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CHAPTER |
INTRODUCTION

1.1 Background and rationale

Since Alec Jeffreys established DNA fingerprint technique, human DNA
sequence has been used in paternity testing and forensic casework investigation
(Buckleton, Triggs, and Walsh, 2005). DNA {esting becomes highly accurate analysis of
the genetic profiles between parent-offspring-pairs according to the Mendel's laws of
inheritance (Ayadi et al.,-2007, Mixich, loana, and Mixieh,2004). The method of choice in
paternity and forensie*laborataries  is blased on the interpretation of similarities or
differences at geneticemarker |Oai of_ bio_chemically in vitro amplified small regions of
genomic DNA, known as shert tandem re;seat (STR) loci or microsatellites to generate
population STR databases all over the \n}orld (Halos et al., 1999, Lee et al., 2001,
Thomson et al., 1999). The STR "typing "téchnique allows DNA discrimination and

association between biologigal ewdence and |‘ts source. Also this technique plays an

important role in human |dent|f|cation and paternlty testing which involves the statistic

q LB

' -

parameters such as the power of d|scr|m|nat|on, probability of exclusion and likelihood

ratio or paternity index. The paternity index (Pl (materniti);.i'ndex, MI, in a case of the
alleged mother) is a _special parameter used for paternity testing to describe the
likelihood ratio (LR) as defined by contrastihng hypotheses (Ayres and Balding, 2005,
Gjertson et al., 2008): Raternity testing is standard practice in/DNA laboratory to exclude
the fatherhood only when a minimum of three mismatches occurs between alleged
parent-offspring pairs but the Jpassibility’ of mutations must be taken"into account for
cases where one or two mismatches are observed as inconclusive (Balloch et al., 2008).
Therefore, additional tests will be essential to confirm the results with hypervariable
regions (HV1 and HV2) of mitochondrial DNA, X and/or Y-STR (Narkuti et al., 2007).
Nowadays, many laboratories have been focusing to the statistic tools for paternity
testing and human identification to support the laboratory results. It was reported that

the paternity index and the probability of paternity in routine service paternity cases



were calculated and used for approximately 73% and 78% in 2000 and 2001 from a total
of 33 and 36 laboratories, respectively (Hallenberg and Morling, 2002). In common
paternity testing scenario, the statistic parameters such as paternity index (Pl) is

important to increase the confidence not only for forensic scientist but also in the court.

1.2 Research questions

1. How much each pat stical analysis for parentage testing

in Thai DNA database.
2. How much eac , _ Jte ir database.
1.3 Objectives ' 78 AR N

1. To conduct ' ing in Thai population.

2. To determine the: | ‘ latabase.

3. To compare the ¢ Iou ation reliabil he statistic parameter between

—

. Y}
1.4 Hypothesis m

databasa Pateﬁ ﬁy ﬁwrﬁj (ﬂ'“%'(w ?j'f)‘] ﬁeﬁa ge test in Thai DNA
TR TN ING1AD

DNA profiles

Allele frequency

|

Formulas

|

Combined Paternity Index and Mutation rate



1.6 Methodologies

DNA profiles
DNA profiles and allele frequency DNA samples from mutation cases
| 5 W/é. ,,

Calculate paternity index a \Pen‘orm in vitro amplification

v

Data a ' e W solate PCR products by DHPLC

v

i‘" Data analysis

1.7 Expected Benefit m

oo O SR IBBIVN I B ety of ity

of Thai populaha‘l for application in rgutme paternlt'&testmg Seconw the mutation rate
of 9 S@Iowqcaang ﬂﬁm MW’]Q Wu%je’]a@ Hlled to evaluate
the real ﬂatermty cases with the incidence of mutation. Finally, results of this study will
be used to compare the calculation reliability of these statistic parameters between

manual calculation and one commercial analysis software.



1.8 Research Methodology
1. Collect of DNA profiles from parentage tests
2. Prepare of DNA profiles and allele frequency of Thai population in to database

3. Calculate paternity index by commercial analysis software

4. Data analysis

8. Data analysis

9. Conclusion
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CHAPTER I
REVIEW OF THE RELATED LITERATURES

Paternity testing is being increasingly requested with the purpose of dispute
presumptive fatherhood. The ability to constitute the biological father is analyzed, using
the short tandem repeat (STR) profiling in alleged father, mother and child (Ayadi et al.,
2007, Ilwamura et al.,, 2008). Generally, .the parentage testing is performed by
commercial DNA paternity testing kit to investigate'whether the alleged parent is the true
parent of the child based on the-DNA prefiles-oithe individuals involved (Balloch et al.,
2008, Ayres, 2000). Moreever, theevaluation of DNA evidence for parentage testing, the
battery of potentially applicable.genetic ;laolymorphisms has never been so great, and
parentage testing laberatories are experi;_ar\,(‘:ing increasing economic competition (Lee
et al., 2001, Henke et alt, 1999). Accordir{g to that DNA polymorphism is very useful in
paternity analysis, genetic marker ‘énalysigd‘is‘;a powerful tool for paternity testing. The
most polymorphic geneticimarkers in the hur[nan genome are belonged to the tandem
repeated mini- and micro—sate[liute‘s'_“(Cifueﬁ{é‘s;ﬁt al., 2000). Microsatellites are short

tandem repeated DNA sequences_widespr,e?jl‘-throughout the human genome which

J i

exhibit individual genetic differénces exploitéd extensively in several fields including

genetic mapping, Iinkage analysis, population- studies,—'vpersonal identification, and
paternity testing Turchi et al., 2004). Short Tandem Repeat (STR) loci are polymorphic
loci found throughout all tukaryotic genomes.#They characteristically consist of tandem
arrays of short|repeated _sequences _of 2-6 hase' pairs in length. Polymorphism occurs
when the number of copies of the repeat sequencespresent at a given STR locus varies
betweeniindividualichromosomes.,DNA profiling by analysis of STRloci has been widely
used in forensic casework since 1993. These benefits are as pertinent in parentage
testing as in a forensic casework. Greater sensitivity will allow the use of more
convenient sample types. The continuing development and validation of STR systems
for use in identity testing have now resulted in twenty or more suitable STR systems
being available either commercially or via published primer sequences. An abundant

event to the paternity tester provided that these systems can be shown to satisfy the



basic requirements of Mendelian inheritance, independence and sufficiently low
mutation rates, then a battery of such tests can be applied (Thomson, Pilotti et al., 1999).
The usefulness of STR loci in relatedness testing has been the subject of many recent
studies. Multiplexes have a high power of discrimination for paternity testing Thomson,
Ayres et al., 2001. The Combined DNA Index System (CODIS), originally established by
the FBI in 1998, is composed of 13 autasomal short tandem repeat (STR) loci in addition
to a sexual identity test. STR DNA typing is .the “gold standard” of human identification
but evidential value of a genetie.match can be easily misinterpreted. Therefore, careful
use of statistical methods"is essential for the proper-evaluation of laboratory results
(Birus et al., 2003). \

]
The current situationdn DNA testimony has arisenfrom a path that began in 1985

(Jeffreys, Wilson, and Theing1985). The model in Sir Alec’s work was not a population

genetic model. HoweveryDNA probabilitie!;“b"ecame based on the standard population
genetic assumptions of Hardy-Weinberg and linkage equilibrium (Curran, Walsh, and
¢ ,-' |l
o
Buckleton, 2007). Samples fiom 121 cases of disputed paternity, routinely submitted to
Y d s Ad

this laboratory, were analyzed uéing_ the twoﬂj-l-tiplex STR systems. The data was then

oy g
Il

analyzed to give information on éxpected paternity indices @and exclusion rates for these

STR systems. In addition, population frequency -databaséé:have been constructed for
the three major ethnic ‘groups in the UK; British Caucasians, Afro-Caribbeans and
Asians. These database$ were analyzed fér/consistency with Hardy-Weinberg (HW)
proportions and were subsequently used insthe calculation of paternity indices and in
other analysis carried out on the data [6]. A sample of 100 Finnismytrios and duos with
three sets oficommanlylused STR markers/(containing 15, 10 and 9 markers) and 14
population databases, representing different marker allele frequencies (Moroni et al.,
2008). To facilitate the introduction of DNA typing in the Philippines, a population
database from the National Capital Region (NCR), the largest urban center in the
country, was constructed (Halos et al., 1999). The validity of 15 STR loci included in the
identifiler system for the use in paternity testing in Poland (Jacewicz et al., 2004). There

is now widespread acceptance that the power of independence testing to find realistic



disequilibrium in DNA datasets of modest size (200-1000 samples) is very restricted
(Triggs and Buckleton, 2002).

The laboratory that carried out the initial paternity test did not address the
possibility of mutational events in a report despite existing literature on methods for
analyzing and interpreting the effects of apparent mutations on paternity testing
conclusions (Balloch et al., 2008). Step mutations are characterized by one or two
repeat additions or diminutions creating /am _incompatibility that is impossible to
distinguish as a mutation or exclusionJ(PhiIIips et al.,, 2008). The stepwise mutation
model has been proposed ™o explain conversion between alleles at STR loci (Dawid,
Mortera, and Pascali;*2001): Paternity;‘ test protocols are based on microsatellite
polymorphisms (short.i@ndem repeats, S%_Rs), a class of loci affected by non-sporadic
gametic mutation. The most plausible—gen;etic mechanism involved in STR mutations is
two mechanisms may be responsibll-.e for m:{itaJlF-tion: DNA slippage during replication, and
recombination between DNA strands vvhich";ii‘iot‘h depends on repeated motif, allele size,
chromosome position, GC conlten‘t'_"i'n flanl;iJ’r_%:Q;l[J)NA, cell division, sex and genotype

(Turchi et al., 2004). In paterr;ity _testmg,ﬁé-or two mismatches between alleged

i

parent-offspring pairs are usualiy still regardéd as representing true paternity because

they might be dueki6 one-step mutations or-nuII allélré,s. The criteria concerning
exclusions and conseguences of mutations have been evaluated in 131 presumed
parent-child combinations with mismatches from immigration families using 22 STR loci
(Kersbergen et al., 2008). A model for the prabability q,, that allele / mutates to allele jin
the pre-meiotic stage. The paternalégand maternal=mutation rates #or be equal but the
model €an equallybe applied with different/mutation rates'in the maternal and paternal
germ lines (Dawid et al., 2001). All 15 loci provided by the multiplex kit were determined
and the non-matching locus is regarded as being a mutation. Using the before
mentioned statistical program, the mutation can be handled as a negative factor for
paternity calculation. A sufficient paternity probability is achieved after the mutation
calculation. Therefore, it is important to have a statistical methodology for making

inferences about mutation rates from paternity casework. An object-oriented Bayesian



network is used to facilitate computation of the likelihood function for the mutation
parameters (Vicard et al., 2008). Paternity index (PI) shall be modified for possible
mutation patterns between tested individuals when isolated mismatches among tested
systems which normally lead to an opinion of non-relationship, may be the result of
mutant DNA causing false conclusions. The method for modifying Pl shall be
documented (Gjertson et al., 2008). Paternity, index (PI=X/Y) is even to p/4P(Q), where
represents mutation rate for mutated locus'and P(Q) is the frequency of the Q mutated
allele in the population (Turchi-etal., 2004).

In paternity testingy it is_interested in calculating the probability that the tested
man (alleged father) «is"thesbiclogical flather (or the ratio of that probability to the
probability that a randem man' is the b;elpgical father) given data on genotypes or
haplotypes of some DNA markers. If the we|ght of the evidence is calculated, it shall be
based on likelihood ratio prlnC|pIes (Buoki’eton Triggs, and Walsh, 2005). In paternity
cases, the likelihood ratio (LR) “is ’CaHed "the'paternity index which is the posterior

probability of paternity called the probabmty of paternlty (W). If other values on likelihood

ratio principle are presented e.g., Wahfs_chelnl|chke|t (W), the premises and

Il

assumptions shall be ‘¢learly specn‘ied. The W-value (Wahrgcheinlichkeit = probability of

paternity) was devised by Essen-Moller for the elleged fefher—mother—child trios which
enabled hemogenetic results to be expressed numberically as a Bayesian a posteriori
probability of paternity (Essen-Moller, 1938).4Again, highest/lowest values observed in a
series were denotedsas maximum/minimum W values (Henke et al., 1999). In much the
analyses have made use of the likelihood ratio whieh is a standardstatistical procedure
in parentage testing. Cambined with.a prior.odds egually in“favour-of the: putative parent
and an unrelated individual, the Essen-Moller probability of parentage that is PI/(1+Pl),
can be calculated (Essen- Moller, 1938). In simple cases, this statistics is the conditional
probability that a second individual would have the same DNA profile as the one under
consideration termed the match probability, or its reciprocal which is mathematically
equivalent to the likelihood ratio (Curran et al., 2007). The likelihood ratio (LR), that is the

ratio of the probability of observing the given DNA profiles under two different



relationship scenarios, is a useful tool for answering the question of interest (Decker et
al., 2008). The paternity index is the special case of the likelihood ratio that commonly
arises in paternity testing (Ayres and Balding, 2005). In 1956, Gurtler proposed the ratio
Pl = X/Y as a basic index to report the likelihood of paternity with large values
suggesting the fatherhood (Essen- Moller, 1938). Additionally, for international

comparisons, the combined paternit

CPI) is given when possible (Vicard et al.,
2008). /
Laboratories are r and admitting their exclusion
criteria. Preference shal s of a Pl threshold. Laboratory
procedures shall doc encies used to compute PI.
The reference datab used for estimation of the
probability of obtaini i ; a8 assumption of the relevant

hypotheses. If a thres ' S rissui reports, the values shall be

assumption used to, goulate W shall be(‘s ated. hall include statements of

assumptions,  vali 1 and whenever alternative

biostatistical methods BDI are use
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CHAPTER 1l
MATERIALS AND METHODS

3.1 Materials

A. Instruments and laboratory supplies for amplification

—_
>
[
=1
o
3
O
L
®
Q
o

/P100/P200/P1000 pl: Gilson, France

2. >d Biosystems, USA

3. iti : , Applied Biosystems, USA

4.

5.

6.

7 d 0.5 mlin sizes): Treff, Switzerland
9. a_ bath:!

ﬁﬁﬂﬁ%ﬁﬂwanni

P|pette tip 2-10 pk Gilson ( whEz 20-200 pl: (“JJnlng Incorporated

q W’] NRIUANTIINEIRE

12. 1-200 pl Universal Fit Pipette Tips Yellow: Corning Incorporated

(yellow), Mexico

13. 1-10 pl Universal Fit Pipette Tips Yellow: Corning Incorporated

(yellow), Mexico



"

B. Reagents for amplification

1. Deionized water, PCR grade: Gibco, USA

2. 10X PCR buffer Il (100mM Tris-HCI, pH 8.3, 500mM KCI): Applied

Biosystems, USA

3. 25mM MgCl,: ms USA

4. M each of dATP, dTTP, dGTP,
5 ms, USA
6. e: Applied Biosystems, USA
C. i o PC rification

v : \
1. Kit: Roche Diagnostics, Germany
2. - yiniGroce trifuge N, Frapce
3.

Reage‘nt and instrument f&’GeI Electrophoresis

ﬂ UELANEDIHENDS e . rss0n

M EDTﬁ CARLO'ERBA, Franc

AWRIANTIEk anena EJ

2. Gelloading dye solution: Promega, USA

3. DNA molecular weight marker (contained linear double strand DNA
fragments of 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000 and
2650 base pairs): BioExcellence, USA

4. 2% agarose gels:FMC, USA
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5. Horizontal gel electrophoresis: Mupid, Japan

6. UV-transluminator with camera and computer processing:

Stratagene, Egle Eye Il Still video, USA

7. Ethidium Bromide: Sigma, USA

3.

4 genc omic, USA

5.

F.

1. .~,'____’ cycle sequencing kit: Applied Biosystems,

2. Prlme;‘(1 6 pmole/pl): Apalﬁd Biosystems, USA

AU, HAANENS
Lk REMIRHEAAR A

3 M Sodium acetate (NaOAc), pH 4.6: CARLO ERBA, France
2. Absolute ethanol: CARLO ERBA, France
3. Top-bench microcentrifuge: JOUAN, France

4. DNA 120 SpeedVac Concentrator: ThermoFisher scientific, USA



Table 1 Primers for singlefSTR amplifi'c’atioi"

H. Instruments and laboratory supplies for DNA sequencing

1. ABI Prism 3130 Genetic Analyzer: PE Applied Biosystems, USA

2. Performance Optimized Polymer 4: Applied Biosystems, USA

3. 3130 Capillaries, 36 cm: Applied Biosystems, USA

4. MicroAmp Optical 96-well'teastion plate: Applied Biosystems, USA

-
5. 96-Well plate.septa (20/pkg.): Applied Biosystems, USA

6. MicroAmp Reaction Tuibe with CAPs: Perkin Elmer Cetus, USA

. o
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Primers 'Nucleolf'jdéf' Seguence (5'-3")

D21S11 Forward primer ATATG:I;.JG_AGTCAATTCCCCAAG
D21S11 Reverse primer TGTATﬁ{&S_-T,C;AATGTTCTCCAG

FGA Forward primer -} GECCOATAGGTTTTGAACTCA

FGA Reverse primer TGATTTGTCTGTAATTGECAGC
VWA Forwardjprimer CCCTAGTGGATAAGAA‘_T_'AATC

VWA Reverse primer | GGAGAGATGATAAATACATAGGATGGATGG
CSF1PO Forward primer AACCTGAGTCTGCCAAGGACTAGC
CSF1PO Reverse primer TTCCACACACCACTGGCCATCTTC
D8S1179 Forward primer TITTTGTATTTCATGTGTACATTCG
D8S1179 Reverse'primer CGTAGCTATAATTAGTTCATITICA
D13S317 Forward primer ACAGAAGTCTGGGATGTGGA
D13S317 Reverse primer GCCCAAAAAGACAGACAGAA
D251338 Forward primer CCAGTGGATTTGGAAACAGA
D251338 Reverse primer ACCTAGCATGGTACCTGCAG
D75820 Forward primer TGTCATAGTTTAGAACGAACTAACG
D7S820 Reverse primer CTGAGGTATCAAAAACTCAGAGG




Table 1 Primers for single STR amplification (continued)
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Primers Nucleotide Sequence (5'-3’)
THO1 Forward primer GTGATTCCCATTGGCCTGTTCCTC
THO1 Reverse primer ATTCCTGTGGGCTGAAAAGCTC
D3S1358  Forward primer ACTGCAGTCCAATCTGGGT
D3S1358  Reverse primer ATGAAATCAACAGAGGCTTG
D5S818 Forward primer GGGTGATFLICCTCTTTGGT
D5S818 Reverse primer TGATICCAATCATAGCCACA
D18S51 Forward primer GAGCCATGTTICATGCCACTG
D18S51 Reverse primer CAAA‘PCCGACTACCAGCAAC
D19S433  Forward primer CCTGEECAACAGAATAAGAT
D195433  Reverse primegr TAGGTTFT]:TAAGGAACAGGTGG
D16S539  Forward prmer GATC(‘L)_AAGCTCTTCCTCTT
D16S539  Reverse primer ACGTTTé‘__TéTGTGCATCTGT
TPOX Forward primef /- éACTAGGAgCCAGAACCGTC
TPOX Reverse primer .« A

COTTETOAGBGTTTATTTGCC

3.2 Procedure

1. DNA profiles

DNA profiles from, 1,041 .unrelated~Thai families are.recorded. All samples were

the left-over materials of*parentage”routine service 'who submitted the DNA samples at

Human_Genetics Unit, Department ' of Pathology,“Faculty of Medicine, Ramathibodi

Hospital,: Mahidol ‘Wniversity. The 'document for sample ‘collection was submitted to

Ramathibodi Hospital Ethic Committee.

2. Allele frequencies in a Thai population database

Population studies indicate that microsatellite alleles can be applied to Hardy-

Weinberg criteria and these alleles segregate in a Mendelian fashion in families and are

therefore, ideal candidates for personal identification systems in parentage test. DNA

profile frequencies are calculated by first considering the genotype frequency for each
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locus and then multiplying the frequencies across all loci. The DNA profile frequencies
for fifteen short tandem repeat (STR) loci are determined using allele frequencies from a
Thai population data of 420 alleles (210 unrelated Thai individuals) using the
commercially available AmpF/STR Identifiler kit (Rerkamnuaychoke et al., 2006).
3. Calculation of paternity/maternity index

The statistic values in DNA. profiling analysis will be calculated for the
paternity/maternity index and _the probability#of. parentage by using a commercially
available computer program-and manuil caletlation: A likelihood ratio is a ratio of two
probabilities of the same_evidence-under different hypotheses. The weight of the evidence

is calculated, and it shall"be pased on likelinood ratio principles. Therefore, the paternity
]

index, Pl, is a likelihood#ratios#The two hyr:;otheses are as following (Buckleton, Triggs, and

Walsh, 2005) v
LR=PI=H/H, /

i

Paternity trios: mother, child; and alleged fa_t_Her‘CouId be:

' g
H,: The alleged father is the lftie father (and'tﬁg‘a-mother is the true mother).

*ad

H,: A random person who is not refatedto thfF:alieged father is not the true father (and the

Il

mother is the true mother):

Suppose that an STRJocUs has n alleles, &, b, 6, . With allele frequencies P, P,, ..,
respectively. For patern}i-ty trios, Pl'can‘thentake one of the values if the alleged father is
excluded. A compilation ef fermulae appearsain 1/ P,, 1/2P,, 1/( P,+P,), 1/2( P,+P,), or O.
Paternity duos: child.and alleged father could' be:

H,: The alleged father is the true father (and the true.mother’s genotype is unknown).

H,: A random persoh Wwho'is not related to the alleged father is notthe true father (and the
true mother’s genotype is unknown).

A compilation of formulae appears in 1/ P,, 1/2P_, ( P,+P,)/4 P, P,, 1/4P,, or O.

Maternity duos: child and alleged mother could be:

H,: The alleged mother is the true mother (and the true father’'s genotype is unknown).

H,: A random person who is not related to the alleged mother is not the true mother (and

the true father’'s genotype is unknown).
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A compilation of formulae appears in 1/ P,, 1/2P,, ( P.+P,)/4 P, P,, 1/4P_, or 0.

Profile matching is the ultimate step in forensic DNA analysis. The FEDDS-Profile
Management software (ESR, Institute of Environmental Science & Research Limited, New
Zealand) has various matching functions depending on the configuration.

Procedure

1. Load the profiles under a single case number.

2. From the Match menu, select Run .Paternity Match. The Run Paternity Match
window opens, as shown below. 3

3. Select one of the'Match-radio buttons. If a Paternity Profile is selected, enter the
profile’s barcode in thesProfilerBarcode fie,‘ld.

' |

4. Calculation of mutation rate

a3 |

In the case that onée or two.mismatches from several loci are observed in

parentage testing, it is often absumed.to be‘ due fo a mutation event rather than a genuine

<

exclusion. In a family whichi'the maternal a_h‘d‘ paternal STR loci cause allelic mismatch in
' i1
the children, it is confirmed by perfor'n{ﬂ_ﬁgr additional tests under issues using
r d e na Ay

hypervariable regions (HV1 and HV2) of ?n%tbjéhondrial DNA, X chromosome and Y

chromosome STR analysis [10j. 'I-\-/Iutétion rates fgr the STR markers used in paternity tests

are approximately 5:X_; 10" to 7 x 10" per generétion (von ':\:/‘Vurmb-Schwark et al., 2006).
Such a rate is Commony estimated by the observed frequency, p = s/n, of inferred
mutation (u = locus-specifie. rate of one-step parental mutations) at that marker in a
casework, where n is the itotal number of meioses, and s, the number of these seemed to
be mutations (Vicard et al., 2008). The mutation rate will be calculated and applied to
evaluaté the/real paternity lcases with the incidence of mutation at the locus established to
DNA sequencing.
5. Amplification and Sequencing

All amplified alleles of mutation cases are excised from DHPLC, extracted by
using of High Pure PCR Product Purification kit (Roche, Mannheim, Germany) and
subsequently reamplified. The nucleotide sequence of the PCR products is used for direct
sequencing using the BigDye Terminator v1.1 Cycle Sequencing kit (Applied Biosystems,

Foster City, CA, USA) with the purified alleles as templates. DNA sequences were
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analyzed by the Applied Biosystems DNA Sequencing Analysis Software v5.1 and were
compared with BioEdit v7.0.9.
6. Data analysis

The statistical analysis for parentage test is performed on the FEDDS-Profile

Management software (ESR, Institute of Environmental Science & Research Limited, New

Zealand) and manual calculatio sing, the formula in part 3 calculation of

o,

paternity/maternity index.

e
.,
\‘s
\.‘i .

\

AU INENTNEINS
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CHAPTER IV
RESULTS

A total of 1,011 families were observed with at least one matching allele for
parentage tests. For trio (Mother, Child and Alleged Father) for 324 families, 376 CPI

values (Table 2), motherless duo (Child and Alleged Father) for 305 families, 423 CPI

values (Table 5) and fatherless ged Mother) for 382 families, 543 CMI

values (Table 8) have been ¢

Table 2 Relative freque tage tests.

Percentage of relative

CPI range in trio
frequency (%)

110100

101 to 1,000 0.27

21.28

45.21

21.54




Figure 1 Relative frequency of CPI range from trio parentage tests

50
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0

01 to 100

M 101 to 1,000

1,001 to 10,000

M >10,000,000

010,001 to 100,000

M 100,001 to 1,000,000

81,000,001 to 10,000,000

Locus | Chid ) Pl
D3$1358 Sern) 2.30
VWA ( E 1/(2*P[14]) 1.95
FGA 22,24 £p21, 22 ( (2*P[21]) 3.88
D8S1179 0 10, 10, 1 1ﬁ{ﬁ+P[12])) 1.82
D21511 (29,30) | (29,30)¢ | (29, 33.2& 1/(2*(P[29]+R[30])) 1.00
D18 ( 1 (‘ﬁmw 15 H(ﬂ[ﬁ) 2.23
D5S818 (12,13) | (11,13) (9,11) 1/(2*P[11]) 1.85
D13S317 | (11,12) | (11,11) (9,11) 1/(2*P[11]) 2.18
D75820 (11,12) | (11,11) (8,11) 1/(2*P[11]) 1.48

Minimum CPI

420.07
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Table 4 The maximum CPI value resulted from trio parentage test.

Alleged
Locus Mother Child Formula Pl
Father
D3S1358 (15,17) (15,17) (15,17) 1/(P[15]+P[17]) 1.99
vWA (16,16) (16,19) (14,19) 1/(2*P[19]) 4.39
FGA (23,25) (23,24.2) (19,24.2) 1/(2*P[24.2]) 100.00
D8S1179 (10,12) (10,1 l : ) 1/(2*P[10]) 3.38
D21511 (29,31.2) ( ‘ 1/P[30] 3.97
D18S51 (15,16) | : 17, 1/(2*P[21]) 23.81
D5S818 (10, 11) 7 g (2*P[12]) 212
D13S317 (8,11) ’ \ *P7]) 250.00
D7S820 | (10,11) ML) Co 2:P[12]) 2.4
X 359,558,681.35
: LY o _
Using the 9 STR loci fop'trio pa :ntq 1 it 0 Pl value (420.07) in Table 3
and very high CPI value (389, SEig% ble observed.
i e
) ,};4.:'?

g §
AU INENTNEINS
RINININUNINYAY



Table 5 Relative frequency of CPI range from motherless duo parentage tests.

21

Percentage of relative
CPl range in duo Relative Frequency
frequency (%)
110 100 0 0
(fé
101 to 1,000 1 3.07
: /7
-
1,001 to 10,000 - ! 81 19.15
-
10,001 to 100,000/’: 128 30.26
100,001 to 1,000,00(/ // 1 29.55
F Y 4
1,000,001 to 10,000,0 o %6 ' 10.88
i .f.;::* L
>10,000,000 Rl N 7.09
s el
Total 1 A 100
it - !‘!__ilﬂ-—
\ £

Percentage of relative frequency (%)

T

B1%1 to 100

B 101 to.1,000

&1 1,001'to 10;000

] 10,001 to 100,000
B 100,001 to 1,000,000

B 1,000,001 to 10,000,000

M >10,000,000




Table 6 The minimum CPI value resulted from motherless duo parentage test.
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Locus Child Alleged Father Formula Pl
D8S1179 (13,13) (12,13) 1/(2*P[13]) 2.99
D21S11 (29,30) (29,30) (P[29]+P[30])/(4*P[29]*P[30]) 1.99
D7S820 (9,11) (8,9) 1/(4*P[9]) 4.55
CSF1PO (7,12) (11,12) 1/(4*P[12]) 0.66
D3S1358 (15,17) 1/(4*P[17]) 1.15

THO1 (8,9) 2 1/(4*P[9]) 0.70
D13S317 (8,11 , 8 ).’ - 1/(2*P[8]) 1.71
D16S539 (11, 11 4*P[11]) 0.84
D2S1338 (17, 3 *P[23]) 1.52
D195433 (13,4 :14&‘- *P[13]) 0.89

VWA (17, "4, : *P[17]) 1.04

TPOX (8,9) 9, ' 1/(4*P[9)) 1.91
D18S51 (14,21) = !:: 4*P[14]) 1.40
D5S5818 (12,13 (9, 'f /(4*P[13]) 1.50

FGA (21,23) 14 4—;' 1/(4*P[21]) 1.94

ur 228.71

Iy

y

AU INENTNEINS

AN TUNNINGAY
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Table 7 The maximum CPI value resulted from motherless duo parentage test.

Locus Child Alleged Father Formula Pl
D8S1179 (15,15) (11,15) 1/(2*P[15)) 2.99
D21S11 (312,322) | (30,31.2) 1/(4*P[31.2)) 3.5
D75820 (12,12) (11,12) 1/(2*P[12]) 2.44
CSF1PO (9,11) (9,12) 1/(4*P[9)) 13.16
D351358 (17,18) " | 1/(4*P[17]) 115

THO1 (9,12) W?’ 1/(4*P[12]) 53.00

D13S317 (8,9 1/(4*P[9]) 1.50

D16S539 (13, 4*P[13]) 2.38
P[18]) 3.62

1)/(4*P[13.2] 8.38

D251338 (185

/ '\
D19S433 (13.2,15 /gﬁ \
15.2])

VWA (14, 1 I’m 4*P[15] 9.62
TPOX (9, ‘ . 1)/(4*P[9]*P[10]) 9.97
D18S51 (13,16 “;@; "‘\ /(4*P[16]) 1.28
D55818 (10, 14) & | fEGd2 141 T arP14) 14.71

«Ww,ﬂqg b e8] 9.62
) 3.89x 10"

FGA (18,24)

Using the 15 STR loci fﬁ mot est \mw very low CPI value (228.71)

in Table 6 and very high QPI value (3.89 x 10 ).in Table 7 were observed.

ﬂ‘lJEJ’J‘VlEJ‘ﬂﬁWEJ’]ﬂ‘i
QW’]ﬂﬁﬂ‘iﬂJ UA1AINYAY
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Table 8 Relative frequency of CMI range from fatherless duo parentage tests.

Percentage of relative
Range of CMI in duo Relative Frequency
frequency (%)
1to 100 1 0.18
101 to 1,000 \“/// 3.87
iy o=a g,
1,001 t0 10,000 o & 8 — 16.39
— il —
10,001 to 100,000 4 /A/ 162 Y 29.83
1-% L
3 ."' ¥ ! ‘J
100,001 to 1,000,00 = _;_fs)s\, 28.18
. (8 A\ |
1,000,001 to 10,000,000 ‘f v 6 \ A 15.84
i -;fis- Jo q \
10,000,000 MAAE 5.71
Total I TATEN 100
gt :/'_ 3" ;
\:.n J!J
Figure 3 Relative freq iency-of CMira =1 parentage tests

Percentage of relative frequency (%)

)
ﬂ']ﬁ 100

M 101 to 1,000

F oy i

10,001 to 100,000

M 100,001 to 1,000,000

1,000,001 to 10,000,000

M >10,000,000




Table 9 The minimum CMI value resulted from fatherless duo parentage test.

Locus Alleged Mother Child Formula Pl
D8S1179 (11,13) (10,13) 1/(4*P[13)) 150
D21511 (30,32.2) (30,32) 1/(4*P[30)) 0.99
D75820 (11,12) (11,11) 1/(2*P[11)) 148
CSF1PO (10,11) (9,10) 1/(4*P[10)) 117
D351358 (15,16) ” 1/(4*P[15]) 0.87
THO (7,109 \\“ ‘S , 1/(4*PL7]) 0.81
D138317 — 1/(2*P[8]) 1.71
D165539 ( 1/(2*P[11)) 1.68
D251338 20" A w ‘\\ 1/(2°P[23)) 3.05
D195433 1 I//ﬁ” \\\\ 1/(4*P[13]) 0.89
VWA Ill E:s n\\\\\\ 1/(4*P[16)) 1.72
TPOX s f 1 2@ N e 177
D18S51 (43, l ﬂm “\\\ 1/(4*P[16)) 1.8
D55818 (1012 ‘ At ‘\ @) 1.06
FGA (22,28) e 1/(4*P[22]) 1.21
o 70.45

.V
i

=

Iﬂ

s

9
ﬂ'lJEI’JVIEW]ﬁWEJWﬂ‘i

ammmm UA1AINYAY




Table 10 The maximum CMI value resulted from fatherless parentage test.
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Alleged
Locus Child Formula Ml
Mother
D8S1179 (11,14) (11,15) 1/(4*P[11]) 2.14
D21S11 (31.2,32) (30,32) 1/(4*P[32]) 9.62
D7S820 (9,14) (11,14) 1/(4*P[14]) 125.00
CSF1PO (11,12) (11, (P[11]+P[12])/(4*P[11]*P[12]) 1.50
D3S1358 (15,18) [18])/(4*P[15]*P[18]) 4.04
THO1 (7.9) . B lll2*P7]) 1.61
D138317 (8,8) " ﬁ\ﬂp[sp 1.71
D165539 (9,12 [9]) 1.15
D251338 (17,1 ) - 1/(4%P[18)) 3.62
D19S433 | (14, 14.2 5.2 /(4°P[14.2)) 2.69
VWA (16,17) 16, 18), 34" *P[16]) 1.72
TPOX (10, 11 210 ) ~ (4*P[10]) 8.06
D18S51 (11,14) 11, 140~ {4 AP[ 111+ B[ 14])/(4*P[11]*P[14]) 22.23
D5S818 (11,13) ( pfdi /(2*P[13]) 2.99
FGA (21,21) (ZE26) 12, 1/(2*P[21]) 3.88
Ao ) 1.73x10°
- —

Using the 16 STR loci E fa st \mh very low CMI value (70.45)

in Table 9 and very high QMI value (1.73 x 1%,'” Table 10 were observed.

ﬂuﬂ’f]‘l’l&lﬂﬁ‘}’ﬂﬂ’]ﬂ‘i
QW’]G\‘iﬂ‘im UA1AINYAY
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Figure 4 Relative frequency of CPl and CMI range from parentage tests

50
45 .
gg M Trio cases
30
25
20
15
10
o B Motherless
duo cases
O
'\".
= Fatherless
duo cases
ed paternity index for parentage
tests between the FEDDS-Profil Ne IS Excel Manual calculation.
| ;
To test basic functions; d ible allelic paternity situations were
input into software.= Then, the SO — e ‘ manual and FEDDS-
A\
ProfileManagement so are arentage tests of 16 family cases

(Table 11) the differerices between results obtained are not statistically significant.

Among motheﬁﬁﬁéj ﬁﬁﬂ%‘fwmw) the results acquired

are not changech]
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Table 11 The CPI for FEDDS and MS Excel manual resulted from trio parentage tests.

Family cases CPI for FEDDS CPI for MS Excel
1.089-51 2,957.97 2,957.97
2.0013-50 | 6,264.65 6,264.65
3.0010-50 7,163.83

_ ———

4.0071-50 - 9,098. 27 9,098.27
5.0115-50 ////é\\ék\ 19,117.61
6.0376-51 19,335.91
7.0114-50 22,530.90
8.0032-50 23,680.14
9.0089-50 ; 53,376.58
10.0039-50 55,253.47
11.0033-50 ¢ 2h 56,88&;7 56,886.57

o B ITELINETT .
t

PRI TALUBAAD VP A

14.0030-50 177,064.00 177,064.00

15.0107-50 230,555.70 230,555.70

16.0396-51 73,435,050.00 73,435,050.00




Table 12 The CPI for FEDDS and MS Excel manual resulted from duo parentage tests.
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Family cases CPI for FEDDS CPI for MS Excel
1.0181-51 228.71 228.71
2.0054-50 17.89 517.89

3.0106-50-1 N , 4,828.39
- !' ——
4.0132-50 ,090. 5,090.19
5.0106-50-2 5,61 5,613.74
4
6.0099-50-1 12,4661 12,766.12
Tl N\
7.0380-51 ..ﬁ-}é 27 13,352.27
*?1{:’1‘ qh
8.0051-50 a7 8 18,396.71
T3
9.0376-51 de 19,335.91
10.0099-50-2"+ : .
A 23,506.30
v g
11.0160-50 65,694.06 65,694.06

1201@}4&1’“’1&11 LA N7

‘j 176,897.10

SEU8H3ITNE

7 Befeso o

RARN

14.0042-50 364,108.90 364,108.90
15.0079-50 987,903.60 987,903.60
16.0147-50-2 4,302,935.00 4,302,935.00

13,538,910.00

17.0147-50-1

13,538,910.00
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Table 13 Mutation types and observed cases

Mutation types Total observed cases

1-step mutation 29

1.2-step mutation

2-step mutatio

/‘g 1
‘ -—
3-step mu 2

j//ga\ \NNE
/0 W\IE

. Figure 5 Observed mutatio = e R I present in commercial Kits

Tota

0.6 -

0.5 -

0.3 -

B Mutation rates (%)

ﬂé’ﬂ

0.2

0.1 4

The type of the mutations observed in a total of 35 cases in Table 13 show that
1-step mutation : 29 cases, 1.2-step mutation : 1 case, 2-step mutation : 1 case, 3-step

mutation : 2 cases, 3.2-step mutation : 1 case and single point mutation : 1 case. The
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mutation rates at the individual STR loci were present at D21511: 0.517%, VWA: 0.444%,
D16S539: 0.31%, FGA: 0.297%, D18S51: 0.297%, D3S1358: 0.223%, D13S317:
0.149%, D2S1338: 0.103%, THO1: 0.103%, D7S820: 0.0745%, D5S818: 0.0744%, and
D8S1179: 0.0744%, while all other loci (TPOX, D19S433, CSF1PO: <0.0744% (Figure 5).

Figure 6 Case 0316/48 sample fragment collection by DHPLC of the THO1 locus.

Ehsodbae (1Y)
B
L
A R
A‘L
\ —

G / ‘\
/& ‘

\
/T repeats - : 4119.3 repeats S

o i 4 '1i ,’.
:J

0 ' ' ' '
22 33 ')" .ﬂ 20 4.0 41 42 43

.'_*

Figure 7 Case 0316/48 sample sequence electropherograms of the THO1 locus (A

insertion is indicated by an arrow)

o J oy
" ol el

B 70 %0

CTGTGTGGGCCAGGCTGGATAATCFCG AG CTTTTT CAGC

"fl""lIIIVI'!'V'!"!IV""!!’!IT'V!lV'!!I'!T'IVI"I"'TI'!'!
310 320 230 340 350 360 3
GTGTACAGGGGACTGT GT GGGCCAGGCTGGATAARTCRGGAGCT TTTCAGCCCACAGGAGGG
GTGTACAGGGGACT GTGTGGGCCAGGCTGGATAAT CGGGAGCTTTTCAGCCCACAGGAGGE

Two peaks of small and large sizes were detected on DHPLC of the PCR
products obtained using the new primer set. These peaks considered to represent 7
and 9.3 repeats of TCAT, respectively (Figure 6). A single point mutation was found in

the sequence of allele 9.3, while no mutation was found in the sequence of allele 7.
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Sequencing analysis revealed an A insertion (Figure 7) at position 1287 (GenBank
Accession No. D00269) located 82 bases downstream of the last TCAT motif of the
repeat region. This single point mutation was located at the reverse primers of the

|dentifiler kit.

AuEINENINeINS
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CHAPTER V

DISCUSSION
The determination of parentage testing is made based on whether or not alleles
are shared between the child and the alleged father when a number of genetic markers
are examined. Thus, the outcome of parentage testing is simply inclusion or exclusion. If
the man tested cannot be excluded as the biological father of the child in question, then
statistical calculations are performed to aid in.nderstanding the strength of the match.
The most commonly applied testin this regard.is-the paternity index. The paternity index
(PI) is the ratio of two cenditional”probabilities where the numerator assumes paternity
and the denominator assumes .a rahdorh man of similar ethnic background was the
father. The numerator.is the probability of‘jopserved genotypes, given the tested man is
the father, while the depominator is the probablllty of the observed genotypes, given that
a random man is the father. The paterﬁlty index then is a likelihood ratio of two
probabilities conditional upon dlfferent competmg hypotheses. This likelihood ratio
reflects how many times more I|kely t-is to: see the evidence under the first hypothesis

compared to the second hypothest The patermty index is generally represented in the

e

formula X/Y, where X is the chance that the alleged father could transmit the obligate

allele and Y is the chance that other man of the same race- could have transmitted the
allele. Typically, X is assigned the value of 1'if the alleged father is homozygous for the
allele of interest and 0.5%fsthe alleged father'is heterozygous. A population database
containing frequency:distributions for the various alleles at the tested genetic markers is
used to calculate the potential of a randomly selected man passingithe obligate allele to
the child. The combined paternitysindex.is calculated forieach lacus and then individual
Pl values are multiplied together to obtain the paternity index for the entire set of genetic
loci examined. We calculate the combined paternity index or the combined maternity
index and to gather the event of a mutation in some families. The results showed that in
the examination of the parents and child relationship of 376 CPI values that were the CPI
values which minimum value as 420.07 and the highest CPI value as 359,558,681.35.

Most of these CPI values in the range of 1000 to 10,000,000 up to 88.03% with only
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0.27% which is less than 1,000, while the more than 10,000,000 as 2.39% (Figure 1). To
examine the relationship between father and child are all the CPI values of 423 by the
smallest is 228.71 and the most is 38,900,000,000. The majority of the CPI value in the
period 1,001 to 10,000,000 up to 89.84%, but only the 3.07% which is less than 1,000,
while more than 10,000,000 is 7.09% (Figure 2). Check the connection between the
mother and child all 543 CPI values. CMl is the minimum value 70.45 and the maximum
is 1,730,000,000. Most of the CMI value from.4,001 to 10,000,000 available to 90.24%.
CMI values of less than 1000 are 4.050/3,<While thevalues of more than 10,000,000 are
only 5.71% (Figure 3). The*CPl or.the CMI| which is"less than the 1,000 average was
2.46% which is relatively very .smalil. H;| can be used as the minimum in order to

' |

determine the results«€orrelated fo pare_nt,s_ and children. Meanwhile, more than the

10,000,000 average value was 5.06%; which is not very common characteristics of
families in those populations (Flgure 4). W\f—: suggested that they should use the lowest
CPI value at 1000 is probably the best- value from the data acquired. Report the

requirements from the past severa! taboratorles for issuing a report with a weight of

positive paternity have defmed the dn‘ference between the CPI most are in the range

-

from 100 to 100,000 (Hallenberg and Morhng 2002). Therefis no theoretical requirement

of a lower limit for reporting, and the decision to have é’ inmit is based on pragmatic
reasons such as avoiding court cases in which the biological evidence is evaluated
under the limit. Many of the=reports show that it is not the minimum of the CPI or CMI
which contains information reported by various reports that| will be discussed further.
From the American Association of Blgod Banks (AABB) surveyed data, a cutoff point of
a minimum (GPI value of 100 was.used 23 in 34 laboratoeries (Pu @nd Linacre, 2007). A
minimum CPI value requirement or cutoff point is employed, on top of that there is a high
degree of confidence that the samples tested are genetically linked as first degree
relatives and which a false inclusion are going to be prevented (Pu and Linacre, 2007).
In real paternity duo cases with very low CPI values and coincidental kinship-matched
pair with very high CPI values were observed. The ideal method to resolve duo cases

with greater confidence would be adding more autosomal STR loci to increase the CPI
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value and if possible, mitochondrial DNA analysis or STR loci on sex chromosome or

other loci can be used to our come problems of low CPI values. From the analysis of 51
inclusion paternity trio cases, the minimum, maximum and average Pl were 3.4 ><105,
4.4 x10" and 9.2 X10°, respectively (Jacewicz et al., 2004). In 139 trios analyzed, 85
non-exclusion cases presented the average probability of paternity (PP) of 99.9999%,
with the average paternity index_of 30,301,168.36 whereas, in the simulated duo
analyses (artificial mother-deficient cases); .the average PP was 98.768569%
(P1:165,575.33) (Iwamura_et al., 2008). A total of 112 motherless cases of parentage
testing were investigated. Two«ecriierions for paternity inclusion in motherless cases of
parentage testing are the prebability of e%clusion and the paternity index. The threshold
value of the combined proability of exclusion was 0.9999, while the threshold value of
the paternity index was®10,000 for pat’emity if\_clusion (Hou et al., 2008). The Institute of
Legal Medicine at Korea University has céjjc;ucted some simulation studies based on
data to find the most appropriaté r:UIe in earph case, and currently used cut-off value
which is different from 99.9% in_ﬂ%éﬂ unrela!tgé,iggse (cut-off value is 99.9981% for trio

case and 99.8579% for mothe_rjles_s_lcase w&tﬁ1 7_I_oci system) (Lee et al., 2001). In all

remaining 93—deficie_ri9y cases, the putative father could ;bg determined as being the

biological father with -_ar] average probability of 99.9699%;PI:3321.26 (min. 99.5651%,
P1:228.94; max. 99.9999%, PI:1,000,000) (von Wurmb-Sehwark et al., 2006). The PI
obtained from 67 non-exclusion cases, and 22 exclusion cases typed on 10 STR loci,
was calculated for ithe itrios ‘and alse’ for ichild land-alleged father in motherless cases
using local frequency tables. The highest Pls forarios and duos were 53,655,218 and

341,876 for/STRs, respectively {Hou-et al, 2008).

Validation calculation CPI values between two methods were from testing the
CPl is calculated by using a computer program FEDDS-Profile Management software
compared to the normal calculation using the Microsoft Excel in two forms. The trio
parentage test with 16 families (Table 11) the results are the same. During the

motherless parentage test of 17 families (Table 12) the results are not changed. The
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results were compared with the results of using MS Excel and FEDDS Profile

Management is considered validated sufficiently.

In 1,011 parent-child allelic transfers at fifteen short tandem-repeat (STR) loci, 35
isolated STR mismatches were observed. Table 13 presents a lot of detailed
characterization of the observed mutations. The event was continually repeat
connected, because of either a 1-step mutation (n = 29), a 1.2-step mutation (n = 1), a
2-step mutation (n = 1), a 3-step mutation (A*=.2), a 3.2-step mutation (n = 1) and a
single point mutation (n = 1). Most of thé STR-mutation associated with gain or loss of
repeat unit, but sometimessoneswill have more than one repeat unit or one base pair
change. As can be seepgin Table 46, Th:é mutation rates at the individual STR loci were
oresent at D21S11: 5.17x40 A7 in 1352 meloses), WA: 4.44x10° (6 in 1350 meioses),
D16S539: 3.1x10° (3 969 Meloses), FEAH297%10° (4in 1346 meioses), D18S51:
2.97x10° (4 in 1348 meioses), I_.Z)S_S1368??—»,_2.2‘__3><1O’3 (37in 1346 meioses), D13S317:
1.49x10° (2 in 1345 meioSes), D2S1335: 1':.b,{3_x‘1 0° (2 in 968 meioses), THO1: 1.03x10°
(1 in 967 meioses), D75820: 745%10° (1 in 1843 meioses), D5S818: 7.44x10" (1 in
1344 meioses), and D8S1179:7:44%10" (1 iﬂhl"i.’r.?,‘ltélr meiose_s), while all other loci (TPOX,
D19S433, CSF1PO:¢<;7.44X4©im9—mutatL9ﬂs observed).,‘ConcIude that the mutation
rate is between 7.44 x 10" and 5.17 x 10" per locus per;gamete per generation. No
mutations were observéd in three of the fifteen loci. As with any other region of DNA,
mutations can [occur IntSTR loci) For some‘mechanism‘is not €empletely characterized,
STR alleles canfchange over time. Mutational event may take the form of a change of a
single bHase ©or repeat, length £The 'molecular:mechanismstbywhich STRs mutated are
believedgto involve replication slippage or the repair of DNA replication defective
(Ellegen, 2004). Estimation of mutational events at a DNA marker may be achieved by
comparison of genotypes from offspring to those of their parents. Genotype data from
paternity trios involving a father, a mother, and at least one child (a child or more than) is
examined. A discovery of an allele difference between the parents and the child is seen
as evidence for a possible mutation. The search for mutation in STR loci involves

examining several parent-child alleles transfer because the mutation rate is rather low in
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most STRs. The majority of STR mutations involve the gain or loss of a single repeat unit.
Most of these mutation rates are on the order of 1-5 mutations per 1,000 allele transfers
or generational events. The STR loci with the lowest observed mutation rates are THO1
(0.01%) and TPOX (0.01%). Not surprisingly, the STR loci with the highest mutation rates
- FGA (0.30%), D18S51 (0.25%), and D21S11 (0.21%) - are among the most
polymorphic and possess the highest numper of observed alleles. However, depending
on the genotype combinations it can be difficult to ascertain from which parent the
mutant allele was inherited:Since the averagé mutation rate is below 0.1%,
approximately 1,000 patent=offspring allele transfers would have to be observed before
one mutation would be*seensin some ST,lR markers (Weber and Wong, 1993). From a
report that examined «10,844 parent. and_ g:_hild allele transfers at nine STR loci and
observed 23 mutationss#No mutatlons vver:e observed at three of the loci (THO1, F13B,
CD4) (Brinkmann et al., 1998). Also reportéd another studied 29,640 parent-child allele
transfers at five STRs and four mmlsatellltes and observed only 18 mutational events (11

in three STR loci D351359, vWA and THOH) (Sajantlla Lukka, and Syvanen 1999. There

is reported mutation rates on the basns of observanns can be estimated as follows;

i

D16S539: 1.3 X 107 (2 in 156 me|oses) D18851 6 X 10° (1 in 162 meioses); FGA: 6 X

10° (1 in 162 me|oses) all other loci: <6 X 108 (Thomson e%al 1999). In all, 1,400 child
bands were detected<which corresponded to a mutation frequency of 16/1400 on
0.01143 bands_per. child (Cifuentes_et al., 2000). The autosomal mutations observed in
389 father and! child“sample’pairs withthe 45 autosemal Identifiler STR loci are two in
the Asians (Decker et al., 2008). The"mutations observed were the following the most of
them were either|gains or|losses of.complete repeats and the numbel_of additions was
significantly major than the number of deletions (Di Lonardo et al., 2004). Low mutation
rates are especially critical for paternity testing. This is because links are being made
between the child and the alleged father based on the assumption that alleles remain
the same when they are passed from one generation to the next. Parent and child allele
transfer information tests for germ-line mutations. Additionally, genotypes from different

kinds of tissues from the same individual are examined to demonstrate that no somatic
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mutations occur. In parentage test, a high mutation rate for a STR marker could result in
a false exclusion at that locus. High mutation rates help keep STR markers polymorphic
and therefore useful in human identify testing. It is important to keep in mind that while
mutations can potentially impact kinship reference samples they will not affect direct

matches between personal effects and victims or perpetrators and crime scene

néire found by comparison of the

t 3 children.

results of the genetic in

R
{

AUEINENINYINS
ARIAINTAUIM TN



REFERENCES

Ayadi, I., Mahfoudh-Lahiani, N., Makni, H., Ammar-Keskes, L., and Rebai, A. 2007.
Combining autosomal and Y-chromosomal short tandem repeat data in paternity
testing with male child: methods and application. J Forensic Sci. 52 : 1068-1072.

Ayres, K.L. 2000. Relatedness testing in subdivided populations. Forensic Sci. Int. 114 :

107-115.
Ayres, K.L., and Balding, D«dJ..2005. Patﬁrnity index-ealculations when some individuals

share common ancestry. Ferensic Sci. Int. 154.: 101-103.

Balloch, K.J.D., Marshaligd., CGitigsten /J. \and Gow, J.W.2008. Reporting paternity
1

testing results when 2'exclusions are encountered. Forensic Sci. Int. :Gene.

Suppl. 1:492-498. —

Birus, I., Marcikic, M., Laue, D, Dzij’én, ok, dfld Lauc, G. 2003. How high should
paternity index be for reliable ldentiﬁf&:@tibn of War Victims by DNA typing? Croat
MedJ. 44:320:306 ) 4

Brinkmann, B., Klintschar, M., Né'uhtjber, FFFHthJeJ and Rolf, B. 1998. Mutation rate

in human micro_satelIite-s:'-i-nfldence of the structure and length of the tandem

repeat. Am JiTim Genet. 62 :1408-1415,

Buckleton, J., Triggs, C.M., and Walsh:"§:J-2005. Forensic DNA evidence interpretation.

Boca Raton, USA& CRC Press
Cifuentes L., Armanet L., Aguirre R.;'Vargas J., and Acuna M.|2000. Multilocus DNA

fingerprinting in paternity analysis: a Chilean_experience. Genet. Mol. Biol. 23 :

125-127.
Curran, J:M., Walsh, S.J., and Buckleton, J. 2007. Empirical testing of estimated DNA

frequencies. Forensic Sci. Int. :Gene. 1:267-272.

Dawid, A.P., Mortera, J., and Pascali, V.L. 2001. Non-fatherhood or mutation? A
probabilistic approach to parental exclusion in paternity testing. Forensic Sci.

Int. 124 : 55-61.



40

Decker, A.E., Kline, M.C., Redman, J.W., Reid, T.M., and Butler, J.M. 2008. Analysis of

mutations in father—-son pairs with 17 Y-STR loci. Forensic Sci. Int. :Gene. 2 :

e31-e35.

Di Lonardo, A.M., Rodriguez Cardozo M.B., Colica, M.V., Abovich, M.A., and
Echenique, C. 2004. Genetic inconsistencies in paternity cases. Int. Congr. Ser.
1261 : 488-490.

Ellegen, H. 2004. Microsatellites: simple seguences with complex evolution. Nature Rev.
Genet. 5 : 435-445. 2

Essen-Mdller, E. 1938. DiesBeweiskraft der Ahnlichkeitim Vatershaftsnachweis.

Theoretische Grundlagens Mitt. Ar%lthroool. Gesellschaft. 68 :9-53.
Gjertson, D.W., et al. 2008. |SFG: Recommendations on biestatistics in paternity testing.

Theoretische Grundlagen. ForenS|oaSC| Int. :Gene. . 1:223-231.

Hallenberg, C., and Morling, N. 2002 ) rep‘ort on the 2000 and 2001 paternity testing

workshops of the Eaglish speaking working group of the International Society for
p o

Forensic Genetics. Forensié'éci int: :11';29 . 43360.

Halos, S.C., Chu, J.Y., Ferreon, AC M-, and Magno M.M.F. 1999. Philippine population

- -

database at mne mlcrosatelllte loci for forenS|C and paternlty applications.

Forensic Sci. lnt 101 : 27-32.

Henke, L., Fimmers, R., Josephi, E., Cleef, S., Dllmer, M., and Henke, J. 1999.
Usefulness of conventional blood groups, DNA-minisatellites, and short tandem

repeat polymarphisms in paternity testing:'a comparisong Forensic Sci. Int. 103 :

133-142.
Hou, J.¥4, Tang, H.;LiuwY C., and Hou, Y.P..2008. How many markers are enough for

motherless cases of parentage testing. Forensic Sci. Int. :Gene. Suppl. 1 : 649-

651.
lwamura, E.S.M., et al. 2008. Paternity investigation analysis in artificial mother-deficient

cases using STR loci in the Brazilian population. Forensic Sci. Int. :Gene. 1 :

516-517.



41

Jacewicz, R., Berent, J., Prosniak, A., Kadlubek, M., and Szram, S. 2004. The evaluation

of the IDENTIFILER system in paternity testing in Poland. International Congress

Series 1261 : 538-540.

effreys, A.J., Wilson, V., and Thein, S.L. 1985. Individual-specific ‘fingerprints’ of human
DNA. Nature 316 : 76-79.

Kersbergen, P., et al. 2008. “False positive” or true paternity: Investigating one or two

STR mismatches by detailed SNP analyses: Forensic Sci. Int. :Gene. Suppl. 1:

518-519. 2

Lee, J.W.,, Lee, H., Park,JMyand.Hwang, |J. 2001, Paternity determination when the

alleged father'ssgenaiypes are un?vailable. Forensic Sci. Int. 123 : 202-210.

Mixich, F., loana, M., and Mixich;, V.A._‘ZOO'A.ﬂPaternity analysis in special fatherless

cases without direct testing of alleged father. Eorensic Sci. Int. 146S : S159-
\ &
S161. LA

." <

Moroni, R., Gasbarra, D., Afjas; E:, Lukka M “and Ulmanen, . 2008. Effects of reference

|*

population and number of STR markers on paternlty testing. Forensic Sci. Int.

:Gene. Suppl. 1:654- 655 'f T— =

Narkuti, V., et al. 2007 Mlcrosatelllte mutation mthe maternﬁlly/patemally transmitted

D18S51 Iocus Two cases of allele mismatch in the Qh||d Clin Chim Acta 381 :
171-175. i

Phillips, C., et al. 2008. Réselving relationshipitests that show ambiguous STR results

using autosomal SNPRs as supplementary markers. Eorensic Sci. Int. :Gene. 2 :

198-204.
Pu, C.,'and Linacre;A. 2007, CPI distribution and cutoff values far/duo Kinship testing.
Chinese J. Physiol. 50 : 232-239.

Raimondi, E., Toscanini, U., and Haas, E. 2003. Analysis of paternity index of 164
paternity trios DNA-typed by either 10 STR or 4 RFLP loci. Int. Congr. Ser. 1239 :
661-663.



42

Rerkamnuaychoke, B., et al. 2006. Thai population data on 15 tetrameric STR loci —
D8S1179, D21S11, D7S820, CSF1PO, D3S1358, THO1, D13S317, D16S539,
D2S51338, D19S433, VWA, TPOX, D18S51, D5S818 and FGA. Forensic Sci. Int.

158 : 234-237.
Sajantila, A., Lukka, M., and Syvanen, A.-C. 1999. Experimentally observed germline

mutations at human micro- and minisatellite loci. Eur.J.Hum.Genet. 7 : 263-266.

Takayama, T., Takada, N., Suzuki, R., Nagaokas S, and Watanabe Y. 2007. Identification
of a rare mutation in‘a THO1 primgr binding'site. Leg. Med. 9 : 289-292.
Thomson, J.A., et al. 2004=Analysis-of disputed single=parent/child and sibling

relationships using 16¢STR loCi. In‘%‘. J Legal Med 115 : 128-134.
Thomson, J.A., Pilotti, V&' Stevens, P, .‘Ayre':s,‘_‘K.L. and Debenham, P.G. 1999. Validation

of short tandem.repeat analysis-forthe investigation of cases of disputed

paternity. Forensi¢ Sci. Int. 1 00 1—::‘]46.”
Triggs, C.M., and Buckleton, J.8. “2002. Logicalimplications of applying the principles
p i 4

ald ¥ . ) )
of population genetics to.the interpretation of DNA profiling evidence. Forensic
| ok 4 -'_'J‘_J

Sci.Int. 128:108-114. -

el

Turchi, C., Pesaresi, M Alessandrihi,' F., Onofri; V., and Tagliabracci, A. 2004. Unusual

association o'f-f.hree rare alleles and a mismatch in é;case of paternity testing. J
Forensic Sci. 49 2. 1

Vicard, P., Dawid, A.P., Mortera, J., and Lauritzen, S.L. 2008. Estimating mutation rates

from paternity.casework: Forensic Sei. Int::Gene.| 2 : 9-18.

von Wurmb-Schwark, N., Malyusz, V.gSimeoni, E., Lignitz, E., and Pgetsch, M. 2006.
Rossible pitfallsin motherless paternity analysis with related, putative fathers.

Forensic Sci. Int. 159 : 92-97.

Weber, J. L., and Wong, C. 1993. Mutation of human short tandem repeats. Hum. Mol.
Genet. 2:1123-1128.
Wiegand, P., Meyer, E., and Brinkmann, B. 2000. Microsatellite structures in the context

of human evolution. Electrophoresis 21 : 889-895.




AULINENINYINS
ARIANTANNINGIAY



44

Table 14 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0396-51.

Alleged Formula for manual
Locus Mother Child Pl for FEDDS Pl Manual
Father calculation
D3S1358 | (15,16) | (15,16) | (16,19) 0.76 1/(2*(P[161+P[15])) 0.76
VWA (17,19) | (14,19) | (14, 14) 3.89 1/P[14] 3.89
(19, (22.2, SR
FGA 24.2) 24.2) 24 ) 9 41767 1/(2*P[22.2]) 41.67
D8S1179 | (13,15) | (1415 | (40,14 ) 250 1/(2*P[14]) 2.96
D21511 (30,31) | (30530 )af (30430 \ SN 1/P[30] 3.97
D18S51 (12,14) | (14722 )| (16, 22 ) ]'i. 71.43 1/(2*P[22]) 71.43
D5S818 (10,12) | (11412) (11,11) a 3.69 1/P[11] 3.69
D13S317 (8,8) (8,10) (9,‘.-10‘) ‘J %388 1/(2*P[10]) 3.88
D7S820 (10,13) | (#1080 |#(7, 1) ’ 50.00 1/(2*P[7]) 50.00
CPI F . Z|3jé§5,050.00 73,435,047.00
ol

Table 15 Comparison of combined paternity?r:m“_éx (CPI) calculation between the

FEDDS-ProfileManagement software and MS-‘E}((ﬂ:gI‘manual_}-n case 0397-51.

: Alleged Pl for Eth-.fmuIa for
Locus Mother |7 - Child - Pl Manual
Father FEDDS manual calculation
D3S1358 | (17,17) | (1,17) | (17.17) | 461 CPIT) 4.61
vWA (161759 | (14,47)6/(14,16) 1?95 1/(@2*P[14]) 1.95
FGA (22,04) | (22,22) | (21,22) 2.42 1/(2*P[22]) 2.42
D8S1179 |.(11,.13 )| (11,47 )| (13,17) 29.41 1/(2*P[17]) 29.41
(32.2, (32.2, (2.0
D21S11 32.2) 32.2) 32.2) 8.06 1/P[32.2] 8.06
D18S51 | (14,17) | (14,17) | (14,16) 1.92 1/(2*(P[14]1+P[17])) 1.92
D5S818 (10,12) | (12,13) | (10,13) 2.99 1/(2*P[13]) 2.99
D13S317 | (10,13) | (11,13) | (10,11) 2.18 1/(2*P[11]) 2.18
D75820 (11,12) | (11,12) (8,11) 0.92 1/(2*(P[111+P[12])) 0.92
CPI 59,460.85 59,460.85
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Table 16 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0386-51.

Alleged Pl for Formula for
Locus Mother Child Pl Manual
Father FEDDS manual calculation
D351358 (17,17) | (16,17) (15,16) 1.33 1/(2*P[16]) 1.33
VWA (14,14) | (14,17) (14,17) 2.08 1/(2*P[17]) 2.08
FGA (22,25) | (22,25) (22,24) 1.67 1/(2*(P[22]+P[25])) 1.67
D8S1179 (13,14) | (10,14) (110,10 B 1/P[10] 6.76
D21S11 (30,30) | (30430 (28,30) 1.98 1/(2*P[30]) 1.98
D18S51 (14,17) | (115,129 3,16, 2.23 1/(2*P[15]) 2.23
D5S818 (10,12) |7(10,41) (11,12L) 1.85 1/(2*P[11]) 1.85
D13S317 (9,13) (9, 12) (i, 12':) & 3.76 1/(2*P[12]) 3.76
D7S820 (10,10) (8, 10) (.8,12 ): %03 1/(2*P[8]) 3.09
CPI 37 2gsner 2,957.97

Table 17 Comparison of combined p:aternit

PR
+ a

FEDDS-ProfileManagement software and I\/IS'E_Xi_)ﬁEI manual in case 0376-51.

y:'L@_dex (CPI) calculation between the

< Alleged 4 L “Plfor Formula for manual
Locus Mother Cliijicms g Bl ’ Pl Manual
ot Father FEDDS ___calculation
D3S1358 | (15,16 )%d(15,15) | (15, 18) 1.75 ~_/(2*P[15)) 1.75
VWA (17,18) (14 18) ke 1.95 | 1/(2*P[14]) 1.95
FGA (22,24) (22,25) (24,25) 5.38 1/(2*P[25]) 5.38
D8S1179 (11511 ¢11,12) (12,17) 3.97 1/(2¢P[12]) 3.97
D21511 (29,29) (29,29) (29,30) 2.00 1/(2*P[29]) 2.00
D18S51 1477154 (1145 79) ¢ 16,017) 6.17 12 R[N/ ]) 6.17
D5S818 (11,13) (M1,13) (112,13 1.14 172 (P11 31+P[11])) 1.14
D13S317 (8,10) (10,10) (10, 11) 3.88 1/(2*P[10]) 3.88
D75820 (10,11) (11,12) (12,12) 4.88 1/P[12] 4.88
CPI 19,335.91 19,335.91
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Table 18 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0010-50.

Alleged Pl for Formula for manual
Locus Mother Child PI Manual
Father FEDDS calculation
D3S1358 (16,18) (16,17) | (16,17) 2.30 1/(2*P[17]) 2.30
VWA (14,16) (16,18) | (14,18) 242 1/(2*P[18]) 242
FGA (18,23) (18,19 ) [( 19520) 10.00 1/(2*P[19]) 10.00
D8S1179 (8,13) ( 8, viae S NP1 54 3.3 1/(2*P[12]) 3.97
D21S11 (30,30.2) | (-30480){(30,:30) 3.97 1/P[30] 3.97
D18S51 (13,21) T4, 2 iy 159 229 1/(2*P[14]) 2.79
D55818 (10,12) C 12402 W WU, 1"12) 2.12 1/(2*P[12]) 212
D13S317 (11,12) C 1120 i £:10 12_)_ 1.38 2+ (P[12]+P[11])) 1.38
D75820 (8,11) (8,41 ) (.8, 121 1.00 1/(2*(P[8]1+P[11])) 1.00
CPI 3 [%7.163.83 7,163.83

Table 19 Comparison of combined p:aternit

FRAd %
+ a

y:'L@_dex (CPI) calculation between the

FEDDS-ProfileManagement software and I\/IS'E_Xi_)@I manual in case 0013-50.

e Allege(_j:..j _PI for Formula for manual
Locus Mother . CIniE="HT Sl ’ Pl Manual
4 Father FEDDS ... | calculation
D3S1358 | (16, 18%4L (16,16) | (16,18) 133 | 1/2*P[16)) 1.33
VWA (18,19) (14,18) (114,14 3.89 1/P[14] 3.89
FGA (21,24.2) | (24,24.2) | (24,24) 9.09 1/P[24] 9.09
D8S1179 (10,15) (15,15) (10,15) 2.99 1/(2*P[15]) 2.99
D21S11 (30,130) (30,33.2) | (31,33.2) 7.81 1/(2*P[33.2]) 7.81
D18S54 (124169 @12,45) (MB,]151 2123 M(2*R[158]) 2.23
D5S818 (12,13) (12,13) (11,13) 1.24 T/(2*(P[13]+P[12])) 1.24
D13S317 (8,11) (11,11) (10,11) 2.18 1/(2*P[11]) 2.18
D7S820 (10,11) (10,11) (11,12) 0.94 1/(2*(P[11]+P[10])) 0.94
CPI 6,264.65 6,264.65
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Table 20 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0030-50.

Alleged Pl for Formula for manual Pl
Locus Mother Child
Father FEDDS calculation Manual
D351358 (15,15) (15,18) (16,18) 6.33 1/(2*P[18]) 6.33
VWA (14,18) (14,14) (14,17) 1.95 1/(2*P[14]) 1.95
FGA (21,24) | (22.2,24) | (22.2,26) 41.67 1/(2*P[22.2]) 41.67
D8S1179 (10,12) (10m12) 190 182 1/(2*(P[12]+P[10])) 1.82
D21511 (29,33.2) | (29430 (30430) SeOifa 1/P[30] 3.97
D18551 (14,17) (14, 149 (14116) 2ol 1/(2*P[14]) 2.79
D5S818 (9,10) (10440, ( 10,".02) 2.34 1/(2*P[10]) 2.34
D138317 (10,11) (94 J) i O T_O 2_‘ 8 1/(2*P[9]) 2.99
D75820 (12,12) 124120 .(_8, 12) 2.44 1/(2*P[12]) 2.44
CPI o 1.! ' 177,064.00 177,064.00
Table 21 Comparison of Combinedip;aternity:jié_gléx (CPI) calculation between the
FEDDS-ProfileManagement software and I\/IS'E_Xi_)@I manual in case 0032-50.
<} bAlleged T Pl for Formula for
Locus Mother ®hic =T o ’ Pl Manual
L Father FEDDS rr_j_anual calculation
D3S1358 | (15,17 )ald(15,15) | (15, 17) 175 | 1/P15) 1.75
VWA (14,14) i(14,18) (118,18) 4.83 1/P[18] 4.83
FGA (21,25) (21,25) (21,21) 4.50 1/(P[21]+P[25]) 4.50
D8S1179 (14314)) ¢11,14) ¢11,14) 427 TH(2*P[11]) 4.27
D21511 (29,180) (29,30) (30,30) 1.99 1/(P[30]+P[29]) 1.99
D18S51 (27167 ( 18162 (1133 140 376 W (2*R[13]) 3.76
D5S818 (13,13 (10,13) (0,12) 2:34 1/(2*P[10]) 2.34
D138317 (8,12) (8,8) (8,10) 1.71 1/(2*P[8]) 1.71
D7S820 (10,11) (10,12) (12,12) 4.88 1/P[12] 4.88
CPI 23,680.14 23,680.14
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Table 22 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0033-50.

Alleged Pl for Formula for
Locus Mother Child Pl Manual
Father FEDDS manual calculation
D3S1358 | (16, 18) (16,16) (16,16) 2.66 1/P[16] 2.66
VWA (17,17) (16,17) (16,17) 3.45 1/(2*P[16]) 3.45
FGA (24,25) (23,25) (2382%) 2.69 1/(2*P[23]) 2.69
D8S1179 | (13,15) (13,16) 164 6.02 1/(2*P[16]) 6.02
D21S11 (29,30) (30,30) (30,82.2) 1.98 1/(2*P[30]) 1.98
D18S51 (14,21) (14, 189 (14, 18) ol 5 1/(2*P[18]) 15.15
D5S818 (10,12) C 1042 1. 1?) Tl 1/(2*(P[12]+P[10])) 1.11
D13S317 (9,12) (9,40) 1Q; 1'(_))‘_‘ /%S 1/P[10] 7.75
D7S820 (11,13) @ ) (.1_0,111_) 1.48 1/(2*P[11]) 1.48
CPI 3 1 5688657 56,886.57

Table 23 Comparison of combined p:aternit

4
a

FEDDS-ProfileManagement software and I\/IS'E_Xi_)@I manual in case 0039-50.

y:'L@_dex (CPI) calculation between the

el A!Ieged_::.L’ Pl for Formula for manual
Locus Mother . oniel =T . ’ Pl Manual
- Father FEDDS |4 calculation
D351358 (15,16 Yo" (16, 16 ) ((9l(&), 16) 2.66 L 1/P[16] 2.66
VWA (17,18) ( 17,17) Qe p— 2.08 | 1/(2*P[17]) 2.08
FGA (22,23) (22,23) (22,25) 1.27 1/(2*(P[22]+P[23])) 1.27
D8S1179 (16,18) (10,18 (110 16) 3.38 1/(2*P[10]) 3.38
D21S11 (29;81) | (31,31.2) | (29,31.2) 7.04 1/(2*P[31.2]) 7.04
D18S51 14159 (44, 167 (14,16 266 W(2*R[16]) 2.56
D5S818 (11,112 (9,119 (9,10) 7.25 1/(2*P[9]) 7.25
D13S317 (8,9) (9,11) (11,11) 4.37 1/P[11] 4.37
D7S820 (9,12) (9,10) (10,13) 2.59 1/(2*P[10]) 2.59
CPI 55,253.47 55,253.47
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Table 24 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0041-50.

Alleged Pl for Formula for manual
Locus Mother Child Pl Manual
Father FEDDS calculation
D3S1358 | (16,17) (15,17) (15,15) 3.50 1/P[15] 3.50
VWA (14,14) (14,19) (17,19) 4.39 1/(2*P[19]) 4.39
FGA (18,19) (18,23) (N8B J 2.69 1/(2*P[23]) 2.69
D8S1179 | (10,15) (10,45) (15, 167) a5 1/(2*(P[15]+P[10])) 1.59
D21S11 (29,31.2) | (30:2:31:2) | (29,380.2) 10.42 1/(2*P[30.2]) 10.42
D18S51 (14,15) o, 1 (15,1160 2.56 1/(2*P[16]) 2.56
D5S818 (7,12) (7 Gi) (P "12) e 1/(2*(P[12]+P[7])) 1.91
D13S317 (8,10) (8,47) (8 11 ) 2.18 1/(2*P[11]) 2.18
D7S8820 (9,10) #1043 ) .(ﬁ, 11) N0 1/(2*P[13]) 13.89
CPI A 101,146.40

Table 25 Comparison of combined p:aternit

4
a

FEDDS-ProfileManagement software and I\/IS'E_Xi_)@I manual in case 0071-50.

y:'L@_dex (CPI) calculation between the

U Alleged S EISReP| for Formula for
Locus Mother G il . ’ Pl Manual
LA Father FEDDS :'m__anual calculation
D3S1358 | (16,17) = ¥ (16,16) (16,17) 1.33 L 1/(2*P[16]) 1.33
VWA (14,16) ( 14,14) (14,18) 1.95 | 1/(2*P[14]) 1.95
FGA (23,24) (21,.24) (21,22) 3.88 1/(2*P[21]) 3.88
D8S1179 | (11M2) (11, 14) (13,14) 2.96 1M(2*P[14]) 2.96
D21S11 (29,29) | (29,31.2) | (30,31.2) 7.04 1/(2*P[31.2]) 7.04
D18S51 (1377 2 (123189 (12, 18) 725 W(2*R[12]) 7.25
D5S818 (10, 11) (10,107 (7,10) 234 17(2*P[100) 2.34
D13S317 | (10,11) (10,11) (11,12) 1.40 1/(2*(P[11]+P[10])) 1.40
D7S820 (11,12) (11,12) (11,12) 1.84 1/(P[111+P[12]) 1.84
CPI 9,098.27 9,098.27
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Table 26 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0089-50.

Formula for
Alleged Pl for
Locus Mother Child manual Pl Manual
Father FEDDS
calculation
D3S1358 (15,16) (15,17) (16, 17) 2.30 1/(2*P[17]) 2.30
vWA (18,18) (17,18) &% 1 160 2.08 1/(2*P[17]) 2.08
FGA (20,21) (20,26) 5 2 12.50 1/(2*P[26]) 12.50
D8S1179 (12,13) ( putedion) (14415) 2.96 1/(2*P[14]) 2.96
D21S11 (29,32) (29,3328 28, B3:2) 7.81 1/(2*P[33.2]) 7.81
D18S51 (15,15) C 1540 ) ( 13,".[15) 28] 1/(2*P[15]) 2.23
D5S818 (12,13) 11405 ) @1-1"?1,) 3.69 1/P[11] 3.69
D13S317 (8,11) Fs, 4l (_8, L) 1.92 1/(P[8]+P[11]) 1.92
D7S820 | (10,11) | (46, 18) £1% (o420 |\ 244 1/(2*P[12]) 2.44
CPI 4 4f 53,376.58 53,376.58
\ i
YW % ol

Table 27 Comparison of Combin,‘e.c;jpaternity rnde)g (CPI) calculation between the

FEDDS-ProfileManagement softyvta__refand I\/IS_E)_gC'Q_I_manual in case 0107-50.

A /|, Formula for
Tt Alleged e |
Locus Mother =4 Child | manual Pl Manual
Father FEDDS —
| | calculation
D351358 (16,16) (14, 16) (14,17) 16.13 1/(2*P[14]) 16.13
vWA (14917 (14,17) (14,14 2.01 1/(R[14]+P[17]) 2.01
FGA (22)23) (20,22) (20,22) 6.33 1/(2*P[20]) 6.33
D8S1179 af ¥~ 32 (a1, 46%) (16,017 ) 6.02 1/(2*P[16]) 6.02
D21511 ('32.2,32:29) | (29,/322)|(29,32.2) 2.00 1/(2*P[29]) 2.00
D18S51 (16,19) (17,19) (13,17) 6.17 1/(2*P[17]) 6.17
D5S818 (11,13) (10,13) (10,10) 4.67 1/P[10] 4.67
D13S317 (9,12) (9,11) (9,11) 2.18 1/(2*P[11]) 2.18
D7S820 (11,11) (11,11) (9,11) 1.48 1/(2*P[11]) 1.48
CPI 230,555.70 230,555.70
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Table 28 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0114-50.

Alleged Pl for Formula for
Locus Mother Child Pl Manual
Father FEDDS manual calculation
D351358 (16,16) (15,16) (15,16) 1.75 1/(2*P[15]) 1.75
VWA (14,16) (16,16) (14,16) 3.45 1/(2*P[16]) 3.45
FGA (22,24) (22,24) (228 AF) 1.58 1/(2*(P[22]+P[24])) 1.58
D8S1179 (10,12) (11,12) il 125 427 1/(2*P[11]) 4.27
D21511 (30,32.2) | (80y31)(31,322) 6.33 1/(2*P[31]) 6.33
D18551 (15,21) 1S, 21 Y2 164 3.76 1/(2*P[13]) 3.76
D5S818 (7,11) (7,99 (9, 1%) 745 1/(2*P[9]) 7.25
D138317 (8,9) (8,9) (8.1 1',_) & 1.09 1/(2*(P[8]+P[9]) 1.09
D75820 (11,11) g ) (.1_17, 113 2.96 1/P[11] 2.96
CPI “ 5N 25309 22,530.90

Table 29 Comparison of Combined p:ajternity:'

FEAd
-

‘Lg_dex (CPI) calculation between the

FEDDS-ProfileManagement software and I\/IS‘,EX‘QfeI manual in case 0115-50.

2T T,__ Formula for
_ ~ |~ Alleged’ " |~ Plfor
Locus Mother 4 Child A manual Pl Manual
T Father o)
X . calculation
D351358 (15,15) ,,.-( 15,16) (A oy 1.33 1} 1/(2*P[16]) 1.33
vWA (14,19) (414,.07) (15,17 ) 2.08 1/(2*P[17]) 2.08
FGA (23,23.2) (-23.2,24) (238,24) 455 1/(2*P[24]) 4.55
D8S1179 (11,44) (11,13) (13, 14) 2.99 1/(2*P[13]) 2.99
D21S11 (28,88.2% (130;%33:2%) (80,130 3.97 1P[80] 3.97
D18S51 (12,15) (15,159 (15,15) 4.46 1/P[15] 4.46
D55818 (9,10) (9,11) (10, 11) 1.85 1/(2*P[11]) 1.85
D13S317 (9,11) (8,11) (8,10) 1.71 1/(2*P[8]) 1.71
D7S820 (11,12) (9,11) (8,9) 9.09 1/(2*P[9]) 9.09
CPI 19,117.61 19,117.61
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Table 30 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0181-51.

Alleged Pl for
Locus Child Formula for manual calculation | Pl Manual
Father FEDDS
D8S1179 (13,13) (12,13) 2.99 1/(2*P[13]) 2.99
D21S11 (29,30) (29,30) 199 | (P[29]+P[30])/(4*P[29]*P[30]) 1.99
D7S820 (9,11) (8, l 1/(4*P[9]) 4.55
CSF1PO (7,12) ( 6 1/(4*P[12]) 0.66
D3S1358 (15,17)  |wletbpdi) | Wh.15- 1(4*P[17]) 115
THO1 (8,9) 21 T 4ePL9)) 0.70
D13S317 (8,11) /(2*P[8)) 1.71
D16S539 (11,12 " | 084 4*P[11]) 0.84
D251338 (17,23) ) o162 (4*P[23]) 1.52
D195433 | (13,152) (13 142) | 1/(4*P[13]) 0.89
VWA (17,20) 142048 1= 1/(4*P[17]) 1.04
TPOX (8,9) 10 41 1/(4*P[9]) 1.91
D18551 (14,21) 124yt 1 1/(4*P[14]) 1.40
D5S818 (12,13) VoA 1/(4*P[13]) 1.50
FGA (21, - . — *P[21]) 1.94
CPI 228.71

L |
_w

i

AU INENTNEINS
RINNIUUNIININY
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Table 31 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0380-51.

Alleged Pl for Formula for manual
Locus Child Pl Manual
Father FEDDS calculation
D8S1179 (11,14) (11,13) 2.14 1/(4*P[11]) 2.14
D21511 (29,30) (29,29) 2.00 1/(2*P[29]) 2.00
D75820 (11,12) (11,1 l (P[111+P[12])/(4*P[11]*P[12]) 1.96
CSF1PO (13,13) ( £ 1/(2*P[13]) 6.33
D351358 (16, 18) i) | oe 1/(4*P[16]) 0.66
THO1 (7.7) Z 1/(2*P[7]) 1.61
D13S317 (12,12 3. 1/(2*P[12]) 3.76
D16S539 (11,12 AV A /(4*P[11]) 0.84
D251338 (19,23) ] ,'__i 2 1/(4*P[23]) 1.52
D195433 (13,14) A8 B b 1/(2*P[13]) 178
VWA (14,17) / g3 1/(2*P[17]) 2.08
TPOX (8,11) [© (811t PN/ PIBIPIY) | 145
D18551 (14,14) 14925 1/(2*P[14]) 2.79
D5S818 (11,13) ABY P[11]+P[13])/(4*P[11]*P[13]) 2.42
FGA (21, : 5 4*P[23]) 1.34
CPI 13,352.27

L |
_w

i

AU INENTNEINS
RINNIUUNIININY
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Table 32 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0042-50.

Alleged Pl for Formula for manual
Locus Child Pl Manual
Father FEDDS calculation
D8S1179 | (13,13) | (13,14) 2.99 1/(2*P[13)) 2.99
D21511 (30,31) | (30,322) 0.99 1/(4*P[30)) 0.99
D75820 (10,12) | (11,12). “ 1/(4*P[12]) 1.22
CSF1PO (11,12) | (11 1+P[12])/(4*P[11]*P[12]) 1.50
D3S1358 | (15,16) W4 - [16])/(4*P[15]*P[16]) 1.54
THO1 (9,9) 114 (2+PL9]) 1.41
D13S317 (8,8) 341 ) 3.41
D16S539 | (12,12) 1 2 *P[12]) 2.63
D2S1338 | (22,22) 17 43 2*P[22]) 13.16
D198433 | (13,16.2) | (42 N D: L @Pe) 0.89
VWA (17,20) 7 (4 2004 (4426, tﬂ PL20])/(4*P[17]"P[20])) |  26.04
TPOX (8,10) 88) L 08 L PE)) 0.89
D18S51 (13,16) | (1 ,16‘{;%‘;?-‘-'4" > 1/(4*P[16]) 1.28
D5S818 | (11,12) | (11,4204 1 111+P[12])/(4*P[111P[12]) 1.98
FGA (19, 21 i b f‘*‘ [19]) 5.00
CPI 364,108.90

i

AUEINENINYINg
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Table 33 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0051-50.

Alleged Pl for Formula for manual
Locus Child Pl Manual
Father FEDDS calculation
D8S1179 | (10,11) (10,10) 3.38 1/(2*P[10]) 3.38
D21S11 (29,31) | (31,31.2) 3.16 1/(4*P[31]) 3.16
D75820 (11,12) (9,11 | 1/(4*P[11]) 0.74
CSF1PO (11,12) ( € 1/(4*P[12]) 0.66
D3s1358 | (15,16) &) | W.54= P[16])/(4*P[15]*P[16]) 1.54
THO1 (7.9) ﬁ, 4 " 4PLe)) 0.70
D13S317 (9,10) ' 4 +P[10])/(4*P[9]*P[10]) 3.43
D16S539 | (11,14) Ve (2*P[11]) 1.68
D2S1338 | (22,23) ( &= /(4*P[22]) 6.58
D195433 | (142,152 | (A Pl L 1/(2°P[15.2]) 2.87
VWA (16,17) % G 1/(4*P[16)) 1.72
TPOX (88) (g8 ) e . 1/P(8] 177
D18S51 (15.17) | (44, 13 a1 1/(4*P[17)) 3.09
D55818 (10,10) (10 7% 1/(2*P[10]) 2.34
FGA (22,2 ; = *P[23]) 1.34
CPI 18,396.71

AN TUNNINGAY

L |
_w
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Table 34 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0054-50.

56

Alleged Pl for Formula for manual PI
Locus Child
Father FEDDS calculation Manual
D8S1179 | (10, 13) (13,13) 2.99 1/(2*P[13]) 2.99
D21511 (30,32.2) (29,30) 0.99 1/(4*P[30]) 0.99
D75820 (11,11) (9,11 I 1/(2*P[11]) 1.48
CSF1PO (10,11) ( £ 1/(4*P[11]) 0.84
D3S1358 | (16, 18) iR K 1/(2*P[16]) 1.33
THO1 (7.8) ;4, 7 eI 1.61
D13S317 | (10,11) ' 1, 1/(4*P[10]) 1.94
D165539 (9,11) | N 8 ‘ N 1/(4*P[9]) 1.15
D2S1338 | (17,21) ( B804 [21D)/(4*P17]*P[21]) | 6.94
D195433 | (13.152) | 134" oo 1/(4*P[13)) 0.89
VWA (14,18) 2 fl6) 44 o 1/(4*P[14]) 0.97
TPOX (8,11) (1)l 1/(4*P[11]) 1,01
D18551 (14,17) s 121" 1/(4*P[17]) 3.09
D5S818 (10,13) (10 Ay A0 2 1/(4*P[10]) 117
FGA (20,2 A — (4*P[23]) 1.34
CPI 517.89

L |
_w

i

AU INENTNEINS
RINNIUUNIININY
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Table 35 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0068-50.

Alleged Pl for Pl
Locus Child Formula for manual calculation
Father FEDDS Manual
D8S1179 | (15,15) | (13,15) 2.99 1/(2*P[15]) 2.99
D21S11 | (29,32.2) | (29,322) | 3.02 | (P[29J+P[32.2])/(4*P[29]*P[32.2]) | 3.02
D75820 (9,11) (9,11) PP @ PO P ) 5.29
CSFIPO | (10,11) | (1 . 0J+P[11])/(4*P[10]*P[11]) 2.01
D351358 | (15, 16) 087 1/(4*P[15]) 0.87
THO' (8,9) 8 1/(4*P[8]) 4.81
D13S317 | (8, 11) 1. PHAT)/A*PL8IPLI1)) 1.94
D165539 | (8,10) ( b i 4*P[10]) 1.46
D251338 | (19,23) 1 = (4*P[19]) 1.11
D198433 | (14,14) | (A . e 2.30
VWA (14,14) [Tl 1D laase \ 1/P[14] 3.89
TPOX (8,11) s, ) Jhorat (PI8]+P[111)/(4*P8I*P[11]) 1.45
D18S51 (14,20) | (1 ,14‘.)1;%‘;?-‘-'1.'4’ 1/(4*P[14]) 1.40
D5S818 | (10,11) | (11,12} 4= 0. 1/(4*P[11]) 0.92
FGA (19,239, (P19 10.00
CPI 212,290.30

b |
1]

i
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Table 36 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0079-50.

Alleged Pl for
Locus Child Formula for manual calculation Pl Manual
Father FEDDS
D8S1179 | (13,16) | (16,16) 6.02 1/(2*P[16)) 6.02
D21S11 | (29,32.2) | (29,32.2) | 3.02 | (P[29]+P[32.2])/(4*P[29]*P[32.2]) 3.02
D7S820 (8,10) (8,11) 1/(4*P[8]) 1.54
CSF1PO | (10,12) | (1 J+P[12])/(4*P[10]*P[12]) 1.83
D3S1358 | (16,17) 138 1/(2*P[16)) 1.33
THO1 (9,10) 41 /(2*P[9]) 1.41
D13S317 | (11,14) 1 { 2 *P[11]) 2.18
D16S539 | (10,12) 1 2 )(4*P[10]*P[12]) 2.78
D2S1338 | (18,23) 18421 3.6 4*P[18]) 3.62
D198433 | (152, 16) | (A . J’ L 1/(4P[16)) 17.86
VWA (14,18) 7 (18 18) | iat2 ‘-“‘ (4*P[18]) 1.21
TPOX (8,9) o fl) Aol 1/(4*P[9]) 1.91
D18S51 | (13,14) | (1 16‘2;_“’_‘18 1/(4*P[13)) 1.88
D55818 (7,13) (12, 181451 5 1/(4*P[13]) 1.50
FGA (23, 250 n‘4*P[23]*P[25]) 4.03
CPI 987,903.60

b |
1]
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Table 37 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0099-50-1.

Alleged Pl for
Locus Child Formula for manual calculation | Pl Manual
Father FEDDS
D8S1179 | (12.16) | (15,16) 3.01 1/(4*P[16]) 3.01
D21S11 | (322,322) | (30,32.2) | 4.03 1/(2*P[32.2]) 4.03
D75820 (11,12) | (10,12 22 | 1/(4*P[12]) 122
CSF1PO | (11,12) | (11 ‘_";-\::‘“' o ,4- +P2)(APLITPI2)) | 1.50
D3S1358 | (15,17) o PHGI+P[17])/(4*P[15]*P[17)]) 203
THO1 (6,9) ) 1/(2*P[6]) 467
D13S317 | (11,11) /7/ m\\\\ (2*P[11]) 218
D16S539 | (11,11) " ( ﬂ?ﬁﬂ\ U2 P[11]) 168
D2S1338 | (20,24) 4/(4*P[24]) 167
e
D19S433 | (13,15.2) il : Hh\\‘\\ 1/(4*P[13]) 0.89
VWA (16,18) | l ,Mz'fz 93 4 4 \‘ PLIS)/A PG PIIE]) |  2.93
TPOX (8,8) (8/9) *@%9. 1/(2*P[8]) 0.89
D18351 (15,16) | (15, £ 0 40 P[15]+P[16])/(4*P[15]*P[16]) 240
D5S818 (10,11) 1/(4°P[11) 0.92
FGA (21,2 “tfuipr21) 1.94
CPI > 12,766.12

i
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Table 38 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0099-50-2.

Alleged Pl for Formula for manual
Locus Child Pl Manual
Father FEDDS calculation
D8S1179 | (15, 16) (15,16) 451 (P[15]+P[16])/(4*P[15]*P[16]) |  3.01
D21S11 (31,322) | (30,32.2) 2.02 1/(4*P[32.2]) 4.03
D75820 (11,12) (10,1 l 1/(4*P[12]) 1.22
CSF1PO (11,12) ( 5 1+PM2D)/(A*P[11]P[12]) | 1.50
D3s1358 | (15, 15) ot | .75 1/(2*P[15]) 2.03
THO1 (6,6) /;’1 9 o Ple) 4.67
D13S317 (8,11) ' 11)/(4*P[8]*P[11]) 2.18
D16S539 (9,12) e &) ) \ (4*P[12]) 1.68
D2S1338 | (20,24) ( | 167 /(4*P[24]) 1.67
D195433 | (13,152) |13 14)" | 1 1/(4*P[13]) 0.89
VWA (16,16) 6418) ki 1= 1/(2*P[16]) 2.93
TPOX (8.8) (89) uur 0 1/(2*P(8]) 0.89
D18S51 (16.16) | (U5, 46yt 2 1/(2*P[16]) 2.40
D55818 (10,13) (LB /s A, 1/(4*P[13]) 0.92
FGA (21,2 - . = FP[21]) 1.94
CPI 23,506.30

i
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Table 39 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0103-50.

Alleged Pl for Formula for manual
Locus Child Pl Manual
Father FEDDS calculation
D8S1179 | (14,15) | (14,15) 2.98 (P[141+P[15]))/(4*P[14]*P[15)) 2.98
D21S11 | (29,30) | (29,30) 1.99 (P[29]+P[30])/(4*P[29]*P[30]) 1.99
D7S820 | (10,12) | (10,11)- 1/(4*P[10]) 1.30
CSFIPO | (11,12) | (11, +P[12])/(4*P[11]*P[12]) 1.50
D3s1358 | (17,18) | ( - ad 18])/(4*P[17]*P[18)) 4.32
THO (7,9.3) 61 M2 pi7) 1,61
D13S317 | (8,10) 1 . arPri0) 1.94
D16S539 | (12,13) 4#(1 N7 arPL12) 1.32
D251338 | (19,24) 0,84 2.1 +P[24])/(4*P[19]*P[24]) 2.77
D195433 | (13,13) | (48, 132" A8y | /(2*P[13]) 178
VWA (14,14) 7140140 | L1589, \ 1/P[14] 3.89
TPOX (8,9) Liro89 e 0.89
D18S51 | (15.17) | (14017 4= 509 1/(4*P[17]) 3.09
D5S818 | (12,13) | (12,120~ 21 1/(2*P[12) 2.12
FGA (21,21 . = f“ 1] 7.75
CPl 176,897.10
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Table 40 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0106-50-1.

Alleged Pl for Formula for manual PI
Locus Child
Father FEDDS calculation Manual
D8S1179 | (10, 16) (10, 15) 1.69 1/(4*P[10]) 1.69
D21s11 | (31,322) | (29,322) 1/(4*P[32.2]) 2.02
D75820 (10,11) \ (P[10J+P[11])/(4*P[10]*P[11]) | 2.03
CSFIPO | (10,11) CPHOI+PLA&PLOTPA]) | 2.01
D351358 | (15,16) 1/(4*P[16]) 0.66
THO' (7,7) 1/P[7] 3.23
D13S317 | (8,11) ‘\ \\1 UDI@PEIPII]) | 1.94
D165539 | (10,11) = W\\ 1/(2*P[11]) 1.68
D251336 | (23,24) 4 II = ‘Eﬂ\ 1/(4*P[24]) 167
D195433 | (13,132 Eaih & &\\“ /(4*P[13]) 0.89
VWA (14,17) l e 2 ]+[17] VA@P[14TP17]) | 2.01
TPOX (88) (8. 8 )lin| - AT 1/P[8] 1.77
D18S51 (14,14) {5554 < 1/(2*P[14]) 2.79
D5S818 (10, 12) 1/(4*P[12]) 1.06
FGA (20,2 f;_;ﬂ_g _______ 1/(4*P[20]) 3.16
' : 4,828.39
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Table 41 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0106-50-2.

Alleged Pl for Formula for manual PI
Locus Child
Father FEDDS calculation Manual
D8S1179 (14,15) (14,15) 251 | (P[14]1+P[15])/(4*P[14]*P[15]) | 2.51
D21511 (14,17) (14,17) 2.01 | (P141+P17D/A4*P[14]*P[17]) |  2.01
D75820 (8,11) (8 ‘ I (P[8]+P[111)/(4*P[8]*P[11]) 1.94
CSF1PO (11,11) : 1/(2*P[11]) 1.68
D351358 (10,11) H W 1/(2*P[11]) 1.68
THO1 (11,11) );ﬂ (s D) 1.48
D13S317 (16,16 ' 1/(2*P[16]) 1.33
D16S539 (10, 1 4 ) ‘ N 1/(4*P[12]) 1.06
D251338 (13,13.2 182 )20 89 1/(4*P[13]) 0.89
D195433 (12,15) 5.0t 050 1/(4*P[15]) 150
VWA (20,22 (20219 - 1/(4*P[20]) 3.16
TPOX (21,23) 1, 2407 1/(4*P[21]) 4.03
D18551 (29,31) 29505y | - 1/(4*P[29]) 1.00
D55818 (7.7) ‘ 7?"‘??«1 1/P[7] 3.23
FGA (8, Gp | - 1/P[8] 1.77
C 5,613.74
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Table 42 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0132-50.

Alleged Pl for Formula for manual Pl
Locus Child
Father FEDDS calculation Manual
D8S1179 (13,14) (10,14) 1.48 1/(4*P[14]) 1.48
D21S11 (30,322) |(322,332) 1/(4*P[32.2]) 2.02
D75820 (9,10) \ 1/(4*P[9]) 4.55
CSF1PO (7,12) 1/(4*P[12]) 0.66
D351358 (15,17) 1/(4*P[17]) 1.15
THO1 (6.6) b67 U2 PlE) 467
D13S317 |  (8,11) 4 \’{{ 1@PEIPITY) | 1.94
D16S539 (9,12) ”// ﬂ /@) 1.15
D251338 (19,25) "Ii‘ﬁ-—ﬂ\\ PI1914R[25])/(4*P[19]*P[25]) |  6.92
D19S433 | (14,15.2) ll m\\“ /(4*P[14]) 1.15
VWA (17,18) l g}l' : \\ 1/(4*P[17]) 1.04
TPOX (8,8) 14..}.*'_ 0 % 1/(2*P[8]) 0.89
D18S51 (14,16) 16046 1/(2*P[16]) 2.56
D55818 (9,11) S j 0. 1/(4*P[11]) 0.92
FGA (23, 28 % Liyorpr3)) 2.69
A 5,090.19
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Table 43 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0147-50-1.

Alleged Pl for Formula for manual
Locus Child Pl Manual

Father FEDDS calculation
D8S1179 | (13,16) | (15,16) 3.01 1/(4*P[16]) 3.01
D21S11 (30,32) | (30,32) (P[30]+P[32])/(4*P[30]*P[32]) 10.61
D75820 (9,10) | (9,11) 1/(4*P[9]) 4.55
CSF1PO (9,11) 1/(2*P[9]) 26.32
D351358 | (15,16) | ( P[16])/(4*P[15]*P[16]) 1.54
THO1 (9.9) O T o) 141
D13S317 | (11,11) \ N2 P[11]) 2.18
D16S539 | (9,11) I‘ /ﬁ\\‘\ 2*P[9)) 2.30
D251338 | (18,19) lllﬁ:’“ 1/(4*P[19]) 1.1
D195433 | (14,14) Ilﬂﬁm ".ﬁ\\“ 1/P[14] 461
WA (19,19) [C1zfigf i S\ ey 4.39
TPOX (8,8) 8, 8 ..uﬁ__-‘ 1/P[8] 1.77
D18S51 | (17.20) | (16,17 Jb .00 T @i 3.09
D5S818 | (10,12) | (10,1 L 1/@P0) 1.17
FGA (23.2, ,.{.'!:,sg | > '[24]) 2.27

cpl =

13,538,910.00
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Table 44 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0147-50-2.

Alleged Pl for Formula for manual
Locus Child Pl Manual
Father FEDDS calculation
D8S1179 (11,16) (15,16) 3.01 1/(4*P[16]) 3.01
D21S11 (32,33.2) | (30,32) 9.62 1/(4*P[32]) 9.62
D7S820 (9,11) (9,11) I’ j (P[O]+P[111)/(4*P[O]*P[11]) 5.29
CSF1PO (9,14) 1/(2*P[9]) 26.32
D351358 (15,17) ( 1/(4*P[15]) 0.87
THO1 (7,9) - /(4*P[9]) 0.70
D138317 (10,11) M(4*P[10]*P[11]) 3.03
D16S539 (9,11) N 2*P[9]) 2.30
D251338 (17,18) 1/(4*P[17]) 2.91
D195433 (14,14) 4.61
VWA (17,19) \.ﬁ\' IN/N4*P17T*P[19]) 3.23
TPOX (8,9) 1/(2*P[8]) 0.89
D18S51 (17,20) 1/(4*P[17]) 3.09
D5S5818 (11,12) 1/(4*P[11]) 0.92
FGA (232, tr '[24]) 2.27
cPl A 4,302,935.00
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Table 45 Comparison of combined paternity index (CPI) calculation between the

FEDDS-ProfileManagement software and MS Excel manual in case 0160-50.

Alleged Pl for Formula for manual
Locus Child Pl Manual
Father FEDDS calculation
D8S1179 | (10,11) (10,11) 3.83 (P[10]+P[11])/(4*P[10]*P[11]) 3.83
D21S11 (29,332) |(32.2,332)| 3.91 1/(4*P[33.2]) 3.91
D75820 (10,11) (10,12 | 1/(4*P[10]) 1.30
CSF1PO (10,12) ( 8 0]+P[12])/(4*P[10]*P[12]) 1.83
D3S1358 | (15,17) e | W15 1/(4*P[17]) 115
THO1 (8,9.3) ﬁ’l 6 (2 Ple.3) 6.17
D13S317 (8,8) , ' /(2*P[8]) 1.71
D16S539 (9,13) Ve 1)/(4*P[9]*P[13]) 3.53
D2S1338 | (17,21) ( &= /(4*P[21]) 4.03
D195433 | (13.15) | M1af1d) " o 1/(2°P[13]) 1.78
VWA (18,18) % R 1/(2*P[18)) 2.42
TPOX (8,11) (g8) Lin 1/(2*Pl8)) 0.89
D18S51 (14,15) | (13, 4y 1 1/(4*P[14)) 1.40
D55818 (10,13) (11 7% 1/(4*P[13]) 1.50
FGA (21,2 - = *P[23]) 1.34
CPI 65,694.06
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Table 46 Characteristics of the observed mutation case results.

2 v 5| 2 o 8 s Tz
7 n 2 5 % % 2 s 3 Sequence
8 & O = N ) 8 = q
0408/48 | D21S11 | 28 | nt. Paternal | -1 | [TCTA][TCTGI,[TCTALTAIT
,’/// CTA]TCA[TCTA],TCCATA[T
CTA]11-10
0113/49 | D21S11 | 30, |wB0r" 2. , [TCTA][TCTGI[TCTALTALT
33, f S ~ CTAL,TCAITCTALTCCATA[T
f = : CTAl,.,,TATCTA
s
0469/50 | D21511 | 29" | 30.24] [29,:80 Pt - [TCTA][TCTGI[TCTALTA[T
ke (4= \
* i \ CTA],TCA[TCTA],TCCATA[T
&QEC _ CTA], TATCTA
.ﬂﬁf - ‘
0541/50 | D21S11 | 30,31 , JfEA -, I 1| [TCTALITCTGL[TCTALTA[T
32 E:Tﬁﬁa 7 CTALTCAITCTALTCCATA[T
777777 L CTA]13-12
0012/51 | D21S11 | 29, -1 | [TCTAL[TCTGITCTALTALT
322 CTAL,TCAITCTALTCCATA[T
| & 1 U q CTA:|11-12 or 10
0690/51 | D21s14!| 30.2, | 29, 20322 | Matemal [TCTALITCTGI[TCTALTA[T
v/
RIS NN W TN
Qé 114oTATCTA
0132/52 | D21S11 | 29 | 322 | nt | Matemal | -32 | [TCTAL[TCTGITCTALTA[T
CTAL,TCAITCTALTCCATA[T
CTAl,., ,TATCTA




Table 46 Characteristics of the observed mutation case results (continued).

69

g o GEJ o o) o £ E o
& b o2l § 5 5 2 s 2 Sequence
S a1 © s L o 8 o q
0103/48 | VWA Paternal TCTAITCTGLITCTAL 511 or 1044
TCCATCTA
0037/50 | VWA TCTA[TCTGI,[TCTAL .,
TCCATCTA
0302/50 | VWA TCTAITCTG],[TCTAL,.,,
TCCATCTA
0324/50 | VWA TCTA[TCTG],[TCTAL, 0
TCCATCTA
0325/50 | VWA TCTAITCTG],[TCTAl, .,
TCCATCTA
0118/52 | VWA - TCTA[TCTG],[TCTA],
1 TCCATCTA
g
0369/47 | FGA | 21.26 | n.l | 22.25 | Patemal | +1-1 | [TTTCLTTTTITCTICTTT],,
F=4
‘ r jCTCC[TTCC:I2 or
' [TTTCI,TTTTTTCT[CTTT] 4,
¢ = | ercerrrecy,
o ] A".'."'f\ll‘ 100 ™ QADI ™ O
AN (T deBNVI 1[d VD TeNC
0293/50 § FGA | 23,25 | 22,25 22 Paternal +1 [TTTCL,TTTTTTCT[CTTT], s
CTCC[TTCC],
0285/51 | FGA | 19.2, | 21,23 | nt | Maternal | +1/-1 | [TTTCLTTTTTTCTICTTT],, ., 1s.
22 ..CTCCITTCC],
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Table 46 Characteristics of the observed mutation case results (continued).

2 e 5 © @ o £ T
Q B z = = 2 c 3 S
8 (%, ®) s B ') 8 ko) equence
0588/51 FGA 2126 | nt | 2325 Paternal +1 [TTTCLITTTTTCTICTTT] ;.4
CTCC[TTCC],
0125/49 | D18S51 | 13,14 [AGAAL, .,
0376/49 | D18S51 | 16,17 [AGAA], .,
0067/51 | D18S51 [AGAA]L, .,
0493/51 | D18S51 | 17,18 [AGAAL,
0145/48 | D16S539 | 9,13 [GATAL 145 or 110
0303/50 | D16S539 [GATAL .,
0029/52 | D16S539 [GATAL, ,, Or [GATA] 0
0647/50 | D3S1358 | 14 ' r TCTA[TCTGL[TCTA],, ,,
0661/51 | D3S1358 | 17,19 TCTA[TCTGL[TCTA],,.,, or
F' u 4§TCTA[TCTG]3[TCTA]14_1aor
TCTA[TCTG[TCTAL, s
¢ PN /
s R RYMIUURAINE TRP e
q TCTAITCTGL[TCTAL,.,,
0368/47 | D2S1338 | 20,23 | n.t | 17,19 Paternal +1 [TGCCL[TTCC,, s
0611/51 | D2S1338 | 18,23 | 20,24 | n.t. Maternal -1 [TGCCL[TTCCI,, s
0211/48 | D13S317 | 11 8 11 Maternal +3 [TATC],,,
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Table 46 Characteristics of the observed mutation case results (continued).

g o S o o) o) = /:\ >

® = = s £ = I

§ » o = S) ~ o S g 8 Sequence
0211/48 | D13S317 11 8 \:\\\"J/ Haene +3 [TATC], ,,

— |
0302/50 | D13S317 | 12, 1371 14 Paternal | +1/-1 [TATC],,,, or [TATC],, .5
r ' - ,

0395/48 | D5S818 -1 [AGAT] 40

0285/51 | D7S820 // /ﬁ N -3 [GATAL, 5

+

1 | [TCTA]_[TCTG],[TCTA],

0130/49 | D8S1179 ; ﬂz.r &

0316/48 THO1 9.3 \Pate w\ +A primer binding site

‘ﬁiiu

il

( A'insertion)

NTEYSYT2 ]

A
.\-*
=

e

Alleles affected by the m

Sequence gain or "v;:'ii e & shown in bolds

n.t. not available for typlng

ﬂUEJ’JVIEJVI‘ﬁWEﬂﬂ?
QW’]@Nﬂ‘im UA1AINYAY



72

BIOGRAPHY

Mister Tawat Rinthachai was born in Roi Et province on the 27" of July 1979. He
graduated in Bachelor Degree from Chulalongkorn University for Faculty of Science;

major Genetics in 2004. Consequently, he started to study his Master Degree in

Genetics from Faculty of Scienc

AULINENINYINS
ARIANTAUIM TN



	Cover (Thai) 
	Cover (English) 
	Accepted 
	Abstract (Thai)
	Abstract (English) 
	Acknowledgements 
	Contents
	CHAPTER I INTRODUTION
	1.1 Background and rationale
	1.2 Research questions
	1.3 Objectives
	1.4 Hypothesis
	1.5 Conceptual framework
	1.6 Methodologies
	1.7 Expected Benefit
	1.8 Research Methodology

	CHAPTER II REVIEW OF THE RELATED LITERATURES
	CHAPTER III MATERIALS AND METHODS
	3.1 Materials
	3.2 Procedure

	CHAPTER IV RESULTS
	CHAPTER V DISCUSSION
	References 
	Appendix 
	Vita



