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Summary

Quantification of human DNA in forensic samplesaisimportant step during STR profiling
because the STR genotyping is sensitive to thetquarf DNA used in the PCR reaction.
This study focuses on the importance of quantificatin the entire process of genetic
analysis. Two real time PCR platforms (Roche Ligii€ér®480 System and ABI Pristn
7900 HT System) were used to compare two commekitgaln terms of DNA quantification.

It was found out that accuracy of absolute quasdifon values in commercial quantification
kits is strongly dependent on the construction alfbecation curve. Especially low template
DNA samples were used to assess whether Quarifffiler Plexof HY System can
determinate a minimum quantification valwei{ off value) below which STR profiles would
consistently fail to be detected. The usage ofdifeY System enabled to determine the cut
off quantification value more exactly probably dieedifferent molecular background and
chemistry used in this kit. Reliability and othessues connected with cut off value are
discussed. In order to better understand theioakdttip between the quantity of DNA and the
number of detectable loci series the dilution expent with standard DNAOO7 was done.
Quantitative and qualitative consequences of inPMA amount in evaluation of DNA

profiles performed by different amplification kise considered.

Keywords. DNA quantification; real-time PCR; low level DNA;alidation; cut off

guantification value
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CHAPTER 1: THESIS OBJECTIVES

Therefore the first goal of my study is to asséssaccuracy and reproducibility of RT-PCR
in different quantification kits, with the focus ¢imle measurement of low quantities DNA, the
RT-PCR instrument, and different approaches tatmstruction of calibration curve.

The second goals of my study is performing of seaedilution experiments with standard
DNA to find out more detailed relationship betweire quantity of input DNA and the
number of detectable alleles for different PCR.Kitsese experiments are included in internal

validation study.

The third goal of my study is to verify whethemigssible to set such as absolute quantitative
value in whole forensic DNA laboratory workflow dhe base of previous findings with all
possible implications. The absolute value of DNAawpification (cut off value) could be a
tool for deciding about selection of samples framtHer workflows. This value must be
appropriately accurate to have the predictive gtienldeally, no samples with DNA

concentration under the cut off value should beogred.
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CHAPTER 2: INTRODUCTION

2.1. Methods of forensic genetics

The genetic analysis of the forensic biologicalenat is carried out in several steps. The first
step is the collection of the biological materiedrh the crime scene using tools such as
swabs, FTA paper etc. The second step is the isolatf DNA from this sample using
commonly used isolation methods (commercial isotatikits). The third step is the
guantification of the isolated DNA, a method of m@ang DNA. The value obtained by
means of this method is essential for the subsegsteps of the genetic analysis. The
guantification can be measured by using the quaatitl concentration of the isolate which is
amplified, to set the best possible genetic profilee fourth step is the analysis of the DNA
itself. The quantity of DNA isolated from the bigical material is relatively small and it is
not easy to analyze it genetically. Therefore, tethod uses the multiplication of DNA
molecules in vitro, the so-called polymerase chedaction (PCR, Polymerase Chain
Reaction) (Mullis, 1990; Saiki et al., 1985). Atstnle pair of primers is chosen; such primers
should correspond to the specific fragments in Dd0Aas to reach the right multiplication
during the PCR reaction, in our case, fragmentdamoing one particular STR locus. The
method of individual identification is currently short tandem repeat analysis (STR
polymorphisms, short tandem repeat polymorphisnsgrcalled microsatellites. It is a
repetitive sequence with a motif of several nudatesst, which are abundant throughout the
genome. The number of motifs repetition is veryinmbially influenced by specific
characteristics of the forensic genetics analysbg;h are transmitted from parents to a child
and which are not related to one another. The ficegenetics uses motifs consist of four,

sometimes five nucleotides.

Reliable quantification of the human DNA in a fosengenetic sample makes it possible to
adjust the concentration of the template DNA usgdiTR analysis in order to obtain optimal
PCR reaction and STR typing results with as snmabnt of DNA as possible (Nielsen et al.,
2008).

2.2. Real- Time PCR
2.2.1. Basic features of real time PCR

Real-time polymerase chain reaction, also calledngtative real-time polymerase chain
reaction (RT-PCR), is a laboratory technique basethe PCR, which is used to amplify and

12



simultaneously quantify a targeted DNA molecule. dhables both detection and
guantification (as absolute number of copies oatnet amount when normalized to DNA
input or additional normalizing genes) of one orrenspecific sequences in a DNA sample.
Real-time quantitative PCR is a method that inctubeth the amplification and the analysis.
The principle of real-time PCR is a rapid and aatarrecording of PCR products
immediately after their formation, in each cycleRER (Van Guilder et al., 2008).

2.2.2. Quantification models

Quantification analysis in RT-PCR can be subdivideid two basic types, absolute and
relative quantification (Fig.1). Each type uses é&xperimentally determined Ct (threshold
cycle) value differently.

Real-Time PCR
Quantification

Absolute Relative
Quantification Quantification

External Standards External Standards Calibrator External Standards
(monocolor) with Intemnal Control Normalized Method (without Calibrator)
(dual color)

with
Efficiency
Consideration

without
Efficiency
Consideration

Figure 1 RT PCR quantification methods (Taken from study by Wetmur et al., 1995)

2.2.2.1. Absolute Quantification

In case of the absolute quantification assays,cthrecentration of the target molecule is
expressed as an absolute value (e.g. copies, rejfl), It uses a standard curve, calculated
from the external standard sample with the knowmceatration and from the target molecule
in the unknown sample. The system produces vakdlt® only if the standard and the
unknown samples are amplified and detected withséimee efficiency. This absolute value is
then used for the actual decision of whether thaityuof DNA in the sample is sufficient to
determine the DNA profile with a high degree ofiakllity (Rasmussen et al., 1998). The
absolute quantification is very suitable for apglion on forensic genetics; virology and
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microbiology, where you need to determine the copsnber of a specific target, or for the

determination of absolute gene copy number (Warad €1998; Neiderstatter et al., 2007).

2.2.2.2. Relative Quantification

In the relative quantification assays, the targetcentration is expressed as a ratio of the
target and the reference gene in the same sangilerrthan as an absolute value. The
reference gene is an unregulated nucleic aciddbetirs in a constant copy number in all
samples. Relative quantification methods help toemd the sample with regard to the
difference in quality and quantity, such as vaoiasi of the initial sample amount, cDNA
synthesis efficiency, or sample loading/pupatingorsr (Witter et al., 1994). Relative
guantification assays can be refined by applying tvethods:

1. Normalization of the target/reference ratio the sample with respect to the
target/reference ratio in a calibrator,

2. Correction of any differences concerning BICR efficiency of target and reference
genes (Walsh et al.,1992; Bustin et al., 2009; &dlet al., 2003; Rasmussen et al., 2001).

2.3. Quantification methods of DNA

Various methods have been developed for quaniicaif human DNA in forensic samples,
e.g. Slot Blot method, UV spectrometry, Fluor netriethod (Pico Gre&nOlygoGreef}),
Luminometry (AluQuarft Human Quantification System), Real-Time quanti&tPCR —
using (1) non-specific fluorescent dyes that irdkte with any double-stranded DNA
(SYBERGreefi) , and (2) sequence-specific DNA probes consistingligonucleotides that
are labelled with a fluorescent reporter which pesriine detection only after hybridisation of
the probe with its complementary DNA target (TagMgn(Walsh, 1992; Tolun et al., 2003).

UV Spectrometry is a very useful method used in the forensic aslfor many kinds of
trace evidence. It combines the microscope with gdpectrophotometer so that the light
absorption characteristics of a very small sample lbe recorded. The concentration of a
DNA sample can be checked by the use of UV speotitmmeter. DNA absorbs UV light
very efficiently making it possible to detect andhqtify at concentrations as low as 2,5 ng/pul.
The forensic use of the spectrophotometer is veappropriate because of: (1) low sensitivity

(low levels of captures); (2) zero accuracy (whatemcreases the absorption at 260 nm, is
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regarded as DNA); (3) measurement should be langmbers of isolate (Rapley and
Whitehouse, 2007).

The commercial market is discovering new deviceshsas NanoDrop (NanoDrop 2000™,
NanoDrop 2000c™, NanoDrop 8000™; Thermo Fisher r8ifie Inc.), their function is to
guantify nucleic acids and proteins and they amgiegble for the quantification of buccal

swabs (www.nanodrop.com).

Slot blot is a technique in molecular biology used to deéatmolecules. A Southern blot is
an important method in the field of forensic scenthis method is commonly used for the
detection of a specific sequence in DNA samplesitt8yn blotting combines transfer of
electrophoresis-separated DNA fragments to a fitermbrane and subsequent fragment
detection by probe hybridization. This method isyviaborious, it takes up to 2 days and
involves rinses, incubations, pupating, washesogxres, and developments. The semi-
guantitation is conducted by manual comparisonyomieans of a scanner, and the obtained
guantity may not reflect the final result due te trariations in PCR efficiency (Butler et. al.,
2005).

In contrast, RT-PCR requires 2 hours for setuptand run. The quantity we obtain from this
highly automated quantisation reflects the amgiiaresult (Butler et al., 2005). RT PCR has
lower detection limit and larger dynamic rangée abovementioned DNA quantification
methods all represent the indirect measurementhef DNA concentration in a sample
(Nielsen, 2008).

The quanti ABI blot method belongs among the concra#ly available slot blot methods.
This particular method is based on hybridisatioradfiotinylated oligonucleotide probe to
extracted DNA samples immobilized on a nylon memera’he Quanti Blot kit is useful for
screening samples and for variety of applicatioesalise it provides the possibility of rapid
guantification of both single- and double-stran@A. The quantisation of the DNA sample
is extremely important for STR analysis in order dbtain optimal results (Applied
Biosystems, product manual 2004).

The principle is that the isolate is applied to thembrane, and hybridized with a specific
probe. The probe will show something, the strortgersignal, the more is the probe bound,
i.e. the more target sequences probe can be fthumdyore DNA.

Fluorometric method is an analytical method using the transmissioditiési of certain
substances, after having transferred into the edcstate of fluorescence radiation in the
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ultraviolet or visible range. The tested substasodissolved in a solvent or mixed solvents;
the solution is transferred into a tube or a plperbdensitometry (flow tube) and there is the
light excitation, especially the excitation of thmonochromatic light of a prescribed
wavelength (Fahnrich, 2009).

Luminometry is a method of measuring the intensity of radiaienerated by the following
chemical reaction: ATP + luciferin +°G- oxyluciferin + AMP + PPI + radiation. Luciferin
and luciferase substances used in the experimewstis@ated from the glowing fireflies. The
emitted quantity of radiation is directly proportal to the amount of ATP in the sample and
the amount of ATP thus provides the informationwltbe number of cells contained in the
sample. When a sample is taken for Luminometry,tluering space is bounded by swab
moistened by saline. The portion of the wool swabransferred to a reagent ampoule, where
the ball shakes out. Then the additional reagenetadded. These reagents are necessary for
the reaction and for measuring the intensity ofa@hetted radiation by a special device, the
Luminometer. The results are expressed as reléghe units (RLU) (Schram, 1991). The

guantification of the human DNA by Luminometry isptically done withAlu sequences

Alu sequencesre abundant in the human genome, numbering appabeily 500,000 to

1,000,000 copies per genome. The sequences aré 3@@uase pairs long and they occur
repeatedly several thousand times throughout therge and are therefore classified as short
interspersed elements (SINEs) amongst the classpetitive DNA elements. In fact, this is
the main advantage &lu sequencesdecause the forensic samples are often contagdinat
with foreign DNA. AnAlu sequencés a short stretch of DNA originally characterizegthe
action of the Alu restriction endonucleagdu sequencesf different kinds occur in large
numbers in genomesf primates. In factAlu sequencesre the most abundant mobile
elements in the human genome. They are derived flmmsmall cytoplasm 7SL RNA, a
component of the signal recognition particle. THe family is a family of repetitive elements
in the Human genom#Vith regard to the fact that Alu sequences repitetbenmost dispersed
DNA sequences in the human genome, they are seiifablthe forensic purposes, because
there are many copies of Alu sequences, so thayremsstisfactory results in case they are
used for the DNA quantification (Walker et al., 3)Riklas et al., 2003; Frukmin et al.,
2002).
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2.4.  Principle of RT-PCR

Real-time PCR is based on the observation durimgpiblymerase chain reaction (PCR)
directly within the reaction (the so-called “remhé®), using fluorescent probes or dyes that
detect the amount of PCR product during the readtip increasing its fluorescence activity
(Haque et al., 2003).

Its advantage over the conventional PCR is theigweand accurate determination of the
initial number of copies of target template DNA sences, and the ability to quantify (Bustin
et al., 2004). Real-time PCR is performed by usiegices called special cycler, which allows
the implementation of both thermal cycling and flescence detection at each cycle of PCR.
The detection of the resulting product can be usatifferent systems that are based on the
determination of changes in fluorescence intenditying the amplification (Butler et al.,
2005). The fluorescence is measured during eade ofyd®CR and its intensity is directly or
indirectly proportional to the amount of target mspin the reaction mixture. Concerning the
guantitative detection of the product during PClRere are three known general methods
based on the use of: (1) Intercalation dye whiaid®ito DNA; (2) Fluorescently labelled
probe binding in the middle of the amplified prog8) Fluorescently labelled primer.

Possible detection in Real Time PCR:

This probe and intercalation fluorophores are #soent substances releasing radiation in the

presence of PCR. They are divided according tepleeificity of the PCR amplicon to:

. Nonspecific
Intercalation and "minor groove binding“ substanddy SYBR®Green ;(2) LC Greéh(3)
Eva Greefi;(4) Pico Greefi(5) Ethidium bromide

. Specific

Short oligonucleotide hybridizing with the PCR amph: (1) Hydrolysis probes
(TagMan™): (2) Hybridization Probes FRET ; (3) Muldar Beacons ; (4) Scorpidhs
(Didenko, 2001).

Some of the above probes are further describeasrchapter.
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2.5. RT-PCR quantification

The whole process of RT-PCR is characterized byraec(Fig. 2.a, Fig. 2.b), which can be
divided into three main phases: the exponentiatiplidation phase, the linear phase and the

plateau phase, where there is virtually no furtimaplification of the sample.
Characteristics of the individual phases:

1. Exponential phase: in this phase, the reagentstaradant and the PCR product doubles

every cycle.

2. Linear phase: during this phase, the reagents kegian out. The PCR reaction slows
down. One or more components of the PCR have dsmiledelow a critical
concentration, and the amplification efficiency imsgto decrease. This phase is called

linear because the amplification approximates ahraetic progression.

3. Plateau phase: in this phase, the reagents aretdeépand PCR reaction stops. The
amplification plot achieves the plateau phase when PCR stops, the Rn signal
(normalized report signal) remains relatively dang and the template concentration

reaches a plateau at about’D(Bloch, 1991).

Real-time PCR focuses on the exponential phaseubeda provides the most precise and
accurate data for the quantisation. Within the epdial phase, the real-time PCR instrument
calculates two values. The Threshold Line is thellef detection at which a reaction reaches
a fluorescent intensity above the background. TGR Bycle at which the sample reaches this
level is called the Cycle Threshold (Ct) (Fig. 2.bhe Ct value is used in the downstream
guantisation or the presence/absence of dete®@wromparing the Ct values of samples of
unknown concentration with a series of standartls, dmount of template DNA in an

unknown reaction can be accurately determined.

Figure 2.ashows the ideal amplification curve that remain@% efficiency versus a more

realistic one showing a linear and plateau phase.
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Figure 2.a Real-time PCR phase (taken from Applied Biosystem).
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Figure 2.b The PCR cycle at which the sample reaches a fluorescent intensity above the background

is the Cycle Threshold or Ct (taken from Applied Biosystem).

The study of Peters and Sanchez may serve as anathenple: Figure 2.shows the
amplification curves for the Real-time PCR assagraa 7-log dilution series of synthetic
oligonucleotide DNA template. All the curves arergliel to each other showing that the
amplification for each template dilution has thensakinetics. The phases of amplification
can be clearly seen within each individual curvet¢Ps, 2004; Sanchez, 2004).
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Figure 2c Sample of dilution series of an oligonucleotide standard over a 7-log range, from a real-time
PCR experiment. Each amplification curve illustrates the four phases of a polymerase chain reaction
experiment: baseline, signal being made but not detectable by the instrument; geometric, detectable
signal with maximal PCR efficiency; linear, post-geometric signal with slowly declining PCR efficiency;
and plateau phase, where there is either no product or the product occurs in a small extent.

During the exponential phase, the reaction canelserdbed mathematically as (1):

N.=N (1+ E) (1)

N. — is the concentration of the amplified producamy cycle, N - initial concentration of the
target template, E — efficiency of the system, ardnumber of cycles.
Usually only 4-6 cycles from 40-cycle PCR show thigoonential growth. After that, the
reaction components become limiting (Witter et H998).
In the plateau phase of PCR, the efficiency becowaemble and the amplification is best
expressed as: (2)

N=N (1+E) (2)

Because the Evalue is not known (it is constant to the E),sitniot possible to calculate N
during plateau phase as it is during the log pljasder et al., 1998).

20



2.5.1. Standard curve

A calibration curve is a general method of deterngrthe concentration of a substance in an
unknown sample. This is done by comparison of thkenawn sample with a set of standard
samples with known concentration (Rutledge et2£i03). A calibration curve is a possible
approach to the problem of the instrument calibrgtother approaches may mix the standard
sample with the unknown sample, giving an intestahdard Used mathematical models
operate with a value called Ct (threshold cyclehicl is equal to the cycle where the
amplification curve exceeds the stated threshaldréiscence, located in the exponential
phase reaction. The standard curve is a graph afitification standard reactions, while the
Ct values are analyzed against the starting qyawnéilues of the standards. The software
calculates the regression line by calculating test lfiit with the quantification standard data

points. The regression line formula has the foltgyiorm: (4)

Y (conc.)=-kx+b 4)

Where k is the slope, b is the y-intercept, and xhe starting DNA quantity. The values
associated with the regression analysis can bepneted as follows:
R? value — measure of the closeness of fit between the atdrzlirve regression line and the

individual Ct data points of quantification standiaeactions.
Regression coefficients:

—Slope- indicates the PCR ampilification efficiency of tesay. A slope of —3.3
indicates 100% amplification efficiency.
—Y-intercept — indicates the expected Ct value for a sample @ith= 1 (for example,
1 ng/pL) (AppliedBiosystem Quantifier™t&iManual).
The assay efficiency is based on the slope ofitiege &nd it is calculated by the formula (5)
(Green et al., 2005):
Effiaey = [1075°] — 1 (5)
The efficiency is primarily an indication of howet®CR reaction has proceeded.
The integrity of the data fit to the theoreticadiis described by the r2.
This is a measure of the accuracy of the dilutiand the pupating. The y-intercept is an
indication of the sensitivity of the assay and hemgurately the template has been quantified
(Bustin, 2004).
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Once a calibration model is developed, a Ct valhtained from an unknown sample can be
used to estimate the initial concentration of thget DNA of interest. A calibration curve
must be thoroughly validated because the accurbttyeagquantification estimation is entirely
dependent on the accuracy of the known DNA starsdadfdctors such as the DNA standard
source, the nucleotide base composition, the ec@utentration determination, the dilution
preparation and the stability during the storage ak introduce uncertainty into a gPCR
calibration model (Sivaganesan et al.,, 2010). S#varathematical models have been
proposed to estimate the DNA concentration fromuaknown sample where an absolute
calibration curve model is developed from a sergds DNA standards with known
concentrations and their associated Ct measurer(iefiati$l, 2001).

The most common approach employs a ‘single’ sdDNA standard Ct measurements for
each instrument run. In this case, a series of knDNA concentration standards and several
unknown DNA samples are analyzed in the same im&ni run. Therefore, if the unknown
samples are from this run, then the calibratioveuwlata corresponding to this run are used to
estimate the unknown samples. Another popularegiyatitilizes a ‘master’ calibration curve
derived from DNA standard Ct measurements genefeded multiple instrument runs. These
data are then used to generate a calibration dorvie estimation of unknown DNA target
concentrations analyzed over the course of a stuthput the prerequisite that the unknown
test samples and the corresponding calibrationecdata originate from the same instrument
run (Sivaganesan et al., 2010). Curves can be mepmxternally using Excel, but modern

instruments have incorporated the software evanatiodel.

Figure 3is an exaggerated depiction of the standard cufve ‘perfect’ assay and what
influences on the outcome would have the alteraifdhe parameters.
By expressing the template amount in the moleculss,formula below can be used to

determine how many cycles are necessary to praalspecified number of molecules.
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Figure 3 Standard curve diagrams. Exaggerated depictions of a ‘perfect’ standard curve (e-closed
circles) and the effect that low efficiency (o-open circles) or inaccurate template quantification or
degraded template has on the y-intercept (¢-closed diamonds) (Taken from a study by Adams P.S.,
2004).

2.5.2. Baseline and threshold

Each real-time PCR instrument has baseline-sedliggyrithms that determine the background
noise of the detector and reagents using the fhoerece generated in a designated number of
cycles at the beginning of the run.

This may be a fixed number of cycles for all sarmpmle adaptive for each sample, depending
on the type of instrument that is being used. Baselnomalies may be slight or severe. The
correct placement of the threshold is the nextiatgtep in the data analysis (Pfaffl et al.,
2004).

For instance, SDS software (or Sequence Detectymte®; Apllied Biosystems), uses a
threshold setting to define the level of detectdhlerescence. The threshold is presented by

the manufacturer, but it can be set manually, déipgron the height of the baseline.
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A sample with a higher starting template copy numigaches the threshold earlier than a
sample with a lower starting template copy numfer.determine the Ct value, the SDS
software uses the Rn (or normalized report sigwaich means cycle by cycle changes)
values collected from a predefined range of PCResycalled the baseline:

* The software generates a baseline-subtracted arapbih plot of ARn versus the

cycle number.

* An algorithm defines the cycle where thBn value crosses the threshold setting (the
default threshold setting is 0.2) as the threstoylde (Ct) (Quantifier Kits User’s
Manual, 2006).

2.6. RT PCR chemistries

As it was already mentioned at the beginning of tinapter there are few general fluorogenic
methods to monitor the real-time progress of th&®P&y measuring Taq polymerase activity
using double-stranded DNA binding dye chemistry BR? Green or Ethidium bromide)
(Higuchi et. al., 1993) or by measuring the 5’ Jease activity of the Taq DNA polymerase
to cleave a target —specific fluorogenic probe (& et al., 1991). This acceleration of the
PCR is due to the increasing number of PCR prodaftis each cycle.

Tag DNA polymerase is a thermo stable DNA polymeraamed after the thermophilic
bacteriumThermus aquaticuf'om which it was originally isolated by Thomas Brock in
1965. It is frequently used in the polymerase chaaction (PCR), methods for considerable
amplification of short segments of DNA. Its singlelypeptide chain, 94kDa enzyme that
extends DNA strands 5™ - 37; it also has 5™ - 2oneiclease activity.

The commercially available, genetically engineeeedyme Ampli-Taq™ has temperature
optima from 75°C to 80°C. The enzyme is used forAlDd¢quencing by the Sanger methods,
for cloning and for PCR procedures of DNA amplifioa. For latter amplifications, it is
particularly useful because during the heat dea#itur cycle it is not inactivated and it is not
necessary to add new enzyme after each cycle. Ratespuffers and EDTA are inhibitory to

polymerization (Chien et al., 1976).
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There are a number of technologies that can dét€ products:

Quantification of the amplicons for commonly uskwfescentye SYBR® which fluoresces
upon binding to the minor groove of dsDNA. The flesscence of SYBRGreen is up to
1000 times higher after binding to DNA and the fesrence signal increases with the
increasing amount of PCR product. The signal issues either at the end of elongation, or
continuously. It is clear that the dyes that limdNA can be used in multiple reactions and
their main limitation is the inability to distinggh non-specific products. Nonspecific signals
generated by primer dimmers can be extinguishedgugrimers labelled with specific

fluorophores (http://www.ambion.com/techlib/basitgzr/index.html).

TagMan " probes are oligonucleotides longer than primers, withheigTm value of about
10°C with a fluorescent label on the 5-end of #éne at the 3'-end. The probe binds to the
inner part of the amplified sequences, and iféates a homoduplex, it is spread over

5 'exonucleases activity of Tag DNA polymerase.sTdauses the end of quenching and the

fluorescence emission (Butler et al. 2004).

Plexor® HY System uses certain modified nucleotides that are reasghiby DNA
polymerase but do not form duplexes with normalmadified nucleotides. PlexBrHY
System uses two modified bases in DNA - isogualsio-G) and 5'methylisocytosine (iso-C),
which form a unique pair in dsDNA. The amplificatiof target sequences is done by using
two primers: one primer is synthesized in iso-Ctlhs 5'-terminal nucleotide and the
fluorescent label 5'-end of the second primer imarked. Fluorescence quenching reactions
are covalently coupled with iso-G. During the arfigdition, specific incorporation reduces
the fluorescence quenching of fluorescent contrastC near fluorescent dyes located at the

end of the primer (Promega Kit Manual).

In principle, the simplest method is using fluomsscdyes that interact with the DNA bases
(e.g. SYBR Green). Increasing fluorescence corresponds ténttreasing amount of DNA

in the sample. At present, it is probably the mestespread method using 5-exonucleases
activity of DNA polymerase. The key here is the u$ oligonucleotide - probe (mostly the
TagMan probe), that specifically binds to the DN&ggence between the primers. The probe
is at one end of the marked fluorescent substanddhree quenching fluorochromes are at the

other end. The synthesis of complementary DNA pelyage hydrolyzes the fibber TagMan
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probe, to release the fluorescent substance, anthtinease of fluorescence is detected and
recorded in real time. The amount of the sought A3&¥quences (our marker) in the sample
can be accurately quantified on the basis of thedstrdization curves (Smarda et al., 2005).

PicoGreer” dsDNA Quantisation Reagent is an ultra-sensitiuerBscent nucleic acid stain
intended for quantitation of the double-stranded ADKISDNA) in molecular biology
procedures. The fluorometer from Turner BioSystemgether with PicoGreéndsDNA
reagent makes it possible to conduct the direchiigetion of dsDNA in as little as 100 pL of
the total volume. In case the sample is contamihayecompounds such as salt, urea, ethanol
or chloroform, the conjunction with PicoGreen andofimetric DNA eventually shows
satisfactory results. The assay protocol minimites fluorescent contribution of RNA and
single-stranded DNA (ssDNA). Using the PicoGreeBNA Quantisation Reagent and the
Modulus Fluorometer, researchers can analyze dsDiNAhe presence of equi-molar
concentrations of ssSDNA and RNA with the minimafeet on the quantitative results

(Promega Kit manual, Tolun et al., 2003).

The AluQuant™ Human DNA Quantisation System probes are obtaledenaturing the
sample and incubating it with the AluQuant™ Enzyane AluQ™ Probe solutions which are
contained in the kit. The method employs a serfeeactions that ultimately result in the
production of adenosine triphosphate (ATP), whiclrelates with the amount of the present
DNA. The amount of ATP is determined by using a inwmeter (Promega Corporation,
2006; Frumkin et al.,2002).

In the forensic analysis, the DNA quantificationnhimometry is mainly used before PCR and
STR analysis. This method does not involve elettoogsis, blotting, or DNA amplification.
The calculations are simplified thanks to the Ala@fi Calculator in Microsoft Excel
(Pormega Corporation, 2006).

The use of the probe-based RT PCR to quantify humialear DNA in forensic analysis was
described for the first time by Andreasson et 200Q3).The list below shows that the human

DNA is possible to use commercially for the quacdifion of available probes
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By using RT PCR we can partly quantify the humaaol@ar DNA:
a)Single-copy autosomal DNA quantification by singeepPCR:HUMTHOL, hTERT
(Richard et al., 2003; Green et al., 2005).

b)Single —copy autosomal DNA quantification by dupRRR:THO1, CSF1PQ(Swango et
al., 2006).

c)Single —copy X and Y chromosome DNA quantificatipnsingleplex PCRAMLE X,
AMEL Y, SRY(Green et al., 2005; Swango et al., 2006; Ala2@05; Andresson, 2003).

d)Alu sequence quantification by singleplex P@RiI sequence, Iter-Alu, Intra-AliNicklas
et al., 2003; Walker et al., 2003).

e)MtDNA quantification by singleplex PCR4V1; (Alonso et al., 2003).

f) Autosomal DNA and mtDNA guantification by duplex RCRB1, mtDNA coding region,
HUMTHOZ1, mtDNA region ND1; (Alonso et al., 2003;riken et al., 2005).

g)Autosomal DNA, Y chromosome and mtDNA quantificatioy triplex PCR: Nuclear Alu
sequence, Y-ch target, mtDNA target (Walker et2405).

It is also possible to quantify the human mtDNA aah-human species (Alonso and Garcia,
2004).

2.7. RT-PCR platforms and kits

The world market is already full of wide range ohmafacturers producing high quality
equipment for real time PCR. This paper uses thinadelogy for using the devices of two
reputable companies: Applied Biosystems (ABI PfiSystem) and Roche (LightCycfar
There are many available commercial kits for qudmatiion of the human DNA, such as
Quantifief® Kit (Kremser et al., 2009), QuantiffeDUO DNA Quantification kit (Applied
Biosystem) or Plex8r HY System (Promega Corporation). The forensic yaisilis able to
detect markers of variability in different partstbé genome. These are also the trends which
adjust the design of commercial kits designed faeargification. The first kits were aimed
only at one target sequence, e.g. Quanfifi€it. In many cases it is necessary to have the
information about the quantity of male componentshie biological material; especially in
case of mixed samples, there were kits designell tvé focus on the estimated number of
copies of Y chromosomes such as Quanfifiat Kit. The detection of the sample
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guantification is a very specialized area and tioeeespecial kits have been developed. These
kits are represented by two components namely theah Male DNA and Human DNA, one
of Quantifie® DUO DNA Quantification Kit. In addition, all kitsontain an IPC (internal
PCR control) which | will mention further in thexte All the above mentioned components
are part of the reaction and they are all containaedone kit and therefore it is not too
financially demanding and the consumption of them@as is neither too high

(www.appliedbiosystem.com; www.roche.com).

2.7.1.  ABI Prisn? System

The company Applied Biosystems (ABI) is a leadingnufacturer of devices for real-time
PCR, because it was the first company to produesethdevices. Chemicals used in
connection with these devices are TagMan and SYBFeen, and this fact has been adapted

and the software was installed (Bustin et al., 2004

ABI Prisnf 7900 HT System

This is the latest high-performance amplificatior @etection system for real-time PCR with
96-well micro plate. It is possible to process mtran 5000 samples per day with this
system. It uses a laser as the excitation lightcegsuch as the detection equipment called the
spectrograph and the cooled CCD camera (Bustih, &0®4; Manual ABI Prism 7900).

2.7.2. Roche Applied Science

Roche is another well-known manufacturer of qualityermocyclers who produces for

instance the following device: LighCycfe480.

LightCyclef

LightCyclef® is one of the fastest air-heated thermocyclersh witilt-in micro-volume
fluorometer for the detection and quantification génerated amplified PCR products.
Amplified products accumulate in glass capillarpds and they are detected by using the
fluorescent dsDNA binding dyes or fluorescent pebEhe sensitivity and accuracy of this
device is lower, at the expense of speed, howdverdaomparable with the ABI 7900. The
device can work with 32 samples placed in a circoéaousel that rotates around blue LED

light and the light which is headed to the tip lod capillary is filtered. Fluorescence radiation
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emitted by the sample gets through the diachronicomand turns to three photo-detection

diode with three band filters (530 nm, 640 nm afh@ @m). The increase of fluorescence was
observed in the intervals of 10 - 100 ms and thta deere collected once per cycle,

continuously or progressively in accordance withcsied temperature ranges (Bustin et. al.,
2004; Dvaakova, 2007).

LightCyclef® 480

LightCyclef® 480 is the newest system that enables the coniinaf the real-time online
PCR with rapid cycling for 96 or 384 samples (dejyleg on the type of the embedded
heating block). The results can be quantified amalyaed simultaneously by monitoring the
fluorescence during the amplification of nucleiddac The optical system enables multiplex
PCR reaction using sequence-specific detection th#huse of different types of probes (e.g.
HybProbe probe, SimpleProbe probes, Hydrolysisgsaly other type of probe). Sequentially
independent online detection may be conducted mguBYBR® Green probe. The analysis
of melting curves enables genotyping (SNP detertimith the use of specific probes or
product using SYBR Green probe (Bustin et.al, 2004). LightCy&ld80 is the first device,
which was developed by Roche (in cooperation withhb Technology Inc.) which makes
possible to analyze high-resolution melting (HigasBlution Melting (Hi-Res Melt, HRM)
(Promega - Roche LightCycfén80 Manual).
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2.7.3. Quantification kits

Table 1 Quantification Kits

Characteristics

Applied Biosystem

Promega

Quantifiler® kit

Plexo® HY System

Gene Target

hTERT 5p15.33

Human autosomal DNA targetiman
RNU 2,99bp target on chromosome
17q8.15.

SRY Ypll.3 Y-chromosomal , 133bp target.
Components 2.primers for amplification of | CAL Fluor® Orange 560 dye
human DNA or male DNA; CAL Fluor® Red 610 dye
1 TagMarf MGB probe with IC5 dye
FAM® dye
IPC IPC template DNA IPC 150 bp
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CHAPTER 3: EXPERIMENTAL PROCEDURES

3.1.  Special chemicals

Dispolab (Copan ltalia)4’n’é DNA Flocked Swab (Micro Rheologics SRL)Microcon®
YM-100 (Millipore), Quantifilel Human DNA standardMicrocor® YM-30 (Millipore),
Tube 1.5 ml (Eppendorf AG)Tube 2 ml (Eppendorf AG), MicroAnfb Optical 96well

reaction plate with barcode (Applied Biosystems).
3.2. Used reagents

Water, Mol Bio grade, DNase — , Rnase — and prasariree (5PrimeNuclease-free Water
(Eppendorf AG) Proteinase K (Sigma-Aldrich Co.Pithiotreitol (Sigma-Aldrich Co,)
ChelexX’ 100 Resin (Bio-Rad Laboratoriesuantifiler’ Human DNA Quantification Kit

(Applied Biosystems)Plexof® HY System (Pormega Corporation), AndSTR® NGM®
PCR Amplification Kit (Applied BiosystemsypmpliTag Gold® DNA Polymerase (Applied

Biosystems) AmpF+STR® Control DNA 007 (Applied Biosystems), PowerPlek6 System
(Promega CorporationPowerPleX ESX () System (Promega Corporation), ESSplex Kit

(QIAGEN), AmpF+SSTR NGM™ Kit (Applied Biosystems)Hi-Di" Formamid (Applied
Biosystems)(.1 % NaOH (Litolah)Internal lane standard 600 (Promega Corporat®Gh

internal lane standard 500 (Promega Corporati@8neScan 500 LIZ" size standard

(Applied Biosystems).
3.3.  Used technical equipment

ABI PRISM® 7900HT Fast Real-Time PCR System (Applied Biosysje Concentrator
5301 (Eppendorf AG), Incubator 4020 (GFL ImbH), fithemixer Comfort (Eppendorf AG),
Centrifuge 5415R (Eppendorf AG), Mini Spin Plus @épdorf AG), Centrifuge 5415D
(Eppendorf AG), Verifi¥ 96 Well Thermal Cycler (Applied Biosystems), Geng®® PCR
System 9700 (Applied Biosystems), Hybaid Limited Itillock System 2S (Hybaid), ABI
PRISM® 3100 Genetic Analyzer (Applied Biosystems), ABI IBR® 3130xI Genetic
Analyzer (Applied Biosystems), 36 cm capillary witholymer POP-4 (Applied
Biosystems) IKA® Vortex Genius 3 (Vitriurfl), LightCyclef® 480 (Roche) Thermomixer
Comfort 1,5 ml (Eppendorf AG).
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3.4. Biological material

We work mainly with the data concerning the biotagimaterial. This biological material is
taken from the crime scene — cigarette butts, bleodars, bones, tissue, hair and traces of
unknown origin. For the part which is purely an esimental study Quantifil@Human DNA
standard, Control DNA 007, Contorl DNA 9948 and @ohDNA 9947A. Since it is work in
forensic laboratories, certain principles must teesed to, because the presence of external
DNA contaminants can be absolutely devastatinghiferwhole process of the DNA analysis.
Even minimal amount of contaminated DNA, either lmnor microbial, may cause an
incorrect interpretation of the results of the ®dhgent analysis and sequencing of the sample.
For these reasons, certain measures must be maetinionize the probability of the
contamination as much as possible. In order togmepossible contamination, a number of

steps have to be taken during the DNA analysis.

These steps are carried out during the analys[BNo& in order to protect it from possible
contamination by a foreign DNA:

* One of the steps made to ensure the authenticityeofesults, is the DNA analysis of
all workers in the laboratory. This is done to det@e the source of possible

contamination.

* Of course, the use of protective equipment, suclglages, masks, lab coat, and

particularly the resistant pipette tips (HandtletE096).

« The working environment should be regularly decomt@ated and it is also

recommended to use the UV decontamination.

* Pre - and post - amplification places must be majyi separated so that the DNA,
already amplified to several million copies, cant transferred into the non-
amplified samples. Even trace amount of the ajreadplified DNA, transferred to
the newly isolated DNA sample, would be absolutdgvastating for the entire

analysis.

* During the analysis only one item is to be usede Burvey sample is always
examined outside the known reference sample toeptate transfer of DNA (the so-
called cross - contamination) and the depreciatfdhe results.
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* Instruments such as pipettes are decontaminatdteisame way as the working
environment, by isopropanol, 10% bleach bath or tddiation (Handt et al.,

1996) ideally they are decontaminated by combinaioall mentioned means.

These decontamination steps are most importanthipre-extraction and amplification of
DNA.

* During the extraction and amplification of the sdenwe use so called blank, or in
other words the negative control - a mixture ofralhgents without the presence of
DNA from the sample. Negative control passes thinoal the steps as the analysed
sample. If there is a sequence present in thetsesoihcerning the negative control, it
is clear that there is a foreign DNA in the sampkesd that the analysis should be

repeated.

Positive controls containing known DNA are usedhi@ amplification and sequencing step to
monitor the correct course of action. It is notgbke to continue to analyse the DNA, as the
positive control fails during the amplification, eequencing (Isenberg and Moore, 1999).

After finishing the work in the laboratory, the Wwaorg surface and the laminar box must
always be treated with the disinfectant spray lacidnd with the DNA Remover, which

removes any remnants of DNA.

3.5. Isolation of DNA

Several primary techniques for the DNA isolatiore arsed in today’s forensic DNA
laboratory: organic extraction, Chefex00 extraction, and FTA or solid-phase extraction.
The exact extraction or DNA isolation procedureiemmdepending on the type of biological
evidence being examined. For example, whole bloagtnbe treated differently from a
bloodstain or a bone fragment. All the samples plags the laboratory, including the samples
from the crime scene (casework) must undergo thlatisn method. Samples are used in the
experimental part of this work. They were isolateeinly by CheleX 100 method and a

smaller portion of the sample was isolated by tle¢hod of IQ and Qiagen.
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3.5.1. Chele% solution

Extraction procedures using Chele200 are popular in the forensic science community
because they save time, reduce costs, simplifyaetktins, reduce safety risks, and minimize
the possibility of contaminatioiChelexX’ 100, a chelating resin, is used to successfuliyaek
DNA from many forensic samples, including bloodssaitissue, hair, and bone (Walsh et al.,
1991). Instructions for isolation using this metha@ as follows: take 2 - 10 ul of a blood
sample and put it into 1 pl of dB. Then centrifuge with maximum speed (13 000 rfonB
minutes. Remove the supernatant and add 200 p¥wfChelex and 4 pl of Proteinase K.
Vortex the sample tube (Eppendorf) and then inauba66°C for 30 minutes. The next step
is denaturation at 100°C for 8 minutes, then voréex centrifuge. The last step is the
maximum speed (13 000 rpm) for 1 minute. In thenétlkat buccal swabs and samples are
immersed for 30 minutes in 1 pl gBl and then vortexed, cotton wool removal is preddue

centrifuge. The isolated DNA is found scatterethim supernatant.
3.5.2.  Solid-phase extraction

We should also mention two other methods usedolatis small portions of the sample in the
experimental section. These are methods of solas@hextraction. With the desire to
automate more steps in the DNA analysis, many &baes have moved to various forms of
solid-phase extraction, where DNA is selectivelyid to a substrate such as silica particles
and then released following stringent washes thaifypthe bound DNA molecules away
from proteins and other cellular components. Thestnvadely used solid-phase extraction

methods are Qiagen columns, DNA 1Q.
A) DNA IQ method :

Punched track is added to a 1.5 ml tube (Eppenditng next step of the isolation depends on
the particular kind of track. In case it is a sabse which is not heat-resistant, it is extracted
without heating. If it is a skin, the lysing bufféoes not work on some kinds of skin, and thus
it is extracted in a small amount of aqueous bufl€0 - 200ul) and after the successful
removal of traces, adds 2 volumes of lysing bufieicase of small feet, the material is placed
directly into the basket with 100 - 150 ul of lygibuffer and incubated for 30 min at 95°C.
Most of the buffer remains in the basket. In thergvthat the sample is not totally cloudy,
another amount of buffer should be added. Whileptiieched track is added to the Eppendorf
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tube, we add the lysing buffer: in case of chemie& add 150 pl and 1.5ul of DTT, in case
of a buccal swab; we add 250 ul and 2.5 pl DTT.sTisi followed by vortexing and

incubation at 95°C for 30 minutes. We place thénlysolution together with the sample in
1.5 ml tube (Eppendorf) into the basket. This lfeed by 2 minutes of centrifuge at 15 000
rpm, or by 5 minutes at 10 000 rpm. The basketmaved. Subsequently 7 pl of resin is
added into the solution during constant vortexiigs then vortexed and incubated for 5
minutes. The tubes are placed into a magnetic saaddall the liquid is gradually removed.

After that 100 pl of lysing buffer is added intcettube and it is further vortexed. Then we
place it on the stand and remove the buffer. Weldfdul of the washing buffer and vortex;
we place the tube on the stand and remove therbiiife step is repeated twice (there are
altogether 3 washing cycles). The tubes are theopen in the stand for 5 minutes to air dry
so that it can be replenished with another sanipépending on the amount of the input
material, we add 25 — 100 ul of the elution buffewer volume = higher final concentration

of DNA).This is followed by vortexing and incubati@t 65°C for 5 minutes. The tubes are
vortexed once more and placed on the stand. DNReis found in the supernatant. The final

step involves putting the solution in a clean Emlmehtube (Protocol form ICP).
B) Qiagen solution:

20 pl of protease or proteinase K is added intorl.fube (Eppendorf) together with 200 pl
of sample. Subsequently, we add 200 ul of AL anttexofor 15 seconds. The sample is
incubated at 56°C for 10 minutes and then shoutlged down. The next step is the isolation.
We add 20 pl of EtOH (96%) and vortex for 15 sesoadd turn down shortly. Then we
transfer the sample into the centrifuge box for ihute at 8000 rpm and turn down. The
sample is further transferred to a new tube togetiit 500 pl of AW1. This step is repeated,
and the sample is transferred to a new tube boenThe add 500 ul of AW2. This is
followed by the centrifuge for 3 minutes at 14 0pfth. The column is then transferred into a
new tube box and turned down at maximum speed fomute. Then we transfer the column
into a new 1.5 ml tube (Eppendorf) and add 200f A& The last step is the incubation for 5
minutes, and 1 minute of centrifuge at 8000 rpnoidtol form ICP).

3.6.  Quantification

After the isolation of DNA, we performed quantifitan with the following Kits:
Quantifiler™ Human DNA Quantification Kit (Applied Biosystemaid Plexof HY System
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(Promega) (Table 2). These kits are designed tatiyahe real time PCR and are based on
the principle of the TagMan probe.

The preparation of the calibration curve requimgesal consecutive steps. The first step is to
prepare standards in separate tubes. The buffethengblution are pipetted into each tube in
the following amount: 30 pl of buffer and 10uml BNA are pipetted into the first tube.
Given that the calibration curve consists of asteaght points, 20 ul of buffer is added into
next seven tubes. The final volume in all eighesimust be 30u10 pul volume is taken from
each of the previous tubes and delivered to thé tode. Thus we get eight tubes of different
concentrations of DNA standard&/'e also use the RT-PCR method which involves a 8-w
plate, on which various standards and quantificatixtures are pipettedt.is recommended
to indicate the beginning and the end of the calibn line on the plate by different colours,
to avoid possible errors in pipetting. The nexpstethe preparation of a mixture according to
the manufacturer's instruction§he mixture consists of PCR mix and primer mix e t
following proportions: 10.5 pl of primer mix and .b2ul of PCR reaction mix. The
calibration range is always conducted in two patatheasurements. 23 pl of the reaction
mixture and 2 pl of standard are added into theviddal wells (together 25)in order to
obtain the right calibration curve, the last twmuff) wells contain positive control
(Quantifiler Human DNA Standard) and negative coinfwater, dHO). Before we put the
plate in the quantification device (ABI PRISM900 / LightCyclet 480), it is necessary to
cover the plate with the Optical Adhesive Coverréaluce the chance of well-to-well
contamination and sample evaporation. It is necggeacover the plate in case it is inserted
in ABI PRISM® instrument 7900HT Fast Real-Time PCR System (AgbBiosystems), but

it is not necessary to use the cover in case dftOygclef® 480 (Roche).
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Table 2 Sequences of amplified DNA kits Quantifiler™ Human Quantification Kit (Applied Biosystems),
and Plexor® HY System (Promega Corporation).

Kit Gene Target Location Amplicon length
Quantifiler Human Kit Human telomerase 5p15.33 62 bases
reverse transcriptase
gene (hTERT)
Plexor ® HY System Human autosomal DNA | 17g8.15 99bases

target, human RNU2

Y-chromosomal Ypll.3 133bases

3.6.1.  Alternations to this procedure accordig Westring et al.

The reduce-scale reaction consists of 4.2 uL ahériMix, 5 pL of PCR Reaction Mix, and
0.8 puL of DNA extract to the final volume of 10 uThis alternative method was tested as
one of the future laboratory methods, where thé&ainemount of material is minimal
(Westring et al., 2007).

3.7 STR Genotyping

The quality and quantity of DNA recovered from fas& samples is often limited, and
characterization would not be possible without @R method. The PCR process has
dramatically improved the capability of DNA analy$o obtain valuable evidence in a wide
range of forensic applications. This PCR productasmetimes referred to as an amplicon.
Each cycle results in the doubling of ampliconse Tésult is an exponential accumulation of
the specific target fragment, approximatel, &vhere n is the number of cycles of
amplification performed. However, the process los#&iency at higher cycle numbers.
After 30 cycles, approximately a billion copies tbke target DNA template are generated.
Amplification is always performed in 0.2 ml PCR @&sbin 25 pl of one of the following
thermocyclers: Verif 96 Well Thermal Cycler (Applied Biosystems), Gengf® PCR
System 9700 (Applied Biosystems) with aluminiumgotd pads, Hybaid. In addition to the
amplification of the samples themselves, the pasitand negative control was always
amplified as well, while we used the DNA standaes$p. dHO, instead of the DNA isolate.
The zone for PCR, where we isolated and prepared Bamples for amplification, was
always spatially separated from the zone of pos®P@®@here we worked with the PCR

product. Applied Biosystems and Promega manufacture mosenfac STR DNA
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amplification kits. Each manufacturer has modifiedir kits to meet the changing needs of
the forensic science community. While other manuisrs have developed DNA STR Kkits,
this module focuses on Applied Biosystems and Pgankéts because they are currently the
most widely used kits in the forensic science comityu For the purpose of our study the
following amplification kits were used: for the nigsart it was PowerPI&46(Pormega),
NGM ™ (Applied Biosystems), PowerPRESX (1) (Promega) and ESSPfeKit (Qiagen).

3.7.1. PowerPle%16

PowerPleX 16 System (Promega) is a multiple of the followingi: D3S13582, D5S818,

D7S820, D8S11792, D13S317, D16S539, D18S512, D2ZASCEF1PO, FGA2, THO12,

TPOX, VWA2, Penta D, Penta E, amelogenin for seterd@nation ( Krenke et al., 2002).

The large number of loci amplified and PowerPlex HE& a high discriminatory power.
According to the manufacturer’s instructions, thalofving items are used for the
amplification of one sample with PowerPte%6: the PowerPlex, 2.5 pl of 16 10X Primer
Pair Mix, 2.5 ul of buffer Gold Wed ST* R 10X Buffed.5 pl of iTaq polymerase, 9.5 pl of
dH,O and 10 pl of DNA isolate. As the positive contvet used 0.5 pl of standard DNA,
DNA-9947A and 9.5 ul diO.

The course of the amplification cycles was theofelhg:

* Initial denaturation:
95°C for 11 min,
96°C for 1 min,
e 10 cycles:
Denaturation: 30 s at 94°C
Get on primers: ramp 29 s to 60°C, then 30 s a£60°
Extension chain: 23 s ramp to 70°C, then 45 s &€ 70

o 24 cycles:
Denaturation: 30 s at 90°C
Get on primers: ramp 29 s to 60°C, then 30 s a£60°
Extension chain: 23 s ramp to 70°C, then 45 s &€70

* Final extension chain: 30 min at 60°C
* Storage: at 4°C.
3.7.2. Power Plex ESX |

This kit amplified 16 autosomal STR loci - D3S1398j01, D21S11, D18S51, D10S1248,
D1S1656, D2S441, D12S391, D19S433, SE33, and tleéoganin gene determining sex. In
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this kit, these loci are marked with different fieecent colours and they also have a different
length amplicons. For the amplification by kits RmwWwlex ESXI from Promega Corporation,
we used a reaction volume of 25 pl. To preparespamrse, we used 5 pl of PowerPl&S|

5X Master Mix and 2.5 ul of PowerPI&x17 10X Primer ESI Pair Mix. The remaining 17.5
pl of sample was supplemented by DNA isolate owhayer. As the positive control we used
0.5 pl of standard DNA 9947A (Promega Corporatimegative control reaction was used in
10 ul dHO. Concerning the thermocycler, we used the tenwpergrofile recommended by

the manufacturer.

3.7.3. NGM

The NGM™ Kit is a highly robust STR multiplex kithich uses single protocol to amplify
the 10 SGM Plus™ loci (D2S1338, D3S1358, D8S117926%539, D18S51, D19S433,
D21S11, FGA, THO1, vWA, Amelogenin) together wittetadditional loci approved by the
European Union Council for the expansion of the dpean Standard Set (D10S1248,
D22S1045, D2S441, D1S1656 & D12S391). . For thelifiogiion by kits Power Plex ESI
17 from Promega Corporation, we used a reactionmelof 25 ul. To prepare a response, we
used 10 pl of AMpFISTRNGM ™ Master Mix and 2.5 pl of AmpFISTRNGM ™ Primer
Set. As the positive control we used 10 pL of 0@ntmls DNA (AppliedBiosystem),
negative control reaction was used in 10 pL of & buffer. Concerning the thermocycler,

we used the temperature profile recommended byndreufacturer.
3.7.4. ESSplex

The ESSplex Kit serves as a multiplex applicatmnspecial questions in forensic case work.
The 15 polymorphic STR markers recommended by ENIRSIEDNAP as the new European
Standard Set of loci D1S1656, D2S441, D2S1338, B381 D8S1179, D10S1248,
D12S391, D16S539, D18S51, D19S433, D21S11, D22S¥3A (FIBRA), THO1 (TC11),
VWA, as well as the gender-specific Amelogenin,ytlaee amplified simultaneously in a
single PCR. We used a reaction volume of 25 plpfiepare a response, we used 5 pl of
Reaction mix B* and 2.5 pl of Primer mix and 0.4 Multi Tag2 DNA Polymerase. The
remaining 16.1 pl of sample supplemented by DNAlaiso or by water. Concerning
ESSPLEX, we used the temperature profile for therniocycler recommended by the

manufacturer.
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3.8.  Amplification cycle number and formamide

To improve the quality of the resulting genetic fpeg it is also important to observe the
number of cycles and amount of formamide accortbripe instructions, or find their optimal
values (Table 3).

Table 3 Number of cycles and formamide

Kit Cycle number Formamide
NGM 29 8.7
ESX (1) 30 10
ESS 30 12
PP16 34 12

3.9.  Capillary electrophoresis

To determine the genetic profile, we used the devar capillary electrophoresis, ABI
PRISM ® 3130xI Genetic Analyzer (Applied Biosystems). Weegared samples for
genotyping in a 96-hole plate.

For amplification using commercial kits, we usedhRof the product generated during PCR
and 12 ul of Hi-Di ™ formamide (Applied BiosystemPYyior to genotyping, we denaturized
all samples by heating in the Thermocycler for Butes at 95 ° C, and then by rapid chilling
in the ice plate. Standard voltage was 3kV injecfar 10 s, 15 s and 30 s. In addition to the
PCR product and formamide, the internal standard weluded in the sample before the
electrophoresis. Internal standard is a length srarkvhich is marked with different
fluorescent colour than the DNA sample fragmenthisTcreates a clear marker peak
representing fragments of a known number of basésed intervals and according to them,
then deducts the actual length of the investigatiedes. When amplified with PowerPlex Y
kit, we used 1 ul of internal standard ILS 600. @oning a series of kits Applied Biosystem,
we used 0.3 pl of internal standard 500 {1ZApplied Biosystems) and concerning the ESX
and ESI kits, we usedullof CC5 ILS 500. The above described amount adrimal standard
is always applied to one sample (Butler et al. 2004
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For each of the multiplex kits and in each run loé tsequencer, we also analyzed the
corresponding allelic ladder. According to the ladleadder, we subtracted the defined sample

profiles, i.e. we assigned concrete alleles tqteks in the electrophoretogram

3.9.1. Commercially available software for arlgzing data obtained by capillary
electrophoresis
Data obtained by DNA analysis with the help of ttepillary electrophoresis, can be
displayed in the form of tables or electrophoreamgi(in most cases there is a combination of
both). The result of one single injection (fluorestdye, i.e. the establishment of suitable
fluorescent colours of different DNA fragmentspals analysis of many independent loci) is
one electrophoretogram, showing the migration obréscently labelled fragments in time,
during which they wander through polymer, withire thperation of an electric field. The
fluorescence intensity is given by the height & pgeaks and is shown on the y-axis, the x-
axis, and it shows the migration time of fragmemtlsich influences their length. The higher
the migration time, the longer the fragment is.eMaluate the collected data we use special
software (Applied Biosystem, 2000). In assessirgdlectrophoretogram obtained from the
analysis by capillary electrophoresis - sequenceruged GeneScan software version 3.7.1
and GeneMapper ID-X version 1.1 (both Applied Bgtsyns). GeneScan 3.7.1 is one of the
older software which is still used for capillaryelrophoresis and it is suitable for evaluating
data obtained by the DNA analysis instruments sscthe ABI PRISM 310, but the data can
also be obtained from newer devices. However, aoimog newer devices, the GeneScan
3.7.1 is often replaced by newer software GeneMajip&X 1.1 (Applied Biosystems, 2000,
Butler et al. 2004).

The data were analyzed using four or five fluoresaeolours, of which one is always
reserved for the internal standard. Internal steth{@@eneScan Internal Lane Size Standard) is
applied to the same tube as the experimental sampleus it is subject to the same
electrophoretic forces as the sample material ansl @ a control. The software provides
comparison of various fragments with an internaindard to determine their length. The
company Applied Biosystems offers 5 different std, which are labelled with fluorescent
colours TAMRA or ROX. Each standard is suitable dicfferent length of DNA fragments
(Applied Biosystem, 2000).

The new software can include GeneMapper ID-X 1.hiciv combines the advantages of

GeneScan 3.7.1 with new and improved features. if@ans that several algorithms can
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recognize specific structures (e.g. asymmetric loven peaks), which were previously
collected manually (Applied Biosystem, 2000). Otfeatures include GeneMapper ID-X 1.1,
capturing the LOH (lost of heterozygosis) or AFLRmplified fragment polymorphism)

(Applied Biosystems, 2004), which is a visualizatiof hundreds of amplified DNA

restriction fragments together, which is used fgareple in seeking of some degree of
similarity of isolates (Applied Biosystems 2000prFGeneMapper ID-X 1.1 software, the
internal standards (Size Standards) are produchdhwperform the same function as the
internal standards with GeneScan 3.7.1 softwarvibiual standards correspond to a certain

length of fragments (Tagliaro 2006).
3.9.1.1.  Artefacts during DNA amplification

Nonspecific artefacts arise during the PCR ampiifan of STR alleles and appear in the
resulting electrophoretogram .Common reason foh suntisual peaks in the DNA sample is a
degraded or contaminated sample, for example, dnpseners. Their position or shape
cannot be predicted nor identified. Because thayacd as a sequence of different STR alleles
or as part of renaturated PCR product. These attefaan affect the outcome of the entire
electrophoresis (Buckletagt al. 2005; Gill et al., 2000). It may be stutter pedieterozygous

imbalance, A +/ A-peaks, missing, or excess alleig. 5).

» Stutter peaks peaks corresponding to the allele by one regeatter than the true allele;
stutter peaks arise from the prematurely finishedration of polymerase during the
amplification, which then leads to a shorter DNAgment (Butler et al., 2005).

» Heterozygous imbalance.e. the imbalance of peak height of individu#ielas in one

locus;

* A+/A- peaks-Taq polymerase adds to 3-end adenosine amplicciestide sequences
without regard to the template. This adenosineaghtendency to non-specific amplicon
from release, so it is possible that some peaksapm two forms, differing by 1

nucleotide. It reflects the emergence of the peittk two peaks.

» Drop-in, or sporadic contamination, therefore accidentalaence of an isolated peak in
a given profile, which is not a donor sample (bat the normal contamination, which

manifests itself as a complete profile of foreigwl avhich occurs even in normal PCR);
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» Drop-out which arises when none of the alleles can beigeoy heterozygous locus can

then falsely appear to be homozygous;

| | l | ! l A& M
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Figure 4 Artefacts that may occur during amplification. A.-Heterozygous imbalance; B. - Drop-out; C.-

Drop-in; D.-Stutter peak; E. - no artefact

43



CHAPTER 4: RESULTS
4.1. Optimization of the calibration curve

To be able to use the values of the absolute DNAceotration in forensic samples, it was
necessary to verify the accuracy of these measuntsne case of the first experiments. The
method of Real time PCR used in the laboratoryeflhstitute of Criminalistics Prague (ICP)
belongs to the most commonly used methods anduhstification process is done with the
help of the the external calibration curve derivien a serial dilution of DNA standards. A
linear relationship between the cycle threshold) (&d the logarithm of the original
concentration of DNA is assumed, and the regressamificient helps to obtain the curve
consisting of best matching points (Grgicak et 20]0). The construction of the calibration
curve on the basis of dilution series of the stasd®uantifiler Human DNA Standard)

according to the instructions is presented in Fegud.

Smandard cD'}E.S}:Ij.:‘ﬁun Example Aamowunis M I Armounts

=td. 1 H0.000 SO pl [FO0 ngifp L stock] + 10 pl [200 noful stock]

150 pL TyEe yfalyococogsn buffer + 30 pl Ty:Es  buffer
Std. =2 15. 700 SO pl [Std. 1] + 10 pl [Std. 1] +

100 pL TypEe ySalyococosn buffer 20 pnl Ty 4,EL 4 barfiar
Std. 3 5580 SO pl [Std. 2] + 10 pl [Std. 2] +

100 pL Ty Ee yfalyococosn buffer 20 pul Ty4,Eq ¢ bardiar
=td. 4 1.550 S0 pl [Std. 3] + 10 pl [Std. 3] +

10 pl T, E. fglycogen buffer 20 ul T, E, ; bardfer
Std. 5 O.&20 SO pl [Std. a] + 10 pl [Std. a] +

100 pl T, E. jfalyccosn buffer 20 ul T, E, , barffar
=td. & 0210 SO pl [Std. 5] + 10 pl [Std. 5] +

100 pL TypEe yfalycoosn buffer 20 pul Ty 4,En 4 barfiar
Std. T 0. SO pl [Std. &) + 10 pl [Std. & +

10D pL TypEe yAfglycocogen buffer 20 pl TyoEg ¢ bafier
=td. & 0.o=3 S0 pl [Std. 7] + 10 pl [Std. 7] +

100 pL TypEe yfalycoosn buffer 20 pul Ty 4,En 4 barfiar

Figure 4.1 Standards dilution series (Taken from Quantifiler® Kits User Manual)

Preparation of the calibration curve requires sevarnsecutive steps, which are described in
Chapter 3 (3.6.Quantification). Based on the abtalge (Fig.4.1), the dilution series
standards (DNA standard) were made reduced metbggd@B.6.1. quantification) and then

used in the experiment.

The first experiments consisted of verifying thewracy of the calibration curve points.
Before the use of any commercial quantification Ritis necessary to assess whether the

values stated by the manufacturer are consistehttihe methodology used in the laboratory.
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A core value that was observed in the early expaniswas the number of amplification
cycles Ct needed to cross the value of threshadats (it is due to the rising value of
fluorescence during RT - PCR).

Because this experiment was focused only on theracg of the calibration curve, the
concentration units were not used within the evana

In order to eliminate the effects of possibly diffiet standard DNA stock solution, which is
part of every quantification kit used to the pregian of dilution series (standard curve), an
experiment was carried out feeveral months always withdifferent batch of amplification
kits. All measurement were doubled to make realemlof the calibration points more
accurate. Altogether 16 individual calibration eppents were evaluated and conducted
within 6 months.

The experiment consisted of 16 single measuren(@iatsle 4.1.) that were performed with
the instrument ABY Prism 7900 HT System.

Table 4.1.Series of 16 instruments runs (ABI® Prism 7900 HT System) of DNA calibration standards

gt [ e .1‘ ‘2. .3‘ ‘4‘ .5‘ ‘E. ‘7. ‘B. ‘9‘ .WU‘ .H‘ ‘12. ‘13‘ ‘M. ‘15‘ ‘WE.
calibration | calibration| caliration] caltwation | calioration | calbration | calibration| calibration | calioration | calibration | calibration | calbwation | calibration | calibration | calibation | callbration

0 | g1 2AB45 | TR0 | MB86 | 2409 | MEM | A0 | AT | WM | B0 | A48 | XA 435 UEN | BE) | MET | UEH

‘ QAR | M7 | A9 | AR | MA04 | J4ERD | MTI0 | MR | MO | M0 | M5 2430 B | BAD | KIE | MR

7 | 5508 HAR | B | BEN | BRI | 676 | MRRI | BETD | AR | MERR | BRW | ZAY 26 186 6| T6 | RN | HEA

‘ AW | BED | ATS | WA | BRI | MARD | ETD | NAM | BJE | A | 2655 26 IR B0 | N[ | MAE | AR

55 | 28149 T | THE | BNE | B | B | Mee | MEL | MO | MER | HMW | XIB PIr T | BAR | TE | AR

‘ 0 T BN | VUe | BME | BEE | BME | FO0 | BENG | 817 | T3 T3 T | B | HM3 | M

18 | 9817 A% | MGRG | B | 78 | 298 | M3 | A0 | WEM | N0 | AW | M8 29518 938 | B%E | MER | B

‘ OEN | 930 | BED | 20452 | 050 | B9% | BEM4 | ByE | 0997 | N8 | 29408 29,188 03 | 04 | 20BN | 948

02 | 31817 M| | A A | BT | D6 | 2EO | N2 | RUE | MME | 38 30,75 e O e

‘ 023 ) 009 | Aees | R [ A9 | 20| RER | MO | A6 | A# | 313 0,778 EIE G I I I I

0 | 3y VAR | 0| JA% | WME [ 7R W | MO | 21 | 100 WA ki) 3,715 TRE | B | RF | WA

‘ 066 | TT4E | M2 | R | A6 | 464 | MBI0 | 227 | ;ATe | B8 | 145 31 A DA | B0 | RN | MR

o0 | 3508 MR | M) BRI | WA | TAEA | WA | BB | WOM | WA | B | B EEMI MR | MAR | ;A | Mg

‘ TR | M) MR | M7a2 | TR | ®2 | FI0 | MAM | AW | B | M4 140 TEES | M0 | g0 | 45

s | %6 B | TM) BT WA [ B29 | WA | WA | WA | WAR2 | AR | %A1 3,351 BB | WM | WA | HfER

R Fdod | BAE | BEW | W [ T | WA | FTEE | B0 | HED | B40 | HI58 34,408 HBOE | B | BAF | B M

R? 09961 | 09936 | 09967 | 09996 | 0939 | 09976 | 09862 | 09979 | 09862 | 09791 | 099%5 0,394 08972 | 09891 | 099%6 | 0978

R’ - regression coefficient, N/A- without measuring

The calibration accuracy which is expressed byrégeession coefficient :Rean be found in
the last row of the Table 1. The average Ct vafaeshe individual points of the calibration

curve can be found in the second column of Tadle 4.

In order to estimate potential differences from stendard course of RT - PCR, these values

were compared with developmental validation perfamby the manufacturer. This

45



difference is illustrated in Table 4.2 he difference is evident in case of Ct values thede

is a large difference in case of the standard dewas well.

Table 4.2 Comparison of the average Ct values and standard deviation (STD) for internal ABI

validation and the developmental study of ABI-1

ng/ul Ct ABI STD ABI Ct ABI-1 STD ABI-1
50 24.81 0.24 23.09 0.10
16.7 25.52 0.29 24.64 0.17
5.56 28.14 0.43 26.19 0.16
1.85 29.81 0.67 27.67 0.17
0.62 31.61 0.95 29.09 0.17
0.21 33.34 1.10 30.31 0.19
0.068 35.08 1.35 31.9 0.28
0.023 36.16 1.08 33.45 0.48

STD - standard deviation, Ct- cycle threshold, Ct ABI — cycle threshold of internal validation, ,Ct ABI-
1- cycle threshold of developmental validation, STD ABI- Standard deviation internal validation, STD

ABI-1- Standard deviation developmental validation.

It is not obvious what is the source of the differes between Ct values in internal
experiments and developmental validation but thg efgpippeting seems to be fundamental
problem. Another reason of different Ct values leswthe internal and developmental study

of the Quantifile™ kit may be different equipment, which is necessargonsider as well.

Also with regard to the fact that the equipment whanged during the experiment, it was
necessary to conduct the recalibration to a diffetgpe of RT - PCR instrument. Specifically
it wasRoche LighCyclet 480. The same experiment as indicated in Tablevdslconducted

but only 4 independent calibration curves wereqrenéd.

Even if the LightCycle? 480 was used much less for the measurement thaBherism®
7900 HT System, we observed very little differemteCt values between the ABI Prim
7900 HT System and LightCycfé480. The same calibration ranges serve as a pfatfbinis
allows the usage of both devices for obtaining Rlisovalues of qualification without any

difference.

The results of 16 experimental measurements (AB$n#r 7900 HT System) and 4
experiments (LightCycl&r80) are shown in Table 4.3.
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Table 4.3 Quantification outcome measurement

Concentration of DNA standards (ng/ul) Ct Xaélljes Ctvalues LC

50 24.8122 24.27
16.7 25.5263 25.88
5.56 28.149 27.67
1.85 29.8168 29.09
0.62 31.6166 31.08
0.21 33.3499 32.71
0.068 35.0802 34.63
0.023 36.1606 36.08

Ct - cycle, which has exceeded a certain threshold concentration of DNA, ABI- Applied Biosystem (ABI
Prism® 7900 HT System),LC- LightCycler® 480.

Ctvalues may serve for raw estimation of DNA concatian in the sample. However, for the
comparison of different methods or the usage ohtifieation value directly in PCR setup is
important to know the absolute value of DNA concatibn in the sample, in order to conduct
the normalization of the sample volume, which idetlinto PCR, with regard to the optimal
amount of DNA in PCR recommended by the manufactafethe amplification kit. This
amount may differ for different amplification kiend it ranges from 0,5 to 1,5 ng of input
DNA in PCR.

Values of the absolute concentration are calculgethe individual Ct values on the base of

the particular calibration curve: Y (conc.)kx + b, [ngful]*

The absolute values of DNA concentration in the @amwill be influenced not only by the
absolute Ct values for single calibration points &lso by the course of the calibration curve
itself due to fluctuations in the amplification procesdsInecessary to consider the particular
value of regression coefficienfRwhich is mainly determined by the accurate pipgttThe
homogenizing of the control DNA stock solution hefostarting the calibration curve

preparation may play very import role.

YIn the category of the sample where the absolute value of DNA concentration is near 0.03 ng / pl, we have in
order to better converting the units reported in pg / pl. Explanations of shortcuts in the formula are listed on page
21.
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Also the number of calibration points has to bestered. Generally the more points the

calibration curve contains, the more demandingxtsapolation is.

As resulted from table 4.1 some calibration curstesw very low values of Respecially in
calibration curves numerated 7, 10 and Tlkere was a reason to evaluate the influence of
recalculation of absolute quantification value adeatg to different calibration curve3wo

real casework samples with expected different catnagon which was determined on the
basis of the original calibration curves were cimosehe Ctvalues of the sample R 2090-
01(blood) Ct = 32.8 and the sample H 1697-02(svztby 39.23 were then recounted to the

absolute concentration according to:
1) Original calibration curves that were run togetwéh samples on one plate.
2) Pooled calibration curve that was generated froarage Ct values (see table 4.1).

3) Calibration curves with markedly different Ct vadu@alibration curves numerated 7,
16, see table 4.1).

Table 4.4 Effect of R? (calibration curve) on calculation of absolute concentration of casework samples

Concentration of DNA pg/ul
R® H 1697-02 Swab R 2090-01 Blood
0.9521(H 1697-02 Swab) 22 N/A
0.9901(R 2090-01 Blood) N/A 113
0.9862 (7.calibration) 10 469
0.9781(16.calibration ) 4.2 235
0.9981(pooled calibration) 3.8 265

R®— regression coefficient, N/A- without measuring, H1697-02, R 2090-01-sapmles 1D

As the results imply (see Table 4.4), the diffee=nm absolute DNA concentrations obtained
according to different calibration curves, are #igant. If expectedcut off value is

determined somewhere between up 10 to 20 pg/ulttteselection of samples than could be
omitted from further workflow would be very problatic and strongly dependent on

preparation of particular calibration curve.
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On base of results presented above calculationabibration curve according to pooled
calibration curve was implemented for all measum@ef absolute quantification be means

Quantifiler™. The course of pooled calibration aurs shown in figure 4.2.

K * ABI
15  ROCHE
—— Linearni (ABI)
1 —— Linearni (ROCHE)
=0,5
=1
P
£ 0
& ABI.R?=0.9923
-0,5
ABl.y=-0.2749x+ 8.4314
-1 ROCHE. R? = 0.9992
- ROCHE. y = -0.2788x + 8.4447
-2
24 26 28 30 32 34 36 38
Ct

Figure 4.2 Course of pooled calibration curve for both instruments (ABI Prism® 7900 HT System,
LightCycler® 480) Ct values. Single Ct values for construction of pooled calibration curve are taken
from Table 4.1.

Table 4.5 shows the expected absolute concentratiDiNA in the sample as Ct values based

on pooled calibration curve. This table enableghoestimation of volume of isolated DNA
during PCR setup.
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Table 4.5 Empirical absolute concentration values for quantification process using Quantifiler™ Kit on
the ABI PRISM ® instrument 7900HT Fast Real-Time PCR System.

Dependence of the concentration of DNA in the sample
on the Ct

C, ng/ul
26 34.3637
27 17.9597
28 9.3864
29 4.9057
30 2.5639
31 1.34
32 0.7003
33 0.366
34 0.1913
35 0.1
Ct pa/ul
36 52.3
37 27.3
38 14.3
39 7.5
40 3.9

Ct - cycle, which has exceeded a certain threshold concentration of DNA.

Within Quantifiler™ kit the lowest point of calibration curve is set 23pg/ul. It means that
all measurements of DNA quantity in casework sasplmder this value should be
approximately considered as low template sampl@éssdmples) because approximately 200

pg input DNA may be theoretically used in PCR.

As was mentioned above one of the goals of quaeatifin process in forensic casework
samples is looking focut off value which would enable to omit some samples fforther

workflow due to the reduced probability of performireliable DNA profiles. It seems to be
reasonable to expect such as value somewhere marige of low quantification points of the

calibration curve. This is a reason why detailedlsis of low calibration points is necessary.

An addition the large proportion of samples proeeketh the ICP (Institute of Criminalistics
Prague) DNA laboratory shows the concentrationeslof DNA on the level of these points
or often even far below. On the other hand wherceonng the analysis of the Ct values of
concentration points 23 and 66 pg/ul, it was shdwat the measurement of these values is

relatively inaccurate due to high standard dewiafsee Table 4.2).
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This is a critical moment for the possibility ohdling a reatut-off level of DNA due to the
success of subsequent PCR.

The measured absolute concentration of caseworkplsambetween the two lowest
concentration levels (23 and 66 pg/ul) should motbnsidered in any case as a prediction of
LT (low template DNA) status.

In order to examine how concentration of DNA in gdas directly influence the PCR results
in terms of final electrophoretograms attained rad@&pillary electrophoresis, real data from
casework samples were used. Total number of sangsésd in this part of study wd$.
These samples were quantified on ABI Pfist900 HT System. Data were divided originally
on base of Ct values to 4 groups, namely: Ct 28&233-35, Ct 36-37 and Ct 37-U
(Undetected data). The single categories corresfindrtain absolute concentration of DNA
determined according to pooled calibration curvel dhey are listed in the table 4.6.
Biological material of analysed samples varies wutiglly and corresponds to common
crime scene material. Quantification measuremeste Woubled for every sample of isolated
DNA.

Table 4.6 The single concentration categories correspond to certain absolute concentration of DNA

(pg/ul)
No. of samples (pg/ul)

Ct category 1 2 3 4 5 6 7 8 9 10
28-32 1515.2 | 1247.7 | 368.5 | 925.8 | 1411.5 | 975.1 | 737.7 | 1477 | 994.3 | 7008
477.6 | 956.3 | 513 |483.9 | 1430 | 1013.8 [ 792.3 | 1649.3 | 1054 | 7054
33-35 315.3 | 238.5 | 135.6 | 98.7 57.6 50 280.5 | 129.6 | 182.8 | 61.1
191.3 | 196.3 | 95.6 | 138.3 | 47.1 195.1 | 228 | 187.6 | 114 | 60.6
36-37 37.3 19.9 56.1 [ 56.9 26.8 35 30.3 28.8 46.2 | 78.1
45.1 66.1 17 40.6 43.6 47.7 | 68.64 35 29.7 | 50.2

37-U U U 30 26.7 U 11.3 10.7 21.9 U 12

61 24.6 17.8 U 18.6 U 25.6 31.1 U U

U-Undetected value

Theoretically according to table 4.5, the concdittraof DNA in PCR concerning samples
from the category 37-U should not exceed the le¥&00 pg in PCR (if standard PCR setup
is applied) and probably most of samples shouldnmmeked as LT samples because
concentration of DNA does not exceed 100 - 200 Ipg/pu
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However, the dispersion of concentration value$iwithe measured samples in the category
37-U is relatively distinctive. In addition somengales have undetermined value of
concentration at least in one parallel measurenidm.level of reliability of the amplification
process should be much higher in the quantificatiategory 36-37, because the average
value of the absolute concentration of DNA is néar50 pg/ul. By comparing the
electrophoretogram of samples from both these oatey) it is possible to align the average
height of peaks and the number of dropouts indsc prediction of quality of DNA profile.

Table 4.7 Comparison of number of dropouts and height of peaks for both quantification categories

Ct category 37-U Ct category 36-37
The average height of the peak(RFU) | number of samples | number of samples
> 1500 5 2
1000 1 2
800 1 0
600 2 4
600 drop out 4 0
400 drop out 1 1
0 drop out 3 1

RFU-relative fluorescence unit

As shown in Table 7 there is no remarkable diffeeem the number of DNA profiles with
occurrence of dropouts in these two quantificatategories. Also the comparison of height
of peaks in DNA profiles from both quantificatioategories appears to be very problematic.
More accurate assessing of DNA profile quality wasformed after evaluating of dilution
experiment (see page 59) where heights of peak w@rgared with single quantification
level of other control DNA (007). According to thise dilution experiment, the average value
of the peaks height in concentration group 36-3khbe around 1000 RFU, which does not

precisely match.

The number of samples that could be used for feligbnotyping of biological material was
assessed in category 37-U. At least 7 samplesfalif ¢40%) that were tested provided the

reliable DNA profiles that could be used to direcimparison with reference samples.

These results do not enable to make any reasonalglenclusion about predictability of

quantification results attained with Quantifiler ™ kit for set cut off quantification value.
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4.2. Testing relationship between input DNA in PCRand quality of DNA profiles.

In order to verify how much is this concentratiomit reflected in the quality of DNA
profiles, we conducted a dilution experimefithe aim of the experiment was to compare the
effect of different concentration levels on the m@mof alleles detected in the subsequent
PCR We used a new control DNA marked 007, primary catregion of the stock solution is
0.01 ng/ul and it is therefore assumed that thatidit series will be less prone to pipetting
error than in the case of starting diluting of the stathution with a concentration of 50
ng/pl. The dilution experiment is shown in the Table.4T8ird column presents DNA
concentration in the each dilution level concerninglibration points measured by
Quantifiler™ .The fifth column contains the amount of DNA (in thg), which was added to
the amplification reactionThus, if the condition of the optimum amount of DNisserted
into the PCR would be met, only the highest conegioins 0.05 and 0.1 ng/ul respectively
would be appropriate. In case of these concentratioere should not be any inhibition effect
of the increased amount DNA. The concentratioellemmerated from 3 to 6 represents the
category of samples that can be called LT DNA,aalth this limit is not entirely cleafhe
allelic dropout should be reflected in the ampéifion results of some markers. At
concentration level numerated 5 or 6 representiegidwest concentration of input DNA in
the resulting PCR, complete dropout loci can beeetgul to occur. In fourth column is
expressed by single cells of template DNA.

Table 4.8 The method of calibration ranges preparation

Measured
o Expected .
Identification of ] concentration- Number of cells | Amount of DNA
concentration N ] .
the sample quantifiler (pg in response in response (pg)
(pg/ul)
ful)
0 100.00 72.7/92.1 167 1000.00
1 50.00 43.7137.2 83 500.00
2 25.00 17.1/18.8 41 250.00
3 12.50 7.76 /] 15.3 20 152.00
4 6.25 2.03/ 10 62.50
Undetected
3.13 9.01/ 5 31.30
Undetected
6 1.56 U/uU 2 15.60

U-Undetected value

The concentrations lower than 10 pg/pl, measureditsyQuantifiler™, and are virtually
undetectable (labelled as "U"). This is shown ia Trable 8 in the seventh and eighth rows.
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There are large variations in the two measuredegalit maximum concentration of 100 and

50pg/ul as well.

During the usage of the Quantifil&rkit, it is possible to detect lower absolute carication
of control DNA 007 than it would be expected frame tvalue gained by diluting the stock

solution 007 DNA especially at concentration lewemerated form 0O to 2.

Within the rough estimation, it is possible to ofaithat Ct values lower than 36 would
represent concentration level below 50 pg/ul whitte limit is recommended by
manufactures of amplification kits. Ct values bel®wrepresent concentration level less than
10 pg/ul. These samples are of LT samples natuck ians possible to expect their
problematic PCR results what was partly proved kpeement demonstrated whit real

casework samples (see table 4.6).

4.2.1 Internal validation of amplification Kits.

Decision making process regarding selection of caaework samples with insufficient DNA
for subsequent amplification, as shown by the teaitained by using the Quantififekit is
burdened with considerable errdResults that would not theoretically provide suéid

amount of DNA gave a positive PCR result and agectlore false negative.

In order to predict better behaviour of the whaiepéfication process depending on the input
amount of DNA to PCR, the individual concentratienels of the control DNA 007 were
subjected to the amplification process. Becauseag necessary to test a few amplification
kits in terms of internal validation studies in ICBNA laboratory, the individual
concentration levels were tested by following kiBowerPleX16 System (Promega),
AmpFISTR’ NGM™ (Applied Biosystem), ESSpl&xXit (Qiagene) and ESX (I) (Promega).
From each concentration level of control DNA 0ORtee PCR were performed for each
amplification kit. The number of alleles in differteloci was compares with the control DNA
007 profile for each amplification kiemplification parameters for individual kits weragken
according to the manufacturer. Parameters are shawhable 4.9. In case of the Kkit
PowerPleX 16 System (Promega), the internal protocol usetP® DNA laboratory was

used. All crucial features of PCR setup and postBteBs are summarised in table 4.9.
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Table 4.9 PCR setup and post PCR steps in genotyping process be means of above mention kits.

) Numbers of ] Mixture + PCR
Kit Formamide IS
cycles product
PP16 34 12 1 12+2
NGM 29 8.7 0.3 9+1
ESSplex 30 10 0.5 12+1
ESX (1) 30 10 1 11+1

PP16- PowerPlex® 16 System (Promega), NGM- AmpFISTR® NGM™ (Applied Biosystem) ,
ESSpIex® Kit (Qiagene), ESX (I) (Promega ), I1S- internal standard

The results of the sensitivity of all amplificatiéits at different levels of quantification of the
template DNA is presented in Figure 4.3

Figure 4.3 Result of internal validation kits

kit ident. | DNA |
samples [ (pg)

0 1,000.0

Genotyped markers

ESSPlex 30c.

3L3

NGM 29¢

313 [ 4] 4]

1] BER
156

1
1 1

ESI30c

313 1]
156
aweL_lcsripoloissavlotsssadpissss [pzisi [pasusseosss [orse [oesiirdrea | Jpenad [pena [rios| [reod Jwa | |

ola|lslemdfrlolo|o|s|lw]|v|r]ololols]w|s]-
)
~
~

PP16 34c

ol|la|s|wmfr|o
i
N
o
o

15.6

30c.,29c.,30c.,34c. -The number in the first column means the number of cycles used in

amplification.

The figures in the dark-green coloured part oftdi#e mean the number of detected alleles in
particular loci in the positive control DNA of test kits. The yellow coloured squares mean
allelic dropouts and the red coloured squares rnamiropouts.

High levels of quantified DNA control 007 numeratiedm O to 3 always provide complete
genotype for all four amplification kits. This rdsinfers even higher sensitivity of tested
amplification kits in terms of input DNA in PCR lagse 500 pg is generally recommended as
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the limit amount of input DNA. The first allelic dpouts were observed at quantification level
numerated 4 (62,2 pg of input DNA) within NGM, alB8X amplification kits.PowerPlex 16
and ESSplex amplification kits have higher sengjtiue the amounts of input DNA that is
exhibited in occurrence of the first allelic drop®at concentration level 5 (31,3 pg of input
DNA). As was shown in table 8, it is difficult togasure the concentration level numerated 4

(62,2 pg) by means of Quantifiler Kit.

However, this level of concentration provides reliale amplification results. This is the
basic discrepancy for using the Quantifiler kit for determination of the cut off value.

In case of PowerPl&xL6 kit the number of amplification cycles is prbhathe main reason
why the first allelic loci occurred at quantifioai level 5 (31,3 pg of input DNA) therefore
low quantity of the template DNA in the sample nimy improved by increased number of

cycles in PCR.

On the other hand this increased sensitivity of RE€Rrobably connected with the presence
of other peaks (drop-ins, contamination or non-gjgePCR for such low concentrations of
DNA). Figure 4.4 shows the results of the threedsticoncentration levels and differences in
the number of peaks in case of the individual Kitse kits ESX (I) and NGM™ give us
theoretically better results than other two kitewrPleX16, EESpleX Kit) because there

are less additional peaks ( labelled whit blue seg)a
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Figure 4.4 The number of nonspecific peaks (except off leader), heights of reported peaks is more

than 30 RFU
Amount of 62.2p 31.25 15.62 Amount of 62.2p 31.25 15.62
DNA g pg pg DNA g pg pg
Conc. level | 4 5 6 Conc. level | 4 5 6
ESSPlex ESX
AMEL AMEL
THO1 D3S1358
D3S1358 D19S433
VWA D2S1338
D21S11 D2251045
D16S539 D16S539
D1S1656 D18S51
D19S433 D1S1656
D8S1179 D10S1248
D2S1338 D2S441
D10S1248 THO1
D2251045 VWA
D12S391 D21S11
FGA D12S391
D2S441 D8S1179
D18S51 FGA
PP16 | | sE33
D3S1358 | 1] NGM
THO1 D10S1248
D21S11 VWA
D18S51 D16S539
Penta E D2S1338
D5S818 AMEL
D13S317 D8S1179
D7S820 D21S11
D16S539 D18S51
CSF1PO D2251045
Penta D 3 | D19S433
AMEL THO1
VWA 1| FGA
D8S1179 D2S441
TPOX D3S1358
FGA D1S1656

D12S391

Another group of non-specific artefacts represestister peaks. They result from slipping
process in the polymerase extension (elongationpNAA. Source of allelic drop-in or

sporadic contamination is another donor of biolabimaterial. In case of ESSplex kit
(Qiagene) there are non-specific artefacts thatimed very frequentlyTable 4.10 presents
the percentage of the stutter peak and allelic -thvoat various kits reserved in internal
validation study of all kits.
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Table 4.10 Percentages of stutters and drop-ins in the internal validation study of all kits

Non-specific DNA Kits
artefacts (po/pL) | ESX (I) ESSplex | NGM | PP16
S 1,000.0 20% | 2.5% | 5.1%
T 500.0 20% 7.6%
u 250.0 12%
T 125.0 10% | 2.5%
10.2
T 62.2 23% %
10.2
E 31.3 7.6% %
R 15.6 5.1%
D 1,000.0 5.1% 2.5%
R 500.0
@) 250.0
P 125.0
62.2 5.1%
I 31.3 2.5%
N 15.6

PP16- PowerPlex® 16 System (Promega), NGM- AmpFISTR® NGM™(AplieedBiosystem) ,
ESSpIex® Kit (Qiagene), ESX (l)(Promega ), IS- internal standard

Another outputs deduced from experiments dealiny welationships of quantity of input
DNA in PCR and quality of DNA profile is the detamation of stochastic limit. It is
approximate value of peak heights at which the abdlly of dropouts is close to zero.
Specific results show that the peak heights iredgiit quantitative levels of the control DNA
007 for single kits differ remarkably especiallytlween PowerPlex16 kit and others kits as
it can be seen in the last column of Figure 4.3aiAgthis may be explained by increased
number of PCR cycles within PowerPfeg6 kit. Even if dilution experiment with control
DNA 007 represents artificially prepared data, iayminfer behaviour of real casework

samples in terms of reliability of attained data.

4.2.2. Evaluation of data from real casework samptequantification within Plexor ® HY

System quantification Kkit.

In order to make the quantification process mofieieht, Plexof HY System quantification
kit was used. According to manufactures informatibrs kit should be more sensitive to
detection of the lower concentration of DNA in daabed samples, due to higher number of
target probes for quantification. The main aimstlog experiment was finding if another
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commercial quantification kit is more suitable fediction the quality of DNA profiles on
base of quantification of real casework samples Vatv expected amount of template DNA.
Much more samples could be analysed even due te omer friendly software utilised in

process of the evaluation of quantification data.

All measurement was done with LightCy&le480 RT instrument. The construction of the
calibration curve on the basis of dilution seriéshe standard (Plex8rHY Male Genomic

DNA Standard) according to the instructions is préed in Figure 4.5.

Figure 4.5 Print screen of serial dilution of the Plexor Genomic standard (taken from Promega

Corporation).
Concentration Volume of DNA Volume of TE-* Buffer
Sng/pl Use undiluted DNA Oul
10ng/pl 10pd of undiluted DINA 40l
Ing/pul 104l of 10ng/ pl dilution 4l
0.dng/ul 10yl of 2ng/pl dilution 40l
0.08ng/ul 10ul of 0 dng/ ul dilution 40l
0.016ng/ pul 10ul of 0.08ng/jal dilution 40l
0.0032ng/pd 104l of 0.016ng/ pl dilution 4l

All data were collected during 6 months in ICP DiNdoratory. The absolute concentration
of DNA in the sample was evaluated and then theltesf each experiment were divided

into three categories according to the attainedesal
1) Category | - <1 pg/ul
2) Category Il - 1-10 pg/ul

3) Category Il - >10 pg/ul

For every quantification category description gdital characteristic DNA profile was done.
All samples were amplified with PowerPfé%6 kit according to the standard protocol used in
the ICP DNA laboratory (instructions in Chapters8p-section 3.7. STR Genotyping)l
data (the calibration and casework samples) were gerated in single amplification runs.

As is obvious from figure 4.5, the lowest calibratin point represents concentration level

3 pg/ul what is approximately 8 times less thanasecof the Quantifiler™ kit
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Category | - < 1 pg/ul

Altogether 167 samples were analysed in this category. Especmghasis was put on

negative results after PCR. As a negative resui¢ wensidered:

1. Such as course of electrophoresis, where no détecilieles (loci) are capturefuch
effect is very rare, virtually no such sample wasd.

2. Such as course of electrophoresis, where theréoar@ropouts, at least two, while
one of them is not occurred in the locus PentaglatdD or FGA.

3. Theloci dropout is not observed but height of the pdaks not exceed the value of
300 RFU.

In order to confirm results of the first amplifieat run, 66 samples were subsequently
subjected to the re-amplification to verify the g@ece of dropouts in the 1st amplification
reaction. To verify the match or the difference in the amgpéfion runs, a system for

evaluating the quality of the individual loci wasta&blished. Only the absolutely identical
genotypes in the individual loci were consideredhes same course in both PCR reactions.

The table 4.11 shows the number of loci in thiggaty, category I.

There were foundlO samples, representing of the total number of samples in this
guantification category. These profiles fulfil alquirements for full-value DNA profile that

is allowed to compare with other DNA profile. Trmusces of biological material represent:
1. Six swabs of different surface without any detht@owledge about donor.

2. Swabs of surfaces where the single donor of biokdgnaterial is expected (cigarette butt,

relevant part of T-shit, gunstock and handle o$ptabag).

All these samples could be considerethlse negative

Category Il — 1 - 10 pg/ul

Altogether200 samples were analysed in this categ@éwcording to the results of the first
amplification, samples with detected massive loopdut were found even in this category,
and therefore it would be possible to classify thenally into category | according to

guantification results. In case df23 samples the height of alleles do not reach the
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interpretation (stochastic) limit set by dilutiorperiment (see Figure 4.5), and therefore the
second amplification was used to verify the reaunence of dropouts. Numbers of identical
loci were also evaluated, and the results showiralsie 4.11.

About 43% of the total number of processed samples in thisgory, which were amplified
by the second amplification, showed more tBarepeatable loci. According to internal rules
in ICP DNA laboratory at least loci are compulsory for putting DNA profile intathbase.
This percentage is too high in order to excludererguantification category from further
workflow only on the basis of quantification resulfhese samples would be considered as
false negative resultsThis result also partially answers to the globaligycussed question
whether it is possible to obtain reliable resuttssamples where less than 100 (200) pg of

input DNA is amplified.

Category Il - >10 pg/ul

Altogether 180 samples were analyzed in this category. This ocayegcludes samples,
which should provide more reliable results withpesst to quantification result85 % of
them provide the electrophoretograms in which tle@akpheights reliably exceeded the
stochastic limit.None of the evaluated samples in this category sbodropouts, but the
second amplification had to be carried out in cafsa few found DNA profilesThe reason
for the second amplification of these DNA profileghere the DNA concentration in PCR
exceeds 200 pg, is mostly the testing of relighibf minor component of mixed DNA

profiles. The peak heights of these minor profiee®ly exceed the stochastic limit.

Also the mixed samples without clearly differerghitmajor and minor portion of the DNA
profiles and the peak heights bordering with theelsastic limit are necessary to amplify in
the second amplificatiolPAmplification of 26 samplesin this quantification category was
performed Even within this quantification category there weamples with peak heights
below the stochastic limit.

As the table 4.11 shows it is possible to use 19tlése samples (73 %) for the next direct
genotyping biological materials. Seven of these sa@hes have false positive results in the

third quantification category.
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Table 4.11 Number of matching loci for tree quantification category

The number of matching loci <lpg 1-10pg >10pg

0 0 0 0

1 8 9 0

2 7 7 0

3 4 9 1

4 6 3 0

3) 1 6 0

SUM 26 34 1
Num. samples 61

6 2 4 4

7 2 8 2

8 2 4 0

9 0 4 0

10 3 7 3

SUM 9 27 9
Num. samples 45

11 0 2 0

12 0 7 2

13 0 5 5

14 2 3 2

15 0 3 7

SUM 2 20 16
Num. samples 38

Reliability and utilization of amplification replicates is summarised in Tab 4.11. Where number of
identical loci in each quantification category is recorded. Within each category amplification replicates
were further divided according to the number of matching loci. The category numerated 1 — 5
represents DNA profiles that are not suitable for any comparison with reference samples. The
category numerated 6-10 represents unambiguous DNA profiles. These profiles could be further
evaluated by the third amplification. The category numerated 11 — 15 represents DNA profiles that
could be use for comparison purposes even on base of consensus strategy (only repeatable alleles

are reported).
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4.2.2.1. Influence of calibration points changes ofquantification categories on

determination within Plexor® HY System quantification kit.

Concerning routine utilization of absolute quacafion, to make the decision about the next
method of the analysis, there are problematic aunagon values which occur around the
cut-off value. Since these concentrations are generated by usegdlibration curve, all

variations during its construction (mathematicahleation) directly affect the absolute value

of DNA quantity in the sample.

Due to graphical imagingf Plexof® HY System quantification kit evaluating softwatdsi
very easy to observe both the small deviations inv&ues of individual points of the
calibration curve, and the slope of the calibrattanve which is determined by the efficiency

of quantification PCR reaction.

In order to determine how these changes are retlantabsolute concentration of DNA in the
sample, a one curve where the valueRéfis less than 99% (Figure 4.6) were changed by
removing several concentration poinfBhe progressive changes of calibration curve aed th

resulting changes in the absolute concentratiddNA near 1 pg were observed.
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Figure 4.6 Print screen calibration curve from Plexor® HY system without any calibration points

omission

% Plexor{R) Analysis Software - ¥v1.5.4.18
File Edit ‘iesw  Tools  Forensics  Window  Help

PRas B

#1660 2.aan - Mot for Medical Diagnostic Use.

FL - Autozomal | cogen - |

‘Curve 1 {group 1) |

Curve 1 fgroup 1] Sample ID

4 A100477-FUN
A411-00477-FUDT
y=-3900+ 23,77 AVT1-00477-FLI0Z

®*
2 T :
@ R2=0,955 1 1-00477-FUO2
. o AVT1-00477-FUO3
@ s Eff =80.38% AW11-00477-FIUO3
8- .

B AW1-01933-FLIOT
AV11-01933-FUNT
A1 1-01933-FUI02
AW11-01933-FLIO2
AU1-01942-FLIOY
AW1-01942-FUIOT
AW11-01942-FLIOZ
AV11-01942-FLIOZ
A1 1-02036-FLIOZ
A11-02036-FLIOZ
AW1-02036-FLIO3
AW11-02036-FLIO03
AW11-02036-FLIOG
A1 1-02036-FLIOS
A1 1-02036-FLIOS
AW1-02036-FLIOR
AW11-02036-FLIOB
AV11-02122-FUDT
AV11-02122-FU0DT
A11-02464-FLITO
AW-02464-FLIMO

I AVI1-02785-FLIO2
O 1 - AV11-02036-FUD4 does not have a valid Ct value AW11-02795-FLI02

O E5 - negativni-izolace does not have a valid Ct value A1 1-02795-FLUO3
O E6 - negatimi-izolace does not have a valid Ct value AV1-02795-FLIOG
< H12 - NK does not have a valid Ct value AW11-02795-FLUI04
AV11-02705-FLID4

i A411-02785-FIUDS
0.1 b AV11-D2795-FLIDG
AV1-N2TAA-FLINA

0t (Cycle Threshald)

Concertration

e values of Absolute concentration which are measured in ng /ul are listed in red picture frames.

If the points of the calibration curve are remoypdint A, B), than this change is reflected by
increasing of Rvalue and also by change of the absolute DNA cdnegion in the sample
AV11-00477-FUOQthe value is increased above the suggested twabfe 1 pg) (Figure
4.7).
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Figure 4.7 Print screen calibration curve from Plexor® HY system with two omitted points (A,B).
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The values of Absolute concentration which are measured in ng /ul are listed in red picture frames.
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By removing another point from the calibration @iC), the R value is changed to the
value above 99% and the absolute value of DNA aunagon in sampléV11-00477-FU02
is shifted (the value is again reduced under tlggested cut off value 1 pg) (Figure 4.8).

Figure 4.8 Print screen calibration curve from Plexor® HY system with one omitted point (C).
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CHAPTER 5 DISCUSSION

Genotyping of biological samples is nowadays a udised issue not only in terms of
extraordinary strong evidence in the field of faienpractice, but also in terms of the
financial demands. This process is closely conueaith the rules of the legal system where
the expenses invested in processing of the foreasiples are often neglected.

The reliable quantification method seems to beegsential instrument for these purposes. It
helps to optimalize of the amount of DNA which eatéhe amplification process and thus
reduce the necessity to carry out PCR in the rafg&c Even though the laboratories have the
chance to use any approach to search the optinthlbohethe emphasis is put mainly on the
specificity of the quantitative determination ofnrhan DNA in forensic samples.There is a
reason why RT - PCR was choose. At least semi-atipation of the whole process
including suitable software evaluation is also vienportant. All these requirements are met

by the quantification Kkits.

Every introduction of a new method and commercits i the forensic DNA laboratory has
to undergo the process of internal validation. Doal is to verify the agreement of the
introduced procedures with the development valhastudy of the manufacturer.Part of this
internal valiation could be issues conected to gfieation method itself. The matter of using
half volume of the quantification chemistry setwigs involved in previous internal ICP DNA
laboratory validation studies. As it is implied study (Westring et al., 2007) this method is

more and more used worldwide.

The Quantifiler™ method was used in the ICP lalmygatis an approximate method and the
accuracy of this method was not critical with rebdo the wide range of input DNA
recommended by the manufacturer. Because the nuaibsmples in the ICP laboratory
continuously increases, the goal was to make usaather possibility of the quantification
process, which is determination of the quantifmaticut off value. It colud lead to the
possibility to stop the analysis of any sample theg a quantification value at or below the

minimum value by forensic DNA analyst(Cupples e2al09).

This value should enable the selection of such &ssmgd isolated DNA which most likely did

not provide reliable DNA profiles during the whalerkflow. Because this expected value is
located on the lower limit of the calibration cuyveis necessary that the method provides
reliable results in this area. Commercial kits gemerally tested by the manufacturer for a
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specific kind of instrument. In case of change l# tnstrument it is necessary to test the
sensitivity of the new device and compare it whik sensitivity of the previous device. The
accuracy of the measurement sensitivity has a fuedgl impact on the accuracy of

determination of cut off quantification values.

Given that the laboratory routinely use two quacdiion instruments Light Cycl@480 and
ABI® Prism 7900 for Quantifilérquantification kit ,comparison of calibration eas of two
independent instruments based on the slope anBalistandard deviation) value was done
and it was showen there are no differences. Fir instruments and Quantififkit pooled
calibration curve was performed but for long acogga would be important to take
measurements of the calibration curves from timdirite. Therefore it shows that both
instruments work under those same conditions aed tlesulting outcomes are not much

different. The similra result was achived in othRrdy(Sivaganesan et al., 2010).

The measurement accuracy in the area of very laveardration is essential. However, in
case of the Quantifil&kit there was a very high level of inaccuracy withbw concentration
values which was demonstrated through high digpeisf absolute quantification values in
casework samples. Therefor, even in very small rarrobcasework samples that were tested
weak predictive ability of the absolute quantifioat value for determination of unreliable
DNA profiles was shown.

For the purpose of more reliable estimation of tisability of absolute quantification, the
dilution experiment was done where the quantitityDiNA in PCR could be regulatively
assessed even in connection with the peak heigbtst called stochastic limit could be
created. The experiments proved its direct deparyden the number of cycles in PCR.
Concerninig the amplification kit (PowerPf&6,NGM™ ESX (1),ESSplék Kit ) was not

prove any significant influence.

Finally we managed to approach set a limit amoaput of DNA to detect and reliably
interpret of STR profiles (Figure 4.3).
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It is generally assumed that the sensitivity of RCR amplification kits is depended of the
number of fluorescent probes that are used in hdnastry. Because of possibility in ICP
DNA laboratory to start using PlexoHY System kit that should fulfilled these assuropti
the comparison of prediction of the cut off valoe $election some casework samples for the

further workflow was evaluated.

Long time experiment was carried out that colleceata from several independent
guantification runs of casework samples and 547pgescould be approximate divided into
tree quantification categories which are describa@sults. On the base of data from dilution
experiment the quantification data were connectenl dharacter of particular
electrophoretogram especially in terms of heigtitpaaks or occurrence of dropouts .The
lowest quantification category (<1pg) contained kieeght percentage (94%) of unreliable
DNA profiles and could be set as cut off value. ld@er the accuracy of calibration curve
points in one calibration run may play partial rofestrict arrangement of particular sample
into quantification category. In addition attemtimust be devoted to character of casework
samples especially in terms of source of biologmaterial and expected number of donors
because falsely positive samples were found evethig category. 50 % of samples in
category Il (1-10pg) are possible to consider adbiguous result. And reliability DNA

profiles should be evaluated in the second amptitio.
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CHAPTER 6 CONCLUSION

The experiments showed that the measurement oflgenconcentrations with Quantifier
kit on the ABFP Prism 7900 HT instrument is loaded with relativiglsge inaccuracy resulting
from pipetting errors and a lower sensitivity ofstlkit in comparison with the Plex&yY

System Kkit.

Based on the results we can say that it is notilples® define the absolute minimum of the
cut-off value for Quatifile? kit. That would allow samples to make a reliable sedectiighly

anticipated low-template DNAFor Plexof HY System kit was set this quantification level
up to 1 pg/ul, however, and below this value issiide to detect samples that give false

negative results.

Using DNA controls 007 allow a better estimatehd# interaction between the input quantity
of DNA and detectable alleleShis was applied to assess the sensitivity of idial
amplification kits which laboratory was tested unoiernal validationlt was documented a
crucial effect of number of cycles of PCR for totitection capability of the amplification
kits

This data should be useful for forensic societykseeto define laboratory policies regarding
further analysis of case samples that are “undsdéédr human DNA by Quantifier ™,
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