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Abstract

We present an approach to the evaluation of the probability of Y-STR haplotypes identity by state

(IBS, in opposition to identity by descent, IBD) as an alternative to the empirical one for which it is

necessary to have simultaneous information on STRs and SNPs, which is rare in the forensic field. It

is based on the mismatch distribution analyses for the number of repeat unit differences between

pairs of Y-STR haplotypes. The estimates of the IBS by both methods in a sample where STR and

SNP information are available are compared and also the relevance of population structure in

determining widely different proportions of IBS vs. IBD.
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1. Introduction

Searching for haplotype matching is the main tool used in forensics to evaluate how

significant is the observation of a particular haplotype in a certain sample. A neglected

phenomenon that can be an important bias source to this kind of analysis is the possibility

of recurrence, due to the high mutation rate of STRs, and hence, the rise of haplotypes

identical by state, rather than by descent.

One approach that has been used to evaluate the proportion of these classes among

identical haplotypes is to assess haplotype identity using SNPs, the same Y-STR haplotype

in two different Y-SNP haplogroups pointing to identity by state and not by descent. De
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Knijff [1] estimated an IBS proportion of 0.2% in a sample of 275 Dutch screened for

eight Y-STRs and four SNPs.

Unfortunately, combined information for both Y-STRs and Y-SNPs in the same sample

is very rare, and it is therefore impossible to measure the proportion of IBS, at a large

scale, using the above-described approach.

We suggest an approach based upon mismatch distributions/haplotype pairwise

comparison that can at least indicate the proportion of Y-STR haplotypes in which

mutation can originate IBS.

2. Material and methods

A total of 123 different Y-STR haplotypes for 229 Dutch were collected from the Y-

STR Haplotype Reference Database (http://ystr.charite.de). The samples of Holland

(N = 87), Friesland (N = 44), Groningen (N = 48) and Limburg (N = 50) were considered

together. The Y-STRs analysed were DYS19, DYS389I and II, DYS390, DYS391,

Fig. 1. Mismatch distributions for the number of loci (A) and number of repeat unit (B) pairwise differences for Y-

STRs in a Dutch sample.
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DYS392 and DYS393. Mismatch distributions were calculated in Arlequin 2.0 [2]

software and the input files were: (1) the microsatellite input file, considering the number

of repeat units observed in each locus, for obtaining the mismatch distribution for

differences in number of locus; (2) a DNA input file, where each repeat unit is considered

as an ambiguous position (N) and differences in the number of repeat units are considered

as insertion (N) or deletion (�), for estimating the mismatch distribution for differences in

repeat units between pairs of haplotypes.

3. Results

The two mismatch distributions obtained for the 229 Dutch are displayed in Fig. 1.

Graph A refers to the mismatch distribution for differences per locus and graph B for

differences in repeat units.

It is noteworthy that 86.8% (6.38%/7.35%) of the differences between haplotypes

differing at one locus consists in a single repeat unit.

The probability of a certain Y-STR haplotype becoming identical by state to another

one inside the class of those that differ by a single repeat can be roughly estimated as

m(1�m)2n� 1, where n is the number of loci defining the haplotype (7 in our case) and m

the average mutation rate (3.17� 10� 3 [3]). Applying it to the proportion of the class

(6.38%) it results, for this sample, in a value of 0.0194%.

We have not considered the rare cases of IBS resulting from more complex phenomena

since these will add an almost insignificant contribution (for instance, two-step mutation

rate is roughly 10 times lower [3]).

4. Discussion

STRs have been the markers of choice in forensics due to its high polymorphism.

SNPs, although presenting high stability, are much less polymorphic, becoming less

informative in the forensic field, while more advanced technologies allowing its easy and

Table 1

Proportions of pairs of haplotypes differing in 0 (h0) and 1 (h1) repeat unit and estimates of identity-by-state (IBS)

Population h0 (%) h1 (%) IBS (%) Population h0 (%) h1 (%) IBS (%)

Portugal (182) 1.85 6.70 0.020 The Netherlands (229) 2.05 6.38 0.019

Spain (365) 1.69 5.77 0.018 Poland (596) 1.51 5.83 0.018

Italy (553) 0.92 3.02 0.009 Estonia (133) 1.31 3.68 0.011

Austria (135) 0.98 3.45 0.010 Latvia (145) 0.93 4.53 0.014

Hungary (117) 0.43 2.18 0.007 Lithuania (151) 1.17 4.73 0.014

Switzerland (199) 1.11 4.26 0.013 Russia (85) 2.24 6.44 0.020

Germany (2096) 0.83 3.18 0.010 Norway (300) 1.41 3.75 0.011

Belgium (97) 1.55 5.61 0.017 Buenos Aires (100) 1.23 2.87 0.009

Populations deposited in the Forensic database were grouped by country (data extracted in 11/04/2001; only

Zeeland was not used).
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fast typing are not available. So, extensive forensic databases available for matching are

now (and will be maintained for more years) exclusively based on STRs.

It seems therefore that the approach presented here can be useful in the forensic field,

for the evaluation of the significance and evidential value of Y-STR haplotype matches.

Another important issue is the use of large-scale databases. It has been claimed that,

since there is no significant population substructuring for STRs in Europe (contrary to

SNPs [4]) matching against the whole database is legitimate. We demonstrate that this

claim is at least debatable, since the opportunity for IBS varies a lot across Europe, as

judged from the mismatch distributions (Table 1), in a way congruent with the well-

defined SNPs haplogroups’ gradients [5]: higher SNPs diversity in south-central Europe

associated with lower proportion of haplotype pairs prone to IBS; and decreasing SNPs

diversity towards west and north associated with higher risk of recurrence.
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