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The utility of the: Philippine genetic database for paternity testing was investigated.
The seven Short Tandem Repeat markers used were HUMVWA, HUMTH0T, HUMCSF1PO,
HUMFOLP23, H UNFES/FPS, HUMF13A01 and HUMDBS306 with a combined Power of
Paternity Exciusion of 99.17%. The Probabiy of Paternity (W) of SO voluntear mother-
child-father (amily tri 96.49% to
99.99%. The rangieof the Probability of Paternity (W, ) of the samescvnlun(eorlamllles,
albeit excluding the mother's DNA was 79.76% - 99.99%, which was lover than the range.
of W values.

Amismatch possibly due to an insertion or deletion of a tetranuckotide repeat was
detected at the HUMDBS306 locus in one family. This result highlights the need for atleast

ily trios and simulated motherless cases (man-child) was
compared using 11 non-Philippine population databases. Varlations i W reflected the
variation of the STR markers

id lead the pre: SH\(
study underscore the need to Implemem scientific znd Iegal guldellnls for DNA-based
paternity testing in the Philippin
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Paternity testing hes changed from its early days,
when conventional lesting was the norm, to the
current DNA-based anulysis using Restriction
Fragment Length Poymophisms (RFLP) (Jeffreys
etal. 1985) and/or the Poymerase Chain Reaction
(PCR) analysis. DNAbased paternity testing has
proved useful in resohing tisputed parentage issues
in criminal and civil caases, e.g. claims for child
support, inheritance dspues or immigration. DNA-
based systems offera higher exclusion power, so

*Cortesponding aulhor: mcatud k. compn

that the chance of lzls ely including a non-father is
minimized (Markowicz et al. 1990) and a more
efficient inclusion pobability for the identification of
true biological fathers (Chakraborty & Stivers 1996)
than conventional testing. DNA testing also allows
greater flexibility in lerms of the types of sample

enable to testing. Consequently blood, hairs,
tissues, buccal swabs, and exhumed materials may
all be used for analysis (Chakraborty & Stivers
1996). In addition, DNA-based systems are
unaffected by blood transfusion (Huckenbeck &
Rand 1994).
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DN/ on the fact that eukaryotic DN;

p
contains up 1o 100 times more non-coding regions
than cading regons, much of which is repetitive
(Butler 2001). Cureniy, the most widely-accepted
procedure for DNA typing involves the PCR
amplification o Short Tandem Repeat (STR)
markers (Gill et al.2000). STRs are localized
repetitive DNA sequences, 2 10 6 base pairs (bp)
long that occur in tandem arrays. The human
genome contains about 50,000 dinucleotide (2 bp)
and 300,000 trinuclesicie (3 bp) and tetranucleotide
(4 bp) STRs. The mumber of repeats is highly
variable among individuals making STRs very useful
genetic markersfor human identification (Li 1997)

inciuding high genetic
variability with some STR loci having as many as.
30 alleles and the use of low molecular weight
fragments that facitate accurate sizing. STR
analysis does not require highly purified or large
quantities of ONA and validated procedures for
analysis are readily available (Buller & Reeder
1997). Hence the use of STR in routine casework is
well established in cime laboratories such as the
UK Forensic Stience Service (FSS) and the US
Federal Bureauof Ivestigations (FB!).

DNA profiling to support paternity requires that
the DNA profile f the child must be consistent with
the DNA profils of the alleged father. A mismatch
suggests that the allkged father is excluded as the
biological father of the child. However, a match
between the DNA puofile of the alleged father and
the child does not necessarily establish paternity,
but may be atirbutedio chance matches of common
alleles between toully unrelated individuals. To
estimate the likeliood that a match is due to
paternity over non-paternity (chance matches), a
Probabilty of Paternily Wis calculated (Weir 1986).
Wis used in many Courts of Law where W estimates
greater than the legally accepted minimum value of
W create a presumption of paterity. The minimum
accepted valus of Wiranges from 95% in New York
(USA) to 99.9% in Louisiana (USA) (National
Conference  of Legislatures
www.cga.stategovi). To date, no law regarding the
minimum acceptable value of W exists in the
Philippines.

‘The construdionf the popuiation STR database of
the National Cagital Region (NCR), the country's main
urban center, was reputed previously (Halos et al. 1998).
Of the eight microszelles availabie in the database,
we routinely use seren STR markers (HUMDBS306,
HUMFOLP23, HUNTHO1, HUMVWA, HUMCSF1PO,
HUMFES/FPS and HUMF13A01) to analyze samples

Another STR marke, HUMTPOX that was included in
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due 1oils relatively low genelic polymorphism, with ore
allele (epest 8) having a frequency of 0.468. The nirth
microsatelite, D1S80 is a Variable Number Tandem
Repeat Locws (VNTR). and is characterized by longer
repeats (16 bp) (Hayes et al. 1995). DNA typing using
D188 involves different and more cumbersome
procedures, e.g. use of slab gels and silver-staining, and
henceare ot routinely used in paternity testing.

To make testing more affordable. it was
suggested that DNA testing of man-child samples
without the mother’s DNA be adopted. Hence, the
objecives of the present study are to evaluate the
utility of the Philippine database in confirming
patenity of 50 volunteer families using seven STR
markers for family trio and simulated motherless
cases The present study also seeks 1o compare
the use of the Philippine database against 11 other
popuation databases for paternity testing in the
Philppines.

Materials and methods

Sources of samples

Filty volunteer family trios (father-mother-child)
from the National Capital Region (NCR) were
inclided. These families were recruited based on
common knowledge on the part of the researchers
thatthese were trug families. Motherless cases were
simulated using only the DNA profiles of the father
and child for statistical analysis.

DNAextraction

8load samples were collected from the father,
the mother and the child and blotted directly on
FTA" cards (Flinders Technologies Pty Lid., Fizco
Inc) and processed following manufacturer's
instuctions.

PCRamplification

For amplification at seven STR loci, uniabeled
primers  (Gibco-BRL, Life Technologies,
Gaihersburg, MD) and Cys-labeled fluorescence
priners (GenSet Oligos, Singapore) were used. For
each 25 uL reaction, two FTA™ discs (2mm in
dianeter) were placed in a 0.2 mL PCR tube and
amplfied as described earlier (Halos et al. 1999).

DNA fragment analysis

Separation of amplified products was perfomect
using a High Resolution ReproGel™ (Amersham
Pharm acia Biotech, Sweden) and the ALFexpress™



writ (Amersham Pharmacia Biotech) according to
manufacturer’s instructions. Sizes of PCR products

were compared with those of allelic ladders as
previously reported (Halos ot al. 1999).

Palernity Analysis using the Philippine
Population Database

The Power of Paternity Exclusion (PE) for seven
STA loci was determined based on the equation
1(1-PE) (Brenner & Morris 1989). The.
s of Paternity (W) of 50 family o
volinteers and 50 simulated motherless cases were
calculaled using DNAVIEW™ software (Bremner
1997). The Probabilities 6i Paternity in trio and
moalheriess cases were designated as W and W
respectively.

Paternity Analysis of Random
Pais vith Common Alleles

The sharing of common alleles between
unrelated individuals included in the Philippine
(NCR) database in seven loci was investigated
These randomly maiching pairs were treated as
moeriess cases and the probability of paterniy
based on shared alleles was calculated as described
by Bremer (Brenner 1993). The W, of these
paits were compared with the minimum W, value
accepted in some courts (95 00%) and i e
normal value accepted by many DNA testing
labuatoies (69.00%) (Butlr & Rooder 1997).

Calculations of Probability of Paternity
using various population databases

The W and W,,,,,, of each of the 50 volunteer
family trios were calculated using published
genolypic frequencies of 11 other populations
cormpiled by the DNA Serology Group at the
Umversny of Duesseldor, Germar\y (hutp:/fwwy.

SWW!

e
fnatim) The population Gntabases included in the
study were from the autochthonous Basque region
(Garia et al. 1998), Brescia region of North Italy
(Ceri et al. 1998), Pomerania-Kujawy region of
Poland (Miscicka-Sliwka et al. 1998). North Portugsl
(Gusmao et al. 1995, Lurdes-Pontes et al. 1998),
Noriheast Spain (Crespilio et al. 1997), USA
Caucasoid and African American populations (Smith
1897). French Caucasoid population of Quebec,
Canada (Busque et al. 1997), and Caucasoid
(Buenos Aires). Mapuche (Rio Negro Province), and
Wichi (Salta Province) populations of Argentina
(Salaet al. 1998). These population databases were
selecled based on the availabilty of the five STA
foci HUMF13A01, HUMFES/FPS, HUMVWA,
HUMCSF1PO and HUMTHO1. Population databases
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with the HUMDBS306 and HUMFOLP23 markers
were not available: hence W and W,

calculated using only the DNA prolies of the 50
families in five STR markers. These 11_population
alabases were grouped as nonPhil ind e modat
Wand W,,,, values were compared withthose of
the thhppme database.

Results

Power of Paternity Exclusion (PE), Probat
Paternity for family rios (W) and Simiaed
motherless cases (W-,,,)
The PE of seven loci was caloulaled to be
99.17%. The ranges of W and W__,  values were
6.48% - 99.99% and 79.76% - 99.99%,
respectively. These values were gouped and
summarized in Table 1. Values for W were generally

“Table 1, Probabiity of Paterily in 50 Famiy rios (W) and
Falher-chid pais (W,,,,.) using the Philppins gersic data-
base in 7 STR markers (HUMvWA, HUMCSF1PO, HUMTHO1,
HUMFESIFPS, HUMF13A01, HUMFOLP23 nd DIS306)

Valies Farmly 165 Faiber-Chil pais.
w) W.non)
No. %
<8500 g g 8 25
9500-9900 9 18 19 38
9901 -9998 a1 82 18 38
Total 50 100 50 100

greater than the corresponding W,
child pai

of the man-

Detection of a mismatch
between a parent and a child

mismatch al the HUMDBS306 locus was
detected in one family. The paternal or mate maf and
child alleles responsible for the mismaich difered
by a single tetra-nucleotide repeat. This s ugests
Ihe possibility of an insertion or uelenonevem
tesulling in the variant spermic or egg DNA.
the mother and the father pesssssiuennm
genolypes at this locus, sither parent may be the
source of the mismatch. The DNA profies of this
family trio at the HUMDBS306 locus are shown in
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Figure 1.Kismatch detected at the DBS306 locus.

famiy trioal STR locus DBS306. The father and it family rio are heterozygous for the same lleles(& and m M

. Te child has a genolype of 6/7,

maiched al six other loci (W=99.70%),

pr s family trio

e ot i dveriod o W oot 5 15 rnll o5, EoOINAlo
event g meiost leading 1o 1hs production of peITIEsgg DUA
ola fou

with a variant aflele. Based on (his res, were commend

exchsion.

Figure 1

Randonm sharing of alleles of unrelated
individuals in the Philippine database

Direct visual examination of the Philippine
daabase (number of persons n = 103) revealed 195
pai's olunvelated individuals sharing alleles in seven
STR markers. These random pairs were reated as
mothedess cases and the W, values were
sunrnarized in Table 2.

of 195 uneltadpirs

Tle 2Prebbilty of Pateriy W

7STR markers (HUMWA, Caripo. oM
HUMFES/FPS, HUMF 13401, HUMFOLP23 and D3S36.

[ Wan-GHId Pais.
No. %
B a2 728
45.00-99.00 43 221
9.01-90.99 10 51
Total 185 1000

apaternity

Probability of Paternity using
ditferent population databases

4 Uing 11 population databasas, oot 1100 Wand

e Of SO vOlUNteer family rios in e STR loci were

cainulaled some of which were foind o vary from

corresponding values calculated using the Philippine

database. Comparisons of W and W, 1alues using

the Philippine and non-Philippine Jaizbases were
Table3.

values were calculated based on the czpadily of the
Phllippine database to determine pale ity compared
with non-Philippine databases. The ffe quency of false
positives (W,,, <95 and mod W, >95) ranges from
20% 10 42%, &s opposed 1o false negaliies (Wi, >95
andmodW,, ,,,<95), 0% to 6%, Thess findings highlight
the high erfor rates of DNA testing resuling from the
use of an inappropriate population datatase.

Discussion

The present study investigatedineutility of seven
STR markers, namely: HUMDBSX06, HUMFOLP23,
HUMCSF1PO, HUMWA, HUMTHO1, HUMFES/FPS
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Table 3. Comparison of Paternly Probabities in 50 family tios when using the Pilippine genelic database
(W=, and non-Philippine genelic dat abase (Modal Wy, in 5 STR markers.

W of father-child-mother trios

W Of alher CRIE BaITS
Condition

Condtion o s % ol pars
When minimum W = 95%

Wori'<95 a0 100 Wogry <95 2 Wiyar<95 00 100 Wiy 95 10
Wing<95 and mod Wyen>95 20 W95 00 03 W 001,595 a2
W95 and m0d Wonmsni<®5 o Wiy>95 00 M08 W <95 a
W85 and M0 Wopupme>95 78 Wi>95 and 1108 W 295 44
Total 100 Total 100
When minimum W = 85%

Wer<99 nd M08 Wogrynye90 24 Wone<98 a0 1160 W, <80 55
Winy<99 and mod Wiv,pni>99 38 W99 and M0 Wi, 299 22
W99 and mod Wie<99 6 Wing>99 a0 10 Wy €99 2
W99 and mod W09 32 Wyny>99 a0 00 W,01,599 20
Lo 100 tal 100

oy ey oo s

ocal v f h prtabincl rmrnlymsen on. 11 non-Pritppng witabases. Th STRmanars used lor database

and HUMF13A01, in the Philippine population
database for resolving paternity disputes infamily trio
and simulated motherless cases.

Probability of Paternity W valies of 50
volunteer families were determined for seven STR
markers (Table 1). Assuminga prior pubablity of 0.5,
the lowest W value is 96.48

in the remaining six STR loci resulting in W=99.70%.

Moreover, genetic recambination, e.g. 10ss or

acquisition of a single repeal unit across one

generation in established lamilies, has been reported

previously (Mertens el al. 1997). The detection of a
one

accepted value for W is 95.00%, the use of seven STR
loci for paternity inclusion cases provides Westimates
that already support patemiy. However, inCourts of
Law which require W > 99.0%, a lower W/ vill not lead
10 a presumption of pateriy n tese tases the
alleged father is not excluded as unil

study wilh in

genetic testing laboratories, including ours, for a
minimum of two mismatches prior 1o the exclusion of
a man as the biological faher of a child (Gunn et al.
1997). This is based on the assumption that the
probabilty of two ,ewmnmaum events ocourring in

ore test aro conducted. To inrese Wvalues or

STRmarkers is required. With the rapid dlevelopment
of DNA technology and the availabilly of cmmercial
kits, many genetic laboratories are already using
muliplex PCR {0 type samples in 15 STR IoGito resolve
patenity issues (Gill et al. 2000). Workis udenway in
our laboratory to validate more polym ophic STR
markers for routine analysis.

A single mismalch at the HUMD 85306 was
detected in a family trio included in the p resent sludy
(Fig.1). The father and mother are

separate iher's DNA
would be very low.

The use of more STR markers is of particular
importance in cases where the mother's DNA profile.
is not available or not included in the analysis
(motherless cases). Motherless cases are normally
requested when the mother of the child is deceased,
her location is unknown, when concerned parties want
to reduce the cost forDN Alesting or when the mother
refuses to provide biological samples for testing.
Notably, the probabilty of paternity without the mother
) is generally ower than the corresponding W

the same alleles, ¢.9. 6 and 8 whereas the child hess
genotype 6/7 which suggests a patemity exclusion.
However, in this case the paternalimate mal allele in
the child's genotype differs from the fahers/mother's
genotype by a single repeat unil, is.a sngle tetra-
nucleotide sequence. This situation suggests the
ocaurrence of a single recombination evert thal lead
o the production of spermiclegg DNA wilh a variant
allele. To further lend support 1o the assumption of
paternity, the samples of this family triowere analyzed

llies in tamily tios. Of

26% did not reach the ininum legally accepled valu

% whereas all the corresponding W

esimaies were gredlar than 95.00% (Table 1). The

decrease in the capasily o{DNA analysis to distinguish
brought

about by the uncertainty in identiying the matermal
and paternal alleles in the child's DNA profie

To further evaluale the feasibiity of testing only
man-child pairs, the error rate due 1o chance matches
in the Philippine daabass (n=103) was determined
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by screening for possible chance matches between
unrelated individuals (Table 2). Of the 5253 possble
pair-wise combinations, 3.71% showed putaiive
paternity inclusions, e.g. pairs matching in 7STRloci
due to chance. This value means that four oulof every
100 random males (non-fathers) will not be excluded
25 putative fathers in motherless cases. In contast,
when dealing with family tios. the Power of Patenity
Exclusion (PE) is 99.17% (Halos et al. 1%99) that
means that 1% or one out of 100 non-fathers arenot
excluded as putative fathers, a four-fold difference fiom
motherless cases. Moreover, 27.18% of the chance
matches had W, values > 95.00%. whichin Some
Courts of Law are considered to support the
presumption of patemiy (Table 2). These pairs are
unrelated persons based on our laboratory samping
records. The error due 1o chance malchas is
decreased (<0.05%) when the admissible viue ol W
is increased 10 >99.0%

Based on these resulls. we do nol recomrmend
routine testing of man-child pairs using only the seven
ST

database. Work is underway to add more markers in
the database that would increase the overall
disciiminatory power and decrease the errorrate due
to randomly matching pairs. DNA testing of matheress.
cases may be conducted if there is grave rezson, e.g.
mother is deceased or her location is unknown, bulwe
recommend that W, cut-off should be greater than
98.0% prior {0 the presumption of paternity. Although
this procedure is likely to provide inconclusive results
in some instances involving real iathers, the use of a
higher cut-off for W, reduces the probabiliy of filse
positives. In our judgement, it is better (o arve al an
inconclusive result (false negative) the probability of
which is higher when W, is set at 99.0%, raher than
ebtaining a conclusive result thal is erroneaus (filse
positive). The probability of false positives is lower when
W,,, s set at 89.0%. Simply stated, W, < 990%
does not exclude the man from being the 'alher ofthe
child since exclusion requires the occurrenceol 2 DNA
mismatches. I this instance, evidence ofher an DNA,
e.g. existence of relations between man and chid's
mother, must be considered by the Court to evaluate
paternity. In contrast, when minimum value isset alW.
naner = 95%, false positives would immediatelycre ale a
présumption of paternity that s diffcultto conlest, and
is therefore not acceptable. To resolve this issue, work
is underway to validate more STR markers that would
increase the utility of the Philippine database for
slatistical evaluations of motherless cases.

Another important aspect that needs to be
addressed is the use of the 2ppropriate pipulaton
database to evaluate W The

es is a multicultyral ccumry, W\Ih uvsr 100
EIhnn -linguistic groups (Hagelberg et al. 1999), a

tich history of Spanish, Armerican and Japanese
colonization and a large Chinese population. Due
toits particular cultural badkground and colonial
history, it has been hypothesized that the genetic
profile of the Filipino peopleis likely to differ from
that of other races. In 50 volunteer family trios, a
high percentage of false pasitives equal to 20%
(W,, <95 and mod W, ,, >95) and 38% (W,,, <99

mod W, >99) were identified when minimum
W was set at 95% or 9% respectively (Table 3).
The occurrence of false positives is attributed to
variation in the distribuion of alleles in different
populations since W values are dependent on
allelic frequencies. For examyple. allele 9 is the most
common allele at locus HUMTHO1 in Filipinos
(frequency = 0.3933), whereas this allele is not
common in the other populations included in the
present study (Irequency = 0.0140 to 0.2100)
Common alleles result infower W values. Moreover,
when the minimum W was set al 99%, the error
derived from the use of the wiong database in
testing family trio cases increased from 20% to
38%,

On the other hand, lhe presence of alleles that
are common in other populations but not equally
common or even rare in Fiipinos leads to false
negatives. For example.allele 7 of HUMF13A01 is
one of the most common  aleles in the 11 non-
Philippine databases (frequency = 0.2218 to
0.3890) included here, whereas this allele is rare

amongst Filipinos (frequency = 0.0240). In family
trios presented here, false negatives (W, 99200
mod W,,,,,<99) were delected (=6%) when

minimum W was set &l 99% compared to when
minimum W was lowered(o 95% (W,,,, >95 and mod
W,,.,<85) when no false s egative was identitied.
False negatives do nol pose matters of great
concenn in paternity tesing. A false negative does
not mean that the alleged fathe is excluded as the
real father, bul rather hat further tests or other
evidence is required pror o the presumption of
paternil

The resuits presenied here support earlier
studies that suggesied Ihe occurrence of
population-specificgenetic profiles (Smouse &
Chevilion 1998) by focusing on the effect of allelic
variations in paternity testing results using DNA
technology. To avoid errors (false positives and
false negatives) resulling in the use of foreign
databases, it is necessary 1o use the Philippine
genetic database for patemity testing in the
Philippines,



Conclusion and Recommendations

In conclusion, our results support the ity of the

seven STR database of the Phiippine population for

DNA-based patemity testing of fariy o and (to some

extent) motherless cases. Clearly. with the rapid
2l
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of the Philippines through the Presidential Anti-
Organized Crime Comrission is gratefully
acknowledged.

guidelines
for the appropriate DNA analys's ol complete family tio
and motherless cases, and the subsequent legal

of paterity, must be pul in place in Philppine Courts of
Law. DNA testing of motherless cases should be
accepted only when there is grave reason, e.g. when
the mother s deceased or when herlocation s unknown
It should also be made clear that athough motherless
cases can be tested, the percentage of non-fathers that
is ot excluded is higher than when the mother's DNA
profile is included. Hence results derived from DNA
tesling of motherless cases should carry less weight in
Court compared to those derived fiom DNA testing of
complete family trios. In this instance., evidence other
than DNA, e 's access to chid's mother, existing
relation between man and chid's moher.a man's sperm
‘Gount and whether man has undergone vasectomy prior
10 the birt of the ohild, must be considered by the Court
to evaluate the issue of paterni

We have also shown that varialion inthe distribution
ofalleles in different popuiions incudedin the present
study affected the ene ESlinates that can
potentially lead to erroneous conclusions. It is therefore.
necessary 1o use the appropriate population database
for estimating W and W,,,,,, values This is pariicularty
important when paternity testing is performed for
immigration purposes, when the indiiduils involved are
migrants 1o the area or in places where a population
database is as yet to be established.

The results of the present study will be used in the
establishment of specific scientiic and legal guidelines
for DNA-based analysis of complte lamily o and
motherless cases using the genelic ciatabase of the
Phiippine population. With the increasing demand for
DNA-based paternity sting, DNA eiderce wil inevitably
‘be uilized 1o support or argue against paternity in Courts.
of Law. Clearly, empirical data suchas those presented
in the current study are needed (o better outline
procedures for the use of the Phiippine population
database for DNA-based patertity lesting in the
Phiippines.
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