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Abstract

The DNA Commission of the International Society of Forensic Genetics (ISFG) regularly publishes guidelines and
recommendations concerning the application of DNA polymorphisms to the problems of human identification. A previous
recommendation published in 2001 has already addressed Y-chromosome polymorphisms, with particular emphasis on short
tandem repeats (STRs). Since then, the use of Y-STRs has become very popular, and a numerous new loci have been introduced.
The current recommendations address important aspects to clarify problems regarding the nomenclature, the definition of loci
and alleles, population genetics and reporting methods.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Y chromosome-specific STR analysis is an important
tool in the majority of laboratories working in forensic
genetics. In the same way as mtDNA, Y-STR haplotypes
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ness of Y-specific information has been recognized in defi-
ciency paternity cases with male offspring and in forensic
genetic cases where the analysis of autosomal STRs failed to
give clear conclusions. For example, in a large proportion of
mixed male/female stains, the male profile can only be
detected through analyses of Y chromosome markers such
as Y-STRs.

The use of a common nomenclature is crucial in the
forensic and population genetic fields to allow communica-
tion and data comparison. Changes to established nomen-
clatures and the use of different nomenclatures for the same
STR markers have created difficulties in inter-laboratory
data exchanges and comparisons in proficiency testing trials,
especially in those including new markers [1].

After the publication of the first recommendations on
forensic analysis using Y-chromosomal STRs [2], the DNA
Commission of the International Society for Forensic Genet-
ics is now releasing additional recommendations in order to
clarify some confusion that still exists in the field, mainly as
a consequence of the large number of new markers that have
been introduced in recent years.

2. Nomenclature

Although STR locus nomenclature is straightforward and
Y-STRs do not require special consideration, different
repeat-based nomenclatures have been published for the
same alleles [3—7]. Therefore, the main aim of the present
recommendations is to provide guidelines for Y-STR allele
nomenclature in order to avoid future accumulation of
different nomenclatures.

2.1. Locus nomenclature

Recommendations on locus nomenclature, sequence des-
ignation and structure of STRs were previously detailed
[2,8,9]. The main issue related to Y-STR locus nomenclature
that still persists arises from the amplification of more than
one STR locus (region of the Y chromosome) by the same
primer pair. This can occur due to the presence of multiple
primer annealing sites (in most cases as a result of locus
multiplication) or due to the presence of two separate Y-STR
loci lying between a pair of primers. The first is observed
more often at Y-STRs than at autosomal STRs due to the
highly repetitive nature of the human Y chromosome [10]:

1. There are situations where more than one Y-specific locus
is amplified by a single primer pair and each PCR-
product cannot be unambiguously assigned to a specific
locus (Fig. 1). DYS385 is an example of this where,
although the two amplified fragments are sometimes
named DYS385a and DYS385b, it is not correct to
designate them “a” and “b”, if the PCR is performed
in the conventional way [11,12], because neither frag-
ment can be assigned unequivocally to a defined locus.

DYS385
a b
—> mm \ — [
<« <«
~40 kb
a b

- If amplified together, then DYS385"#-#

azb
(genotype)

- If amplified separately, then DYS385a*#
and DYS385b*# (individual alleles)

b E

Fig. 1. Illustration of the multi-copy marker DYS385, which occurs
in two inverted regions of the Y-chromosome separated by about
40 kilobases (kb). These regions are typically amplified together
because PCR primers anneal to both regions simultaneously due to
the presence of identical sequences immediately surrounding the
two DYS385 copies, although a separate locus-specific amplifica-
tion is also possible using a nested PCR approach [13].

Therefore, the term “DYS385 loci” should be applied to
this marker and the observed fragments treated as geno-
types and the alleles separated by a hyphen, e.g.
“DYS385*%11-14"". The same holds true in the case of
other multi-copy STRs, e.g. DYS459 and DY S464, where
distinction between different amplification products is
not possible. However, if specific genetic analysis assures
separate identification of the different Y-STRs, e.g. as is
possible now for DYS385 [13], they should be designated
as DYS#a*# and DYS#b*#, e.g. DYS385a*11 and
DYS385b*14.

2. There are many reports of duplications of Y-STRs that are
usually single-copy, with a mutation changing the num-
ber of repeat units in one of the copies: for example,
DYS19, DYS385, DYS389, DYS390, DYS391, DYS393,
DYS437 and DYS439 [e.g. 11,14-17]. In this situation,
the observed fragments should also be treated as geno-
types and the two alleles separated by a hyphen. It is
worth mentioning the importance of reporting the fre-
quencies of such duplications for the correct interpreta-
tion of the observation of two or more DNA-fragments,
because such results can be misinterpreted as mixed DNA
profiles.

3. In some cases two distinct Y-STRs can be present in a
single amplicon sufficiently far apart from each other to
allow separate typing by locus-specific primers (Fig. 2A).
If new primers are designed in order to discriminate
between the two Y-STRs, or to reduce the amplicon size
by excluding one of the variable repeat-blocks, the 5’
STR should be designated DYS#.1 and the second one
DYS#.2. Note that to define the 5 STR in accordance
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(A) - -

DYS448: (AGAGAT)1z ...Nsz ...(AGAGAT)s = 21 repeats

DYS448.1*13 DYS448.2'8
I — [
— —
DYS449: (TTTC)ss...Nsg ...(TTTC)14 = 29 repeats
DYS449.1*15 DYS449.2*14
“— <«

GATA H4: (AGAT); CTAT(AGAT)2(AGGT)a(AGAT) 1o ...Na: ...
(ATAG)‘ATAC(ATAG? = 27 repeats

GATA H4.1*20 GATA H4.2'7

—»
(B) -« <«

Fig. 2. (A) Two closely spaced STR repeat regions that were
originally assigned to the same locus may later be subdivided. If
anew PCR primer is developed that can hybridize between the two
regions, then the regions should be designated .1 and .2 (e.g.
DYS448.1 and DYS448.2). (B) Examples of where the original
PCR primers target two blocks of STR repeats that are separated by a
number of nucleotides (in these cases, 42, 50 or 24).

with the ISFG guidelines [9], the DNA strand that was
originally described in the literature or the first public
database entry, preferably GenBank, is used. As exam-
ples, we have the nomenclature proposed by Gusmao
et al. [7] for GATA H4. Other examples are DY S448,
DYS449 and DYS552 that also include two Y-STR
regions. If the loci are amplified separately, they should
be called DYS448.1 and DYS448.2, DYS449.1 and
DYS449.2 and, DYS552.1 and DYS552.2, respectively
(Fig. 2B).

2.2. Allele designation of Y-STRs

Y-chromosomal STRs show the same sequence structure
and mutational mechanism as autosomal STRs [14]. There-
fore, the same rules apply and allele nomenclature follows
the principles previously described for autosomal STRs [9]
and later emphasized for Y-chromosomal STRs [2].

Table 1

2.2.1. Established allele nomenclatures

To avoid further confusion due to nomenclature changes,
the nomenclature of widely used Y-STRs should not be
altered, even if the present guidelines are not followed. This
is applied to the Y-STRs: DYS19, DYS385, DYS389I,
DYS389II, DYS390, DYS391, DYS392, DYS393,
DYS438 and DYS439, which are already included in
well-known databases and widely-used commercial kits in
the forensic field. Using an established nomenclature
(Table 1; see also the NIST, National Institute of Standards
and Technology, STRBase website for details [18]), these
markers are the core set of the YHRD—Y Chromosome
Haplotype Reference Database [17] and selected by the
Scientific Working Group on DNA Analysis Methods
(SWGDAM) for forensic DNA analysis in the U.S. [19].
For the same reason, no nomenclature changes are recom-
mended for the Y-STR markers for which sequence infor-
mation is available, and a nomenclature based on the
recommendations of the DNA Commission of the ISFG
has already been published (see Table 2). In situations where
two or more nomenclatures already exist, priority should be
given to the nomenclature that most closely follows the
present guidelines (some examples are DYS435, DYS437,
DYS460, DYS635, GATA A10 and GATA H4).

2.2.2. Nomenclature guidelines

Ideally, alleles should be designated according to the
total number of repeats included in a simple or complex
sequence structure that varies among individuals. Due to the
impracticability of sequencing all samples, the only way to
identify the main sources of variation is by sequence ana-
lyses of individuals sampled from a wide range of haplo-
types. Since Y-STRs mutation rates are about 100,000 times
higher than those of Y-SNPs [14,20,21], the choice of
samples from different Y-SNP-defined haplogroups, rather
than different-sized alleles from a single population, will
increase the genetic distance between sequences and, con-
sequently, maximise the chance of identifying locus
sequence heterogeneity. A high proportion of the poly-
morphic Y-STRs described in humans is also present in
chimpanzees and can be amplified using the same primers

DYS19, DYS385, DYS389 I and II, DYS390, DYS391, DYS392, DYS393, DYS438 and DYS439 repeat structure and nomenclature

GDB locus name STR reference

Repeat structure

Nomenclature referencee

DYS19/DYS394 [33] (TAGA);tagg(TAGA), [11,52]
DYS385 [11,52] (aagg)e_7(GAAA), [11,52]
DYS389 1 [11,52] (TCTG)3(TCTA), [17]
DYS389 II [11,52] (TCTG),(TCTA),N25(TCTG);(TCTA), [17]
DYS390 [11,52] (teta),(TCTG),(TCTA),(TCTG),(TCTA), tea(tcta) [11,52]
DYS391 [11,52] (tctg)s(TCTA), [11,52]
DYS392 [11,52] (TAT), [11,52]
DYS393/DYS395 [11,52] (AGAT), [11,52]
DYS438 [4] (TTTTC),(TTTTA)o_(TTTTC), (7]
DYS439 (GATA A4) [4] (GATA), (7]

Segments that are not included in the allele nomenclature are in bold small letters.
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Table 2
Y-STRs repeat structure and nomenclature
GDB locus name STR reference Repeat structure Nomenclature
reference
YCAIMC® [34] (CA), (54]
YCAIM© [34] (CA), [11,52]
DYS388 [11,52] (ATT), [28]
DYS426 [36] (GTT), [28]
DYS434 [4] (TAAT),_»(CTAT),, [7]
DYS435 [4] (TGGA), [7]
DYS436 [4] (GTTD), [7]
DYS437 [4] (TCTA),(TCTG); _3(TCTA), [7]
DYS441 [37] (TTCO), é
DYS442 [37] (TATC), (TGTC); (TATC), a
DYS443 [38] (TTCC), [38]
DYS444 [38] (ATAG), a
DYS445 [38] (TTTA), [38]
DYS446 [39] (TCTCT), [39]
DYS447 [39] (TAATA),(TAAAA),(TAATA),(TAAAA)(TAATA), [39]
DYS448 [39] (AGAGAT), N42(AGAGAT), [39]
DYS449 [39] (TTTC),, N5o(TTTC),, [39]
DYS450 [39] (TTTTA), [39]
DYS452 [39] (TATAC),(TGTAC),(TATAC),(CATAC)(TATAC), [39]
(CATAC), (TATAC);_4(CATAC)o_»(TATAC)q 5
(CATAC)(TATAC);
DYS453 [39] (AAAT), [39]
DYS454 [39] (AAAT), [39]
DYS455 [39] (AAAT), [39]
DYS456 [39] (AGAT), [39]
DYS458 [39] (GAAA), [39]
DYS459M€¢ [39] (TAAA), [39]
DYS460 (formerly GATA A7.1) [3] (ATAG),, [7]
DYS461 (formerly GATA A7.2) [3] (TAGA),, (CAGA) [7]
DYS462 (formerly G09411) [40] (TATG),, [40]
DYS463 [39] (AAAGG),(AAGGG),(AAGGA), [39]
DYS464MC¢ (39] (CCTT), [39]
DYS485 [24] (TTA), [55]
DYS490 [24] (TTA), [55]
DYS495 [24] (AAT), [55]
DYS504 [24] (TCCT), [55]
DYS505 [24] (TCCT), [55]
DYS508 [24] (TATC),, [55]
DYS510 [24] (TAGA);(TACA)(TAGA)(TACA)(TAGA), [53]
DYS513 [24] (TATC),, [53]
DYS520 [24] (ATAG),, (ATAC), [55]
DYS522 [24] (GATA),, [55]
DYS525 [24] (TAGA), [55]
DYS532 [24] (CTTT), [55]
DYS533 [24] (ATCT), [55]
DYS534 [24] (CTTT), [55]
DYS540 [24] (TTAT), [55]
DYS542 [24] (ATAG), ATAA (ATAG), [55]
DYS544 [24] (GATA); GATG (GATA), [53]
DYS552 [24] (TCTA); TCTG (TCTA),, N4 (TCTA), [53]
DYS556 [24] (AATA), [55]
DYS557 [24] (TTTC), [55]
DYS561 [24] (GATA), (GACA), [53]
DYS570 [24] (TTTC), [55]
DYS575 [24] (AAAT), [55]
DYS576 [24] (AAAG), (551
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Table 2 (Continued)
GDB locus name STR reference Repeat structure Nomenclature
reference

DYS587 [24] (ATACA), [(GTACA)(ATACA)]3 [53]

DYS593 [24] (AAAAC), AAAAT (AAAAC), (AAAAT), [53]

DYS594 [24] (TAAAA), [55]

DYS632 [24] (CATT), [55]

DYS635 (formerly GATA C4) [3] (TCTA)4(TGTA),(TCTA)»(TGTA)»(TCTA), [7]
(TGTA)oo(TCTA),

DYS641 [24] (TAAA), [55]

DYS643 [24] (CTTTT), [55]

GATA A10 [3] (TCCA),(TATC),, [7]

GATA H4 [3] (AGAT), CTAT(AGAT),(AGGT)3(AGAT), [7]
N»4(ATAG)4(ATAC)(ATAG),

GATA H4.1 [3] (AGAT), CTAT(AGAT),(AGGT)3(AGAT), [7]

MC: multi-copy Y-STR.
% Modified in order to observe the ISFG recommendations.

[22,23]. Chimpanzee sequence information may also be
used to identify regions that are likely to vary:

1. Itis recommended that alleles are named according to the
total number of contiguous variant and non-variant
repeats determined from sequence data. Single interrup-
tions within repetitive blocks should be considered as part
of the locus (e.g. DYS452, where the single CATAC
sequence interrupting the other repeats in several places
should be included in the total number of repeats). In a
complex STR, single repeat units located adjacent to the
main array and consisting of the same sequence as the
main variable repeat should be considered as part of the
locus structure since the entire structure could have
evolved from a single array. Therefore, these single
units are included in the allele nomenclature. For
example, a hypothetical STR allele with the sequence
...(GATA),(GACA),(GATA). .. is considered to have
n+ 2+ 1 repeats.

2. The inclusion of non-variant repeats dispersed through-
out the amplified region can be a disadvantage in nomen-
clature standardization since, in forensic genetics, new
primers may be designed in order to amplify smaller
fragments that may exclude the non-variant repeats. For
this reason, repetitive motifs that are not adjacent to the
variable stretch and have three or less units and show no
size variation within humans or between human and
chimpanzees, should not be included in allele nomen-
clature. For example, alleles at a hypothetical STR with
the sequence ...(GATA),(GACA),Ng(GATA);... is
called n + 2, excluding the non-adjacent (GATA); repe-
titive stretch from the allele nomenclature.

A distinction has to be made between the number of
nucleotides that constitute an interruption within a single
locus and the number of nucleotides that form a boundary
between two separate loci. In accordance with current
usage [24], we recommend that the distinction is based on
the number of nucleotides in the interrupting section

compared to the number of nucleotides in the Y-STR
repeats. If the number of interrupting nucleotides is
similar to or less than the number of nucleotides in the
repeats, the region is considered one unit with a length
corresponding to the total number of nucleotides.
Thus, ...(GATA),(GACA),N4(GATA);. . . is considered
as one complex locus with n+6 units, while
...(GATA),,(GACA),;N5(GATA);. . . is considered to be
two loci with n +2 and 3 units, respectively, of which
n + 2 would be included in the allele nomenclature.

. Sometimes, allele length variation indicating the pre-

sence of intermediate alleles can be detected in addition
to variation in integral numbers of repeats. Such alleles
have been created by insertion/deletion events, and fall
into two classes. A partial repeat can be found inside the
locus and, in this case, it is recommended that the allele is
designated according to Olaisen et al. [9] and Gill et al.
[2]; e.g. Fig. 3. Intermediate alleles of this type have been
detected at the following loci: DYS19, DYS385, DYS389
I, DYS390, DYS392, DYS393 and DYS438 (YHRD [17],
Reliagene [25] and Promega [26] databases).

. Intermediate-sized alleles can also arise from mutations,

usually insertions/deletions of 1bp, in the flanking
sequences which alter the length of the PCR product.
A common example is the deletion of a T in the flanking
region of the DYS385 locus [27]. This variant is only
detected when using a reverse primer located downstream

DYS643 allele 11.1

<_

[CTTTT]s C [CTTTT]s

Fig. 3. Schematic illustration of an insertion occurring within the
STR repeat region of the locus DYS643 that results in an allele
which is one nucleotide longer than the more common allele
containing only 11 CTTTT repeats.
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1
lagcatgggtgacagagctalgacaccatgccaaacagcaacaaagaaaagaaatgaaattcagaaaggaag
gaaggaaggagaaagaaagtaaaaaagaaagaaagagaaaaagagaaaaagaaagaaagagaagaaagag

aaagaggaaagagaaaga (aagq)¢; (gaaa) ,gagaaaaajgaaaggaggactatgtaattiggaatagata
3

gattattttttaaaatatttttattacctttacagtttttttjaaatgeecgecatttcagaaagaaatctyg
4

gtcagcageccttacdcagectttacctageatecd

Fig. 4. The DYS385 sequence. Boxes 1 and 4 contain the annealing sequences for the forward and reverse primers described by Kayser et al.
[11]. In box 2 is the annealing position for the alternative reverse primer described by Schneider et al. [12]. Box 3 shows the position of the T
deletion detected by Fiiredi et al. [27].

of the deletion site, e.g. the first primers described by
Kayser et al. [11] and the ones included in the Y-Plex 6™
kit (Reliagene), but not with those published by Schnei-
der et al. [12] or the ones included in the PowerPlex®Y
System kit (Promega Corporation) (Fig. 4). It is, there-
fore, expected that allele designation discrepancies will
be observed in some DYS385 alleles when different
primer pairs (or commercial kits) are used, e.g.
[28,29]. In order to have a standard nomenclature that
allows comparisons to be made when different primers
are used for the amplification of alleles carrying this type
of flanking polymorphism, we recommend that these
variants are not included as part of the repeat size.
Instead, they should be considered as additional informa-
tion, indicated after the number of complete repeat units.
For example, an allele with 11 repeats and a T insertion at
base 40 upstream from the repeat is not named 11.1 but
11 (U40Tins) where 11 stands for the number of complete
repeats, U40 indicates that the polymorphism is located
40 bp upstream of the repeat, and Tins indicates that a T
has been inserted. In the case of DYS385, a T deletion can
occur inside a homopolymeric T tract located between
nucleotide positions 74 and 80 downstream of the repeat
(Fig. 4, box 3). Since the exact position of the deletion is
unknown, we recommend, for nomenclature purposes, to
assign the deletion to the highest numbered end of the
homopolymeric region (the same strategy is used in the
nomenclature of mtDNA variations residing within
homopolymeric stretches; [30]). Thus, a DYS385 allele
with 18 repeats and a T deletion at the homopolymeric T
tract located downstream the repeat is named 18

resulting in a null (‘silent’) allele. Point mutations have
been described in the flanking regions of DYS391,
DYS437, DYS438 [31] and DYS392 [32]. At DYS391,
a C — G substitution can be present at base 87 down-
stream from the repeat (D87C — G), and DYS437
U3C—T, DYS438 D7A—C, and DYS392
(U180C — G) are found in some individuals. In order
to optimize Y-STR typing, we recommend that point
mutations verified by sequence analysis are published or
reported to the YHRD [17] using the nomenclature
described above.

. Kayser et al. [24] described 166 Y chromosome-specific

STR polymorphisms that are potentially useful in popu-
lation and forensic genetic analyses. In the nomenclature
of these Y-STRs, if no additional sequence variation is
found, we recommend that the authors’ locus delimita-
tion criteria are taken into account and the present
recommendations are followed.

. It is important that journal editors, reviewers and orga-

nisers of QA schemes focus on the use of standardized
nomenclatures in order to obtain uniformity and avoid the
spread of confusing nomenclatures.

. It is also important that commercial Y-STR kits follow

the nomenclature recommendations so that direct com-
parisons between results obtained with different kits are
possible.

3. Locus selection for forensic applications

At present, about 220 different male-specific STRs that

(D80Tdel), and not e.g. 17.3. For database purposes or
QA schemes where data are compiled from laboratories
using different primer sets, alleles with the same number

are potentially useful for forensic genetics have been iden-
tified on the human Y chromosome [3,4,11,24,33—41]. For
most of them, relevant data on sequence variation and
of repeats are considered to lie in the same class, and discriminatory capacity are still scarce and, it is therefore
differences in the flanking sequences are noted sepa- premature to recommend any of the novel Y-STRs for
rately. forensic purposes. Nevertheless, due to the fact that a large
5. Mutations in the flanking regions of a Y-STR other than number of markers are now available, some criteria for the
insertion/deletions do not interfere with the allele size selection of new Y-STRs for forensic genetic investigations
estimation to any significant degree and, consequently, do will be suggested:
not affect the allele nomenclature. However, a point
mutation in the primer binding region may result in
the lack of sufficient binding of a primer and thereby
cause a lack of a detectable amount of PCR product,

1. In forensic investigations of small amounts of DNA, the
availability of large multiplexes allowing fast typing of
many markers is very important. Therefore, it is recom-
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mended that the potential for multiplexing is taken into
consideration when Y-STRs are selected.

2. In forensic analyses, Y-STRs are often used to determine
the number of individuals contributing to a mixture of
DNA in a stain. For this purpose, single copy loci are
ideal since it may be difficult to draw definite conclusions
from multi-copy loci.

3. If there is a choice between equally polymorphic simple
and complex Y-STRs, preference should be given to
simple Y-STRs since they are favored by population
geneticists and their use will facilitate database sharing
between the fields.

4. If a ‘new’ Y-STR is considered for addition to an existing
set of Y-STRs, the additional information the extra Y-
STR will add to the information obtained by the original
set of Y-STRs needs to be investigated. Due to the lack of
recombination between Y-specific loci, the whole hap-
lotype is transmitted as a single marker, and haplotype
diversity defined by a set of STRs must be established by
frequency estimates of the whole haplotype. The haplo-
type diversity cannot be predicted by combining the
average diversity at each single locus. The two main
factors that contribute to the single-locus diversity within
apopulation are the presence of distinct lineages differing
in their modal Y-STR alleles (where the combination of
lineages may be population-specific) and the variation
accumulated within each lineage by mutation. Only the
second of these will contribute to the decrease in the
association between alleles of different loci and therefore
be reflected in the Y-STR diversity at the haplotype level
[42]. Therefore, it is recommended that Y-STR diversities
are studied in Y-SNP defined haplogroups rather than in
specific populations in order to choose the best markers to
increase Y-STR haplotype discrimination capacity in
forensic genetics.

4. Mutation

With the large number of Y-STR polymorphisms being
described, as well as the development of new multiplex kits
incorporating an increasing number of these markers, it is
expected that in the near future forensic laboratories will be
able to use highly discriminating sets of Y-STRs.

The potential to distinguish between relatives belonging
to the same paternal lineage will be increased due to the
accumulation of Y-STR mutations from generation to gen-
eration. In paternity and identity testing including male
relatives it is necessary to take the mutation rates into
account. Studies of Y-STR mutation rates are few and have
so far considered a restricted number of markers (data
concerning Y-STR mutations and respective references
are compiled at the YHRD). Based on an average mutation
rate of 2.8 x 107> [14], haplotypes including nine Y-STRs
(e.g. the YHRD minimal haplotype) are expected to show at
least one allele mismatch between father and son in about 1

out of 40 pairs analysed (see Table 3). This value will
increase to 1 out of 20 pairs for males two generations apart
from each other and in father/son pairs when 18—19 STRs are
typed. As expected from the mutation rate estimates, verified
father—son pairs with mutations at more than one Y-STR
have been reported [14,21].

STR mutation rates, including Y-STRs, show not only
inter- but also intra-locus variation depending on the locus
structure and the allele repeat lengths (e.g. [14,21,43]. A
large amount of data is necessary to estimate reliable
mutation rates, which are crucial for the interpretation of
the genetic results in certain situations. Therefore, in addi-
tion to the efforts that are being made in publishing popula-
tion data and in population databasing, the publication of
mutation data from father/son pairs with confirmed paternity
is encouraged. Selective publication of studies in which
mutations are found would lead to upwardly biased esti-
mates of mutation rates, so all such studies should be
published, irrespectively of outcome, for example by the
submission to the YHRD [17]:

1. In order to make the compilation of data published by
different groups possible, the inclusion of the following
information is recommended:

e The sequences of the alleles involved in the mutations;

e Allele distribution in the fathers’ population allowing
estimation of allele-specific mutation rates;

e When available, the father’s age at the birth of the son
(in both cases with and without mutations).

2. Estimates of mutation rates must be based on the number
of observed mutations and the total number of mutations
possible from the transmissions of alleles. Some differ-
ences in DYS385 mutation rate estimates can be attrib-
uted to different methodologies. Some authors have
reported the number of mutations for both DYS385-loci,
taking into account only the number of meioses analysed
[21], while others have counted each locus separately
considering the number of allele transmissions, which for
aduplicated Y-STR such as DYS385 equals two times the
number of meioses [14]. Therefore, it is recommended
that for multi-copy loci (e.g. DYS385, DY S464) mutation
rates should be estimated by considering the number of
mutations observed in the total number of allele trans-
missions.

5. Y-STR haplotype frequency estimation

Y-chromosomal STRs constitute a single haplotype and
the frequency of a Y-STR haplotype is assessed in the
relevant population. It is not valid to multiply together
individual allele frequencies. When a match is established
using Y-STR haplotype analysis, the frequency of the Y-STR
haplotype in a population is needed for the calculation of a
match probability. A number of strategies have been pro-
posed to determined this (e.g. [44,45]) and they are currently
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Table 3

Probability of finding no mutations or at least one mutation between two Y-STR haplotypes one and two generations apart

One generation

Two generations

No. STRs Probability of Probability of at Probability of Probability of at
(n) no-mutation least one mutation no-mutation least one mutation
(1 — " (1= (1 — " (1 — ™) (11— —w™
1 0.99720000 0.00280000 0.99440784 0.00559216
2 0.99440784 0.00559216 0.988846952 0.011153048
3 0.99162350 0.00837650 0.983317162 0.016682838
4 0.98884695 0.01115305 0.977818295 0.022181705
5 0.98607818 0.01392182 0.972350179 0.027649821
6 0.98331716 0.01668284 0.966912641 0.033087359
7 0.98056387 0.01943613 0.961505511 0.038494489
8 0.97781829 0.02218171 0.956128618 0.043871382
9 0.97508040 0.02491960 0.950781794 0.049218206
10 0.97235018 0.02764982 0.94546487 0.05453513
11 0.96962760 0.03037240 0.940177679 0.059822321
12 0.96691264 0.03308736 0.934920055 0.065079945
13 0.96420529 0.03579471 0.929691832 0.070308168
14 0.96150551 0.03849449 0.924492847 0.075507153
15 0.95881330 0.04118670 0.919322935 0.080677065
16 0.95612862 0.04387138 0.914181934 0.085818066
17 0.95345146 0.04654854 0.909069683 0.090930317
18 0.95078179 0.04921821 0.903986019 0.096013981
19 0.94811960 0.05188040 0.898930785 0.101069215
20 0.94546487 0.05453513 0.89390382 0.10609618
21 0.94281757 0.05718243 0.888904967 0.111095033
22 0.94017768 0.05982232 0.883934068 0.116065932
23 0.93754518 0.06245482 0.878990967 0.121009033
24 0.93492006 0.06507994 0.874075509 0.125924491
25 0.93230228 0.06769772 0.869187539 0.130812461
26 0.92969183 0.07030817 0.864326903 0.135673097
27 0.92708870 0.07291130 0.859493449 0.140506551
28 0.92449285 0.07550715 0.854687024 0.145312976
29 0.92190427 0.07809573 0.849907478 0.150092522
30 0.91932294 0.08067706 0.845154659 0.154845341
31 0.91674883 0.08325117 0.840428419 0.159571581
32 0.91418193 0.08581807 0.835728609 0.164271391
33 0.91162222 0.08837778 0.831055081 0.168944919
34 0.90906968 0.09093032 0.826407688 0.173592312
35 0.90652429 0.09347571 0.821786284 0.178213716
36 0.90398602 0.09601398 0.817190723 0.182809277
37 0.90145486 0.09854514 0.812620862 0.187379138
38 0.89893078 0.10106922 0.808076556 0.191923444
39 0.89641378 0.10358622 0.803557663 0.196442337
40 0.89390382 0.10609618 0.79906404 0.20093596

These values were estimated for haplotypes including 1-40 STRs and using the Y-STR average mutation rate value calculated by Kayser et al.

[14] (u=2.8 x 1073).

the subject of scientific evaluation. Individual laboratories
must establish relevant, regional Y-STR haplotype data-
bases. Also multi-regional Y-STR databases are available
(YHRD [17]; Reliagene [25]; Promega [26]; Applied
Biosystems [46]). Most of the databases provide haplotype
frequency estimates for larger regions, e.g. for the major
population groups in the U.S. or for geographically or
linguistically derived meta-populations. However, pooling
of different regions is only valid if there is no population

substructure, i.e. no statistically significant difference
between the Y-STR haplotype distributions in different
regions. Population substructure has been shown in a
number of regional groups within the same (but not
between different) major U.S. populations [47,48] and
also in some European groups [49,50]. However, such
statistical analyses — and subsequent conclusions — are
highly dependant on the amount of data available.
Recently, it was shown that with the increased size of
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the YHRD [17], clusters of regional groups could be
identified in Europe that show non-significant differences
within the cluster but significant differences between
clusters, indicating Y-STR haplotype-based population
substructure [51]. These effects thus need to be considered
as well when haplotype frequencies are estimated.

Recommendations on the estimation of Y-STR haplotype
frequencies and estimation of the weight of the evidence of
Y-STR typing will be presented separately as guidelines for
the interpretation of forensic genetic evidence.
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