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Abstract
Development and Validation of a Non-CODIS miniSTR genotyping system suitable for

forensic case work in South Africa

Z. Abrahams
MSc Thesis, Department of Biotechnology, University of the Western Cape

24/02/2010

The objective of this study was to develop and validate a six Non-CODIS miniSTR
genotyping system and to determine its suitability for forensic casework in South Africa.

In Non-CODIS miniSTR genotyping systems, smaller PCR products are amplified and
the primers are positioned as close as possible to the repeat region. For this reason, these
systems can be valuable in a variety of scenarios including complex paternity cases,
missing persons work, and mass fatality disasters.

After the successful implementation of the genotyping system in the laboratory, allele
size range was determined for each of the loci and allelic ladders were constructed. The
entire repeat regions of the six loci under investigation were successfully sequenced.
Consequently, allele repeat number, structure and observed size were determined for each
locus.

An internal validation study of the six Non-CODIS miniSTR genotyping system was
conducted following the SWGDAM guidelines. A comprehensive population study,
covering five population groups from South Africa was also carried out.

The genotyping system produced consistent, accurate and precise genetic profiles for low

concentrations of template DNA. When analyzing mixed DNA samples, successful



differentiation of minor and major DNA components was identifiable. Amplification
products were observed in non-human DNA studies but in all instances complete
genotype profiles were not obtained.

Allele frequencies and forensic parameters were determined for the system in five South
African population groups (i.e. Afrikaner, Asian-Indian, Mixed Ancestry, Xhosa and
Cape Muslim). No deviation from Hardy-Weinberg equilibrium was observed in any of
the populations. Furthermore, all populations displayed a high power of discrimination
and a high power of exclusion.

The six Non-CODIS miniSTR genotyping system has shown a good potential to aid in
the analysis of degraded DNA samples. This system can be further improved by
including additional loci. Even in its current form, it can certainly provide additional

discrimination in complex paternity and/or missing person cases.
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Chapter 1: Literature Review

1.1  Overview of genetic identity testing

Genetic identity testing involves identifying patterns of genetic material that are unique to
almost every individual (Saad, 2005). It takes advantage of the 0.3% DNA sequence
variations in the human genome to distinguish between individuals (Butler, 2005).
Different techniques are used to test for these variations. These techniques are mostly
known as DNA fingerprinting, DNA profiling, and DNA typing. Although there are
some technical differences between these tests, the terms have been used interchangeably
(Saad, 2005). These include, among others, restriction fragment length polymorphisms
(RFLP) analysis, single nucleotide polymorphisms (SNPs), short tandem repeat
sequences (STRs), and mitochondrial (mt) DNA sequencing (Rudin & Inman, 2002;
Butler, 2005). These techniques are indeed valuable in a number of situations including
the determination of perpetrators of violent crime such as murder and rape, resolving un-
established paternity, identifying remains of missing persons or victims of mass disasters
(Butler, 2005).

Most human identity testing is performed using DNA markers on the autosomal
chromosomes, and gender determination is done with markers on the sex chromosomes
(Butler, 2005). The chromosomal position or location of the gene or a DNA marker is
commonly referred to as a locus (Butler, 2005). A genetic marker can therefore be
described as a variation which may arise due to mutation or alteration in the genomic loci
that can be observed (Vicente & Fulton, 2004). A genetic marker may be a short DNA

sequence, such as a sequence surrounding a single base-pair change, e.g. SNP, or a long



one like minisatellites (Vicente & Fulton, 2004). These polymorphic (variable) markers

that differ among individuals can be found throughout the human genome (Butler, 2005).

1.2 Major forms of DNA polymorphism

1.2.1 Forms of DNA polymorphism

DNA polymorphism was defined by Strachan and Read (2004) as: “the existence of two
or more variants (alleles, phenotypes, sequence variants, chromosomal structure variants)
at significant frequency in a particular population”. It can exist in two forms; either a
sequence polymorphism or a length polymorphism. Sequence polymorphisms are
indicated by a change in one or more bases in the DNA sequence at a particular locus. A
length polymorphism occurs where there is a variation in the length of a repetitive DNA
sequence (Rudin & Inman, 2002; Butler, 2005). Different techniques are used to test for
DNA polymorphisms: i) restriction fragment length polymorphisms (RFLP) analysis, ii)
single nucleotide polymorphisms (SNPs), iii) short tandem repeat sequences (STRs) and

iv) mitochondrial (mt) DNA sequencing.

1.2.2 RFLP analysis

RFLP analysis was one of the first techniques adapted for forensic DNA analysis (Rudin
& Inman, 2002; Budowlet al, 2000). RFLPs are genetic markers wherein a fragment of
DNA sequence containing a variable restriction site is amplified (Strachan & Read,
2004). Therefore, in the amplified product (i.e. the amplicon), the restriction site for the
restriction enzyme will either be present or absent (Strachan & Read, 2004). RFLP

analysis entails the following: i) extraction of DNA, ii) digestion of the DNA into



fragments with restriction enzymes and iii) electrophotoretic separation of fragments
based on size (Budowlet al, 2000). The restriction enzyme will cut the DNA
surrounding the repeat polymorphism (Butler, 2005). Each individual will show different
distances for the sites of cleavage for the restriction enzyme (Butler, 2005). So doing, it
will produce DNA fragments of variable lengths when comparing from one person to
another (Rudin & Inman, 2002; Budowdeal, 2000).

RFLP loci used for forensic purposes were selected on the basis that they indicated
hundreds of variations at each locus (Rudin & Inman, 2002). Furthermore, different
restriction enzymes are available to digest restriction sites. Because of this, RFLP is
normally the first technique of choice to be used in DNA analysis since it generates the
highest degree of discrimination per locus (Rudin & Inman, 2002). Therefore, not only
does RFLP analysis have a high power of discrimination, but it also enables the usage of
minimal loci to discriminate between individuals (Rudin & Inman, 2002).

RFLP is not the best technique to use for forensic purposes since it requires large
amounts of high quality DNA and the technique is fairly time consuming and labour
intensive. Forensic evidence is often old or degraded or of limited quantity. Furthermore
this technique is difficult to automate and its usage in the building and participation in

large DNA databases is also very limited (Rudin & Inman, 2002).

1.2.3 SNP analysis
Single nucleotid@olymorphismgSNPg are themost abundarfbrm of genetic variation
in the human genome (Sobrimb al, 2005). Generally, SNPs are used as markers to

identify genes which may underlie complex diseases (this is also known as disease gene-



mapping) (Shastry, 2007; Caulfield, 2001). SNPs are suitable for forensic purposes since
they display slow mutation rates and this makes them useful for parentage testing
(Sobrinoet al, 2005; Sancheet al, 2003). SNP markers also have the advantage that
only small DNA fragments are needed for typing (Sanctieal, 2003; Dixonet al,

2005). Generally forensic casework samples may have undergone some form of
degradation and thus using SNP markers can be advantageous. Furthermore they are
suitable for high throughput technologies and this is vital for the creation of automated
systems and the building of databases (Solatiah 2005; Thackeet al, 2004).

SNPs, however, have some limitations. They possess a rather limited polymorphic
content and because of this four times more SNPs are required in comparison to the
number of STRs to generate conclusive results (Soletinh 2005; Dixonet al, 2006).

Even though the cost of running high throughput SNP systems may work out to be more
cost effective to its STR counterparts, the amount of knowledge gained over the past few
years with regards to STR systems far surpasses SNPs and thus STR usage might seem to
be more feasible (Sobrirad al, 2005; Dixonet al, 2006). SNPs therefore can be used in
combination with STR systems to assess difficult forensic casework samples (Jobling,
2001; Dixonet al, 2006). SNPs are also useful in reconstructing Y-chromosome and
MtDNA haplogroups for various genetic ancestry studies (Sobtialp 2005; Lessiggt

al, 2004; Jobling 2001).

1.2.4 STR analysis
The eukaryotic genome is filled with repeated DNA sequences which occur in different

sizes (Butler, 2005). The repeated DNA sequences are specified by the length of the core



repeating unit and the number of continual repeat units or by the overall length of the
repeating unit (Butler, 2005). Some of these repeats may contain hundreds to thousands
of base pairs (Butler, 2005). The repeating DNA sequence is normally ~2-6bp in length
and are normally repeated ~5-20 times (Cheh@l, 2004; Rudin & Inman, 2002;
Schoskeet al, 2003) and are called microsatellites also known as short tandem repeats
(STRs). Dinucleotide repeats (e.g. AC-AC-AC) have two bases in the repeat unit,
trinucleotide repeats (e.g. ACT-ACT-ACT) have three bases in the repeat unit,
tetranucleotide units have four bases in the repeat unit (e.g. ACTG-ACTG), etc.

STRs do not only show differences in the length and the number of repeating units, they
also differ in their repeat patterns (Butler, 2005). Some STR markers contain simple
repeats wherein the repeat units have identical length and sequence, whilst others contain
compound repeats where the repeating unit contains two or more adjacent simple repeats.
Other STR markers can contain complex repeats where the repeat unit can be made up of
a number of repeat lengths and may contain variable intervening sequences (Butler,
2005). Furthermore, other alleles may contain incomplete repeat units and are known as
microvariants (Butler, 2005). An example of a microvariant is the allele 9.3 at the THO1
locus. It contains nine complete AATG repeat units and one incomplete repeat wherein
an adenine is missing (Puetsal, 1993).

For STR analysis, primers are designed from sequences known to flank the STR locus.
This enables the amplification of alleles whose sizes will vary by the number of repeating
units they contain (Strachan & Read, 2004). STR markers are not as polymorphic as

RFLP loci but thousands of STR loci have been identified in human DNA (Butler, 2005;



Rudin & Inman, 2002). STR loci can be amplified simultaneously (i.e. multiplex PCR),

thereby saving: time, sample, reagents and other consumables (Rudin & Inman, 2002).

1.2.5 mtDNA sequencing

In some instances, such as DNA samples which have undergone extensive degradation
and also in instances where tiny amounts of DNA are available for amplification, STR
loci amplification can be challenging. In these instances, mtDNA sequencing is most
likely to produce a useful genetic profile.

In any given cell there are hundreds of copies of mtDNA present in comparison to
nuclear DNA. It has a small genome (~16.5kb) which is maternally inherited and
generally does not undergo recombination (Foestal, 2002; Carracedet al, 2000).

These characteristics of mtDNA make it an attractive alternative for typing of degraded
DNA and it is often used to type: dead cells in hair shafts (Takayeanagi2003), bones

and teeth (Irwiret al, 2007). mtDNA sequencing is more flexible than STR markers in

the sense that more distant maternal relatives can be used as genetic references (Budowle
et al, 2005).

Since mtDNA is only maternally inherited it would not enable discrimination between
maternally related individuals (Cobkt al, 2004). Furthermore mtDNA can display
heteroplasmy, i.e. mtDNA extracted from different tissue types within an individual can
show variation when comparing one tissue type to another (Carreicald@000). It is

also a time consuming technique to employ. In essence mtDNA sequencing is very

useful in the construction of haplogroups and analyzing population history, but cannot be



used alone for forensic purposes (Sobrhal, 2005; Irwinet al, 2007; Budowlezt al,

2005).

1.3 STR markers and their usage in forensic DNA typing

Forensic samples can be very challenging to work with. Sexual assault cases will most
likely contain a mixture of DNA from both the victim and the suspect. Remains may
have been exposed to a number of different factors such as: fire (e.g. in April 1993 where
80 people were killed by a fire which struck the Branch Davidian religious sect in Texas),
explosions and collapse of buildings (e.g. the terrorist attack on the World Trade Centre
in 2001), water (e.g. the tsunami which struck South East Asia in December of 2004)
(Claytonet al, 1995; Budimlijaet al, 2003; Lessigt al, 2006). Furthermore, remains are

also exposed to environmental factors such as bacterial and fungal contamination, insects
and growth of microorganisms (Bender, 2004). All of these play a contributory role in
making it difficult in correctly identifying victims.

In most of the instances mentioned above, DNA profiling is most likely to be the method
where accurate identification can be obtained. STR loci are the most commonly used loci
for human identification (Chungt al, 2004; Butler, 2005; Butleet al, 2003). This is
because these loci are: highly polymorphic, require minimal template DNA to enable
genotyping, possess a narrow size range thereby permitting multiplexing and the results
generated using STR loci are obtained fairly easily (Hunenal, 1999; Butler, 2005;
Chunget al, 2004; Opekt al, 2006). Dinucleotide, trinucleotide and tetranucleotide STR
loci have been used as markers in linkage studies and with the building of the human

genetic map (Fornaget al, 1992; Edwardset al, 1991). Tetranucleotide loci have



however been favoured for usage as forensic markers since they are highly polymorphic
and display heterozygosity values greater than 0.90 (Véaith1996).

STR typing has shown to be useful when typing DNA extracted from skeletal remains
and compromised samples (Alonebal, 2001; Budimlijaet al, 2003; Hollandet al,

2003; Milo$ et al, 2007). Hereby STR markers displayed their ability to enable the
identification of human remains since they could be used in instances where DNA

degradation was observed (Humraighl, 1999).

1.4 Multiplex amplification of STR markers

Multiplex PCR allows for the amplification of two or more DNA fragments
simultaneously. This technique facilitates the co-amplification of a range of STR loci
whilst at the same time reducing the amount of reagents and time needed to amplify
uniplex PCRs. This is particularly important in forensic cases where the amounts of
sample(s) are generally limited.

Multiplex reactions require that primer pairs which will be run together be compatible
since they will be run under the same PCR conditions. Therefore melting temperatures
need to be fairly similar, they should not exhibit significant interactions with one another,
themselves or with other regions of the template (Schoske, 2003). Primer dimmer
formation must be prevented by avoiding complementarities between primers (Sghoske
al, 2003). Success of multiplex PCR assays is dependant on: relative concentrations of
the primers, concentration of PCR buffer, cycling parameters and a balance between
deoxynucleotide and magnesium chloride (MgQGloncentrations (Henegariu, 1997).

When many loci are being amplified simultaneously the PCR has a limited supply of



enzyme and nucleotides since all products will be competing for the same supplies
(Schoskeet al, 2003; Henegariu, 1997).

Amplification of STR alleles can produce artifacts known as stutter products (i.e.
observation of additional peaks) (Walshal, 1996). Other complications with STR
allele amplification include: non-template addition, microvariance, mutations and
polymorphisms (Butler, 2005). All of these complications can make it difficult to

generate accurate DNA profiles.

1.4.1 Stutter products

Stutter product formation is observed when a PCR product, one repeat unit smaller than
the main product peak is detected (Wadslal, 1996; Gill et al, 1997). These minor
product peaks are also referred to as “shadow bands” or stutter peaks €\gh|41996;

Butler, 2005). Stutter peaks occur as a result of slippage dfathpolymerase during

DNA replication (Walstet al, 1996; Gillet al, 1997).

During DNA synthesis, the primer and template become separated and upon re-annealing
to each other slippage of either the primer or the template has occurred, thereby causing
one repeat to form a non-base paired loop (Wetlsh, 1996; Butler, 2005). So doing, a

PCR product one repeat shorter than the main allele is produced.

Thus, in dinucleotide repeat loci, a stutter band will be 2bp smaller than the main allele
and it will be 3bp smaller than the main allele in a trinucleotide repeat and so on (Walsh
et al, 1996; Muleroet al, 2006). Stutter peaks are usually 10% of the main peak (Walsh

et al, 1996). Longer alleles show a higher degree of stutter than shorter alleles for the

same locus (i.e. a 6 repeat allele will show a lower degree of stutter in comparison to a 9



repeat allele of the same locus) (Wadskal, 1996). Furthermore, the greater the repeat

unit, the lower the degree of stutter (i.e. pentanucleotide repeat < tetra < tri <di) (Butler,
2005).

Stutter products are especially problematic in mixed DNA samples, where more than one
contributor is possible. Because stutter bands have the same size as the main allele, it can
be difficult to determine whether the faint band in a mixed sample is an allele from a
minor contributor or simply a stutter product from the adjacent allele (Véah1996;

Gill et al, 1997; Claytoret al, 1998).

1.4.2 Non-template addition

The Tag polymerase used in the PCR reaction mixture can sometimes cause the addition
of a non-template adenine residue to the 3’ end of the PCR product (Butler, 2005). This
process is also referred to as adenylation. This non-template addition of an adenine
residue therefore causes the PCR product to be one base pair longer than the actual target
DNA sequence (Butler, 2005). It is best to have uniform PCR products instead of a
mixture of partially adenylated and non-adenylated and adenylated product, since each
would produce products of varying sizes (Butler, 2005). 3’ adenine nucleotide addition
will be favoured by adding in an additional incubation step of 60°C/72°C post the final

cycling steps (Butler, 2005).

1.4.3 Microvariance, mutations and polymorphisms

Sequence variation can be exhibited in the human population and they generally occur as

a result of: insertions, deletions or nucleotide changes (Butler, 2005;etHalel2007).
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These alleles therefore show a slight variation in sequence when compared to the rest of
the population and are thus referred to as microvariants. Microvariant alleles are
therefore slightly different in comparison to the full allele repeat (Butler, 2005). They are
also referred to as “off-ladder” alleles since they will not size correctly with the alleles
present in the allelic ladder (Butler, 2005Microvariant alleles can easily be detected in
heterozygous samples because one of the alleles will line up with a fragment in the allelic
ladder whilst the other remaining allele will not (Butler, 2005).

Sometimes alleles will show the same length but a sequence variation will exist. In these
instances the micorvariant allele can only be detected by sequence analysis (Butler,
2005). Sequence variation can also cause amplification failure and result in the
production of null alleles or lower the peak area of the affected alleles éthaleP007).

This normally occurs when the sequence variation occurs in the primer binding sites

(Huelet al, 2007).

1.5 Autosomal STR loci

1.5.1 CODIS STR Loci

Since 1997, STR loci systems have been used by the FBI for the identification of humans
(Butler, 2006). The FBI developed a database of STR markers known@8hgined

DNA Index System (CODIS) which was comprised of 13 core STR loci. These 13
CODIS loci are: CSF1PO, FGA, THO1, TPOX, vWA, D3S1358, D5S818, D7S820,
D8S1179, D13S317, D16S359, D18S51 and D21S11 (Butler, 2005). When the 13
CODIS loci are randomly tested, they display a match probability of one in a trillion in

unrelated individuals (Butler, 2005). FGA, D18S851 and D21S11 are the most

11



polymorphic markers amongst the 13 CODIS loci, whilst TPOX is the least polymorphic
(Butler, 2005).

These 13 loci can be amplified simultaneously and were thus developed into commercial
kits, i.e. Powerplex® 16 kit from Promega Corporation and the ASTR®
Identifiler™ from Applied Biosystems. These commercial kits generate amplicons in the
range of 100-450bp (Grubweisstral, 2006; Butleret al, 2003). Furthermore, each kit is
provided with an allelic ladder which enables accurate genotyping.

The advantage of generating kits like these is that they allow for database construction
which can be used and shared world wide. Since the invent of the CODIS loci, the
United Kingdom and United States alone have been able to obtain more than 5 million
DNA profiles in their criminal justice DNA database (Butler, 2006). In addition to this
another 1 million DNA profiles were obtained using these loci in paternity cases (Butler,
2005). The 13 CODIS loci have therefore become the common currency for exchange of

data with regards to human identity (Butler, 2006).

1.5.2 Performance of the CODIS STR Loci

The commercial kits have proved to be very successful in certain forensic casework
samples, however problems have been reported when these kits were used to analyze
degraded DNA samples or DNA samples which had PCR inhibitors present. The
commercial kits were able to generate complete DNA profiles in instances where high
quality DNA was obtained (Butler, 2006; McCord, 2005; Chang, 2004, Grubweiser

et al, 2006). In contrast, when degraded DNA or small amounts of DNA were amplified,

these kits only produced partial profiles where the larger molecular weight markers failed
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to draw conclusive results (Opet, al, 2006; McCord, 2005; Grubweiset al, 2006;
Chunget al, 2004; Butler, 2006; Romareb al, 2006).

In instances where STR loci are unable to generate accurate DNA profiles, mtDNA
sequencing is normally employed. However, because of the disadvantages associated
with mtDNA sequencing (i.e. maternal inheritance and heteroplasmy) it is not always
feasible to use as a method for discriminating between individuals especially maternally

related individuals (Holland & Parsons, 1999; Pakendorf & Stoneking, 2005).

1.5.3 Improvement of performance of genotyping systems on degraded DNA

A few hours after death DNA degradation will begin (Butler, 2005). During DNA
degradation the template DNA is broken and so doing becomes fragmented. The rate of
DNA degradation can vary depending on light, humidity and temperature (Betrader

2004, Burgeet al, 1999). Damp environments in particular cause the most damage and
show an increased rate of degradation (Gehwl, 2000, Burgeret al, 1999). When
amplifying degraded DNA, successful amplification is not always obtained, especially in
the higher molecular weight ranges since the loss of template DNA or a break in template
DNA or the presence of PCR inhibitors will not enable annealing of primers thereby
resulting in amplification failure (Takahashi al, 1997; Bender, 2004; Chungt al,

2004; Grubweisert al, 2006). Therefore, allelic dropout, negative amplification and
allelic imbalance can be observed (Walsh, 1992; Butler, 2005).

Allelic imbalance, i.e. the larger allele is fainter than the small allele, is generally the first
indication of DNA degradation (Utsumo & Minaguchi, 2004 his therefore implies that

smaller alleles are more effectively amplified in comparison to their larger counterparts.
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Takahashiet al (1997) determined that with an increase in size of loci alleles, an
increased amount of template DNA was required to enable detectable amplification.
Benderet al (2004) made use of the Am@TR Profiler™ kit and applied it to the
amplification of artificially degraded DNA. Their results indicated that STR loci >250bp
either produced incomplete or no results. In addition to this, strong peak imbalance and
even allelic dropout (i.e. the complete loss of one allele in a heterozygous sample) were
observed. Chungt al (2004) observed a loss of peak intensity with an increase in
amplicon size with the PowerPlex® 16 system.

These kits, therefore produced a decay curve where peak height was inversely
proportional to the length of the amplicon (Figure 1.1) (Cheingl, 2004; Opelet al,

2006). The larger amplicons show a lowered sensitivity and can in some instances fall
below the detection threshold thereby generating partial genetic profiles (€éhahg

2004; Opekt al, 2006).
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Figure 1.1: Decay curve of degraded DNA.Top panel: positive control DNA sample 9947A
amplified with the Powerplex® 16 system. Bottom panel: bone sample that has been exposed to
the environment for 3 years (therefore containing degraded DNA) amplified with Powerplex® 16
system. In the degraded bone sample amplicon size shows an inverse relationship in comparison
to relative peak fluorescent intensity when amplified with the Powerplex® 16 system. Taken
from Opelet al (2006).

The development of STR primers which would be able to successfully generate genetic
profiles from degraded DNA therefore became a priority. Retcal. (1999) and
Grubweiseret al (2003) demonstrated that Ibgdesigning STR loci primers to produce
shorter amplicons, they were able to successfully type samples which previously failed to
produce product(s) with the normal full length primers. Smaller amplicons were
achieved simply by moving the primers closer to the STR repeat region thereby

generating shorter amplicon fragments.
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Grubweiseret al. (2006) designed a STR multiplex system using the loci THOL,
D2S1338, D18S51, D16S539 and FGA wherein amplicon sizes were reduced. Fragment
length reduction ranged between 109 to 162bp for the selected STR loci. Thirty five
casework samples which showed loss of loci when analysed with the SGMplus Kkit,
showed successful amplification with the reduced STR loci. As expected, the SGMplus
kit showed loss of signal when amplifying compromised DNA. Not only did the reduced
STR loci cause an increase in discrimination power of the STR loci, but they also
demonstrated reproducible results with 100pg of genomic DNA. Hellretaain(2001)
redesigned the primers of the STR loci: FES, THO1 and TPOX so that amplicons
produced sizes less than 110bp. These newly designed primers were tested on telogen
hairs and an increase from 21.7% to 65.3% of successfully typed single telogen hairs
were observed. Wiegand and Kleiber (2001) reduced the amplicon size of the loci:
THO1, D10S2325, DYS19 and DYS391. With these primers, they were able to
successfully type DNA form formalin-fixed tissue and 6 year old mummified tissue.
Turrina et al (2007) made use of re-designed STR primers: CSF1P0, D8S1179 and
D13S317 to obtain genetic profiles from tissue which were stored in Bouin’s fluid for 10
years. Successful typing of stain samples was observed by Wieigan(2006) when
making use of a short amplicon STR multiplex.

This therefore proved that by moving the primers as close as possible to the STR repeat
region, typing efficiency was increased in degraded DNA samples, where the normal
STR alleles would result in allelic drop out, allelic imbalance or complete loss of signal.
When designing these reduced STR primers care should be taken so that null allele

production is avoided (Grubweisetral, 2006).
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Using this strategy of reducing the amplicon size, Budleal. (2003) developed new
primers dubbed “miniSTR” based on the 13 CODIS STR loci. The 13 CODIS loci were
selected for their study since these loci were the most widely used loci and were therefore
considered to be the perfect candidates for the study. By redesigning the primer binding
sites of the CODIS loci, each STR marker was made as small as possible (Figure 1.2).
The newly designed primers were combined into multiplexes and referred to as
miniplexes. Each locus was allocated a single dye colour. Thus one drawback of these
miniplex systems is that unlike the normal STR commercial kits where 13 loci can be
simultaneously amplified, now four to five amplifications are required to enable typing of
all the core loci (Butleet al, 2003) and in some instances this proved to be counter

productive as was experienced by Parsbias. (2007).

Conventional "E:'If‘;p‘
PCR primer
—
It o (o i e |
STR repeal region g <==n
miniSTR Conventional
primer PCR primer

Figure 1.2: Diagrammatic representation of miniSTR primers. MiniSTR is a reduced sized
amplicon of the conventional PCR primers. MiniSTR enables high recovery of information from
degraded DNA samples. Taken from Coble & Bu805).

1.5.4 The CODIS miniSTR system and beyond
Using their newly designed miniSTRs Butktral (2003) was able to obtain improved
genetic profiles from partially degraded DNA when amplified with the miniSTR and

compared with commercial STR kits. They were able to obtain fully concordant results
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between the miniSTRs and the commercial kits. @pal (2006) conducted a study on
naturally degraded DNA extracted from human skeletal remains using the miniSTR
primers designed by Butlezt al (2003). Sixty four percent of the samples tested
produced complete genetic profiles using the miniplex sets whilst only 16% of samples
generated full profiles with the Powerplex® 16 kit. McCord (2005) conducted a
validation study using the miniplex primer sets. In this study degraded DNA was applied
to the miniplex primer sets as well as the normal CODIS multiplex primers. The results
generated showed that the miniplex sets, which resulted in smaller amplicon products,
had a higher degree of success with generating genetic profiles when using degraded
DNA. Chunget al (2004) used the miniplex primer sets on both enzymatically degraded
DNA and naturally degraded DNA. In both types of degraded DNA the miniplex primer
sets were capable of producing more complete genetic profiles in comparison to its
commercial counterpart.

Currently, commercial kits have become available that contains the miniSTR loci as
designed by Butleet al (2003). The AmpfSTR® Minifiler™ kit contains the reduced

STR loci of the Identifiler® kit. Hillet al (2007) used AmpBTR® Minifiler™ kit and

the Identifiler® kit in a concordance study. They obtained concordant results but also
obtained null alleles in some instances where a heterozygous sample would show allelic
dropout and therefore appear to be a homozygote. The Mini-SGM multiplex kit, (which
contains the miniSTR loci: THO1, FGA, D18S51, D16S539 and D2S1338), was used by
Camachcet al (2008) to identify degraded samples. Their results indicated that complete

profiles could not be obtained in all the samples.
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Therefore, the miniSTR primer sets were able to produce full genetic profiles in the
majority of samples containing degraded DNA, however there were still some instances
where only partial profiles could be obtained as previously mentioned (Hustrakl

1999; Butleret al, 2003; Kleyn 2009; Romanat al, 2006). The underlying reason for

this is that not all the CODIS loci could be successfully reduced to enable sufficient
reduction in product size that would enable it to successfully amplify degraded DNA.
For example: the locus FGA contains large allele ranges, D7S820 and D18S51 contains
flanking regions which are not amenable to redesigned primers (Coble & Butler, 2005;
Butler et al, 2003). To overcome these limitations, a comprehensive project was
undertaken by Hill and co-workers (2008) to search for new markers that produce shorter
amplicons. Primers were moved as close as possible and often directly next to the STR

repeat region.

1.6 Overview of Non-CODIS genotyping systems

Coble and Butler (2005) characterized six novel miniSTR loci to complement the 13
CODIS loci especially in instances where degraded DNA samples were being
investigated. The STR loci selected were: D1S1677, D2S441, D4S2364, D10S1248,
D14S1434 and D22S1045. Selected miniSTR loci were arranged into two miniplexes
each containing three loci. Uncompromised DNA samples produced reliable results with
DNA concentrations as low as 100pg. DNA extracted from degraded bone samples
showed a higher success rate of amplification using the new miniSTR loci in comparison
to the Powerplex 16 commercial kit which showed partial profiles for the majority of

samples (Coble and Butler, 2005). Furthermore an increase amount of genetic
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information was found by Eisenbegtj al (2006)when analyzing skeletal remains. A
significant increase in the power of discrimination and the power of exclusion as well as
a reduction in random match probabilities when combining results from the CODIS loci
with these six minSTR loci were observed (Eisenleesg, 2006).

The success of these studies thus showed that investigating additional miniSTR loci
would prove beneficial to the forensic community. Hilbl (2006a, 2008) characterized

an additional 20 miniSTR loci. These newly developed miniSTR loci were referred to as
the Non-CODIS loci. The development of these 26 Non-CODIS loci therefore now
enabled the use of additional chromosomal locations which could be vital in the analysis
of degraded DNA samples, as well as missing persons investigations and parentage
testing especially in instances where a limited amount of reference samples were
available (Hillet al, 2006a; 2008; Goodwiet al, 2004; Ricciet al, 2007). Non-CODIS

loci were preferentially designed on chromosomes that differed from the 13 CODIS loci.
Instances where Non-CODIS loci and CODIS loci occur on the same chromosome, they
were placed approximately 50Mb apart thereby eliminating linkage ¢Hdl, 2008).

Figure 1.3 illustrates chromosomal position of Non-CODIS loci in relation to CODIS
loci. All candidate loci primers were designed as close as possible to the repeat regions,
In some instances, right next to the repeat, to allow for the smallest possible amplicons.
Amplicon sizes ranged between 50bp-150bp (@idl, 2008).

All 26 loci investigated were comparable with the 13 CODIS loci with regards to
population statistics and heterozygosity values (&litd, 2008). Asamurat al (2007)
developed two miniSTR systems which contained two of the Non-CODIS loci. The

newly developed miniSTR systems combined were able to generate power of
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discrimination values of 0.999 and power of exclusion values of 0.998. Asatralra
(2006 & 2007) determined that combining results generated from commercial kits with

results generated from miniSTR systems was a good combination to get effective results

from degraded DNA samples.
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Figure 1.3 Diagrammatic representation the Non-CODIS loci Chromosomal position of
Non-CODIS loci in relation to the 13 CODIS loci. Taken from Hilél (2006a).

The European DNA Profiling Group (EDNAP) and the European Network of Forensic
Science Institute (ENFSI) has included the use of the Non-CODIS loci: D10S1248,
D2S441 and D22S1045 into their core loci database @Gidll., 2006a and 2006b).

Essentially Non-CODIS loci were not designed to replace the 13 CODIS loci, but instead
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to complement/extend them especially in instances where the 13 CODIS loci are unable
to produce conclusive results (Reidal, 2008).

1.7 Development, internal validation and population studies

1.7.1 Non-CODIS miniSTR loci primer design

As previously stated, the Non-CODIS loci primers were designed as close as possible to
the STR repeat region thereby enabling the production of amplicons ranging in sizes of
50bp-150bp. It is thus envisioned that this reduction in size of amplicons will be able to

facilitate the successful analysis of degraded or otherwise compromised DNA samples.
Furthermore these primers were arranged into triplexes allowing for concurrent

amplifications. Triplexes were arranged in such a manner that additional loci could be

added to each triplex (Hiét al, 2008) thereby increasing the number of loci analyzed per

assay allowing for an increased power of discrimination.

1.7.2 Allelic ladders

An allelic ladder functions as the reference or standard used for each STR locus. It
contains all the alleles which are present in the human population for that particular STR
locus (Baret al, 1997; Butler, 2005). They are amplified using the same primers as the

test samples (Butler, 2005). Allelic ladders are thus produced by combining PCR

products from different samples, where the sum of all samples will be representative of
all the alleles present in the population for that particular STR locus (Figure 1.4) (Butler,

2005; Sguegliat al, 2003; Baret al, 1997). To enable equal representation of each allele

in the allelic ladder, the amount of PCR product or template DNA used representing each

allele can be varied (Butler, 2005).
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Allelic ladders are used so as to enable the sizing of unknown fragments. ABI Prism
DNA Genotyper Analysis Software (version 3.7) allows for £0.5bp variation between the
unknown fragment and the allelic ladder fragment (Sguesgjle, 2003). Outliers or
variant alleles may occur outside of this specified range (Sgue@lia2003). Since the

allelic ladder and the sample fragments have the same length and sequence, they will
migrate the same distance during the electrophoresis process regardless of any
environmental changes (Schumm, 1997). Thus making use of an allelic ladder will
enable the identification of off-ladder alleles which generally arises because of
unexpected population genetic variation (Huetl al, 2007) an enable accurate

genotyping of known alleles.

Figure 1.4: Principle of an allelic ladder. Lanes 1-3: STR alleles from individual DNA samples
(representative of the common alleles for the locus) separated on a polyacrylamide gel. Lane 4:
Combining of individual samples for the generation of an allelic ladder. Adapted from Butler
(2005).
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1.7.3 Validation studies

Multiplex typing systems must be optimized to the point where they meet certain
performance standards. There are several governing bodies that ensure that high typing and
analysis standards are maintained. Among these is the International Society for Forensic
Genetics (ISFG), the Scientific Working Group on DNA Analysis Methods (SWGDAM),
and the European DNA Profiling Group (EDNAP). These organizations have proposed
guidelines for the use and validation of multiplex PCR typing systems. Some common
validation exercises include: (1) establishing that the typing system is sensitive and performs
consistently using freshly prepared and stored DNA, (2) that identical results are obtained
irrespective of the type of tissue from which DNA was extracted, (3) that the systems yield
consistent results in several laboratories, and (4) that the system performs well when used to
analyze samples similar to those encountered in forensic casework efLalat 2004a)
Validation plays a vital role in the forensic community since there is a constant influx of
new DNA technology being developed (Butktral, 2004). There are two types of

validation processes; i.e. a developmental validation and an internal validation.

1.7.3.1 Developmental validation

Developmental validation is the more thorough of the two methods and it is used to
determine the reliability and limitations of a novel method (Dareell, 2004). This
entails the determination of. accuracy, precision, reproducibility, species specificity,
sensitivity, stability, PCR parameters and simulated casework studies (Detnadls
2004). SWGDAM has recommended a set of developmental validation guidelines which

are available from_www.cstl.nist.gov/strbase/validation/SWGDANDevelopmental
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validations are generally performed by: manufacturers, academic institutions, technical

organizations and government laboratories (Butler, 2005).

1.7.3.2 Internal validation

The purpose of an internal validation is solely to demonstrate the ability of a laboratory to
perform a previously developmentally validated procedure (Dasdieds 2004). Both
developmental and internal validations determine whether the analytical procedure will
be adequate for its intended use (Butteal, 2004).

The SWGDAM guidelines to be followed during the implementation of an internal
validation are presented in Appendix I. Validation studies should be complemented with
local population background data especially in instances where DNA evidence is

presented in court.

1.7.4 Population studies

1.7.4.1 Ethnic diversity in South Africa

When forensic data is presented in court, especially genetic information, it needs to be
substantiated with background information on local population structures. Globally,
South Africa is referred to as the ‘Rainbow Nation’ because of the mixture of
nationalities that reside within this country. In 2007 the South African population was
estimated to be ~47.9 million people. Majority of the South African inhabitants are
referred to as ‘Black Africans’ and they are more accurately defined by their cultures and
languages (Figure 1.5). The remaining 20.4% of the total population can be subdivided

into: 9.1% white/Caucasian, 8.9% coloured/mixed ancestry and 2.5% Indian/Asian
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(www.southafrica.info/about/people/populafidiigure 1.5). The ethnic diversity within

South Africa is demonstrated by the eleven official languages of the country of which
nine are African (Figure 1.6 shows the break down of South African populations based
on linguistic preference and cultures). The objective of population studies is to determine
the likelihood that a set number of markers will randomly or non-randomly identify

individuals via various statistical measurements (Tagbali, 2007).
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Figure 1.5 Graphical illustration of racial distribution within South Africa. Taken from:

www.southafrica.info/about/people/population
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Figure 1.6 Linguistic preference and culture of South African population groups Black

South Africans include the: Zulu, Xhosa, Ndebele, Swazi, Sotho, Tswana, Tsonga and Venda
people. Caucasian, coloured and Asian Indian people generally speak a combination of English
and Afrikaans. Taken from: www.southafrica.info/about/people/population
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1.7.4.2Statistical analysis

In addition to the number of people typed, population data sets should include the main
statistical parameters such gsvalue(s) for Hardy-Weinberg equilibrium testing,
heterozygosity value(s), discrimination power and chance of exclusion. Additional

quality criteria such as the use of sequenced allelic ladders could also be presented.

17421 The Hardy-Weinberg equilibrium

When observed and expected genotype and allelic frequencies are similar, the population
Is said to be in Hardy-Weinberg Equilibrium (HWE). The Hardy-Weinberg principle
assumes that allele and genotype frequencies will remain constant in a population from
one generation to the next (Butler, 2005; Nei & Kumar, 2000). In order for any
population to be within HWE the following criteria needs to be met: random mating, an
infinitely large population, no mutations, and no migrations into or out of the population
and no selection for any genotypes (Butler, 2005; Nei & Kumar, 2000). In reality no
such population exists. However, the HWE is still used to determine genotype

frequencies (Table 1.1).

1.74.2.2 Observed heterozygosity

The number of homozygotes plus the numbers of heterozygotes equals 100% of the
samples tested in a population. Heterozygosity (Table 1.1) displays the proportion of
heterozygous individuals in the population. The higher the heterozygosity value the more
allele diversity exists for that particular locus (Butler, 2005). This therefore means that

there is less of a chance of a random sample matching.
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1.7.4.2.3 Match probability, Power of discrimination and Power of exclusion

Match probability (MP) is defined as the number of individuals which needs to be
surveyed before obtaining the observed DNA pattern in a randomly selected individual
(Huston, 1998). MP is used to calculate the power of discrimination of a locus (Halder &
Akhteruzzaman, 2006). The power of discrimination (PD) and the power of exclusion
(PE) are used to exclude falsely accused individuals (Table 1.1). The greater the PD of a
locus, the greater the likelihood that it will successfully discriminate between individuals
of a population (Halder & Akhteruzzaman, 2006). The PE represents the percentage of
individuals within a population who would not share the same genotype as that of the
father in a paternity case (Halder & Akhteruzzaman, 2006). Thereby inferring that the
higher the PE value of the locus the more non-fathers are excluded. Multiple loci can be
used to increase the strength of PD and PE values. These are referred to as the Combined

PD (CPD) and the Combined PE (CPE).

17424 Polymorphism information content and Typical paternity index

The polymorphism information content (PIC) is a measure of polymorphism for a locus
used in linkage analysis. It is the probability whereby a rare allele at a locus shown in a
child can be traced back to the parent carrying the rare allele (Table 1.1) (Butler, 2005).
PIC values can range from 0-1. A PIC value of zero means that the locus only has one
allele; whilst a PIC value of one means that the locus has an infinite number of alleles
(Hildebrand et al, 1994). PIC value$0.7 are considered to be highly informative

(Hildebrandet al, 1994).
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The typical paternity index (TPI) displays the likelihood that the alleles shown by the
child were obtained from the true biological father instead of a random unrelated male in
the same population (Table 1.1) (Butler, 2005). TPl is a ratio of two numbers where the
numerator is the probability that the sperm that fertilized the mother’s ovum came from
the biological father whilst the denominator is the probability that the sperm that
fertilized the mother’'s ovum came from a random male (Butler, 2005). The greater the
TPI value of a locus, the better the locus ability to identify the biological father

(http://www.dnacenter.com/science-technology/pateynityTo improve the odds, a

combined TPI (CTPI) is used in paternity cases. CTPI is the product of several loci’'s TPI

values.

1.7.4.2.5 Population differentiation

Population differentiation is determined from allelic frequencies (Raymond & Rousset,

1995h). As its title suggests it is used to determine whether genetic differentiation exists
between populations or not. It varies between 0-1 where zero is indicative of no
differentiation existing between populations, whilst one indicates complete differentiation

(Raymond & Rousset, 1995b). When the null hypothesis, i.e. no differentiation amongst
populations, demonstratespavalue <0.05 it is said to show significant differentiation

(Raymond & Rousset, 1995b).
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Table 1.1: Summary of genetic formulae

Ple

p? + 2pq + of = 1, where: p = frequency of the dominant all
HWE formula
and, g = frequency of the recessive allele
n
Ho 1-¥ P? where P= frequency off allele in a population of n
i samples
n
MP 3 x?, where n = number of samples andarequency of'f
i=1 genotype
PD 1-MP
H? (1 — 2 x H x h}, where H = heterozygosity and h
PE
homozygosity
CPD 1 - (MP|OCUS 1X MPlOCUS 2X ........ )
CPE 1 - (PEOCUS 1X PE'OCUS 2X ........ )
n n n
PIC Y P2 — (O P??+Y P, where Ris frequency off allele in a
1 1 1 population of n samples
TPI H+h
2h where H = heterozygosity and h = homozygosity
CTPI 1 - (TPI|OCUS ]_X TPllOCuS 2X ........ )

Genetic formulae taken from Butler, 2005; Huston, 1998.
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1.8  Objectives of the study

This study is part of a comprehensive project aiming at developing and validating Non-
CODIS miniSTR genotyping systems suitable for South Africa. The development of
such genotyping systems will help in forensic casework involving DNA samples and in
particular those who are highly degraded. The Non-CODIS miniSTRs can be valuable in
a variety of scenarios including complex paternity cases, missing persons work, and mass
fatality DNA identification testing. In these Non-CODIS miniSTR systems, smaller
sized PCR products are amplified, and PCR primers are moved as close as possible to the
STR repeat regions. This has led to a decrease in the incidence of allele or/and locus-
dropout that may occur in degraded DNA samples.

It is believed that Non-CODIS miniSTRs can in the future provide a potential alternative
to mitochondrial DNA sequencing in the forensic analysis of degraded DNA. Indeed,
MtDNA testing is a laborious and cost-prohibitive procedure for most forensic
laboratories to utilize. Additionally, given the haploid and maternal-only transmission of
MtDNA, the power of discrimination is not as powerful for identification as a full multi-
locus STR match. The Non-CODIS miniSTR assays should offer a new potential tool for
recovering useful information from samples that generated partial profiles with present
STR multiplexes.

The present study covers six Non-CODIS miniSTR loci amplified in two miniplex sets.
This includes D1S1627, D5S2500 & D8S1115 amplified in miniplex 1 and D3S4529,
D6S1017 & D9S2157 amplified in miniplex 2.

In the initial part of the study the six Non-CODIS miniSTR genotyping system described

above was evaluated on recent DNA samples (Chapter 2). The amplification conditions
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were fine tuned to obtain the optimal results. Allelic ladders necessary for the system
were also developed.

For proper allelic designation, two homozygous alleles per locus were fully sequenced
(Chapter 3). The sequence and the repeat structure of each of the loci were also
confirmed.

The exercise of internal validation of the Non-CODIS genotyping system was carried out

(Chapter 4).

A comprehensive population study, covering five population groups from South Africa,

was conducted (Chapter 5).
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Chapter 2: Laboratory development and implementation of a six Non-

CODIS miniSTR genotyping system

2.1 Introduction

The six Non-CODIS miniSTR genotyping system investigated here includes six loci
amplified in two miniplex sets. Miniplex 1 includes D1S1627, D5S2500 & D8S1115 and
miniplex 2 includes D3S4529, D6S1017 & D9S2157. Primer sequence and amplification
conditions were previously described by Hill and co-workers (2008). The system was
evaluated on recent DNA samples in this part of the study. The amplification conditions
were fine tuned to obtain the optimal results. Allelic ladders necessary for the system

were also developed.

2.2  Materials and methods

2.2.1 PCR amplification

Primers were synthesized by Applied Biosystems and all forward primers were labelled
with either 6FAM™, VIC™ and NED™ dyes which enabled colour separation on an
ABI 377 genetic analyzer. All reverse primers were unlabelled and had an additional 5’
guanine base added to produce fully adenyalted PCR productst(Hi)l 2008). The
chromosomal position, location, repeat type, repeat motif, allele range and the size range
for each locus is presented in Table 2.1. Complete primer sequences and final
concentrations of each of the loci used in this study are presented in Table 2.2.
Amplification of samples were performed in reaction volumes of 10ul using a master mix

containing: 1X Supertherm PCR buffer (containing 1.5mM MpC50uM of each
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deoxynucleotide triphosphate (Roche, dNTP’s: dATP, dCTP, dGTP, dTTP); 200pg of
template DNA, 160ug/ml BSA and 1U Supertherm Gold Tag DNA polymerase. Primers
were added to produce final concentrations as indicated in Table 2.2. Amplification
reactions were performed using a 96-well Gene-Amp® PCR system 9700 thermal cycler
(Applied Biosystems). Thermal cycling conditions for miniplex 1 were: 95°C for 10
minutes; 35 cycles of: 94°C for 1 minute, 59°C for 1 minute and 72°C for 1 minute
followed by a final incubation at 60°C for 45 minutes. Thermal cycling conditions for
miniplex 2 were: 95°C for 10 minutes; 35 cycles of: 94°C for 1 minute, 55°C for 1

minute and 72°C for 1 minute followed by a final incubation at 60°C for 45 minutes.
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Table 2.1. Information on six Non-CODIS miniSTR loci examined in this study.
Adapted from Hillet al (2008).

STR locus Chrom.o.somal Chromo-somal Repeat type Repeat motif Allele Size range
position location range (bp)*
D1S1627 Chr 1 106.676 Mb 1p21.1 Tri ATT 10-17 84-105
D3S4529 Chr 3 85.935 Mb 3pl2.1 Tetra ATYT 11-19 113-145
D5S2500 Chr 558.735 Mb 5q11.2 Complex tetra GRYW 13-24 83-127
D6S1017 Chr 6 41.785 Mb 6p21.1 Tetra ATCC 7-18 84-128
D8S1115 Chr 8 42.656Mb 8p11.21 Tri ATT 7-21 60-102
D9S2157 Chr 9 133.065Mb 9q34.2 Tri ATA 7-17 74-104

*Amplicon size obtained in this study according to GS500 LIZ size standard
R=G/A

Y=T/C
W=A/T
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Table 2.2: Dye labeled primer sequences used in miniplex 1 and miniplex 2 reactions

Miniplex . Primer
STR locus Primer sequence (5’-3’) ]
set concentration M)

F-[VIC]-CATGAGGTTTGCAAATACTATCTTAAC
D1S1627 1 0.3
R-GTTTTAATTTTCTCCAAATCTCCA

F-[VIC]-CCCAAAATTACTTGAGCCAAT
D3S4529 2 0.1
R-GAGACAAAATGAAGAAACAGACAG

F-[NED]-CTGTTGGTACATAATAGGTAGGTAGGT
D5S2500 1 0.1
R-GTCGTGGGCCCCATAAAATC

F-[VIC]-CCACCCGTCCATTTAGGC
D6S1017 2 0.1
R-GTGAAAAAGTAGATATAATGGTTGGTG

F-[6FAM]-TCCACATCCTCACCAACAC
D8S1115 1 0.1
R-GCCTAGGAAGGCTACTGTCAA

F-[6FAM]-CAAAGCGAGACTCTGTCTCAA
D9S2157 2 0.5
R-GAAAATGCTATCCTCTTTGGTATAAAT

2.2.2 Allelic ladder design

To facilitate consistent genotyping from one gel run to another, allelic ladders were
designed for each locus. The allelic ladders were designed using a combination of
individual DNA samples which were representative of the most common alleles present
in the populations (Coble and Butler, 2005). Amplification of allelic ladders was
performed using the same set of primers. From this a single amplification contained a
range of reference amplicons which could be used for comparison when typing unknown
samples. Two alleles for each ladder were selected for sequencing to verify accurate
allele designation, repeat structure and sequence. DNA sequencing is discussed in detail

in Chapter 3.
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DNA samples used for ladder construction were diluted to concentrations of (ingf. 1

each necessary DNA sample for the ladder was combined in a 1.5ml eppendorf tube and
made up to a final volume of {0 thereby producing DNA mixtures at a final
concentration of 100pg. The PCR master mix contained the same concentrations of
reagents as previously described for miniplex 1 & 2 amplfication (see 2.2.1) and the
DNA mix was added to produce a final concentration of 200pg in a 10ul reaction.
Ladder samples for miniplex 1 used the following cycling conditions: 95°C for 10
minutes; 35 cycles of: 94°C for 1 minute, 59°C for 1 minute and 72°C for 2 minutes
followed by a final incubation at 60°C for 60 minutes and 4°C forever. Ladder samples
for miniplex 2 used the following cycling conditions: 95°C for 10 minutes; 35 cycles of:
94°C for 1 minute, 55°C for 1 minute and 72°C for 2 minutes followed by a final
incubation at 60°C for 60 minutes and 4°C forever. The 72°C extension time and the
final extension time was increased since more PCR products had to be created (Coble and

Butler, 2005).

2.2.3 Fragment analysis on ABI 377 Genetic Analyzer

Amplified samples were electrophoretically separated using an ABI Prism® 377 Genetic
Analyzer (Applied Biosystems) and GeneScan™ 500 LIZ™ size standard (Applied
Biosystems, Warrington, UK). Samples were prepared for analysis by mixing 1ul of dye
mix (i.e. 5l de-ionized formamide, 1ul dextran blue and 1ul of GS500 LIZ size standard
[Applied Biosystems]) with 1ul of PCR product. Mixtures were heat denatured on a

thermocycler at 95°C for 5 minutes and then immediately snap cooled onjtaf 1
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sample was loaded on a 36cm gel, (for gel preparation refer to Appendix 1), and filter set
G at 2400 scans per hour.

All data was collected with the ABI 377 collection software (Applied Biosystems) and
analyzed using the GeneScan 3.1 (Applied Biosystems) software. Size fragments were
converted to allele numbers by making use of the Genotyper 2.5 (Applied Biosystems)
software.  Allele numbers were assigned to samples according to the known allele

numbers in the allelic ladders.

2.3 Results and Discussion

The performance of six Non-CODIS miniSTR loci were evaluated in this study.
Observed allele size ranges for each of the loci was determined (Figure 2.1 (a) and Figure
2.2 (a)). In miniplex 1, locus D1S1627 displayed amplification products in the size range
of 84-105bp, D5S2500 showed a size range of 83-127bp and D8S1115 showed a size
range of 60-102bp. In miniplex 2, locus D3S4529 displayed amplification products in
the size range of 113-145bp, D6S1017 showed a size range of 84-128bp and D9S2157
showed a size range of 74-104bp.

All six loci were consistently amplified in the test samples. Loci generally showed
balanced profiles (Figure 2.1 (b) and Figure 2.2 (b)), but in some instances D952157 did
not amplify as strongly as the other two loci in miniplex 2. In most cases the RFU value
of D9S2157 did not fall below the threshold limit 150RFU. The presence of PCR
artefacts was generally detected in D9S2157 (indicated by arrow in Figure 2.2 (b)). PCR

artefacts are normally caused by interactions between primers in the multiplex reaction.
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These artefacts however fell outside of the size range of the alleles of interest and were

thus disregarded during analysis.
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Figure 2.1: DNA fragment analysis for miniplex 1. (a) Observed allele size range of the three
loci amplified in miniplex 1. (b) An example of an electropherogram for miniplex 1 illustrating
colour separated allele peaks.
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Figure 2.2: DNA fragment analysis for miniplex 2. (a) Observed allele size range of the three
loci amplified in miniplex 2. (b) An example of an electropherogram for miniplex 2 illustrating

colour separated allele peaks.
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Prior to the design of allelic ladders, sequencing analysis of individual samples were
conducted to ensure that correct allelic designations were made in accordance with the
recommendations of the DNA Commission of the ISFG (@aal, 1997). The DNA
sequencing procedure is explained in detail in Chapter 3. Allelic ladders were designed
for each locus to enable accurate genotyping of unknown samples from one gel run to
another. Figure 2.3 (a)-(c) and Figure 2.4 (a)-(c) depicts allelic ladder electropherograms
for each of the loci.

After the completion of the population study additional rare alleles not present in the
current allelic ladders were detected. In miniplex 1 these additional rare alleles were,
repeats 17 for locus D1S1627, repeats 13, 16 and 22 for locus D5S2500 and repeats 12
and 20 for the locus D8S1115. In miniplex 2 these additional rare alleles were repeats
19, 14 & 18, and 9.1 for the loci D3S4529, D6S1017 and D9S2157 respectively. The
rare allele of locus D9S2157 is known as a microvariant allele. This microvariant allele
displayed by locus D9S2157, has also been reported in USA populations and in
Singaporean populations (Hit al, 2006b; Yonget al, 2009). The microvariant allele

was confirmed by sequencing with flanking primer pairs that included the miniSTR
amplicon. The repeating structure contained eight complete repeating units of ATA
followed by one repeat of ATTA. Thus an additional ‘T’ base is present in the final

repeating unit (Figure 2.5 displays the sequencing of a homozygous 9.1 allele).
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Figure 2.3: Miniplex 1 allelic ladders Alleles from individual DNA samples representative of
the common alleles for each locus present in miniplex 1. (a) Genotyped allelic ladder profile for
locus D1S1627. (b) Genotyped allelic ladder profile for locus D5S2500. (c) Genotyped allelic
ladder profile for locus D8S1115.
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Figure 2.4: Miniplex 2 allelic ladders Alleles from individual DNA samples representative of

the common alleles for each locus present in miniplex 2. (a) Genotyped allelic ladder profile for
locus D3S4529. (b) Genotyped allelic ladder profile for locus D6S1017. (c) Genotyped allelic
ladder profile for locus D9D2157.
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Figure 2.5 Sequencing of 9.1 microvariant allele for the locus D9S2157The sequencing
product of a homozygous sample identified for the marker, D9S2157 with 9.1 repeating units of
the trinucleotide ATA. Eight complete repeating units were counted and one repeat unit
containing and additional ‘T’ nucleotide was observed.

2.4 Summary

The six Non-CODIS miniSTR genotyping system was successfully implemented in the
laboratory following minor optimizations of the loci amplification conditions. Allele size
range was determined for each of the loci and allelic ladders were constructed. In both
miniplex sets balanced profiles were obtained for all loci except for the locus D9S2157 in
miniplex 2. To overcome its amplification weakness the concentration of D9S2157 in the
primer mix was increased to aid its successful amplification.

Following the promising preliminary results, the system was further investigated to assess
its suitability for forensic casework in South Africa. This included internal validation and

population studies.
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Chapter 3: DNA sequencing of six Non-CODIS miniSTR loci

3.1 Introduction

Variations within STR loci are displayed by the number of repeating units and the
repeating structure. Thus, when using these loci in human identification tests the
sequence and structure of the repeating unit must be determined. Repeat structure and
numbers per locus are normally verified by means of DNA sequencing (de Kock, 2006).

A minimum of two homozygous samples for each miniSTR locus was sequenced to
verify repeat structure, repeat number and observed size. To ensure that the entire repeat
region was being sequenced, sequencing primers were designed outside of the target

miniSTR amplicon regions. This enabled the sequencing of the full repeat region.

3.2 Materials and methods

3.2.1 Primer design

Unlabelled sequencing primers were designed by extending the sequences on both ends
of the miniSTR primers. To determine the additional bases that were needed to be added,

miniSTR primer sequences were copied into BLAT (http://genome.ucsc.edu/cgi-

bin/hgBlad) and an extended DNA sequence was obtained. Primers were then designed
against these reference sequences using a web-based primer design tool, Primer3.

BLAST and an electronic PCR programme (http://lpgws.nci.nih.gov/per)/eygce used

to verify chromosomal location. Refer to Table 3.1 for: sequencing target region for each
locus, primer sequences and product size. All sequencing primers were synthesized by

Whitehead Scientific (Pty) Ltd.
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Table 3.1: Unlabeled primers used for sequencing purposes of the six Non-CODIS

miniSTR loci investigated in this study. These primers bind outside of the miniSTR

primers and have larger amplicon sizes.

STR locus

Target Region (5’-3")

Product size (bp)

D1S1627

CTGTAACTGTGGAGTATAAACTATTCTTAAGTAGAAAGACTAAAAGATGAACCAAACAAAAGT TTTACTATTTA
TGACTTTTTTTGIGTATTCATTGTATATTTTTGGATTCGAGGT TACCATGAGGT TTGCAAATACTATCTTAACA
CCCATTATTATTATTATTATTATTATTATTATTATTATTATTGGAGATTTGGAGAAAATTAAAATTAATGTGTG
TGCGTGTGTGTGITGTGT TTATATTCCAGGGTATTGTGCACGT TAACTATTTAACCTATTCAAGACATAGACAGT
ACAGTAAGGTATGAATAGAAATGACCAAAAGTTAAACAGTGGC

339

D3S4529

GCCTTATGAGAAAGT CTGAAGT CCTCTAAGTACCCT AAGGAAGAAGAAATTCTCCCTGACACT(H CCTCTGGAC
ATGAGCTGCAACAGAAT CTCTTTGGGT CTCCAGCCTACCAGCCTGCCCTGCATTTTTCAAACT TGCCAGACCCC
AAAATTACTTGAGCCAATTTATTAAAATAAATATCGATCAATTGATCTATCTATCTATCTATCTATCTATCTAT
CTATTTATCTATCTATCTATCTGICTGITTCTTCATTTTGTICTCCCTGGAGECCCCTAACAGTITCCTTTATCCC
TGGTTCATTCTTCTGCATAGCACTTGTCCCCTTTTAATGTATGATATAATGTATTTCATTTGCATGITTCTTTA
TTGICTGICTCCTCCACTACACTGT

395

D5S2500

TGITTTATTTATGGAACAACTTTTTGITTTTTCTGGAGT TATATATTACCTTCTTTATTTGATTATGTGACATT
ATCACCAATTTTTCTAGACGT CTCCAAAACATAATTTTTTAAATTTTAAATTTCTGT TGGTACATAATAGGTAG
GTAGGTAGACAGACAGACAGACAGACAGACAGACAGACAGATAGATAGATAGATTGATTGATTTAT GGGGCCCA
CGAGATATTTTCATACAGGCAAGCAATGCATAATAATAT CAGGGTAAACAGCGAATCTATTACTGCAAACATTT
ACCCTTTAAGI TACAAACAATTCAATTATATTCTCTTAGT TATTTTGAGATGTATGATAAACTACTGITGAC

368

D6S1017

ACAACTAGTGCCTTTTTCATCTCCTTTTAAACATCCATCCATCTATCCATGCATACATCTATCCATTATATCCA
CCTTTTCATCCATTATATCCATCCATCCATCCATCCACCCACCATTATATCCACCTTTTCATCTGI CCACCCGT
CCATTTAGGCATGCATCCATTATATCCATCCATCCATCCATCCATCCATCCATCCATCCATCCACCAACCATTA
TATCTACTTTTTCATGCATCCACCCATCCATTTATGCATGCATCCATTATGICCATCCATCCATTATATACATG
CATCCATCTAATATTTATTGAGCACCTATCCTGT GCCAGGTACTGCATTAGATACTTTATGTI TTAATCCTTACA
GAAATTCTCCAGGG

384

D8S1115

TTTTCTATATTCAGAAGGGEGAACGGCTGGACCATATCCCATAGTAATTCTATTCTTAATGT TTTCAGGAACCAC
CATAATGTTTTCCACAGCGGCOGCACCAT TTCACATAT CCACCAGAGGCCCACAAGAGT TCCAGT TTCTCCACA
TCCTCACCAACACATTATTATTATTATTATTATTATTATTTTGACAGTAGCCTTCCTAGECCATGEEECTTTTA
AGCTGTATGATTAAGGAAATTTGTGCAAATGCAGT TTTTAAAACT CTCT TGGECCAGGT GCGGTGGECTCATGCCT
GTAATCCCAGCACT TTGGGAGECCGAGGCGGEGECAGATCACCT GAGGT CGAGT TCCAGACCAGCCTGACCAACAT
GGTGAAACCCTGTCTCTACTAAA

393

D9S2157

AAATACAAAAATTAGCGT GTGTGCCTGTAAT[ CCCAGCTATTCAGGT GGCTGAGCCATGACAATTGCTTGAACC
CGGGAGGTGGAGGT TGCAAT GAGCT GAGAT CACGCCACGGTACT CCAGCCT GEGT GGCAAAGCGAGACTCTGTC
TCAATATAATAATAATAATAATAATAATAATAATAAATAAAATTTATACCAAAGAGGATAGCATTTTCCCTCTC
CCAATCAGCAAGGTAGGTTCATTTTTGT TTTCATAACCTCTGGTAT TCCCAGCAGT AGCCCAGGTGTACTACAC
GGTGGCTTTGCTGGGTACT] GCTTGGGECAGGGECACATGAAT GAGT GACTGATGT GCTGT GGTCCTTCTGGAAAT
AACCCAATGAGIT

383

Forward sequencing primers

Reverse sequencing primers

Forward miniSTR primers
Reverse miniSTR primers

3.2.2. PCR amplification

Sequencing amplification reactions were performed in reaction volumes of 30 ul using a

master mix containing: 1X Supertherm PCR buffer (containing 1.5mM NtgZ30uM
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of each deoxynucleotide triphosphate (Roche, dNTP’s: dATP, dCTP, dGTP, dTTP); 1ul
of template DNA with a concentration ranging between 1ng-10ng; 160ug/ml BSA and
1U Supertherm Gold Tag DNA polymerase. Primer concentrations were adjusted to
produce visible amplicons. Amplification reactions were performed using a 96-well
Gene-Amp® PCR system 9700 thermal cycler (Applied Biosystems). Thermal cycling
conditions were: 95°C for 10 minutes; 35 cycles of: 94°C for 1 minute, 57°C/59°C for 30
seconds and 72°C for 30 seconds followed by a final incubation at 60°C for 45 minutes
and 4°C forever. Annealing temperatures; final primer concentrations and DNA

concentrations used for each primer pair is presented in Table 3.2.

Table 3.2: Amplification conditions for DNA sequencing of the six Non-CODIS
mMiniSTR loci

Sequencing Annealing Primer concentration DNA concentration
primer pair temperature ("C) (uM) (nQ)
D1S1627 57 0.3 1.0
D3S4529 57 0.1 1.0
D5S2500 57 0.1 10.0
D6S1017 57 0.1 1.0
D8S1115 59 0.1 10.0
D9S2157 57 0.1 1.0

Post amplification, sequencing products were run on a 2% agarose gel and stained with
ethidium bromide to enable visualization under UV light. Agarose gels were run for 30

minutes to 1 hour at a constant current of 80 ampere in 1X TBE buffer.
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3.2.3 Sequencing procedure

For the sequencing reaction 1ul of ExoSap IT and 2.5ul of PCR product (see section
3.2.2) were mixed and incubated af@G7or 15 minutes followed by a further 15 minute
incubation at 8%C in a 96-well Gene-Amp® PCR system 9700 thermal cycler (Applied
Biosystems). Sequencing PCR was then performed using ABI Prism® BigDye®
Terminator (version 3.1) cycle sequencing kit (Applied Biosystems). The sequencing
mixture contained: 3.5ul of ExoSap IT template, 4ul BigDye Terminator kit mix
(Applied Biosystems), 1.5ul distilled water and 1pul of forward or reverse primer (5uM
each) to produce a final volume of 10ul. Thermal cycling was conducted in a 96-well
Gene-Amp® PCR system 9700 thermal cycler (Applied Biosystems) with the following
parameters: 96°C for 1 minute followed by 25 cycles of: 96°C for 10 minutes; 50°C for 5
minutes and 60°C for 4 minutes followed by 4°C for 60 minutes.

The DNA sequencing product was cleaned up as follows: 10ul of sequencing product
was mixed with 2ul of 125mM EDTA:3M Sodium acetate which was previously
prepared at a ratio of 1:1. 25ul of 100% ethanol was then added to each sequencing
reaction and incubated at room temperature for 15 minutes. Post the 15 minute
incubation; samples were spun at maximum speed for 30 minutes at room temperature
using a bench top centrifuge. Supernatant was removed and the pellet was washed with
70ul ice cold 70% ethanol. This was followed by a 15 minute spin (at maximum speed)
at room temperature. Supernatant was removed and the pellet was allowed to air dry in a
fume hood. Once completely dry the pellet was resuspendedihat.®ading mix

(which contained: @ formamide and il of dextran blue dye [Applied Biosystems]).
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Prior to loading, samples were heat denatured for 4 minutes on a thermocycler set at 95°C
and then immediately snap cooled on ice until samples were loaded.

0.8-1.2d of sample was loaded on a gel (for gel preparations refer to Appendix I).
Electrophoresis of sequencing products were performed on the ABI Prism® 377 Genetic
Analyzer (Applied Biosystems) using a 36cm gel and filter set E at 1200 scans per hour.
Sequencing gels were analyzed using Sequencing Analysis version 3.7 (Applied
Biosystems). Forward and reverse sequences were aligned and checked using an online
sequence alignment tool, i.e. BioEdit Sequence Alignment Editor which is available

from: http://www.mbio.ncsu.edu/BioEdit/page2.htnflllele repeats for each sample was

determined and repeat numbers in relation to size were assigned accordingly.

3.3  Results and Discussion

The aim of DNA sequencing was to verify that correct allele designations were being
assigned to each locus. Hence, size in bp could accurately be assigned to the number of
allele repeats. For example, Figure 3.1 (a) has a size of 84bp which displays 10 repeating
units of ATT for the locus D1S1627. Therefore all amplicons with a size of 84bp for the
marker D1S1627 will have 10 repeating units attributed to it. Thus, from this data one
could then predict the range of allele repeats for the marker using the amplicon length in
bp. An increase of 3bp for the marker D1S1627 will result in an extra repeat, thus 11
repeats will be assigned the size of 87bp and a decrease of 3bp for the same marker will
result in 9 repeats being assigned to an amplicon length of 81bp.

Applying this correlation to all the markers used in this study, a trinucleotide allele will

increase or decrease by 3bp for each repeat and a tetranucleotide allele will increase or
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decrease by 4bp for each repeat. In this study the loci: D1S1627, D8S1115 and D9S2157
contain trinucleotide repeats (Figure 3.1 (a), (e) and (f) respectively) and the loci
D3S54529, D5S2500 and D6S1017 contain tetranucleotide repeats (Figure 3.1 (b), (c) and

(d) respectively).
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Figure 3.1: DNA sequencing profiles of homozygous samples tested for each locus)
Sequencing profile for locus D1S1627 illustrating 10 repeating units of ATT (84bp). (b)
Sequencing profile for locus D3S4529 illustrating 13 repeating units of ATCT/ATTT (121bp).
(c) Sequencing profile for locus D5S2500 illustrating 14 repeating units of
GGTA/GACA/GATA/GATT (87bp). (d) Sequencing profile for locus D6S1017 illustrating 8
repeating units of ATCC (88bp). (e) Sequencing profile for locus D8S1115 illustrating 9
repeating units of ATT (66bp). (f) Sequencing profile for locus D9S2157 illustrating 9 repeating
units of ATA (80bp).
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Confirmation of accurate allele repeat number designation was tested by comparing the
allele repeat numbers (genotype profile) obtained for the standard DNA sample 9947A
found in this study to those generated by Eitl (2008). Concordance was obtained for

all loci in both miniplex sets (Table 3.3).

Table 3.3: Concordance study of standard reference sample 9947A

Genotype profile obtained for Genotype profile obtained for
the sample 9947A in this | the sample 9947A by Hibt
study al (2008)
D1S1627 13:14 13:14
Miniplex
D5S2500 14:23 14:23
1
D8S1115 9:18 9:18
D3S4529 13:13 13:13
Miniplex
D6S1017 9:10 9:10
2
D9S2157 7:13 7:13

3.4 Summary

The entire repeat regions of six Non-CODIS miniSTR loci were successfully sequenced.
Allele repeat number, structure and observed size were determined for each locus.
Subsequently, allele repeat numbers could accurately be assigned to all samples. The
sequencing procedure was also used to evaluate flanking regions of each locus. The
sequencing results generated from this study showed consistency in this regard for each

of the investigated loci.
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Chapter 4: Internal validation study of six Non-CODIS miniSTR loci

4.1  Introduction

Currently forensic analysis is being more frequently used in court cases than in the past
(Butler, 2005). In most instances the performance of the genotyping system used comes
under scrutiny instead of the science behind the selected methods (Butler, 2005). Thus
the validity of any new techniques has to be carefully documented. Since forensic
samples can be obtained under a number of varying conditions, it was also necessary to
determine the limitations of the method as well as to determine the reliability of the
method in producing accurate results. To achieve this, an internal validation study was
conducted on the six Non-CODIS miniSTR system in accordance to the SWGDAM

guidelines (www.cstl.nist.gov/strbase/validation/SWGDAM

4.2 Materials and method
4.2.1 DNA extraction
Samples were collected as whole blood or buccal swab samples. DNA was extracted as

previously described by Lahiri and Nurnberger (1991) (refer to Appendix ).

4.2.2 DNA quantification

DNA samples were quantified using a Nanodrop ND 1000 UV-Vis spectrophotometer.
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4.2.3 PCR amplification
PCR amplification reactions were performed as previously described (Chapter 2; Section

2.2.1)

4.2.4 Sample genotyping

Amplified DNA fragments were analyzed on an ABI 377 Genetic Analyzer (Applied
Biosystems). Allele designations were assigned according to recommendations of the
DNA Commission of the ISFG (Bar et al., 1997) with the aid of allelic ladders. Allelic
ladders were designed by combining products of varying length representative of the

common alleles present.

4.3 Results and Discussion

4.3.1 Reproducibility

To test genotyping consistency random human DNA samples were selected for each
miniplex set and typed on three separate occasions with a minimum of one week lapse
between each experiment. Consistent genotype profiles were obtained for all samples

tested within each miniplex set (Table 4.1 and 4.2).
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Table 4.1: Genotype profiles obtained for human DNA samples analysed with miniplex 1

loci

Miniplex 1 loci

Sample ID D1S1627 D5S2500 D8S1115

Run1 Run 2 Run 3 Run 1 Run 2 Run3 Run 1 Run 2 Run 3

9947A 13:14 13:14 13:14 14:23 14:23 14:28 9:18 9:18 9:18

C106 11:14 11:14 11:14 17:18 17:18 17:18 9:14 9:14 9:14
C26 12:14 12:14 12:14 17:18 17:18 17:18 14:16 14:16 14:16

Asl7 13:14 13:14 13:14 14:18 14:18 14:18 9:16 9:16 9:16
Al46 10:13 10:13 10:13 18:23 18:23 18:28 15:16 15:16 15:16

As12 10:13 10:13 10:13 14:18 14:18 14:18 9:16 9:16 9:16
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Table 4.2: Genotype profiles obtained for human DNA samples analysed with miniplex 2

loci
Miniplex 2 loci
Sample ID D3S4529 D6S1017 D9S2157

Run1 Run 2 Run 3 Run 1 Run 2 Run3 Run 1 Run 2 Run 3

9947A 15:15 15:15 15:15 9:10 9:10 9:10 7:13 7:13 7:13
A130 15:17 15:17 15:17 10:13 10:13 10:18 11:12 11:12 11:12
A149 13:15 13:15 13:15 8:10 8:10 8:10 12:15 12:15 12:15

As2 14:16 14:16 14:16 8:10 8:10 8:10 7:13 7:13 7:13
As3 13:14 13:14 13:14 10:12 10:12 10:1% 13:14 13:14 13:14

C9 13:14 13:14 13:14 8:9 8:9 8:9 7:10 7:10 7:10

4.3.2 Precision and accuracy

Central to STR genotyping is the ability of the method to measure the size of the
amplified product (Muleret al, 2006; Krenkeet al, 2005). “Sizing precision allows for
determining accurate and reliable genotypes” (Mulercal, 2006). In this study
precision refers to the reproducibility of the size measured for the amplified product and
accuracy refers to the ability of the method to obtain a correct size and genotype (Daniels

et al, 2004; Krenkeet al, 2005). The standard DNA sample 9947A was selected for this

study.

58



DNA sample was amplified and typed on three different occasions with a minimum of
one week lapse between each typing session. Precision was calculated for each locus and
expressed as a standard deviation. Accuracy was expressed as the variation in size (bp)
between the allele(s) of the sample compared to those same allele(s) within the allelic
ladder of the same gel run. Allele sizes were determined using an internal lane standard,
GeneScan LIZ 500.

The precision study indicated that across all loci the standard deviation did not exceed
0.141 bases (Table 4.3). In this study the highest standard deviation of 0.141 bases was
shown by the locus D8S1115 (Table 4.3). This is well below the accepted norm of 0.2

bases standard deviation (www.cstl.nist.gov/biotech/strbase/training.ht@apillary

based genetic analysers and DNA sequencers generally report standard deviations below

0.15 bases_(www.cstl.nist.gov/biotech/strbase/training.htm this study the gel based

ABI PRISM 377 DNA sequencer (Applied Biosystems) was used. This method is
deemed to be less accurate than the capillary based systems

(www.cstl.nist.gov/biotech/strbase/training.htm Thus this study proved that the

miniplex systems investigated could generate reproducible results with high precision
since standard deviation across all markers fell well below the 0.2 base limit.

In the accuracy test alleles across all loci fell within £0.5bp of the same allele in the
allelic ladder (Table 4.4). ABI Prism DNA Genotyper Analysis Software (version 3.7)
allows for £0.5bp variation between the unknown fragment and the fragment in the allelic
ladder. In each set of analysis conducted, the standard sample, 9947A, fell well within
the £0.5bp variation allowed. Furthermore, the standard sample, 9947A, did not show

the presence of any variant alleles.
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Table 4.3: Precision study showing average allele size and standard deviation of the
control sample 9947A for six Non-CODIS miniSTR loci

Mean size allele 1  Standard deviation Mean size allele 2  Standard deviation

Locus
(bp) allele 1 (bp) (bp) allele 2 (bp)
D1S1627 93.027 0.086 96.113 0.045
D3S4529 120.957 0.098 120.957 0.098
D5S2500 86.687 0.133 123.083 0.062
D6S1017 91.857 0.082 95.733 0.058
D8S1115 65.560 0.141 93.310 0.037
D9S2157 74.120 0.100 92.270 0.135
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Table 4.4: Accuracy study presenting the variation between allele sizes of the control
sample 9947A in comparison to the same allele sizes in the allelic ladders for each of the
Non-CODIS miniSTR loci

Allele size(s) Allele size(s)
Variation of size
Locus Run number (bp) of sample  (bp) within the
(bp)*
9947A allelic ladder
93.13; 96.17 93.21; 96.27 0.08; 0.1
D1S1627 93.03; 96.06 93.08; 96.23 0.05; 0.17
92.92; 96.11 92.65; 96.06 -0.27; -0.05
120.83 120.91 0.08
D354529 120.97 120.94 -0.03
121.07 120.87 -0.2
86.76; 123.03 86.81; 123.14 0.05; 0.11
D5S2500 86.80; 123.17 86.96; 123.02 0.16; -0.15
86.50; 123.05 86.50; 122.83 0.0; -0.22
91.75; 95.72 91.87; 95.78 0.12; 0.06
D6S1017 91.95; 95.67 91.98; 95.95 0.03; 0.28
91.87; 95.81 91.87;95.95 0.0; 0.14
65.66; 93.36 65.74; 93.37 0.08; 0.01
D8S1115 65.66; 93.30 65.30; 93.35 -0.36; 0.05
65.36; 93.27 65.35; 93.37 -0.01; 0.1
74.07;92.31 74.17;92.37 0.1; 0.06
D9S2157 74.26; 92.43 74.14, 92.63 -0.12; 0.2
74.03; 92.28 74.02; 92.29 -0.01; 0.01

* Variation of size (bp) = Allelic ladder size — Allele size of sample 9947A
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4.3.3 Sensitivity and stochastic studies

DNA obtained from crime scenes are generally compromised in one form or another. In
some instances the DNA recovered can be both degraded and the amount of template can
also be low. It is envisioned that by shortening the size of the amplicon, amplification
efficiency of degraded and low copy DNA would be improved. The Non-CODIS
miniplex system investigated in this study was designed so as to aid in the amplification
of degraded and low concentrations of DNA.

The sensitivity of miniplex 1 (n=9) and miniplex 2 (n=8) was investigated. Decreasing
amounts of DNA (500pg, 200pg, 100pg, 50pg, 25pg, and 12.5pg) was added to a
standard 10 PCR reaction. GeneScan analysis threshold was set at a minimum of
150RFU.

The lower limit of template DNA necessary for a complete profile was 25pg and 50pg in
miniplex 1 and miniplex 2 respectively (Figure 4.1 and 4.2). At lower concentrations
miniplex sets displayed preferential amplification of the smaller allele and/or allele drop
out. At concentrations of 500pg allele drop in and pull up was observed in some samples.
Good signal intensities with average RFU values ranging between 800-1800 for miniplex
1 loci at a template concentration of 25pg was observed (Figure 4.3). Miniplex 2 loci
displayed average RFU values ranging between 800-2500 at a template concentration of

50pg (Figure 4.4).
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Figure 4.1: Electropherograms illustrating DNA template concentration titration for
miniplex 1. (a) Amplification of 500pg of DNA, allele drop in and pull up can be observed.
Loci are performing optimally when amplified with DNA concentrations of 200pg and 50pg
(panels b and c respectively). (d) Locus D5S2500 (black) is not performing optimally when
amplified with 12.5pg of DNA. Sensitivity limit for miniplex 1 was set at 25pg.
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Figure 4.2: Electropherograms illustrating DNA template concentration titration for

miniplex 2. Loci are performing optimally when amplified with DNA concentrations of 500pg,
200pg and 50pg (panels a, b and c respectively). (d) At a concentration of 12.5pg, allele drop out
was observed for the larger allele of the locus D9S2157 (blue). Sensitivity limit for miniplex 2
was set at 50pg.
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Figure 4.3: Sensitivity and stochastic study for miniplex 1.The average fluorescence signal
intensity for D1S1627, D5S2500 and D8S1115 was plotted as a function of template
concentration. Good signal intensities ranging between 800-1800RFU were obtained at the
minimal template concentration of 25pg. (n=9)
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Figure 4.4: Sensitivity and stochastic study for miniplex 2.The average fluorescence signal
intensity for D3S4529, D6S1017 and D9S2157 was plotted as a function of template

concentration. Good signal intensities ranging between 800-2500RFU were obtained at the
minimal template concentration of 50pg. (n=8)

66



4.3.4 Peak balance studies

When the amount of template DNA added to a PCR reaction is low in concentration, the
amplification of heterozygous alleles can be imbalanced due to stochastic effects.
Preferential amplification may be observed due to the unequal sampling of the
heterozygous sample during PCR (Chung, 2004). During genotyping, balanced allele
peaks is of vital importance, therefore the peak balance ratio of heterozygous samples
were determined at six DNA concentrations (500pg, 200pg, 100pg, 50pg, 25pg, and
12.5pgq) for both miniplex sets in a final reaction volume @il.10’he peak balance ratio

was calculated by dividing the peak height of the smaller peak by the peak height of the
larger peak. Samples which displayed allele dropout (i.e. displayed a RFU <150) of one
allele was assigned a zero peak balance ratio.

Miniplex 1 displayed good intraloci and interloci balance (rati@®6) across all
concentration ranges, except for locus D5S2500 (Figure 4.5). Locus D5S2500 displayed
interloci and intraloci balance of <0.6 at a concentration of 12.5pg (Figure 4.5). Miniplex
2 displayed good intraloci and interloci balance (raibh6) at concentrations50pg
(Figure 4.6). At 25pg interloci and intraloci balance of <0.6 was obtained for the locus
D3S4529. D6S1017 and D9S2157 showed interloci and intraloci balance of <0.6 at a
concentration of 12.5pg (Figure 4.6). However, at the determined levels of sensitivity,
l.e. 25pg for miniplex 1 and 50pg for miniplex 2, all loci displayed a peak balance ratio
>0.6.

The peak balance ratio between loci is also affected by the concentration of primers since
each primer will have a varied primer binding efficiency depending on the DNA

sequence of each locus (Chung, 2004). Optimal signal intensity and balanced peak
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heights could be obtained for each miniplex by making further adjustments to individual

primer concentrations.
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Figure 4.5: Peak balance ratio for miniplex 1. The average peak balance ratio for D1S1627,
D5S2500 and D8S1115 was plotted as a function of template concentration. The peak balance
ratio remained above the 0.6 criterion for all loci at the sensitivity limit of 25pg. (n=9)

69



1.6 4

1.4

1.2

2
©
o
o 17
2] D D3S4529
% BD6S1017
2 o8 | |0OD9s2157
-
o]
g
S 06— -
IS
o
g
<4

0.4 -

0.2 1

0 —
12.5 25 50 100 200 500

Template concentration (pg/10 ul reaction volume)

Figure 4.6: Peak balance ratio for miniplex 2. The average peak balance ratio for D3S4529,
D6S1017 and D9S2157 was plotted as a function of template concentration. The peak balance
ratio remained above the 0.6 criterion for all loci at the sensitivity limit of 50pg. (n=8)
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4.3.5 Mixture studies

Casework samples may in some instances contain DNA from more than one contributor.
Thus it is important to test the ability of a miniplex system to distinguish between the
major and minor contributors. Deciphering the genotypes of individuals in mixed
samples can be very difficult especially in instances where the contributors share
common alleles. In cases like these, analysis of peak ratios becomes an important tool in
differentiating between the DNA originating from the minor and major contributors
(Chung, 2004).

For this mixture study, two DNA samples were selected for each miniplex. The samples
selected shared no common alleles for the loci tested. DNA samples were prepared at a
concentration of 100pg (for miniplex 1) and 200pg (for miniplex 2) and then mixed at
ratios of: 1:19, 1:9, 1:4 and 1:1.ullof mixed DNA, (for each of the above mentioned
ratios), was cycled under the standard PCR conditions in a final reaction volume. of 10
The results from this study showed that across all loci (i.e. D1S1627, D5S2500 and
D8S1115) and all dilutions (i.e. 1:19, 1:9, 1:4 and 1:1) in miniplex 1 both the minor and
major components were detectable within the mixed samples (Table 4. 5).

At a ratio of 1:19 a complete profile was only observed for the major component in
miniplex 2 (Table 4.6). The minor component displayed allele drop out for all loci (i.e.
D354529, D6S1017 and D9S2157) at this ratio (Table 4.6). In miniplex 2 the minor
component was detectable for the all loci from a ratio of 1:4 (Table 4.6).

Across all loci in both miniplex sets, the ratio of the minor component alleles to the major
component alleles quantitatively reflected the amount of DNA input. The peak height

ratio of the minor component increases as the contribution of minor component increases
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in the mixed DNA sample (Figure 4.7 and 4.8). These mixture studies displayed that it is
possible to discriminate between individuals within a mixed sample for miniplex 1 and
miniplex 2. In miniplex 2 this is however dependant on the ratio of genomic DNA within
the mix since two complete profiles could only be detected with certainty for all loci from

a ratio of 1:4 and less.
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Table 4.5: Genotype profiles obtained from the amplification of mixed DNA samples

with miniplex 1 loci

Ratio of minor

to major DNA

Genotype profiles obtained for

minor DNA component

Genotype profiles obtained for major

DNA component

component | D1S1627 D5S2500 D8S111p D1S1627 D5S2500 D8S1115
Neat 10:12 17:17 9:9 13:13 14:14 16:16
1:1 10:12 17:17 9:9 13:13 14:14 16:16
1:4 10:12 17:17 9:9 13:13 14:14 16:16
1.9 10:12 17:17 9:9 13:13 14:14 16:16
1:19 10:12 17:17 9:9 13:13 14:14 16:16

0 indicative of an allele displaying an RFU value less than the threshold limit of 150.

Table 4.6: Genotype profiles obtained from the amplification of mixed DNA samples

with miniplex 2 loci

Ratio of minor

to major DNA

Genotype profiles obtained for

minor DNA component

Genotype profiles obtained for major

DNA component

component | D3S4529 D6S1017 D9S215f D3S4529 D6S1017 D9S2157
Neat 15:17 10:13 11:12 13:14 8:9 7:10
11 15:17 10:13 11:12 13:14 8:9 7:10
1:4 15:17 10:13 11:12 13:14 8:9 7:10
1:9 0:17 0:0 0:0 13:14 8:9 7:10
1:19 15:0 0:0 0:0 13:14 8:9 7:10

0 indicative of an allele displaying an RFU value less than the threshold limit of 150.
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Figure 4.7: Mixture studies conducted for miniplex 1. Two DNA samples were mixed at
different ratios whilst keeping the starting concentration of each component at 100pg prior to
making DNA mixes. All miniplex loci were detectable for both minor and major components
from a ratio of 1:19.
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Figure 4.8: Mixture studies conducted for miniplex 2. Two DNA samples were mixed at
different ratios whilst keeping the starting concentration of each component at 200pg prior to
making DNA mixes. The minor component displayed allele drop out for all loci at ratios of 1:9
and 1:19. Complete profiles were observed for both minor and major components from a ratio of

1:4 and less.
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4.3.6 Species specificity

The aim of the study was to determine the ability of the system to amplify non-human
DNA in forensic samples. DNA from: dog, cat, baboon, chimpanzee, vervet monkey and
gorilla were amplified with the two miniplex sets. Amplifications were performed using
200pg of non-human DNA cycled under the standard PCR conditions in a final reaction
volume of 1@ul.

Dog, chimpanzee and gorilla DNA displayed amplification products for the locus
D1S1627 (Figure 4.9). Cat and gorilla DNA displayed amplification products for the
locus D8S1115 where the gorilla DNA showed a tri-allelic pattern (Figure 4.9).
Chimpanzee, baboon and vervet monkey DNA displayed amplification products for the
locus D9S2157 (Figure 4.10). Baboon DNA also displayed amplification products for
the locus D6S1017 (Figure 4.10). However, none of the non-human DNA samples tested
produced a complete profile using the six Non-CODIS miniSTR genotyping system.
Furthermore, baboon and vervet monkey samples did not display any amplification
products for any of the loci within miniplex 1 (Figure 4.9). Dog, cat and gorilla samples
did not display any amplification products for any of the loci within miniplex 2 (Figure

4.10).
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Figure 4.9: Species specificity for miniplex 1 The average RFU was plotted as a function of
template concentration. At 200pg of template DNA, amplification products were displayed by
dog, chimpanzee and gorilla samples for locus D1S1627. Locus D8S1115 displayed
amplification products for cat and gorilla DNA samples.
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Figure 4.10: Species specificity for miniplex 2 The average RFU was plotted as a function of
template concentration. At 200pg of template DNA the baboon sample was the only animal DNA
sample tested to display an amplification product for locus D6S1017. Chimpanzee, baboon and

vervet monkey samples displayed amplification products for locus D9S2157.
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4.4 Summary

The Non-CODIS miniSTR loci investigated has demonstrated the ability to produce
consistent, accurate and precise genotype profiles for low concentrations of template
DNA. Template DNA at concentration as low as 50pg was successfully amplified with a
high sensitivity and good peak balance ratios. When analyzing mixed samples,
successful differentiation of minor and major components was easily identifiable in
miniplex 1. In miniplex 2 however complete profiles for each contributor was only
observed from ratiox1:4. Amplification products was produced for both domestic
animals and higher primates tested with miniplex 1. In miniplex 2 amplification products
were only observed for the primate samples. However, none of the non-human DNA
samples tested produced a complete profile using the six Non-CODIS miniSTR
genotyping system.

This internal validation study provided laboratory experience and enabled the
determination of the reliability and limitations of the genotyping system. A
comprehensive population study was therefore conducted on five population groups from

South Africa to determine the various forensic parameters for the system.
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Chapter 5: Investigation of forensic parameters of the six Non-CODIS

miniSTR system in five South African population groups

5.1 Introduction

Genetic information presented in court needs to be substantiated with population data.
Since it is not possible to genotype every individual in the world, smaller population data
sets are used as a reference (Butler, 2005). Essentially, population studies are conducted
to test the possibility of a random match between a suspect and an evidence sample
(Butler, 2005). When conducting population studies, allele frequencies are determined
for various ethnic/racial sample sets (Butler, 2005). Based on the allele frequencies
obtained from these studies different statistical programmes can be used to determine the
various forensic parameters. These parameters include Hardy-Weinberg equitibrium
values, match probability (MP), power of discrimination (PD), polymorphism
information content (PIC), power of exclusion (PE), typical paternity index (TPI) and
population differentiation. In this study, these parameters were investigated in five South
African population groups (i.e. Afrikaner, Asian-Indian, Mixed Ancestry, Xhosa and

Cape Muslim).

5.2 Materials and methods

5.2.1 DNA extraction

Samples were collected from 105 Caucasian individuals of Afrikaner descent (Ehrenreich
et al, 2008), 112 Asian-Indian males (Ledt al, 2007), 115 individuals of Mixed

Ancestry (Ehrenreickt al, 2008), 64 Xhosa individuals (Leetal, 2004b) and 106 Cape
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Muslim individuals (Cloeteet al, 2009). Ethical clearance for this study was obtained
from the Senate Research Committee of the University of the Western Cape. Samples
were collected as whole blood or buccal swab samples. All donors were healthy
unrelated males from respective communities living in South Africa. DNA extraction
was performed as described by Lahiri and Nurnberger (1991). (Refer to Appendix | for a

comprehensive DNA extraction protocol).

5.2.2 DNA quantification

DNA samples were quantified using a Nanodrop ND 1000 UV-Vis spectrophotometer.

5.2.3 PCR amplification
PCR amplification reactions were performed as previously described (Chapter 2; Section

2.2.1).

5.2.4 Sample genotyping

Samples were genotyped as previously described (Chapter 4; Section 4.2.4).

5.2.5 Statistical analysis

Hardy-Weinberg equilibrium and the significance of population differentiation were
determined by an exact test using GENEPOP (Version 4.0.7) software package designed
by Raymond and Rousset (1995a). The Bonferroni correction was applied to test for
deviations from the Hardy-Weinberg equilibrium (Butler, 2005). Forensic parameters:

match probability, power of discrimination, polymorphism information content, power of
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exclusion and typical paternity index were calculated using PowerStats v1.2 software

package (Promega).

5.3 Results and Discussion

Allele repeats numbers varied from one locus to another. Repeats 10-17, 11-19, 8-24,
7-18, 7-21 and 7-17 were shown for the loci D1S1627, D3S4529, D5S2500, D6S1017,
D8S1115 and D9S2157 respectively (Tables 5.1-5.6). Allele frequency distribution was
similar across all populations for individual loci (Figures 5.1-5.6). However, rare alleles
were observed. For example allele 17 for the locus D1S1627 (Figure 5.1) was only
observed in the Xhosa population. Allele 19 for locus D3S4529 (Figure 5.2) and alleles
16 for locus D5S2500 (Figure 5.3) were only observed in the Asian-Indian population.
Alleles 13 and 22 were only observed in the Cape Muslim and Mixed Ancestry
populations respectively for locus D5S2500 (Table 5.3 and Figure 5.3). Locus D6S1017
displayed two rare alleles, alleles 14 and 18 and these were observed in the Cape Muslim
and Xhosa populations respectively (Figure 5.4). The Mixed Ancestry population was
the only population to display alleles 12 and 20 for locus D8S1115 (Figure 5.5).
Furthermore, they were also the only population to display an off-ladder allele, allele 9.1
for the locus D9S2157. This allele has previously been reported in American and
Singaporean populations (Hét al, 2008; Yonget al, 2009). When comparing common
alleles observed in the studied South African populations with USA populations as
studied by Hillet al (2006b) similarities were observed with some loci. For the loci

D1S1627, D552500 and D8S1115, the same common alleles were observed.
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Across the six loci tested for (HWE) the loci: D3S4529, D8S1115 and D9SP157 (
values ranging from 0.0023-0.0323) showedalues below the limit of 0.05 set for
HWE (Tables 5.1-5.6). This suggested possible deviation from HWE. However, after
the application of the Bonferroni correction (Butler, 2005), oplyalues below
0.001666666 (0.05/30) would be considered significant. Thus in this study no loci
showed deviation from HWE.

The observed heterozygosity values for this study were similar across all five populations
(shown in Table 5.7). The observed heterozygosity values ranged from: 0.620 to 0.800,
0.607 to 0.808, 0.696 to 0.843, 0.719 to 0.859 and 0.679 to 0.726 for Afrikaner, Asian-
Indian, Mixed Ancestry, Xhosa and Cape Muslim populations respectively. These values
hereby imply that there is a minimum of 60.7% chance of random samples matching.
Furthermore these values demonstrate good allele diversity for each locus.

The combined match probability (CPM) using these six loci was calculated to be:
2.28x10°; 2.84x1(P; 3.89x10": 4.14x10" and 9.63x10 for Afrikaner, Asian-Indian,
Mixed Ancestry, Xhosa and Muslim populations respectively. Therefore the respective
values for the combined power of discrimination (CPD) in these populations were:
0.999997723; 0.999997163; 0.999999961; 0.999999585 and 0.999999037. This implies
that when using these loci combined in the studied populations a high degree of
discrimination will be ascertained.

Single locus power of exclusion (PE) values across all populations and loci ranged
between 0.306-0.713 (Table 5.7). This indicates a low degree of exclusionary power
when using the loci individually. However when combining the PE values in the relevant

populations, the forensic ability of these loci are markedly increased. CPE values were
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calculated to be: 0.99; 0.99; 0.98; 0.95 and 0.99 for Afrikaner, Asian-Indian, Mixed

Ancestry, Xhosa and Muslim populations respectively.
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Table 5.1: Allele frequency distribution of D1S1627 within five South African population

groups
Afrikaner  Asian-Indian Mixed Ancestry Xhosa Muslim
Allele
(N = 105) (N =112) (N = 115) (N = 64) (N = 106)
1C 0.12¢ 0.09¢ 0.11: 0.05¢ 0.09¢
11 0.14¢ 0.03¢ 0.09¢ 0.10¢ 0.07¢
12 0.01¢ 0.05¢ 0.115 0.13¢ 0.071
13 0.413 0.311 0.34¢ 0.32( 0.42¢
14 0.28¢ 0.48¢ 0.30( 0.26¢ 0.31¢
15 0.00¢ 0.00¢ 0.02% 0.10¢ 0.01¢
16 0.00¢ 0.00¢ 0.00¢
17 0.00¢
HWE p-value 0.983: 0.067¢ 0.321: 0.848: 0.799¢
0.6 Hi— it
0.5 3
0.4
B Afrikaner
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0.2
0.1
o B . -
10 11 12 13 14 15 16 17
Allele repeat number

Figure 5.1: Graphical representations of allele repeat number versus frequency for the locus

D1S1627 in five South African population groups.
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Table 5.2: Allele frequency distribution of D3S4529 within five South African population

groups
Afrikaner  Asian-Indian Mixed Ancestry Xhosa Muslim
Allele
(N = 105) (N =112) (N = 115) (N = 64) (N = 106)
11 0.01c¢ 0.00¢
12 0.01¢ 0.00¢ 0.03( 0.07¢ 0.00¢
13 0.35( 0.30¢ 0.23¢ 0.13: 0.25(
14 0.18¢ 0.320 0.22¢ 0.30¢ 0.311
15 0.16tf 0.16: 0.21: 0.21¢ 0.17¢
16 0.21¢ 0.167 0.24¢ 0.20¢ 0.19¢
17 0.05¢ 0.03¢ 0.03¢ 0.06: 0.057
18 0.00¢
HWE p-value 0.335: 0.013: 0.138¢ 0.730¢ 0.574:
0.4 _— 11 1 i -]
0.35
0.3
I
0.25 |
B Afrikaner
O Asian-Indian
:g 0.2 O Mixed Ancestry
B Xhosa
O Muslim

0.15 1
0.1
N ‘_I:[I]__:l;
o4
11 12 13 14 15 16 17 19
Allele repeat number

Figure 5.2: Graphical representations of allele repeat number versus frequency for the locus

D3S4529 in five South African population groups.
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Table 5.3: Allele frequency distribution of D5S2500 within five South African population

groups
Afrikaner  Asian-Indian Mixed Ancestry Xhosa Muslim
Alele (N =105) (N=112) (N =115) (N =64) (N =106)
13 0.00¢
14 0.301 0.31¢ 0.287 0.39¢ 0.30:
15 0.00¢ 0.06:
16 0.01¢
17 0.29¢ 0.26¢ 0.24¢ 0.01¢ 0.28:¢
18 0.30¢ 0.29¢ 0.23( 0.03¢ 0.25¢
19 0.00¢ 0.03( 0.047 0.00¢
20 0.01t 0.04¢ 0.122 0.23¢ 0.07¢
21
22 0.004
23 0.05¢ 0.04: 0.061 0.031 0.061
24 0.02¢ 0.00¢ 0.01: 0.00¢
HWE p-value 0.181: 0.237¢ 0.378¢ 0.846: 0.264:
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Figure 5.3: Graphical representations of allele repeat number versus frequency for the

locus D5S2500 in five South African population groups.
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Table 5.4: Allele frequency distribution of D6S1017 within five South African population

groups
Afrikaner  Asian-Indian  Mixed Ancestry Xhosa Muslim
Allele
(N =105) (N=112) (N =115) (N =64) (N = 106)
7 0.01¢ 0.087 0.29i 0.057
8 0.22¢ 0.311 0.17¢ 0.172 0.16¢
9 0.01c 0.00¢ 0.11% 0.20¢ 0.02¢
10 0.49¢ 0.41( 0.37( 0.01¢ 0.42¢
11 0.03¢ 0.05¢ 0.03¢ 0.10¢ 0.03¢
12 0.20¢ 0.17¢ 0.18: 0.02: 0.23¢
13 0.20¢ 0.027 0.03¢ 0.03¢
14 0.01¢
18 0.00¢
HWE p-value 0.857: 0.456¢ 0.063¢ 0.756: 0.1617
0.6
0.5
0.4 - ]
@ Afrikaner
é‘ O Asian-Indian
% 0.3 O Mixed Ancestry
s B Xhosa
O Muslim

0.2 9

0.1

o N o™ -
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Figure 5.4: Graphical representations of allele repeat number versus frequency for the locus

D6S1017 in five South African population groups.
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Table 5.5: Allele frequency distribution of D8S1115 within five South African population

groups
Afrikaner Asian-Indian Mixed Ancestry Xhosa Muslim
Alele (N =105) (N=112) (N =115) (N =64) (N =106)
0.01¢ 0.00¢
0.20¢ 0.257 0.34¢ 0.49: 0.32¢
1C 0.00¢ 0.00¢ 0.00¢ 0.00¢
11 0.00¢ 0.03¢ 0.00¢
12 0.00¢
13 0.01(¢ 0.02¢ 0.03( 0.031
14 0.03¢ 0.05( 0.02¢ 0.031 0.02¢
15 0.06: 0.02¢ 0.07¢ 0.05¢ 0.047
16 0.43- 0.40¢ 0.322 0.13: 0.381
17 0.19¢ 0.161 0.11: 0.12¢ 0.15¢
18 0.02¢ 0.05( 0.05z 0.06: 0.02¢
19 0.02¢ 0.01¢ 0.017 0.00¢ 0.00¢
2C 0.00¢
21 0.00¢ 0.00¢
HWE p-value 0.383¢ 0.032: 0.054( 0.801¢ 0.006(
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Figure 5.5: Graphical representations of allele repeat number versus frequency for the locus

D8S1115 in five South African population groups.
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Table 5.6: Allele frequency distribution of D9S2157 within five South African population

groups
Afrikaner Asian-Indian Mixed Ancestry Xhosa Muslim
Allele
(N = 105) (N=112) (N = 115) (N = 64) (N = 106)
7 0.13¢ 0.10¢ 0.101 0.10¢ 0.09¢
8 0.00t 0.01¢
9 0.131 0.05(C 0.11¢ 0.141 0.07¢
9.1 0.04¢
10 0.00¢ 0.01¢ 0.10¢ 0.03:
11 0.32¢ 0.17: 0.197 0.31: 0.20¢
12 0.06¢ 0.02: 0.07( 0.07c 0.047
13 0.18( 0.30¢ 0.18¢ 0.03¢ 0.241
14 0.08¢ 0.11¢ 0.11c 0.02¢ 0.09¢
15 0.04¢ 0.15¢ 0.09:2 0.13¢ 0.11:
16 0.01¢ 0.06¢ 0.03¢ 0.05¢ 0.07¢
17 0.00t 0.00¢ 0.022 0.00¢ 0.00t
HWE p-value 0.871¢ 0.162¢ 0.002: 0.956! 0.061¢
0.35 S mmemem e een e
0.3 K
0.25 -| ~
0.2 @ Afrikaner
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Figure 5.6: Graphical representations of allele repeat number versus frequency for the locus

D9S2157 in five South African population groups.
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The Afrikaner population displayed highly informative polymorphism information
content (PIC) values for the loci D3S4529 and D9S2157 (i.e. PIC >0.7) (Table 5.7). For
all the remaining loci this population displayed moderately informative PIC values
ranging between 0.61-0.69. The Asian-Indian population displayed moderately
informative PIC values for the loci D1S1627, D5S2500 and D6S1017 whilst it displayed
highly informative PIC values for all the remaining loci (Table 5.7). The Mixed Ancestry
population is the only population to display PIC values >0.7 for all the loci (Table 5.7).
In the Xhosa population the only locus to display a moderate PIC value of 0.69 was
D8S1115 (Table 5.7). All the remaining loci for this population displayed informative
PIC values >0.7 (Table 5.7). In the Cape Muslim population all the loci, except
D1S1627, D6S1017 and D8S1115, displayed highly informative PIC values >0.7 (Table
5.7).

Individual typical paternity index (TPI) values ranged from 1.26-3.56 across all
populations and loci (Table 5.7). As expected, combined TPI values (CTPI) for the six
loci show greater significance. The Xhosa and Mixed Ancestry populations show the
greatest CTPI values of 378.57 and 88.51 respectively. This therefore implies that when
using these loci combined in the Xhosa population for example, there will be a 1 in
378.57 chance of a random unrelated male being identified as the father. The Cape
Muslim population showed the lowest CTPI value amongst all five tested populations of
27.04. The Afrikaner and the Asian-Indian population displayed CTPI values of 55.3 and

36.26 respectively.
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Table 5.7: Statistical forensic parameters for six Non-CODIS loci in five South African

population groups

D1S1627 D354529
Afrikaner ~ ASian- Mixed Xhosa  Muslim | Afrikaner ASian-  Mixed Xhosa  Muslim
Indian Ancestry Indian  Ancestry
Ho 0.714 0.607 0.835 0.859 0.726 0.752 0.723 0.809 0.781 0.726
He 0.696 0.650 0.756 0.788 0.699 0.755 0.745 0.786 0.797 0.771
MP 0.138 0.169 0.129 0.095 0.146 0.101 0.127 0.095 0.086 0.095
PD 0.862 0.831 0.871 0.905 0.854 0.899 0.873 0.905 0.914 0.905
PE 0.473 0.306 0.295 0.713 0.470 0.539 0.476 0.615 0.565 0.470
PIC 0.66 0.60 0.71 0.75 0.65 0.73 0.71 0.75 0.76 0.73
TPI 1.84 1.29 1.26 3.56 1.83 2.15 1.85 2.61 2.29 1.83
D5S52500 D6S1017
Afrikaner ~ ASian- Mixed Xhosa  Muslim | Afrikaner ASi@  Mixed Xhosa  Muslim
Indian Ancestry Indian  Ancestry
Ho 0.714 0.688 0.765 0.719 0.708 0.620 0.696 0.783 0.859 0.679
He 0.714 0.711 0.787 0.748 0.755 0.650 0.697 0.779 0.805 0.730
MP 0.137 0.123 0.084 0.104 0.105 0.167 0.145 0.090 0.083 0.112
PD 0.863 0.877 0.916 0.896 0.895 0.833 0.855 0.910 0.917 0.888
PE 0.473 0.449 0.536 0.458 0.440 0.330 0.432 0.567 0.713 0.397
PIC 0.67 0.69 0.75 0.71 0.71 0.61 0.65 0.75 0.77 0.69
TPI 1.84 1.74 2.13 1.78 1.71 1.36 1.68 2.30 3.56 1.56
D8S1115 D9S2157
Afrikaner S Mixed Xhosa  Muslim | Afrikaner A5 Mixed Xhosa  Muslim
Indian Ancestry Indian  Ancestry
Ho 0.743 0.759 0.696 0.781 0.708 0.800 0.808 0.843 0.844 0.717
He 0.715 0.719 0.756 0.719 0.720 0.801 0.768 0.870 0.837 0.858
MP 0.119 0.130 0.100 0.113 0.144 0.060 0.057 0.042 0.052 0.041
PD 0.881 0.870 0.900 0.887 0.856 0.940 0.943 0.958 0.948 0.959
PE 0.522 0.562 0.422 0.565 0.440 0.628 0.566 0.697 0.683 0.455
PIC 0.69 0.70 0.72 0.69 0.67 0.79 0.80 0.86 0.81 0.84
TPI 2.06 2.27 1.64 2.29 1.71 2.71 2.29 3.35 3.20 1.77

Ho: observed heterozygosity, He: expected heterozygosity, MP: matching probability, PD: power

of discrimination, PE: paternity power of exclusion, PIC: polymorphism information content,

TPI: typical paternity index
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The results of the population differentiation test for each population pair per locus is
summarized in Table 5.8. The locus D9S2157 is the only locus to show significant
differentiation for all five populations. Furthermore, the Afrikaner:Xhosa, Asian-
Indian:Xhosa; the Mixed Ancestry:Xhosa and the Xhosa:Cape Muslim population pairs
showed significant differentiation across all loci. The Mixed Ancestry: Cape Muslim
pair showed no significant differentiation for all loci except D6S1017 and D9S2157. The
Afrikaner:Asian-Indian population pair displayed no significant differentiation for the
loci D5S2500, D6S1017 and D8S1115. The Afrikaner:Mixed Ancestry and the Asian-
Indian:Mixed Ancestry population pairs displayed significant differentiation for all loci
except for D3S4529 and D8S1115 respectively. The Afrikaner:Cape Muslim and the
Asian-Indian:Cape Muslim population pairs showed no significant differentiation for the
loci D3S4529 and D8S1115 with the latter population pair also displaying no significant

differentiation for the locus D552500.
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Table 5.8: Exact test of population differentiation based on allele frequencies for five

population groups in South Africa.

Population pair D1S1627 D3S4529 D5S2500 D6S1017 D8S1115 D9S2157
Afrikaner:Asian-Indian 0.00000 0.03308 0.07772 0.10292 0.23804 0.00000
Afrikaner:Mixed Ancestry 0.00014 0.24798  0.00002 0.00000 0.00445 0.00131
Afrikaner:Xhosa 0.0000 0.00018 0.00000 0.00000 0.00000 0.00000
Afrikaner: Cape Muslim 0.00905 0.05161  0.01743 0.00061 0.16055  0.00102
Asian Indian:Mixed Ancestry  0.00029 0.00830 0.01900 0.00000 0.05606  0.00000
Asian-Indian:Xhosa 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Asian-Indian: Cape Muslim  0.00417 0.68281 0.54335 0.00155 0.17337  0.03492
Mixed Ancestry:Xhosa 0.00711 0.02457 0.00000 0.00000 0.00113 0.00000
Mixed Ancestry: Cape Muslim  0.30907 0.09026 0.39613 0.00290 0.05451  0.00582
Xhosa: Cape Muslim 0.00015 0.00470 0.00000 0.00000 0.00000 0.00000

Values in italic represent significant differentiation witvalue <0.05.
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5.3.1 Tri-allelic patterns

Normally each locus will display either one (homozygote) or two (heterozygote) peaks
depending on whether the alleles inherited from the mother and the father is the same or
different. In some instances an abnormal number of alleles are detected within
individuals, i.e. more than 2 alleles are observed. These generally result because of: i)
mutations which occur during the individual’s development or ii) due to locus duplication
or chromosomal trisomy (Rereé al, 2007; Lukkaet al, 2006). As a result of this, two
types of tri-allelic patterns can be observed. A type | pattern results because of somatic
mutation during development and is characterized by uneven peak heightss{REné
2007). A type Il pattern is generally associated with the duplication of the locus and is
characterized by peaks of more or less equal height @ahé&007).

Whilst conducting population studies, two samples displayed a tri-allelic pattern for the
locus D8S1115 (refer to Figure 5.7 (a) and 5.7 (b)) and one sample displayed a tri-allelic
pattern for the locus D9S2157 (Figure 5.8). Tri-allelic patterns for each of the samples
were confirmed by multiple single-plex amplifications of the appropriate DNA samples
and primer.

Figures 5.7 (a) and 5.7 (b) which displayed tri-allelic patterns for the locus D8S1115 was
interpreted to display a type | pattern since peaks displayed RFU values which varied.
Figure 5.8 which displayed a tri-allelic pattern for the locus D9S2157 was interpreted to
display a type Il pattern since peaks displayed RFU values of more or less equal height.
This data was excluded from the population statistics for the individual loci since the

statistical packages used only allowed for the analysis of diploid data.

97



TR
£400 _
w00 (@
4200 _
o0 _ P N
000 _ |r | I'|I
0o _ | |
1800 _ II ||
1700 _ [ |1
OO _ || | fi | II
| '
o_ | pmnh R N o
— ]
e [x T 1 |
DyalSamplas Pirt s Siza Paak Haight Paak fraz Data Point
Paak
B. & S5 A0 25 .22 014 2255 1740
B, & G445 83 a0.05 1853 -4a5 1760
[ B. 7 7 < 93.07 =78 24381 1778
EX 1500
4000 _ (b)
3200 _
o0
1600 _
800 _
o
oL Y
DyesSample Minutes Size Peak Height Peak Area Data Point
Peak
B.3 28486 20.74 5127 20163 1446
o] B.4 3912 53.58 1059 1412 1467
[ B.5 2068 £7.02 5945 20162 1488
|—————————————————————————————————————

Figure 5.7: Tri-allelic pattern for the locus D8S1115.Two Asian-Indian samples (panels a and

b) displayed a type | pattern which occurred as a result of somatic mutation and is characterized
by unequal peak heights for the locus D8S1115.
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5.4 Summary

A comprehensive population study was conducted to investigate the performance of the
six Non-CODIS miniSTR genotyping system. Allele frequencies and forensic parameters
were determined for the system in five South African population groups (i.e. Afrikaner,
Asian-Indian, Mixed Ancestry, Xhosa and Cape Muslim). The data generated clearly
showed high discrimination power and a high power of exclusion in the South African
populations. The typical paternity index values were fairly low, but this index can be
improved by adding more loci to the system. These loci have a good potential to aid in
the analysis of degraded DNA samples even when used as single markers. They can also
provide additional discrimination in complex paternity cases or missing person cases

(Goodwinet al, 2004).
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Chapter 6: Conclusion

In developing countries such as South Africa, the use and development of non-
commercial genotyping systems is extremely important to cut the cost of forensic work.
The work described in this study forms part of a more comprehensive project aiming at
the development and validation of non-commercial miniSTR genotyping systems suitable
for forensic casework in South Africa in particular, and in the Sub-Saharan Africa region
in general. The development of such genotyping systems will help in the forensic
casework involving DNA samples and in particular those who are highly degraded. This
includes missing persons work as a result of past political violence during the apartheid
era, as well as current domestic violent crime in the country.

New miniSTR loci were developed to improve the genetic information obtained from
highly degraded DNA samples. A number of studies have demonstrated that successful
analysis of degraded DNA samples for human identification were improved when using
smaller sized amplicons (Grubweisgtral, 2006). Coble and Butler (2003) developed
and characterized six novel miniSTR loci to complement the CODIS loci. Subsequently,
Hill and co-workers (2008) characterized another additional twenty novel miniSTR loci
to further improve the successful typing of degraded DNA samples. The study described
in this thesis aimed at developing and validating six of these Non-CODIS miniSTR loci
and determining their suitability for forensic casework in South Africa.

Reproducibility, precision and accuracy, sensitivity and stochastic studies, peak balance
studies, mixture studies and species specificity were investigated for these loci.

Reproducible, precise and accurate genotype profiles were obtained for all tested samples
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across both miniplex sets with an average allele size deviation ranging between 0.037-
0.141 bases. Low concentrations of DNA were successfully amplified with good peak
balance ratios. Successful differentiation of minor and major DNA components was
achieved when analyzing mixed DNA samples. Even though amplification products
were observed for non-human DNA studies, a complete profile was not obtained. This
internal validation study provided laboratory experience and enabled the determination of
the reliability and limitations of the investigated genotyping system.

Allele frequencies, Hardy-Weinbengrvalues and population statistics (which include
observed heterozygosity, expected heterozygosity, match probability, power of
discrimination and power of exclusion, polymorphism information content, typical
paternity index and population differentiation) were determined for each population
group. No deviation from Hardy-Weinberg equilibrium was displayed for any of the loci
in any of the populations. Good allele diversity was displayed for all loci across all
populations. A high power of discrimination and a high power of exclusion were shown
by all populations. An off-ladder allele, allele 9.1 was detected for the locus D9S2157 in
the Mixed Ancestry population. Lastly, rare tri-allelic patterns were observed for two
loci, i.e. D8S1115 and D9S2157 in the Asian-Indian and Mixed Ancestry populations
respectively.

The six Non-CODIS miniSTR genotyping system has shown a good potential to aid in
the analysis of degraded DNA samples. This system can be further improved by
including additional loci. Even in its current form, it can certainly provide additional

discrimination in complex paternity and/or missing person cases.
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Appendix | - Protocols

1. DNA Extraction

1.1Extraction reagents

TKM | (100ml)

1M Tris, pH 8.0 (Merck Laboratory Supplies)
100mM KCI (Merck Laboratory Supplies)
200mM MgC} (Merck Laboratory Supplies)
100mM EDTA (Merck Laboratory Supplies)

Distilled water

TKM | + Nonidet P40 (100ml)

1M Tris, pH 8.0 (Merck Laboratory Supplies)
100mM KCI (Merck Laboratory Supplies)
200mM MgC} (Merck Laboratory Supplies)
100mM EDTA (Merck Laboratory Supplies)
Nonidet P40 (Sigma)

Distilled water
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10ml

5ml
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82ml

Iml
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TKM 11 (100ml)

1M Tris, pH 8.0 (Merck Laboratory Supplies) 1mi
100mM KCI (Merck Laboratory Supplies) 10ml
200mM MgC} (Merck Laboratory Supplies) 5ml
100mM EDTA (Merck Laboratory Supplies) 2ml
2M NaCl (Merck Laboratory Supplies) 20ml
Distilled water 62ml

10% w/v SDS (100ml)
SDS (Merck Laboratory Supplies) 10g

Distilled water 100ml

2M NacCl (100ml)
NaCl (Merck Laboratory Supplies) 11.67g

Distilled water 100ml

Autoclave all reagents prior to use.

1.2 Extraction procedure
* 0.5 ml of whole blood/swab was transferred to a clean dry labelled 1.5ml

microfuge tube.
* Add 0.5ml of sterile TKM | + Nonidet P40. Mix by gentle inversion.

» Centrifuge for 10 minutes at 5000rpm on a bench-top centrifuge.
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Carefully remove the supernant and wash the pellet with 0.5ml of sterile TKM I.
Centrifuge for 10 minutes at 5000rpm.

Carefully remove the supernant.

Add 70ul of sterile TKM Il and vortex until the pellet is completely resuspended.
Add 43.7ul of sterile 10% w/v SDS and vortex briefly.

Incubate the sample in a water bath set at 55°C for 10 minutes.

After incubation add 264l of sterile 2M NaCl and vortex briefly.

Centrifuge at 13000rpm for 5 minutes to pellet extra-cellular components.
Remove the supernant to a clean microfuge tube.

Add 677ul of absolute ethanol (room temperature) and mix by gently inverting
the tube. DNA strands will be visible.

Pellet the DNA by centrifuging at 13000rpm for 5 minutes.

Remove the supernant and centrifuge again at 13000rpm for 5 minutes.
Remove the supernant and add 250ul of ice-cold 70% ethanol to wash the DNA.
Centrifuge at 13000rpm for five minutes.

Remove the supernant and resuspend the DNA pellet 100ul of sterile water.

DNA samples were stored at -20°C /4°C until further use.
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2. Genotyping with an ABI 377 DNA sequencer

2.1  Gel preparation

2.1.1 Gel reagents

10X TBE (1000ml)

Tris base (Merck Laboratory Supplies) 108g

EDTA (Merck Laboratory Supplies) 55¢g

Dissolve Tris base and EDTA in ~800ml of distilled water. Once completely dissolved

make to a final volume of 1000ml with distilled water.

1X TBE (1000ml)

10X TBE 100ml

Distilled water 900ml

Polyacrylamide gel mix (50ml)

Urea (Merck Laboratory Supplies) 18¢g
Long ranger gel solution (Applied Biosystems) 5ml
10X TBE 5ml

Dissolve all reagents in ~30ml distilled water. Once completely dissolved make to a final

volume of 50ml with distilled water.
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2.1.2 Pouring procedure

* Assemble cleaned glass plates in the provided cassette.

» Secure the glass plates by placing the clamps in position. Do not place the clamps
that holds the beam trap in position.

* Transfer 25ml of gel mix into a clean 50ml beaker.

* Suck up the gel mix solution into a 50ml syringe.

» Filter the solution through a 0.22 micron filter directly into a side-arm flask.

» Seal the flask with a rubber stopper.

» Switch on the vacuum pump and attach to the side-arm flask with the gel solution.

» Degas the solution for ~5-10 minutes with intermittent gentle agitation.

* Break the vacuum at the rubber hose-side arm junction.

» Switch off the vacuum pump.

» Transfer the gel mix solution to a clean 50ml beaker and add_{23/PS) and
17.5uL N, N, N’, N’ Tetramethyl-EthyleneDiamine (TEMED) to opposite sides
of the gel mix in the beaker.

* Mix the solution with a gentle swirling motion.

* Suck the solution into a 50ml syringe and pour the mixture in between the set up
glass plates.

* Insert a comb at the top of the gel and clamp.

» Seal the bottom of the glass plates with cling-wrap and clamp the beam trap
down.

* Allow the gel to polymerise for a minimum of 2 hours.
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2.2

221

2.2.2

Gel set up and running the ABI 377

Gel clean up procedure

Remove the clamps holding the glass plates in position. Remove the cling-wrap
from the bottom of the gel but leave the comb in place at the top of the gel.
Remove the gel from the cassette and clean the glass plates with deionise water.
Remove the comb from the gel.

Dry the glass plates with paper towel and wipe away any residual polyacrylamide.
Place the gel back into the cassette and ensure there are no dust particles or marks
on the glass plates especially the laser scan area.

Insert the comb in the top of the gel until it just touches the gel to create the wells
where the samples will be loaded into.

Clip the cassette into place on the ABI 377 DNA sequencer.

Running procedure

Switch the ABI 377 instrument and allow it to run through its start up.

Turn on the PC.

Open the collection software.

In the GeneScan dialogue box set the pre-run options.

Click on the PlateCheck Run option to ensure that the glass plates are clean of any
debris.

After a successful plate check run, fill the upper buffer chamber with 1X TBE
buffer. Check for any leaks.

Fill the lower buffer chamber with 1X TBE buffer.
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2.3

23.1

2.3.2

Click on Pre-run option to heat the gel assembly.

Once the gel assembly has warmed up €51 will be ready to load the
samples.

Load the samples according to the prepared sample sheet.

Allow the samples to run to completion of the gel run ~2.5hours.

Results processing

Gel processor software

Open the gel processor software and auto track the lanes.

Visually inspect each lane for tracking errors and correct accordingly.

Once the lanes have been successfully tracked proceed to extract them.

GeneScan 3.1 software

Open GeneScan and start a new project.

Import the relevant run files.

Install a matrix file and an appropriate size standard.

Click the analyse tab to analyse the samples

Once the processing has run to completion, each sample can now be checked
individually for the performance of the PCR.

Save the project.
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2.3.3

Genotyper 2.5 software

Samples can be typed manually using a ladder of by using the Genotyper
software. In this study samples were typed manually using a ladder.

Open the Genotyper software and import the run file from the GeneScan folder.
Assign repeat numbers to the alleles observed for each locus in the allelic ladders
samples.

Compare the samples to the allelic ladders and record the observed allele repeat

numbers.
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3. SWGDAM validation guidelines

3.1 Internal Validation
The internal validation process should include the studies detailed below encompassing a

total of at least 50 samples. Some studies may not be necessary due to the method itself.

1. Known and nonprobative evidence samples: The method must be evaluated and tested
using known samples and, when possible, authentic case samples; otherwise, simulated
case samples should be used. DNA profiles obtained from questioned items should be
compared to those from reference samples. When previous typing results are available,
consistency as to the inclusion or exclusion of suspects or victims within the limits of the

respective assays should be assessed.

2. Reproducibility and precision: The laboratory must document the reproducibility and

precision of the procedure using an appropriate control(s).

3. Match criteria: For procedures that entail separation of DNA molecules based on size,
precision of sizing must be determined by repetitive analyses of appropriate samples to

establish criteria for matching or allele designation.

4. Sensitivity and stochastic studies: The laboratory must conduct studies that ensure the

reliability and integrity of results. For PCR-based assays, studies must address stochastic

effects and sensitivity levels.
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5. Mixture studies: When appropriate, forensic casework laboratories must define and
mimic the range of detectable mixture ratios, including detection of major and minor
components. Studies should be conducted using samples that mimic those typically

encountered in casework (e.g., postcoital vaginal swabs).

6. Contamination: The laboratory must demonstrate that its procedures minimize
contamination that would compromise the integrity of the results. A laboratory should
employ appropriate controls and implement quality practices to assess contamination and

demonstrate that its procedure minimizes contamination.

7. Qualifying test. The method must be tested using a qualifying test. This may be
accomplished through the use of proficiency test samples or types of samples that mimic
those that the laboratory routinely analyzes. This qualifying test may be administered

internally, externally, or collaboratively.

8. Material Modification: A material modification is a substantial and/or consequential

alteration of a physical or analytical component in an integrated procedure. The modified

procedure must be validated as concomitant with the nature of the alteration.

9. Commercial manufacturers should notify users of any material modifications made to

products.
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10. Modified procedures must be performance evaluated by comparison with the original

procedure using similar DNA samples.
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