AmpFlSTR® Identifiler plus
master mix, add the following quantities
of regents in a 1.5 ml micro-centrifuge tube.

Reagents Volume
per

 reaction

AmpFlSTR® Identifiler® 10.0 μl
Plus  Master Mix
AmpFlSTR® Identifiler® Primer Set   5.0 μl

Note:Include additional volume to accommo
date loss of reagent during pipetting.

2. Mix the reagents by vortexing at medium
speed for 3 seconds and then centrifuge
briefly.

3. Dispense 15 μl of the prepared master mix
into each PCR tubes or reaction well of a
96 well PCR plate.

4. Add DNA samples as detailed below. The
final volume of each PCR reaction should
be 25 μl.

DNA sample Volume per reaction

Negative control 10.0 μ l  of low TE buffer
(10mM  Tris, 0.1mM EDTA,
pH 8.0).

Test sample 10.0 μl of  DNA sample dilut-
ed in low  TE at 0.1 ng/μl
(total 1 ng of DNA)

Positive control 10 μl of 9947A control DNA
supplied with the kit (0.1 ng/
μl).

5. Cap the PCR tubes or seal the 96 well PCR
plate with an appropriate seal compatible
for PCR.

6. Vortex the reaction tubes/PCR plate for 3
seconds at medium speed and then cen-
trifuge at 3000 rpm for 20 seconds to re-
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move any air bubbles introduced in the
process.

PCR Cycling Condition

1. Place each reaction tube/PCR plate con-
taining 25μl of final reaction volume in a
thermal cycler and set up the cycling con-
dition as follows:

Initial Dena- Anneal  Final  Final
incub-  ture   and exten-  step
ation extend  sion
step  step

HOLD  Cycle (28-29 HOLD HOLD
      cycles)

95 oC 94 oC 59 oC 60 oC 4 oC
11 min 20 sec 3 min 10 min Up to

24 h

2. Close the thermal cycler’s heated lid and
start the PCR run.

3. On completion, proceed to electrophore-
sis/analysis on an automated genetic an-
alyzer such as 3730/3730xl, 3100/3100-
Avant, 3130/3130xl or 3500/3500xl.

4. The amplified DNA may be stored pro-
tected from light at 2-8 oC up to 2 weeks or
at -20 oC for more than 2 weeks.

5.3.2. Preparation of Amplified Samples and
AmpFlSTR Identifiler Plus Allelic Ladder for
Analysis on Automatic 3730 Genetic Analyzer

1. Add 8.7 μl of Hi-Di™ Formamide and 0.3
μl of GeneScan™-500 LIZ® Size Standard
per reaction in a single microcentrifuge
tube. Additional volume may be prepared to
accommodate pipetting loss as shown below:
(Number of samples + 2) × 8.7 μl Hi-Di
Formamide
(Number of samples + 2) × 0.3 μl GeneS-
can-500 LIZ Size Standard

2. Vortex the Hi-Di™ Formamide and GeneS-
can™-500 LIZ® Size Standard mix and
then centrifuge briefly.

3. Dispense 9 μl of the Hi-Di Formamide and
GeneScan-500 LIZ mix into each well of
the Genetic Analyzer sample plate.

4. Add 1 μl of the PCR product or AmpFl-
STR Identifiler Plus Allelic Ladder to the
plate well and mix by pipetting 4-6 times.
Note: Make sure to include at least one
injection of AmpFlSTR® Identifile® Plus
Allelic Ladder per 16 samples.

5. Seal the sample plate with appropriate septa
or heat seal (see analyzer heat seal options).

6. Vortex the sample plate for 3 seconds at
medium speed and then centrifuge briefly.

Table 2: Locus information of AmpFlSTR® Identifiler® Plus PCR Amplification Kit

Locus name Chromosome Alleles included in Identifiler® Plus Allelic Ladder Dye label
 location

D8S1179 8 8, 9 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 6-FAM™
D21S11 21q11.2-q21 24, 24.2, 25, 26, 27, 28, 28.2, 29, 29.2, 30, 30.2, 31, 6-FAM™

  31.2, 32, 32.2, 33, 33.2, 34, 34.2, 35, 35.2, 36, 37, 38
D7S820 7q11.21-22 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 6-FAM™
CSF1PO 5q33.3-34 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 6-FAM™
D3S1358 3p 12, 13, 14, 15, 16, 17, 18, 19 VIC®
TH01 11p15.5 4, 5, 6, 7, 8, 9, 9.3, 10, 11, 13.3 VIC®
D13S317 13q22-31 8, 9, 10, 11, 12, 13, 14, 15 VIC®
D16S539 16q24-qter 5, 8, 9, 10, 11, 12,13, 14, 15 VIC®
D2S1338 2q35-37.1 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28 VIC®
D19S433 19q12-13.1 9, 10, 11, 12, 12.2, 13, 13.2, 14, 14.2, 15, 15.2, 16, 16. NED™

  2, 17, 17.2
vWA 12p12-pter 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 NED™
TPOX 2p23-2per 6, 7, 8, 9, 10, 11, 12, 13 NED™
D18S51 18q21.3 7, 9, 10, 10.2, 11, 12, 13, 13.2, 14, 14.2, 15, 16, 17, NED™

  18, 19, 20, 21, 22, 23, 24, 25, 26, 27
Amelogenin X:  p22.1-22.3Y: X, Y PET®

  p11.2
D5S818 5q21-31 7, 8, 9, 10, 11, 12, 13, 14, 15, 16 PET®
FGA 4q28 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 26.2, 27, 28, 29, PET®

  30, 30.2, 31.2, 32.2, 33.2, 42.2, 43.2, 44.2, 45.2, 46.2,
  47.2, 48.2, 50.2, 51.2

Source: AmpFlSTR® Identifiler® Plus PCR Amplification Kit user guide, ThermoFisher Scientific.
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7. Denature the samples for 3 minutes at 95
°C in a thermal cycler and then chill on ice
for at least 3 minutes. The samples are now
ready for fragment length analysis on an
automated genetic analyzer.

5.3.3. Loading Samples Plate to 3730 Genetic
Analyzer for Analysis

Before loading the plate into the autosam-
pler of the analyzer create a plate record for the
analysis to be carried out. A general method of
creating plate record on a 3730 analyzer is de-
scribed below (For different analyzer, please
refer to the analyzer manual):

Creating GeneMapper Plate Record for
Auto-analysis

1. Launch the Data Collection Software and
in the Tree pane, click GA Instruments >
ga3730 > Plate Manager.

2. In the New Plate Dialog box, complete the
following information and then select OK.

a) Plate ID
b) Plate name and description. The descrip-

tion is optional but may help adding the
relevant information to the run.

c) In the Application drop-down list, select
GeneMapper application.

d) In the Plate Type drop-down list, select
appropriate plate type (96-well or 384-well).

e) If analyzing more than one plate, the rele-
vant plate scheduling information is en-
tered.

f) Select the relevant Heat Seal or Septa Seal
option, enter owner and operator names.

3.  This will open the GeneMapper Plate Ed-
itor dialogue box. Complete the following
records in the GeneMapper Plate Editor
table.

a) Sample Names:  enter relevant sample ID/
names

b) Comments:  any additional information
or notations for the sample may be record-
ed in this column.

c) Sample Type Column:  from the drop-
down list, select the applicable sample
type.

d) Size Standard Column:  from the drop-down
list, select an appropriate size standard.

e) Panel column:  select an applicable panel.
f) Analysis Method Column: from the drop-

down list, select an appropriate analysis
method.

g) Enter relevant information in the User-
Defined columns 1 to 3.

h) Results Group 1 Column:  from the drop-
down list, select an applicable result group.

i) Instrument Protocol 1 Column:  from the
drop-down list, select an appropriate
protocol.

4. Complete the aforesaid records for each
sample and then select “OK” to save and
close the plate record.

5. Assemble the plate cassette using appro-
priate assembly components (specific for
96 well or 384 well plate). Each assembly
will include, a Plate retainer, a Plate sep-
tum (if septa is used), the Sample plate
and a Base plate.

6. Place the assembled plate cassette in the
instrument stacker drawer. Make sure the
plate is in the “In Stack tower”.

7. For scheduling runs:  Go to the Tree pane
of the Data Collection Software and se-
lect the following sequence.
GA Instruments > ga3730 > instrument
name > Run Scheduler.
(You may schedule a run or runs using
either manual mode or auto mode. Both
modes and their features are described
below.)

8. To select a run mode, follow the command
sequence:  Run Scheduler > Instrument >
Instrument Name > Run mode (Auto or
Manual)

The Manual Mode

Features

a) Allows adding the sample plates in the
plate stacker individually and at different
times. Runs are scheduled in the order
sample plates were added in the stack.

b) An inbuilt plate barcode reader is not re-
quired to link the sample plates to plate
records in the local database.

c) Plates need not be barcoded.
1. To Schedule the run(s) in Manual Mode:
a) Click the Run Scheduler icon and follow

the command sequence:  Select Instru-
ment > Instrument Name > Manual mode.

b) In the Run Schedular window, search the
plate record(s) created before.
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c) Select the desired plate record(s) and then
add to the scheduled run(s). Make sure
the order of the added plate records
matches the order of plates in the In-Stack
tower. The bottom plate runs first.

d) Select “done” to close the Add Plates di-
alog box.
Note: The order of the plate record must
match the order of the plates in the In-
Stack tower.

The Automatic Mode

Features

a) Plates must be barcoded.
b) Analyzer’s inbuilt barcode reader is nec-

essary to link the sample plates to the cor-
rect plate records in the local database.

c) Sample plates may be added to the In
Stack in any order.

d) Sample plates can be added or removed at
any time while the analyzer is in operation
except when the autosampler is operational.

1. To schedule the run(s) in Auto mode:
a) Click the Run Scheduler icon and follow

the command sequence:  Select Instru-
ment > Instrument Name > Auto mode.

b) You may notice that the Up, and Down
search buttons are no longer available as
they were in Manual mode. The Add Plate
(Scan or Type Plate ID) option is also dis-
abled.

c) Place the sample plate(s) in the In-Stack
tower in any order. Remember that the
bottom plate will run first, and the top plate
will run last.

d) Press green button to start the run.
Notes:  After the run completion, results
are stored in a location specified in the
result group. The genotyping analysis of
the data is performed using GeneMapper
software.

6.  MITOCHONDRIAL  DNA  ANALYSIS
FOR  FORENSIC  IDENTIFICATION

The analysis of mitochondrial DNA (mtDNA)
variations is fast gaining ground; both in the
judicial system, for personal identification, and
in anthropological and archaeological phyloge-

netic investigations. Due to its high abundance
in the cells, mtDNA sequencing has often prov-
en successful in cases where biological evidence
is degraded and/or available in very small quan-
tity, not sufficient for an autosomal marker’s anal-
ysis. Because of its maternal inheritance, mtD-
NA variations allows construction of matrilineal
genealogies and are often used in missing per-
son cases when skeletonized remains are recov-
ered and compared to samples from the maternal
relatives or personal effects of missing individ-
uals. Similarly, in medico-legal cases where hairs,
bones or teeth are the only evidence recovered,
mtDNA variation analysis is often used to ex-
clude suspects. Due to high mutation rate, mtD-
NA is highly variable particularly in its D-Loop
region also known as hyper variable region I
(HVR-I) and hyper variable region II (HVR-II),
and therefore it is highly unlikely that two ma-
ternally unrelated individuals shares the same
mtDNA variants profile. About half of the mtD-
NA variation is confined within its two hyper
variable non-coding regions encompassing
about just 750 base pairs and therefore these
regions are of special interest in personal identi-
fication/DNA profiling analysis.

Here in this chapter we have discussed in
detail a methodology of sequencing mtDNA
HVR-I, including the interpretation of results,
the phenomenon of heteroplasmy and mtDNA
variation and population genetic analysis.

The protocol described earlier in this chap-
ter for the extraction of DNA from various bio-
logical tissue sources, co extract both nuclear
as well as mitochondrial DNA, which after qual-
ity and quantity check and proper dilution can
be used for PCR amplification of mtDNA  HVR-I
or other regions of interest.

6.1.  PCR Amplification of the mtDNA HVR-I
(D-Loop) Region

Primer specific to mitochondrial HVR-I region
HVR 1F: 5’ TCA TTG GAC AAG TAG CAT CC 3’

HVR 1R: 5’ GAG TGG TTA ATA GGG TGA TAG 3’
1. Prepare the PCR master mix by adding

the following quantities of PCR regents
into a 1.5 ml micro-centrifuge tube. Alter-
natively, commercially available ready to
use PCR master mix may be used. If us-
ing commercial ready to use master mix,
follow the manufacturer protocol.
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Reagents Volume per reaction

10X PCR buffer 1.0 μl
dNTPs (2.5mM each) 0.5 μl
Forward Primer (10 pM/μl) 0.2 μl
Reverse Primer (10 pM/μl) 0.2 μl
Taq DNA Polymerase (5U/μl) 0.2 μl
Ultrapure Water 6.9 μl

2. Vortex the master mix at medium speed for 3
seconds and then centrifuge briefly.

3. Dispense 9 μl of the prepared master mix
into each PCR tubes or reaction well of a
96 well PCR plate.

4. Add 1.0 μl (~ 10 ng/μl) of DNA sample to
each PCR tube/well. The final volume of
each PCR reaction should be 10 μl.

PCR Cycling Condition

1. Place each reaction tube/plate contain-
ing 10 μl of PCR reaction mix/well in a
thermal cycler and set up the PCR cy-
cling conditions as detailed below:
Initial Dena- Ann- Ext- Final Final
incub- ture  eal end exten- step
ation sion
step

HOLD     Cycle (28-29 HOLD HOLD
       cycles)

95 oC 94 oC 60 oC 72 oC 72 oC 4 oC
1 min 30 sec 1 min 2 min 7 min Up to

24 h

2. Close the thermal cycler’s heated cover
and start the PCR run.

3. On completion of the PCR cycles, check
the quality of the amplicon by agarose
gel electrophoresis as detailed below and
then proceed to PCR clean-up and cycle
sequencing reaction.

a) Aliquot 1 to 2 μl of the amplicon (sample
from PCR product) in a tube(s) and mix
with equal volume of the 6X Loading dye.

b) Perform DNA quality check electrophore-
sis using 2% agarose gel as described in
section 3.2. A good amplicon will appear
as a crisp single band on the test gel.

c) If the amplification was successful, pro-
ceed to PCR clean-up and then to cycle
sequencing reaction.

4. The amplified DNA may be stored at 2-8
oC up to 2 weeks or at -20 oC for longer
period.

6.2. PCR Cleanup

Before proceeding to the cycle sequencing
reaction, it is essential to purify the PCR ampli-
con to remove any residual (unincorporated)
PCR reagents. Any of the following strategies
shown in the schematic diagram below can be
used to purify the PCR amplicon for cycle se-
quencing reaction.

Each PCR cleanup method shown in the
schematic above has their own advantages and
disadvantages depending upon quality of the
PCR amplicon and kind of application involved.
We have extensively used enzymatic clean-up
and simple dilution strategies in our work. Here
we describe the Exo I/SAP enzymatic cleanup
strategy in detail.

1. Prepare an enzymatic cleanup mix by add-
ing following quantities of each reagents
per sample into a 1.5 ml micro-centrifuge
tube:

Reagents Volume per reaction

Ultrapure Water 7.5 μl
Exonuclease I (10 U/μl) 0.5μl
Shrimp Alkaline Phosphatase (1 U/μl)0.5 μl

2. Aliquot 8.5 μl of the enzymatic cleanup
mix into new -tubes or -plate wells.

3. Add 8 μl of the PCR amplicon (PCR prod-
uct) to the enzymatic cleanup reaction
mix.

4. Incubate the reaction tube/plate at 37 °C
for 30 minutes and then at 80 °C for 15
minutes in a thermal cycler.

5. After the Exo I/SAP enzymatic reaction,
clean-up the amplicon by ethanol pre-
cipitation as detailed below.

a) Add 0.1 volumes of 3M Sodium Acetate
(that is, 1.65μl in the 16.5 μl reaction) and
then 2.0 volumes of pre-chilled (-20 oC)

ENZYMATIC
(Exo I/SAP)

COLUMN
(Commercially

Available DILUTION

GEL BASED
PURIFICATION

s

CYCLE SEQUENCING REACTION
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95% ethanol (that is,33μl) to each reac-
tion well.

b) Mix the tube content well and then cen-
trifuge at 4000 rpm for 30 minutes in a
refrigerated (4 oC) centrifuge.

c) After centrifugation, invert the tubes/
plate to decant excess ethanol.

d) Gently blot the tubes/plate on an absor-
bent paper pad (for example, folded pa-
per towels). Be very careful, not to dis-
rupt the precipitated DNA pellet. The
DNA pellet may not be visible.

e) Wash the DNA pallet with 100 μl of ice
cold 70% ethanol (preferably, pre-chilled
in a –20 °C freezer and removed just prior
to use). Centrifuge at 4000 rpm for 10 min-
utes. Decant the excess ethanol and then
briefly reverse spin at 500 rpm for 30 sec-
onds to dry the DNA pallet.

6. Resuspend the dried DNA amplicon in 1
volume of Ultrapure water and determine
the quality and quantity of the amplicon
by gel electrophoresis.

6.3. Cycle Sequencing of the PCR Product

Set-up the Cycle Sequencing Reaction using
commercially available Big Dye terminator kit.

Note: The kits described in the following
steps of DNA sequencing are commercial-
ly available from ThermoFisher Scientific.

1. Thaw BigDye™ Terminator Cycle Se-
quencing Kit components and the
primer(s) to be used for sequencing at
room temperature, make sure the entire
content of each tube is completely thawed
and then immediately store on ice.

2. Vortex the tubes at medium speed for 3 sec-
onds each, and then centrifuge briefly.

3. Prepare the Cycle Sequencing master mix
by adding following quantities of each re-
agents into a 1.5 ml micro-centrifuge tube.

Reagents Volume per reaction

BigDye™ Terminator 4.0 μl
Ready Reaction Mix (~3.2 μM)
Forward or Reverse primer 1.0 μl
Ultrapure Deionized water 4.0 μl

Note:Only one primer (either forward or reverse)
is to be used per cycle sequencing reaction.

4. Vortex the Cycle Sequencing master mix
tube at medium speed for 3 seconds, and
then centrifuge briefly.

5. Dispense 9.0 μl of the Cycle Sequencing
master mix into each reaction well of a 96
well sequencing plate. Prepare one well
for each cycle sequencing reaction.

6. Add 1.0 μl of the purified/cleaned PCR
amplicon per sample (containing about
150 to 300 ng of the purified PCR ampli-
con), to a reaction well containing 9 μl of
cycle sequencing master mix.
Note: The concentration of the purified
amplicon (template) may affect the cycle
sequencing reaction volume, if the tem-
plet is too dilute and more than 1μl is to
be used, adjust the volume of water to
keep the total reaction volume to 10 μl.

7. Seal the plate with appropriate adhesive
film or any other suitable plate sealer. Make
sure the plate seal is PCR compatible.

8. Vortex the cycle sequencing reaction
plate at medium speed for 3 seconds,
then centrifuge briefly.

9. Mount the cycle sequencing plate con-
taining 10 μl of the final reaction volume
per well on a thermal cycler and set up
the following cycling conditions:

Initial Dena- Ann- Ext- Final
Incub- ture  eal end Step
ation
Step

HOLD       Cycle (28-29 HOLD HOLD
            cycles)

96 oC 96 oC 50 oC 60 oC 4 oC
1 min 10 sec  5 sec  4 min Until

ready to
purify

Notes: Set thermal cycler ramp rate to 1 oC/
second. A shorter extension time may be used
for short templet.

10. After completion of the cycle sequenc-
ing reaction, remove the plate from the
thermal cycler and centrifuge briefly.

11. Proceed to purifying the cycle sequenc-
ing product.
Note: Cycle sequencing product is to be
purified to remove unincorporated prim-
ers, dNTPs/ddNTPs and primer dimers that
may have formed during the reaction.
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6.4 Purifying Cycle Sequencing Product

The following two methods are commonly used
in purifying cycle sequencing product. The first
method described here, uses a commercially avail-
able BigDye XTerminator TM Kit. To perform cy-
cle sequencing clean-up using the BigDye XTer-
minator TM Kit follow the steps detailed below:

1. Vortex the bottle of BigDye XTermina-
tor™ beads at full speed for 8 to 10 sec-
onds. Make sure the beads are fully and
uniformly resuspended in the solution.

2. Immediately prepare an appropriate
amount of SAM and BigDye XTermina-
tor™ beads working solution by mixing
the beads and SAM solution in follow-
ing proportions:

Reagents Volume per reaction

SAM solution 45.0 μl
BigDye XTerminatorTM 10.0 μl
Bead solution

3. Keep the SAM/BigDye XTerminator™
bead working solution on ice and well
mixed while pipetting.

4. Remove the Adhesive Film from the cy-
cle sequencing plate and then add 55 μl
of SAM/BigDye XTerminator™ bead
working solution to each reaction well.

5. Mix by pipetting 3-4 times.
6. Seal the plate with Adhesive Film or a

heat seal if the 3730 DNA analyzer is
equipped with heat seal piercing.

7. Vortex the sequencing plate at 1,800 rpm
for 20 minutes (Digital Vortex-Genie™ 2
is recommended).

8. Centrifuge the sequencing plate at 1,000
× g for 2 minutes in a swing bucket rotor.
Note:  The plate is now ready for se-
quencing on 3730 DNA analyzer. Alter-
natively, the sealed plate may be stored
at 4°C for up to 10 days or at –20°C for
longer period. The plates can be stored
at room temperature for up to 48 hours which
includes the time on the DNA analyzer.

Alternatively, the cycle sequencing reaction
may be purified by ethanol/EDTA precipitation
method. Please read the “notes” provided at the
end of these steps before starting.

1. Prepare sufficient volume of solution I
by diluting 125 mM EDTA in the ratio of
1:5 with ultrapure water.

2. Add 12 μl of solution I to each reaction
well containing 10 μl of the cycle sequenc-
ing product. Ensure well content is mixed
thoroughly.

3. Prepare sufficient volume of solution II
by adding 3M sodium acetate pH 5.2 and
absolute ethanol in 1:20 ratio, respectively.

4. Dispense 42 μl of the solution II into each
reaction well and seal the plate with a
clear adhesive seal.

5. Invert the plate a few times to mixes the
contents and incubate at room tempera-
ture for 15 minutes.

6. Centrifuge the plate at 3000 x g for 30
minutes and at room temperature.

7. After centrifugation, decant the super-
natant by inverting the plate on a stack
of 3-4 paper towels and then centrifuge
inverted up to 180 x g to remove residual
supernatant.

8. Add 100 μl of 70% ethanol, seal the plate
with clear adhesive seal and then centri-
fuge at 3000 x g for 10 minutes and at
room temperature.

9. Again, decant the supernatant by invert-
ing the plate on a paper towel stack and
then centrifuge inverted up to 180 x g to
remove residual supernatant.

10. Air or vacuum dry the purified cycle se-
quencing product pellet.

11. At this stage, a sealed plate may be
stored protected from light at 4 oC while
preparing the DNA analyzer for sequenc-
ing analysis or at -20 oC for a longer period.
Notes: (1) Consider an opened bottle of
absolute ethanol at 95% while preparing
70% ethanol (absolute ethanol absorbs
enough moisture once exposed to open
air). (2) Prepare 125 mM EDTA solution
from sterile 0.5 M EDTA pH 8.0, on a reg-
ular basis (at least weekly). (3) To make
10 ml 70% ethanol, add 7.5 ml of stock
ethanol (which is 95%) and 2.5 ml of ul-
trapure water. Prepare fresh 70% ethanol
daily. The 70% ethanol should be at room
temperature when added to the reaction.

6.5. DNA Sequencing Analysis on a 3730 DNA
Analyzer

Before scheduling a sequencing run, verify
the quality of the current matrix file and spectral
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calibrations. A new matrix file or spectral calibra-
tions may be generated by running appropriate
matrix and/or sequencing standards that are spe-
cific to your instrument. This information may
be found in your instrument’s manual/guide.
The existing mobility files can be used with the
respective instruments.

If ethanol/EDTA precipitation-based purifi-
cation was used, immediately before sequenc-
ing analysis, resuspend the purified and dried
sequencing reactions in 10 μl of Hi-Di™ Forma-
mide. Denature the DNA by heating the reaction
at 96 oC for 3 minutes in a heat block or thermal
cycler and then immediately chilling the plate on
ice. Keep the plate on ice until loaded on the
DNA analyzer for sequencing analysis.

Before loading the plate into the autosam-
pler of the DNA analyzer create a plate record
for the analysis to be carried out. A general meth-
od of creating plate record on a 3730 analyzer is
described below (For different analyzer, please
refer to the analyzer manual):

Creating a Sequencing Plate Record for
auto-analysis:

1. In the Data Collection Software’s Tree
pane, select the following in a sequence
detailed below.
GA Instruments > ga3730 > Plate Manager.

2. Complete the following information in the
New Plate Dialog box, and then select
OK.

a) Plate ID
b) Plate name and description. The descrip-

tion is optional but may help adding the
relevant information to the rum.

c) Select Sequence Analysis application
from the Application drop-down list.

d) Select an appropriate 96-well or 384-well
Plate Type from the drop-down list.

e) If analyzing more than one plate, the rel-
evant plate scheduling information is en-
tered.

f) Select the relevant Heat Seal or Septa Seal
option, enter owner and operator names
and then select OK.

3.  This will open the Sequencing Analysis
Plate Editor dialogue box. Record the fol-
lowing information in the Plate Editor ta-
ble.

a) Sample Names:  enter relevant sample
ID/names

a) Comments:  any additional information
or notations for the sample may be re-
corded in this column.

b) Results Group 1 Column:  select the rel-
evant result group from the drop-down
list.

c) Instrument Protocol 1 Column:  select
appropriate protocol from the drop-down
list.

d) Analysis Method Column:  select the
appropriate analysis method from the
drop-down list.
Note: To create the desired Result Group,
Instrument Protocol and Analysis Proto-
col/Method refer the instrument opera-
tion manual.

4. Once the aforesaid records are created
for each sample, select OK to save and
close the plate records.

5. Assemble the plate cassette using ap-
propriate assembly components (specif-
ic for 96 well or 384 well plate). Each as-
sembly will include, a Plate retainer, a
Plate septum (if septa is used), the Sam-
ple plate and a Base plate.

6. Place the assembled plate cassette in the
instrument stacker drawer. Make sure the
plate is in the “In Stack tower”. Howev-
er, plates may be loaded in any order if
Auto run mode is used and the analyzer
is equipped with barcode reader. The on-
board scanner can scan the plate bar-
code and associate the correct plate
record based on the plate ID/bar-code.

7. For scheduling runs:  Again, go to the
Data Collection Software’s Tree pane and
select the following in sequence de-
scribed below.
GA Instruments > ga3730 > instrument
name > Run Scheduler
(Similar to the fragment analysis, the
sequencing run may also be scheduled
using either manual mode or auto mode
as described in section 5.3.3.)

8. To select a run mode, follow the com-
mand sequence:
Run Scheduler >Instrument > Instrument
Name > Run mode (Auto or Manual).

9. Load the plates to the In-Stack tower of
the analyzer.
Note: Bottom plate will run first, and the
top plate will run last.

10. Press the green button to start the run.
Note: After the run(s) completion, the re-
sults will be store in the location speci-
fied in the result group. The sequence
for each sample can be analyzed for quali-
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ty and sequence length in the sequence
analysis software.

6.6 Interpretation Guidelines

For analysis of the mtDNA variants, the gen-
erated mtDNA sequences can be aligned to the
reference sequence, which may be Revised Cam-
bridge Sequence, or Andersons reference se-
quence using the DNA sequence analysis soft-
ware SeqScape or using any other third-party
software. Once alignments are complete and the
DNA sequence assemblies are generated, an
experienced DNA examiner, examines and edit
the individual sequences in the sequence as-
sembly, which  generally contains multiple DNA
sequences from the same template, to obtain a
final consensus sequence of the DNA templet.
After the thorough examination of the sequence
assembly, the difference(s) between the DNA
templet consensus sequence and the reference
sequence are recorded as sequence variants. The
mtDNA sequence variants obtained from the
evidence(s) of questioned identity are then com-
pared to the mtDNA sequences of the known
and/or reference samples to determine the per-
sonal identity. A complete sequence match be-
tween the evidence sample and the known/ref-
erence sample indicates a non-exclusion, where-
as a difference at one or more base pair posi-
tions indicates a mismatch/exclusion.

There are trillions of cells in a human body,
and each cell contains thousands of copies of
mtDNA. Therefore, a complete homoplasmy (the
same sequence of mtDNA) for each of these
mtDNA molecules is unlikely because chances
of a somatic mutation occurring in any of the
immense amounts of mtDNA molecules are very
high. Thus, some levels of heteroplasmy (i.e.
the occurrence of more than one base at a par-
ticular position in the DNA sequence of an indi-
vidual) in the mtDNA sequences of an individual
is expected. Heteroplasmy can be subdivided into
two categories, (1) DNA sequence heteroplasmy
or point heteroplasmy, is the occurrence of more
than one base at a particular position or positions
in the mtDNA sequence of an individual, and (2)
the length heteroplasmy, is the occurrence of more
than one length of a stretch of same bases in the
mtDNA sequence of an individual. A low level of
mtDNA heteroplasmy may not be detected by tra-
ditional Sanger sequencing methodology de-
scribed here, however, can be detected with deep
next generation sequencing, which allows sequenc-
ing of multiple DNA templets simultaneously.

7.  RECIPES

Buffers/solutions recipes (as per the superscript
numbers in the manuscript text)

1. RBC Lysis Buffer

Sucrose 320 mM
MgCl2 5.00 mM
Triton X 100 17.0 mM
Tris-Hcl (pH 8.0) 10.0 mM

2. Digestion Buffer

Tris-Hcl (pH 8.0) 40.0 mM
NaCl 15.0 mM
EDTA (Na salt) 5.0 mM

Autoclave and then add SDS 1% w/v final
concentration.

3. 5M Sodium per chlorate solution

100 g Sodium per chlorate dissolved in 142
ml of ultrapure water, do not autoclave

4. RBC Lysis Buffer – I

Tris-Hcl (pH 8.0) 30.0 mM
EDTA 5.0 mM
NaCl 50.0 mM

5. Digestion Buffer

EDTA (pH 8.0) 2.0 mM
NaCl 75.0 mM

6. Proteinase K

Dissolve 10 mg of Proteinase-K in 1.0 ml of
ultrapure water.

7. 20% SDS

Dissolve 20 g of SDS in 80 ml of ultrapure
water by heating the solution to 65 oC make up
the volume to 100ml.

8. 10X PBS (pH 7.2)

NaCl 1.37 M
KCl 0.27 M
Na2HPO4 0.08 M
NH2PO4 0.02 M
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9. Digestion Buffer

Sucrose 0.32 mM
MgCl2 10.0 mM
Tris HCl 10.0 mM
EDTA 50.0 mM
NaCl 100.0 mM

10. Digestion Buffer

Tris-HCL (pH 8.0) 50.0 mM
EDTA (pH 8.0) 10.0 mM
NaCl 100.0 mM

11. Digestion Buffer

Tris-HCl (pH 8.0) 100.0 mM
EDTA 10.0 mM
NaCl 100.0 mM

12. Digestion Buffer

Tris-HCl (pH 7.5) 9.2 mM
EDTA 9.2 mM
NaCl 0.46 M
SDS (w/v) 1.8 %
Do not autoclave, store at 4 oC.

13. 3 M NaAcetate

Dissolve 40.82 g of NaAcetate-3H2O in 80 ml
ultrapure water. Adjust pH to 5.2 with glacial
acetic acid and then makeup the final volume to
100 ml with ultrapure water. Sterilize by auto-
claving and store at room temperature.

14. Tris-saturated phenol (pH 8.0)

Caution: Phenol can cause severe burns.
Appropriate personal protective equipment
(PPE) including safety glasses and gloves should
be worn when working with phenol or chloro-
form. If phenol solutions come in contact with
skin or eyes, wash immediately with large vol-
umes of water.

Commercial, liquified phenol can be used
without re-distillation if phenol is colourless.
Crystalline phenol can be used if the crystals are
white. Liquified phenol solutions that are pink or
yellow, or coloured crystalline phenol must be re-
distilled prior to use. Liquified or re-distilled phe-
nol should be stored at -20 oC in aliquots until
needed.

As needed, remove phenol aliquots from
freezer, warm to room temperature, and liquify
by immersing in a water bath at 68 oC and then
add 8-hydroxyquinoline to a final concentration
of 0.1% (0.1 g/100 ml). The 8-hydroxyquinoline
is an antioxidant and the yellow colour provides
a convenient way to identify the phenolic phase
during DNA extraction. Extract the liquified phe-
nol once by adding an equal volume of 1.0 M
Tris-HCl, pH 8.0 (Reagent # 15a), and mixing.
After separation of phases discard the aqueous
(upper) phase into organic waste container. Step-
wise add 1 M Tris Base Solution (Reagent #
14b) and mix until the pH of the aqueous phase
is between 7.0 and 8.0. Discard the aqueous
phase into organic waste containers. Repeat ex-
traction with 1 M Tris- HCl, pH 8.0, once more.
Discard the aqueous phase into organic waste
containers. Add an equal volume of fresh TE-
buffer (Reagent #15) to the phenol. Add 2-Mer-
captoethanol to a final concentration of 0.1%
and store the equilibrated phenol at 2-8 oC and
protected from light in a brown glass bottle. Al-
ternatively, Tris-saturated phenol (pH 8.0) can
be commercially obtained.

Chloroform-Isoamyl alcohol

Chloroform in this protocol refers to a mix-
ture of 24 volumes chloroform and 1 volume
Isoamyl Alcohol, the later reduces foaming and
facilitates separation of aqueous and organic
phases during DNA extraction.

14a. Phenol-Chloroform-Isoamyl alcohol

To prepare phenol-chloroform for DNA ex-
tractions, mix 1 volume of Tris buffered phenol
and 1 volume of chloroform and isoamyl alcohol
(24:1), and then centrifuge for 2 minutes to sep-
arate phases. Use only the organic phase for
extraction; discard the aqueous phase into or-
ganic waste containers.

14b. 1 M Tris Base Solution

Dissolve 121.1 g Tris Base in 800 ml of ultra-
pure water. Adjust the final volume to 1 liter with
ultrapure water. Autoclave and store at room
temperature.

15. TE-Buffer (Tris-EDTA buffer)

Tris-HCl pH 8.0 10.0 mM
EDTA, pH 8.0 1.0 mM
Store at room temperature.
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15a. 1 M Tris-HCl, pH 8.0

Dissolve 121.1 g of Tris Base in 800 ml of
ultrapure water. Adjust the pH to 8.0 with con-
centrated HCl (approximately 42 ml). Make-up
the final volume to 1 liter with ultrapure water.
Autoclave and store at room temperature.

15b. 0.5 M EDTA, pH 8.0

Dissolve 186.1 g of disodium Ethylene-Di-
amine-Tetra-Acetate-2H2O in 800 ml of ultrapure
water by stirring vigorously on a magnetic stir-
rer. Adjust pH to 8.0 by adding NaOH pellets
(approximately 20 g)

Note:  EDTA will not dissolve completely
without pH adjustment. Bring final volume to 1
liter with ultrapure water.

16. 10X TAE (Tris acetate) buffer (pH 8.0)

Tris Base 0.40  M
Glacial acetic acid 0.20  M
EDTA (pH 8)     10.0 mM
To make 0.5X TAE working solution dilute

10X TAE 20 times with ultrapure water.

17. 1 mg/ml Ethidium Bromide (100 ml)

Caution:  Ethidium Bromide is a mutagen.
Wear gloves and mask while handing Ethidium
Bromide and do not mouth pipette.

Dissolve 0.1 g of Ethidium Bromide in 100 ml of
ultrapure water. Stir on a magnetic stirrer for sever-
al hours to dissolve the Ethidium Bromide dye com-
pletely. Store at 2-8 oC protected from light in a dark
bottle or bottle wrapped in aluminum foil. The so-
lution does not require sterilization.

18. 6X Gel Loading Dye

Dissolve 0.25 % (w/v) Bromophenol blue,
0.25 % (w/v) Xylene cyanol FF and 40 % (w/v)
Sucrose in ultrapure water and store at 4 oC.

19. Restriction Enzymes

The digestion of DNA into small fragments
is done by special enzymes, which cut the DNA
at specific sites. These are known as restriction
enzymes and are usually named, after the bacte-
rium from which they are derived (e.g. Bam –
Bacillus amyloliquefaciens; Eco – E. Coli). A
comprehensive list of restriction enzyme recog-

nition sites may be found in (Cornish-Bowden
1985; Kessler, et al. 1985). Restriction fragment
lengths particularly in the repetitive region of
the genome may vary from individual to individ-
ual due the differences in individual’s DNA.
Since these fragments are produced by restric-
tion enzymes, the variations have been called
restriction fragment length polymorphisms
(RFLPs) or DNA sequence polymorphisms. The
majority of the RFLP site occur in the non-cod-
ing regions of DNA and can be divided into two
principal classes:

1. Polymorphisms resulting from the pres-
ence or absence of a specific restriction
site, when the site is present, the enzyme
will cut the DNA, producing a shorter frag-
ment than when it is absent. Such poly-
morphisms usually only have two alleles,
unless the same site occurs more than
once in a short length.

2. Variable number of tandem repeat (VNTR)
polymorphisms. These polymorphic sites
have a series of short repeated sequenc-
es, the number of which may vary be-
tween individuals. The length of the re-
striction fragment depends on the num-
ber of these repeat units present. There-
fore, a VNTR may have multiple alleles
and are especially important in forensic
DNA profiling.

20. Agarose Gel (RFLP Electrophoresis)

Once the DNA has been digested, it must be
separated and sorted to identify RFLP(s). This
is accomplished by gel electrophoresis. In this
process, an agarose gel, is placed under a weak
electric field, positive at one end and negative at
the other. The restriction fragments are then load-
ed into the negative end of the gel. Since DNA is
negatively charged the fragments flow toward
the positive end of the gel. The agarose gel is
composed of holes of varying sizes and as a
result, the DNA fragments are separated based
on their size, while they move from negative to
positive end of the agarose gel. The DNA frag-
ments separated by size are documented and
analyzed to identify the RFLP alleles.

21. Agarose Gel Running Buffer

89 mM Tris-Borate – 2.5 mM EDTA, pH 8.0.
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22. 10X Agarose Gel Loading Solution

Dissolve 0.25% (w/v) Bromophenol blue, 0.25
% (w/v) Xylene cyanole and 25 % (w/v) Ficoll -
400 in ultrapure water and store at 4 oC.

23. Denaturation and Blotting

After the restriction fragments are separated
on a gel, the DNA is denatured to splits the two
strands of the DNA molecule as shown in the
following example.

A C T G
* * * *
T G A C
the DNA under examination now looks like:
A C T G

T G A C
The denatured DNA is then transferred from

the gel to a firm surface of nylon membrane.
Where DNA fragments are permanently fixed in
their respective positions.

24. Southern Transfer Depurination Solution

0.3 M HCl

25. Southern Transfer Denaturing and Trans-
fer Solution

0.4 M NaOH
Store at room temperature.

26. Southern Transfer Neutralizing Solution

A solution of 0.5 M Tris-HCl and 1.5 M NaCl,
pH 8.0

27. Hybridization

Hybridization is the process in which a
known probe that recognize a specific DNA se-
quence is utilized to identify an unknown re-
striction fragment. The membrane carrying the
denatured and separated restriction fragments
is transferred into a solution of known labelled
probes. The labelled probes hybridize to the
complimentary strand of the restriction fragment
and enable the identification of the RFLP alleles.

28. Hybridization/Prehybridization Solutions

5X SSC, 10 mM Tris - HCl (pH 8.0), 2 mM
EDTA (pH 8.0) 1% (w/v) SDS, and 5 μg/ml t-RNA.

To prepare hybridization solution add 100
mg/ml B.E.S.T. and probe MZ1. Prepare the so-
lution just before use.

For prehybridization reaction, use 1 ml pre-
hybridization solution/cm2 of the membrane.

For hybridization reaction, use 0.25 ml hy-
bridization solution per cm2 of the membrane.

29. Hybridization Wash Solution No. 1

2X SSC and 0.5% Tween 20
Store at room temperature.

29a. 20X SSC Buffer

20X SSC buffer contains 3.0 M NaCl and 0.3
M Sodium Citrate C6H5Na3O7 in ultrapure water.

 To make 2X SSC buffer dilute 20X Stock
buffer 1: 9 with ultrapure water and store at room
temperature.

30. Hybridization Wash Solution No. 2

0.6X SSC and 0.5% Tween 20
Store at room temperature. Preheat to 60 oC

before use.

31. Colour Development Buffer A

Dissolve 0.1 M NaCl, 5% (v/v) Triton X-100
in PBS adjust pH to 7.4 and store at 2-8 oC.

32. Colour Development Buffer B

To Colour Development Buffer A add 1 M
urea, 1% Dextran Sulphate (500,000

M.W.). Store at 2-8 oC. Before use prewarm
to room temperature.

33. Colour Development Buffer C

Prepare 0.01 M Sodium Citrate and 0.01 M
EDTA, solution and adjust pH to 5.0 by adding
citric acid (approximately 0.75 in 1 liter). Store at
2-8 oC. Prewarm to room temperature just before
use.

34. 3% Hydrogen Peroxide

Just prior to use, mix one volume of 30% H2O2
with nine volumes of ultrapure water.
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