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The expanded European Standard Set of loci includes D12S391, which is found on the short arm of chromosome 12 and is only 6.3 megabases (Mb) from the established VWA locus that is widely
used in Europe and the U.S. Ideally for use In forensic analyses, genetic markers on the same chromosome should be more than 50 Mb In physical distance in order to ensure full recombination
and thus independent inheritance. Recent studies have shown no significant linkage disequilibrium between VWA and D12S391 in U.S. and worldwide populations [1-3], although genetic linkage
has been found (estimated recombination fraction of 0.108 using 28 meioses) [2]. We evaluated genetic linkage In six multi-generation families (109 meioses) using the program LINKAGE [4]. The
recombination fraction was estimated at 0.089 (95% CI 0.044-0.158). The effect of linkage Is an increased tendency for alleles at physically close loci to be transmitted together during meiosis. For
linked loci, the use of haplotype frequencies and the recombination fraction has been recommended in likelihood calculations for kinship testing [5]. Moreover, ignoring linkage in likelihood
calculations may lead to incorrect conclusions of kinship in some instances [6]. Using pedigree simulations, we evaluated the impact of including or ignoring linkage between VWA and D125391 on
likelihood ratio values. We demonstrate the case-specific impact on likelihood ratio values when the “incorrect” model is used.

Estimation of Linkage between D125S391 and vWA

Methods Results Conclusions
Logarithm of odds (LOD score) analysis [7] is used to estimate the most probable value for the LOD score. Z.. 2 18.7 A linkage study by Budowle et al. tested 28 meioses and
. . . . . y M » . . . -
_recomblr)atlon ratg between two IQC| using ff.m”y genotype data. The LOD score (often c;alled Z) ax estimated the recombination frequency between D12S391 and
IS the ratio of Likelihood(rec)/Likelihood(rec=0.5). In other words, the LOD score determines ZMaX-l 17.7 VWA as 10.8 % [2]
how much more likely it is that two markers are linked with a certain recombination frequency of R bi : ¢ : 7 a 0.089 ' '
"rec" compared to being unlinked (where rec is 0.5). In linkage analysis, the value of “rec” can ecombination fraction at Zy,, : * No confidence interval was reported

be altered from O to 0.5. The value that maximizes the LOD score is the most probable # recombinants (k)b 975

recombination frequency. Using 109 meioses, we refined the estimated recombination

# meioses (n)° 109.5 frequency as 8.9 %.
Linkage analysis was performed using the program LINKAGE [4]. Six multi-generation : : ) ) . 0 : : : _ 0
Caucasian families (109 meioses total) were genotyped at D12S391 and vVWA. For some Support interval (estlmated from Z'V'ax 1) 0.05-0.15 95 % confidence interval is 4.4 - 15.8 %
meioses, the phase was unknown (leading to non-integer values for k and n). U.S. Caucasian Confidence interval (95 %)° 0.044-0.158 Large-scale recombination patterns are conserved across
allele frequencies [8] were used to estimate the recombination rate for non-informative meioses a Estimated using LINKAGE human populations [10].
(€.g., homozygous parent or both parents had same genotype). The support interval was b Estimated using lods * Might expect the recombination frequency between D125391
computed based on the 1-lod method [9] and a 95% confidence interval was calculated with the ¢ Estimated using binom and VWA to be similar across major worldwide populations

BINOM program [7].

Impact of Linkage and Linkage Disequilibrium Assumptions on Computed Likelthood Ratios for Different Case Scenarios

Methods Results and Conclusions
In order to assess the effects of linkage and linkage disequilibrium Measuring the Impact of Assuming LE or LD
(LD) between D12S391 and vWA on likelihood ratio (LR) values,
we performed a simulation study with four different case scenarios: Results for LE vs. LD comparisons were similar for all case scenarios and hypotheses.

All r-values were greater than 0.96. Thus, one representative figure is provided below.

Pedigree 1. Full siblings with mother (H1) Pedigree 2. Full siblings (H1) vs. Half siblings (H2)
vs. Half siblings with shared mother (H2)

Pedigree 2 simulated under H1
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51 e share one haplotype 7 _ and VWA, then we expect the LR(rough LD) value to equal
® share two alleles at one locus /,/ the LR(exact LD) value.
a5 | 0 SereoneslEe Y e ! » When plotted against each other, these values would fall
Pedigree 3. Full siblings (H1) vs. Unrelated (H2) Pedigree 4. Incest (H1) vs. No incest (H2) 9 51 | along the y=x-axis (dashed line in plot).
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‘ - ¢ 4 @ S values when linkage is taken into account.
/
v O = ‘ |
/ o 0s | _ Thus, allele or haplotype frequencies can be used for LR
= calculations involving D12S391 and vWA.
S of -  |If one assumes LE between D12S391 and VWA, it is easier
— to infer haplotype frequencies from allele frequencies
Dataset e /// I (particularly for unobserved haplotypes in population
4L 7 r=0.998 samples).
For each case scenario, genotypes of the involved individuals were i . . . . . . . . .
simulated 10,000 times under each hypothesis. s 00 s 22330

Log,,(LR) — exact LD

Founder DNA profiles were generated with haplotype frequencies
taken from O’Connor et al. [1] and 0.089 was used as the Measuring the Impact of Ignoring Linkage
recombination frequency (6) between D12S391 and vWA.

Table 1. Difference (computed as a ratio) between LR values calculated assuming :
. unlinked markers (6 = 0.5) or assuming linkage (6 = 0.089) between D12S391 and If one assumes that linkage between D12S391 and VWA
Algorithms VWA. Difference ratio = LR(unlinked)/LR(linked). has no effect on the computed LR value, then the
difference ratio would equal one.
Two likelihood ratio comparisons were carried out to measure the Case scenario  Simulated under H1 Simulated under H2 | .
impact on computed LR values by (1) assuming linkage equilibrium median minimum maximum  median minimum maximum | If linkage Is ignored between D125391 and VWA, then
- - - : : Pedigree 1 0.72 0.23 3.14 0.60 0.42 418 difference ratio values greater than one indicate
(LE) versus LD, or (2) ignoring linkage versus accounting for linkage. Pedigres 2 086 060 > 8o 086 060 203 overestimates of the real LR value. while difference ratio
1. LE vs. LD Comparison Pedigree 3 0.84 036 7 31 0.84 036 6.76 values less than one indicate underestimates of the real
§ = ' = _ : LR value.
_Rs calculated using allele frequencies and 6 = 0.089 (“rough Pedigree 4 063 014 25.00 100 024 31.44
_D") with LRs calculated using haplotype frequencies and On average, for all pedigree scenarios, LR values ignoring linkage were slightly underestimated than when linkage was
6 = 0.089 (“exact LD"). considered. However, in extreme cases LR values could be overestimated up to 3-7 times if linkage was ignored for

Pedigrees 1-3.

If there is no Influence of LD between D125391 and vWA, then we

expect the LR(rough LD) to equal the LR(exact LD). The incest case (Pedigree 4) displays the most extreme differences in LR values when linkage is ignored. The figures

below illustrate the effect that recombination patterns have on LR values when accounting for linkage or not.
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