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ABSTRACT

Interest in utilizing single nucleotide polymorphisms (SNPs) for genetic research is rapidly increasing. Nuclear SNPs are typically biallelic loci that
segregate in a M edelian fashion and are the most common type of genetic variation in humans. They are eminently suited to a broad range of applications that
include genome mapping, pharmacogenomics, and genotyping for disease diagnostics and genetic identity. By applying Arrayed Primer Extension (A PEX)
technology to a suite of 24 SNP loci simultaneously, we have successfully developed a prototype identity chip for use in DNA paternity testing and forensic
identification. These 24 SNP loci were chosen based upon reported human population allele frequencies of approximately 0.5 and produce a combined match
probability of approximately 16 billion. Sense and antisense oligonucleotide chip primers were designed flanking each SNP site. The use of sense and antisense
primers increases the accuracy of the chip by providing an internal quality control check (the sense SNP allele detected must be complementary to the antisense
SNP allele). Amplification of the SNP loci is accomplished by modified multiplex PCR technology. A template-dependent DNA polymerase extends each
primer in the array with a dye-labeled ddNTP terminator. Detection of the labeled SNP sites is performed by a multicolor (4-color) Total Internal Reflection
Fluorescence (TIRF) reader. Future development of the identity microarray will concentrate on increasing the number of SNP Loci to 40-50 for paternity testing
(exclusion power of 99.97-99.997%). This combination of microarray SNP scoring and efficient fluorescence detection has great potential for increasing sample
throughput in human identity testing laboratories.

INTRODUCTION

Single nucleotide polymorphisms (SNPs) are single base variations that occur about every 1,000 bases in the human genome. During the past year, interest
in scoring SNPs for a multitude of different applications has increased drameatically. Genome mapping, gene expression, and genotyping for disease diagnostics
(mutation detection and disease susceptibility) and genetic identity (paternity testing and forensic identification) are just a few of the applications currently under
consideration. In addition to the vast array of applications possible when working with SNPs, the various methods of detection or scoring these single base
variations are also increasing. Among themare DNA chip microarrays, mass spectrometry?, DNA sequencing, molecular beacons™*, and PCR-based single
strand conformational polymorphisms (SSCPs)°.

DNA microarray technologies themselves are numerous. They range from hybridization methods such as cDNA expression chips®, genomic hybridizations
with BA Cs and other genomic clones, and re-sequencing for genotyping or mutation detection®, to other methods such as Arrayed Primer Extension’ (APEX) to
extend a single base for mutation detection and genotyping.

We are interested in scoring SNPs in a microarray format for genotyping individuals for genetic identity. Of the methods listed above, we chose A PEX
because detection of the signal is by extension of a single dye-labeled terminator and does not wholly depend upon hybridization. By applying APEX to a suite
of 24 SNP loci that span the human genome we have successfully developed a prototype identity chip for use in DNA paternity testing and forensic
identification.



MATERIALS AND METHODS

After reviewing the literature we chose 24 SNP loci with reported allele frequencies of approximately 0.5 (Table 1). The SNP site in each locus was
identified and primers (25-mer oligonucleotides, 5’ -aminated) were designed fromthe known DNA sequence directly flanking the site in both the sense and
antisense orientation. These APEX primers were then arrayed onto silane-treated coverglasses (50.0 mM oligo in 80.0 MM NaOH).

Amplification primers were designed so that the amplicons ranged in size from 50-300 bases and encompassed the SNP site. PCR was performed on the loci
in three multiplex reactions [100.0 ng human genomic DNA (isolated from buccal swab samples using a standard Proteinase K/phenol/chloroform extraction
protocol); 1X Platinum Taq reaction buffer without MgCl,; 5.0 MM MgCl,; 1.0 mM dNTPs (1:1:1:0.8:0.2 ratio of A:C:G.T:U respectively); 0.2 nM each
amplification primer; 2.5 units Platinum Taq (Gibco-Life Technologies, Inc.)] with the following conditions: 95°C — 10 minutes; 30[95°C — 30 seconds; 55°C — 2
minutes; 65°C — 2 minutes]; 65°C — 5 minutes.

Following amplification, the multiplex reactions for each individual were pooled and concentrated with Microcon-30 DNA microconcentrators (Amicon,
Inc.). Amplicons were then treated with uracil-DNA-glycosylase and shrimp alkaline phosphatase for 1 hour at 37°C and then heat-treated at 96°C for 10
minutes for enzyme inactivation.

The array was washed 10 minutes in 96°C H,O and then APEX reactions were carried out on the 24-locus identity chip at 48°C for 4-8 minutes with the
following: 0.75ng multiplexed amplicons (degraded and phosphatased); 1X Thermosequenase reaction buffer; 1.25nM each dye-labeled ddTNP terminator
(Cy3-ddATP, Cy2-ddCTP, Cy5-ddTTP, and Texas Red-ddGTP); 4 units Thermosequenase (A mersham-Pharmacia Biotech) in atotal of 45.0 M. After the
reaction, the chip was washed again in 96°C H,O for 10 minutes and then imaged on a 4-color Total Internal Reflection Fluorescence (TIRF) detector (Figure 1).

RESULTS
Genomic DNA (isolated from buccal swab samples) fromindividuals in seven parentage cases previously tested with conventional Short Tandem Repeat
(STR) typing was tested by APEX on the prototype 24 locus SNP identity chip.

Multiplex PCR: Three multiplex PCR reactions were performed on each DNA sample for each of the seven cases. Figure 2is arepresentative ethidium
bromide stained agarose gel with the multiplexed amplicons (MP1, MP2, and M P3) from a single case (#8866). Case #8866 is a TRIO (M: mother, C: child,
AF: alleged father). Although many amplicons were detectable by eye on the gel, some of the PCR products were indistinguishable by electrophoresis because
they were the same size as other products within the multiplex. Those undetected amplicons were tested by actually running APEX on the microarray. All 24
amplicons were accounted for either by electrophoresis or APEX. We are currently attempting to combine the amplifications into a single multiplex reaction.

APEX: APEX is a powerful method for scoring SNP sites throughout the genome. In the reaction, atemplate-dependent DNA polymerase finds the 3 end
of each oligo in the microarray as it hybridizes to its specific SNP amplicon and then extends a single base (the polymorphic site) with fluorescently labeled
ddNTP terminators (Figure 3). After the reaction, the labeled array is imaged with a CCD camera on the TIRF 4-color detector. Results fromour prototype 24
locus array indicate that APEX provides an unambiguous way to score SNP loci.

One 24 locus chip will genotype a single individual at 24 different loci simultaneously. Four fluorescently-labeled ddNTPs (four different dyes) are used in
the APEX reaction and then imaged on the TIRF detector (Figure 1). The TIRF detector illuminates the chip with four lasers. As each laser causes the bound
fluorophores to fluoresce, a CCD cameraimages the array. The results fromeach microarray then consist of four images (one for each fluorescent dye). Figure
4is aCy5-ddTTP CCD image of our prototype chip. Figure 5is a close-up of quadrant one of the chip. The four images are CCD camera images fromone
individual (Cy3-ddATP, Cy5-ddTTP, Texas Red-ddCTP and Cy2-ddGTP). Seven of the 24 loci on this chip are arrayed (3 replicates per locus) in this quadrant.



Each locus in the array is indicated by colored squares and there are two lines (sense and antisense), reading frombottomto top, per locus. The results fromthis
chip allowed us to genotype a single individual at 24 loci simultaneously using the combination of APEX microarray and 4-color TIRF detector.

Analysis of SNP scoring and Paternity Index calculations: Individuals from seven parentage cases were genotyped using APEX on the prototype identity
chip. Results fromthese cases are shown in Table 1. Of the seven cases tested by SNPs, two were inclusionary (the alleged father could not be excluded) and
five were exclusionary. Exclusions are indicated by a Pl of zero and highlighted in yellow. These data corroborate the results previously obtained by typing
these seven cases with conventional STR typing.

Individual PIs are likelihood ratios which compare the alleged father’ s likelihood of contributing the obligate paternal allele for any SNP locus to that of a
composite randomly chosen man of his race (Caucasian in these examples). The formulae used for these calculations are shown in Table 2. Note that whenever
the mother and child are both heterozygous, the Pl is 1, since either allele can be the paternal allele and the alleged father is certain to contribute an obligate
paternal allele, as is the randomly chosen man.

The datain Table 3 show the type of information gained when using the 24 locus SNP array. The genotypes of individuals fromtwo parentage cases: a
TRIO (8875) and a MNT (8879, mother not tested) are shown. The cumulative PI for each case was calculated by multiplying the individual PIs for each locus,
assuming independence of the loci utilized.

DISCUSSION

Human identity testing utilizing DNA has undergone an evolution fromhighly polymorphic multilocus RFLP probes, to less polymorphic single locus RFLP
probes, to even less polymorphic STR systems, mostly to achieve laboratory automation. Future identity typing laboratories will undoubtedly utilize simple test
systems such as SNPs in order to more easily automate the laboratory process.

We have shown here that it will be possible to develop a SNPtesting battery on a single APEX microarray. These arrays will be capable of quickly
genotyping humans in a highly discriminatory manner, enabling efficient forensic and parentage analyses. Although agood deal of improvement is necessary to
efficiently automate the actual laboratory process, we have demonstrated here a prototype 24 locus SNP microarray that works quite well as an adjunct test in the
resolution of parentage disputes.

To determine how many SNP loci will be necessary for an APEX human identity microarray that can function as a stand-alone test to efficiently process
paternity trios through a parentage-testing laboratory, we have used two different methods. In the first method, the average exclusion potential (ability to exclude
non-fathers) of each SNPis determined by calculating the average RMNE (random man not excluded) value and subtracting from1. The average RMNEis
determined by calculating the probability of obtaining each of the 15 possible genotype combinations using Hardy-W einberg formulae and multiplying these by
the appropriate individual RMNE values. Using this method, one can calculate that a SNP with two alleles each occurring at a frequency of 0.5 will have an
average exclusion potential of 0.1875. Of course, this is the maximum value for exclusion potential of a SNP. Figure 6 shows average exclusion potentials for
SNPs with varying allele frequencies.

Average RMNE values can be multiplied together to obtain cumulative RM NE values which can then be subtracted from 1 to obtain the cumulative average
exclusion potential for a battery of SNPs with a particular allele frequency. These values are shown in Figure 7 for allele frequencies of 0.5, 0.4, and 0.3. It can
be seen that acceptable exclusion powers are reached in the range of 30-50 SNPs for these allele frequencies. These range fromabout 0.9955 to 0.9999
depending on the number of SNPs and their allele frequencies. To perform paternity testing, we presently utilize a battery of six exceptionally powerful STRs
that have a combined exclusion power of approximately 0.9995 in Caucasians.



The second method for determining how many SNPs will be necessary to successfully operate a paternity testing laboratory is to determine the frequency of
paternity trio cases that will not reach a certain minimum paternity index (Pl) value. Since paternity statutes in many states require that a Pl of 100 be reached for
the alleged father to be presumed the biological father, we have used this value for calculation purposes. It can be seen from Table 2 that Combinations 1, 5, 6,
and 8 possess homozygous alleged fathers. For biallelic SNP loci with equivalent allele frequencies, Combinations 1, 5 and 8 will produce Pls of 2 while
Combination 6 produces a Pl of 1. All combinations where the alleged father is heterozygous produce a Pl of 1, so 3/8 of the combinations produce a Pl of 2
while 5/8 of all combinations produce a Pl of 1. For N biallelic systens, (allele frequencies of 0.5), one must have at least seven systems for which the Pl =2to
obtain acumulative Pl that is greater than 100. Thus, the binomial theorem can be used to compute the probability of obtaining a Pl less than 100 as follows:

3 I : _
P(PI <100) = & —(3/8) (5/8)™""
i=0 (N = I)III
Where N = Total SNP loci in test battery
i = Number of SNP loci where Pl = 2.

When this formulais used for SNP batteries with allele frequencies of 0.5, it can be seen (Figure 8) that not until 30 SNPs are used in atesting battery will
the number of cases requiring extended testing approach areasonable value (~3%). Less than 1in 10,000 cases will require extended testing if a battery of 50
SNPsis used. Interestingly, since many loci will be used in the test battery, it will be particularly important that these loci have low mutation rates.

Future work on the identity microarray will concentrate on increasing the number of SNP loci in the array to 40-50 for paternity testing (power of exclusion
99.97-99.997%). Following completion of the microarray, we will begin using the identity chip to gather gene frequency data on different population groups
(Asian, Black, Caucasian, and Hispanic).
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Table 1: 24 Locus SNP Identity Chip and Calculated Paternity I ndices

SNP Ref. Chromosome Polym. %* Casel Case2 Case3 Case4 Caseb5 Caseb Case7

ADH3 8,9 4 A-G 56 1.79 0.89 1.00 1.09 0.00 0.89 1.79
ARSB 8,10 5 A-G 67 3.03 1.13 1.00 1.00 1.52 1.00 1.49
LDLR 8,11 19 T-C 45 1.00 1.01 1.00 1.00 0.91 1.00 1.00
METH 8,12 7 T-C 58 1.00 2.38 0.86 1.00 1.72 2.38 1.00
PROS1 8,13 3 T-C 58 0.86 1.03 1.00 1.00 1.00 0.00 1.00
PRP 8,14 20 A-G 66 1.00 1.11 1.00 1.00 1.00 1.00 1.00
HSD3B 8,15 1 A-C 77 2.17 1.41 1.00 1.00 1.00 0.65 0.00
LPL 8,16 8 A-G 52 1.00 2.08 1.00 1.00 0.96 1.00 1.92
IGF2 8,17 11 A-G 20 2.50 1.56 1.00 1.00 2.50 2.50 0.00
BCL2 8,18 18 A-G 56 1.79 0.89 1.00 1.79 0.00 1.00 0.89
W1-1417 19 8 C-T 48 1.00 0.96 1.00 0.00 1.04 0.00 1.92
D3S2344 19 3 G-C 48 1.00 1.00 1.92 1.92 1.00 1.00 0.00
D2S1301 19 2 G-A 55 1.00 1.11 0.91 0.00 1.00 1.82 0.00
D7S1760 19 7 T-C 50 2.00 1.00 1.00 1.00 1.00 1.00 1.00
DNASE1 20 16 A-G 56 0.89 2.27 1.00 0.89 2.27 2.27 1.79
CETP-1 21 16 C-A 53 1.89 1.89 1.89 1.89 1.89 1.89 1.89
FUT1 22 19 A-T 50 2.00 2.00 0.00 0.00 1.00 1.00 1.00
DUF-1 23 1 A-G 41 2.44 1.22 2.44 0.00 1.69 2.44 0.85
TRCVB17 24 7 C-T 48 1.00 1.92 0.96 1.04 1.92 0.96 0.00
TCRVB12 25 7 C-T 53 2.13 2.13 1.06 2.13 2.13 1.06 1.00
CPT1 26 1 G-A 49 1.02 1.00 0.98 0.00 1.00 1.02 1.00
APOC3 27 11 T-C 58 0.86 1.72 1.19 0.86 0.86 2.38 1.19
CA2 28 8 T-C 50 1.00 2.00 0.00 0.00 1.00 2.00 1.00
COL2A1 29 12 C-T 48 2.08 1.00 1.04 1.00 1.04 0.00 1.00

Cumulative PI 2901 1802 0 0 0 0 0



Table 1. Table showing the 24 SNP loci arrayed on the prototype identity chip and the paternity indices (PIs) for each locus. The cumulative Pl is calculated by
multiplying the individual PIs for each locus. DNA samples fromseven paternity cases were genotyped using the prototype 24 locus SNP identity chip. These
seven cases were previously genotyped with conventional STR typing at Identigene, Inc. Case 1 (TRIO) and Case 2 (Mother Not Tested, MNT) were found to
beinclusionary (i.e., the alleged father could not be excluded with 6 unlinked STR genetic loci and had paternity indices of 6,316,803 and 1,635, respectively).
Cases 3-7 were exclusionary cases. In al five exclusionary cases the alleged father was excluded from paternity by 2 or more STRloci. Our results from scoring
24 SNP loci in a DNA microarray using APEX corroborate the results of STRtesting on these seven cases. The two true fathers are included with a probability
of paternity exceeding 99.9% (Prior Probability = 50%). The five non-fathers are excluded by two or more SNPs in all cases. Exclusionary SNPs are highlighted
in yellow. * Allele frequencies reported in the literature.



Table 2: Formulae used to calculate paternity indices in biallelic SNP systems

Combination

M C AF Paternity Index

1 X X X 1/x

2 X X XY 0.5/x

3 X XY XY 0.5/y

4 XY XY XY Ux+y)=1

5 XY X X 1/x

6 XY XY X U(x+y) = 1

7 XY X XY 0.5/x

8 X XY Y 1ly

9 Not tested X X 1/x

10 Not tested XY X 0.5/x

11 Not tested XY XY 0.25(x+y)/xy = 0.25/xy
12 Not tested X XY 0.5/x

Table 2. PI formulae for the 8 possible combinations of SNP phenotypes in paternity trios and 4 possible combinations of SNP phenotypes in cases where the
mother is not tested. Homozygosity is assumed when individuals only display a signal for one nucleotide at any SNP locus. X and Y represent the nucleotide
signals obtained while xand y are the gene frequencies for the respective SNP alleles. It should be noted that the calculations for combinations 10 and 11 assume
that the mother and alleged father are of the same race (as they arein all cases presented here). If they differ in race, the PI formulafor Combination 10 becomes
Pl = xu/ (XarYm+XmYar), Where xy = freq(X) from mother’ s racial database, xar = freq(X) fromAF s racial database, yy = freq(Y) frommother’ s racial database,

YAF= fre?%(Y) fromAF sracial database. Likewise, the Pl formula for Combination 11 becomes Pl = (Xu+ymy/[2(XarYm+XmYar)]. Formulae derived according to
Brenner.



Table 3: Genotypes of Individuals Scored from 24 Loci on Identity Chip

TRIO 8875 8875 MNT 8879 8879
SNP Locus Polym % 8875M 8875C 8875AF  Plcalc. Pl 8879C 8879AF Pl calc. Pl
.ADH3 . AG 56, | AA | AA | AA | | 1/056 | 179 i | AA | AG | | 5/56 | 0.89
ARSB AG 67 GG GG FF 1/0.33  3.03 AG AG 1/(4*.67%.33)  1.13
LDLR TC 45 TC TC TC 1 1.00 TC TC 1/(4*.45*.55)  1.01
METH TC 58 TC TC T 1 1.00 cC cC 1/.42 2.38
PROS1 TC 58 T T TC 0.5/0.58  0.86 TC TC 1/(4*.58*.42)  1.03
PRP AG 66 AG AG AA 1 1.00 AG AG 1/(4+.66*.34)  1.11
HSD3B AC 77 cc cc AC 0.5/0.23 217 AC AC 1/(4+77%.23)  1.41
LPL AG 52 AG AG GG 1 1.00 GG GG 1/.48 2.08
IGF2 AG 20 AA AA AG 0.5/0.2  2.50 AG AG 1/(4*.2x.8)  1.56
BCL2 AG 56 AA AA AA 1/0.56 179 AG AA 5/.56 0.89
W1-1417 C-T 48 TC TC T 1 1.00 T TC 5/.52 0.96
D3S2344 GC 48 GC GC GG 1 1.00 CG CG 1/(4*.48*.52)  1.00
D251301 GA 55 AG AG GG 1 1.00 AG AA 5/.45 111
D7S1760 T-C 50 T TC cC 105  2.00 T TC 5.5 1.00
DNASE1 AG 56 AA AA AG 0.5/0.56  0.89 GG GG 1/.44 2.27
CETP-1 C-A 53 cc cc cc 1/0.53  1.89 cc cc 1/.53 1.89
FUT1 AT 50 AA AA AA 105  2.00 AA AA 1/.5 2.00
DUF-1 AG 41 AG AA AA 1/0.41  2.44 AA AG 5/.41 1.22
TRCVB17 C-T 48 TC TC T 1 1.00 T T 1/.52 1.92
TCRVB12 CT 53 T T T 1/0.47 213 T T 1/.47 2.13
CPTL GA 49 AG GG AG 0.5/0.49  1.02 AG AG 1/(4*.49*.51)  1.00
APOC3 T-C 58 T T TC 0.5/0.58  0.86 T T 1/.58 1.72
CA2 T-C 50 cC cC TC 0.5/0.5  1.00 cC cC 1/.5 2.00
COL2A1 C-T 48 TC cC cC 1/0.48  2.08 TC TC 1/(4*.48*.52) _ 1.00

Cumulative PI 2901.30 1802.14



Table 3. Genotypes for the 24 loci on our prototype identity chip scored for two parentage cases (#8875 and #8879). Case #8875is a TRIO (mother, child,
alleged father) and case #8879is aMNT (mother not tested). Both cases are inclusionary (i.e., the alleged father could not be excluded from paternity with 24
genetic loci). Paternity indices (PIs) for each locus were calculated (see Table 2) and the cumulative Pl for each case is calculated as the product of the
individual Pls. % = frequency of first-listed nucleotide from Polym. (polymorphism) column (taken from literature).
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Figure 1. Layout of the TIRF detector. Lasers [Argon-lon, DPSS (Diode Pumped Solid State), HeNe (Helium-Neon), Diode] are focused through a prisminto
the end of aglass slide. The light is then trapped within the glass, reflecting off of the inner surfaces as it travels the length of the slide before eventually exiting
fromthe end. This internal reflection allows nearly instantaneous detection of the entire array and speeds the processing of arrays to approximately one

minute/slide/4 colors.



Multiplex PCR for APEX reaction
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Figure 2. Image of ethidiumbromide stained 4% agarose gel with multiplex PCR amplicons from a single case (#8866 TRIO). Three multiplex reactions were
performed on genomic DNA fromeach individual in the case. MP1: multiplex1 (ADH3, ARSB, LDLR, METH, PROSL, PRP, HSD3B, LPL, IGF2, BCL2);

M P2: multiplex2 (W1-1417, D3S2344, D2S1301, D7S1760, FUT1, DUF-1, TCRVB17); M P3: multiplex 3 (TCRVB12, DNA SE1, CETP-1, CPT1, APOC3,
CA2, COL2A1). 8866M, mother; 8866C, child; 8866AF, alleged father.
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Figure 3. Sense and antisense oligonucleotide primers flanking each SNP site were aminated at the 5’ end and arrayed onto silanized glass slides. Multiplexed
PCR amplicons were denatured and pooled over the array with fluorescent labeled ddNTP terminators. The arrayed oligos were extended with the labeled
terminators using Thermosegquenase (A mersham-Pharmacia Biotech) in a template specific manner. The array was washed and the fluorescent signals were
detected on a 4-color Total Internal Reflection Fluorescence (TIRF) detector and imaged with a CCD camera.



Human Identity Chip Array




Figure 4. Cy5-ddTTP CCD image of prototype identity chip. The 24 loci are arrayed into four quadrants (Q1-Q4) with self-extending oligos as markers.
Orientation is provided by agrid of self-extending “ N”
oligonucleotides surrounding each quadrant in the array.
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Figure5. TIRF detector CCD camera image of quadrant 1 (Q1) of the SNP identity chip. This panel
shows seven SNP loci arrayed (3 replicates per locus). Lane A: chip image of signals fromfluorescent
ddATPlabeled oligos. Lane T: chip image of signals fromfluorescent ddTTP labeled oligos. Lane C:
chip image of signals fromfluorescent ddCTP labeled oligos. Lane G: chip image of signals from
fluorescent ddGTP labeled oligos. Reading fromthe bottomof the array toward the top, the array is: N, T,
G, N, BlADH3 sense (AA), ADH3 antisense (TT),ll ARSB sense (AG) , ARSB antisense (TC),
LDLR sense (TC), LDLR antisense (AG), @ METH sense (CC), METH antisense (GG), C, A,[.] PROS1
sense (CC), PROSL1 antisense (GG), A, (space), l PRP sense (AG), PRP antisense (TC), ll HSD3B sense
(AA), HSD3B antisense (TT). The close up of the two loci Bl ADH3 and ll ARSB (upper right) shows
that (reading fromthe bottomto the top) ADH3 sense = A; ADH3 antisense =T; ARSB sense =AG, and
ARSB antisense =TC. These results indicate that the individual tested on the chip is homozygous (AA)
for ADH3 and heterozygous (AG) for ARSB. The genotypes of the other five loci are listed on the lower

right.
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Figure 6. Plot of exclusion potentials vs. allele frequencies for single nucleotide polymorphisms. Exclusion potentials were calculated by subtracting the
average RM NE (randomman not excluded) value from 1. The average RMNE is determined by calculating the probability of obtaining each of the 15 possible
genotype combinations using Hardy-W einberg formulae and multiplying these by the appropriate individual RMNE values. The exclusion potential is
maximized when the frequency of each alleleis 0.5.
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Figure 7. Proportion of non-fathers excluded with test batteries containing from25to 50 SNPs. Theoretically, 40-50 SNPs with allele frequencies in the range
of 0.3-0.5 should have an average exclusion potential in excess of 0.999.
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Figure 8. Using the binomial theorem, one can calculate the probability of obtaining a paternity index (Pl) of less than 100 for test batteries with different
numbers of SNPs that have allele frequencies of 0.5. If all cases must have a Pl of at least 100, then one can determine how many cases would be extended for
further testing when using various batteries. Fromthis analysis, it appears that using atest battery containing at least thirty SNPs would be advisable to eliminate

the need for frequent extended testing.



