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Aim To determine the human Y-chromosome haplogroup back-
grounds of non-consensus DYS458.2 short tandem repeat alleles and
evaluate their phylogenetic substructure and frequency in representa-

tive samples from the Middle East, Europe, and Pakistan.

Methods Molecular characterization of lincages was achieved using a
combination of Y-chromosome haplogroup defining binary polymor-
phisms and up to 37 short tandem repeat loci, including DYS388 to
construct haplotypes. DNA sequencing of the DYS458 locus and me-
dian-joining network analyses were used to evaluate Y-chromosome
lineages displaying the DYS458.2 motif.

Results We showed that the DYS458.2 allelic innovation arose inde-
pendently on at least two distinctive binary haplogroup backgrounds
and possibly a third as well. The partial allele length pattern was fixed
in all haplogroup J1 chromosomes examined, including its known rare
sub-haplogroups. Within the alternative R1b3 associated M405 defined
sub-haplogroup, both DYS458.0 and DYS458.2 allele classes occurred.
A single chromosome also allocated to the R1b3-M269*(xM405) clas-
sification. The physical position of the partial insertion/deletion oc-
currence within the normal tetramer tract differed distinctly in each
haplogroup context.

Conclusions While unusual DYS458.2 alleles are informative, addi-
tional information for other linked polymorphic loci is required when
using such non-conformingalleles to infer haplogroup background and

common ancestry.
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Ever since Y-chromosome specific polymorphic
short tandem repeat (Y-STR) or microsatellite
loci were first developed as practical polymerase
chain reaction (PCR)-based amplification assays
in the early 1990s (1), these loci have become im-
portant reagents in the molecular genetic analysis
of the non-recombining portion of this paternal-
ly transmitted haploid chromosome. Currently,
several hundred potentially polymorphic short
tandem repeat loci have been recognized on the
human Y-chromosome (2). This abundance,
combined with their high variability, makes them
useful for studies of population substructure (3),
temporality of population dynamics (4), foren-
sic identification (5), and genealogical investi-
gations (6), although homoplasy (ie, recurrent
mutation) phenomena may alter true genetic
distance, thereby creating potentially false ev-
idence of actual affinity (7,8). Their develop-
ment and extensive use have been facilitated, in
part, by the availability of well-calibrated, stan-
dardized commercial multiplex PCR kits, com-
patible with capillary electrophoresis platforms
and quantitative fragment sizing algorithms.
These validated kits, that contain anywhere
from 12-15 different Y-STR loci, are becoming
more widely used throughout the genetic anal-
ysis community and will generate a substan-
tial amount of population data for the particu-
lar loci involved. One such locus contained in
the AmpFLSTR Y filer PCR amplification kit
(Applied Biosystems, Foster City, CA, USA) is
DYS458 (9) that is composed of a polymorphic
tetra (GAAA) nucleotide repeat motif. Inter-
estingly, null alleles at this locus have been as-
sociated with amelogenin allele negative men,
caused by large scale (>1 Mb) deletions (10)
that often correspond to specific Y-chromo-
some binary haplogroup affiliation (11) sugges-
tive of common ancestry. Additionally, unusual
partial DYS458.2 insertion/deletion alleles have
been reported in Tunisian Berbers (12).

The ability of Y-chromosome STR diversifi-
cation to help our understanding of population
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substructure and group membership is funda-
mentally linked to our knowledge regarding the
molecular resolution of the haploid binary mark-
er defined phylogeny. During the past 10 years,
significant progress in reconstructing the detailed
branching order of the gene tree topology for the
non-recombining portion of the Y-chromosome
(13,14) has paralleled the developing under-
standing and application of Y-STR loci. This bi-
nary haplogroup defined gene tree is the scaffold
upon which all Y-STR data are partitioned (15).
As suggested by de Knijff (16), Y-chromosomes
identified by STRs are designated haplotypes. Y-
chromosomes that are defined only by biallelic
markers are called haplogroups or clades, and the
combination of biallelic markers and Y-STRs are
called lineages.

The occasional occurrence of an unusually
short Y-STR allele that has lost or dramatically
reduced its mutagenicity (and hence has proper-
ties approaching those of an evolutionary stable
binary marker) has lead to reliable clues of the
authentic affinity of Y-STR haplotypes. Some ex-
amples of such uncommon “short” alleles include
DYS390 in Australian haplogroup C chromo-
somes (17) and DYS388 in a subset of J1-M267
Turkish chromosomes (7). Reduced allelic vari-
ability at microsatellite loci also results from nu-
cleotide substitutions within the usual repetitive
elements (18). In a similar manner, non-consen-
sus partial insertion/deletion events within the
repeat motif of loci like DYS458 have the po-
tential to provide clues to common Y-chromo-
some lineal ancestries within STR haplotype-
based data sets. While Y-STR mutation rates
are exceptionally high relative to binary muta-
tions, network analysis (19) provides a useful
technique to help disentangle complex multi-
locus haplotype data and potentially identify
chromosomes with distinctively different evolu-
tionary histories.

During the evaluation of potential patterns
in Y-STR haplotypes characterized by up to 37
loci in data from 17646 samples generated by
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the Sorenson Molecular Genealogy Foundation
(SMGF), a subset of chromosomes characterized
by the presence of atypical DYS458.2 alleles was
selected for further scrutiny. This allelic designa-
tion style follows recommended guidelines (20)
in which the 0.2 label denotes the presence of al-
lele repeats of intermediate size, in addition to
variation in numbers of typical repeats. Such par-
tial sized alleles arise by insertion/deletion events
most probably caused by slipped-strand mis-pair-
ing events within the locus during spermatogen-
esis (21).

The trinucleotide locus DYS388 that was
also included in the SMGF data set played an
important role in framing the course of this in-
vestigation. This locus is known to deviate from
the stepwise mutational process when the al-
lele frequency spectrum is analyzed (22). Subse-
quently, the larger DYS388 allele size category
in the bimodal distribution was shown to be af-
filiated with samples with geographic ancestry
in the Middle East that displayed the derived
allele for a binary marker (12£2.1) used to de-
fine haplogroup J (23) within the standardized
nomenclature (24). While DYS388 short al-
lele representatives are known to occur within
a subset of J1-M267 derived chromosomes (7),
the majority of haplogroup J1 representatives
have DYS388 allele sizes >15 repeats (7,25,26).
This article reports on the results of our ex-
plorations into haplogroup affiliations within
DYS458.2 designated chromosomes from var-
ious European, Middle Eastern, and Pakistani
populations.

Although ambiguities caused by Y-STR ho-
moplasmy can be mitigated by typing large num-
bers of such loci, especially in genealogical situa-
tions, this article illustrates how the intersection
of binary haplogroups and Y-STR haplotypes in
combination more clearly reveals authentic lineal
relationships and underscores the vulnerability
of using Y-STR data alone to infer common an-
cestry, even when unusual allelic variants are in-
volved.

Materials and methods

Samples were collected according to approved
informed consent protocols. The DNA samples
studied were predominantly those from the in-
ventory of the Sorenson Molecular Genealogy
Foundation (SMGF), and were extracted from
saliva or blood. These included approximately
17646 samples with geographic ancestry repre-
senting more than 100 countries. Their Y-STR
haplotypes were determined at up to 37 loci by
means of custom designed amplification pan-
els of multiplexed loci using fluorescent labeled
primers, capillary electrophoresis analyzers with
internal size standards, and quantitative frag-
ment analysis software. Conversion of abso-
lute fragment size to a number of allele repeats
was achieved using the results obtained from se-
quencing both strands of control samples in-
dependently amplified with unlabeled primers.
DNA sequencing of the DYS458 locus was con-
ducted in selected samples to determine precise
motif structure and circumstance within the am-
plified fragment.

SMGEF samples were initially collected within
the context of genealogical studies and, therefore,
contained some closely related individuals. To
minimize the bias caused by related samples, ge-
nealogical records were used to identify a subset
of 1965 unrelated SMGF samples for subsequent
population, haplogroup, and network analyses.
This data set consists of samples with geograph-
ic ancestry, primarily from European and Mid-
dle Eastern populations. In addition, 53 previ-
ously characterized Turkish and Pakistani DNA
samples belonging to haplogroup J1-M267 and
its rare sub-haplogroups (7,13,27) were analyzed
at the DYS458 locus. Further, 76 Turkish and 6
Pakistani M269 derived chromosomes were gen-
otyped for the M405, M467, and DYS458 poly-
morphisms. Median-joining network analysis
was conducted using SMGF sample data from
21 loci-defined Y-STR haplotypes for DYS458.2
category-positive individuals. Allelic frequency




distributions for DYS388 and DYS458 were ob-
tained by the simple direct counting method.

Networks were processed first by the median-
joining method and then by the maximum parsi-
mony Steiner method (19,28). Networks were
generated without weighting any of the STR
loci. Networks were constructed using the Net-
work 4.1.1.1 application (pttp://www.flusus-enq
i)

Single nucleotide T to G substitution marker
M267 (7) was genotyped cither by DHPLC (29)
or direct sequencing of the PCR amplified frag-

ment. Marker M405 was genotyped by using ei-
ther a double-labeled fluorogenic probe 5'-3" nu-
cleolytic single tube reaction PCR-based assay (ie,
Taqman) (30) or Ncol RFLP analysis that iden-
tifies a C to T transition at position 147 within
the 295 bp PCR fragment amplified using the
following 5'-3' primers: forward, CCTCCACT-
TACCGACCCGCA and reverse, GGAAAT-
GGGTGGCAGATGCA. Marker M405 was
determined independently but is identical to
the U106 marker shown by phylogenetic anal-
ysis (31) to form a sub-clade of haplogroup
R1b3-M269 that is common in western Europe
(32,33) and Turkey (7). Like M405, nucleotide
transition M467 was developed independently
but is equal to the U198 marker (31) shown by
phylogenetic analysis to form a sub-clade within
sub-haplogroup R1b3-M405. Marker M467 was
amplified as a 263 bp fragment using 5'-3" prim-
ers: forward, CAAGATAATATTTACCTG-
CACTCC and reverse, ATCTAAATAATA-
ACTCTCTGTTTGG. M467 was genotyped
by Taqman, direct sequencing or by Bsr I RFLP
analysis that interrogates a G to A transition at
position 148.

Results

While inspecting haplotype data constructed
from 37 loci in 1965 samples from the SMGF
collection, a total of 202 chromosomes with non-
consensus DYS458.2 allele sizes were detected.
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The allele size frequency distribution normalized
to total sample counts for both DYS458.0 and
DYS458.2 alleles indicated that DYS458.2 chro-
mosomes were skewed to slightly larger allele siz-
es (Figure 1).

Median-joining network analysis of 192
DYS458.2 chromosomes, using 21 additional
Y-STR loci, revealed a distinctive bimodal con-
stellation (Figure 2), suggesting different evolu-
tionary trajectories for each cluster. A list of the
haplotypes used in the network analysis is given
as web-extra material.

0.40 -
0.35 |
0.30 A
0.25 1
0.20 A
0.15 A
0.10 A

Relative frequency

0.05 4

0.00 T——— .D.

Allele

Figure 1. DYS458 allele frequency distribution normalized for total sample counts.
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Figure 2. Median-joining network analysis of 192 chromosomes with
non-consensus DYS458.2 alleles using loci: DYS388, 389l, 389B,
390, 391, 392, 393, 394, 437, 439, 445, 448, 454, 456, 460, 461,
462, GGAAT1B07, YGATA-A10, YGATA-C4, YGATA-H4.1 (all equally
weighted).
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Figure 3. DYS388 allele frequency distribution in DYS458.2 demarcated chromo-
somes normalized for total sample counts.

The allele frequency distribution for associ-
ated DYS388 locus data (Figure 3) for the 196
DYS458.2 denoted samples indicated that they
contained both short (<15 repeats) and long
(215 repeats). Since DYS388 alleles sizes >15 re-
peats are known to be common in haplogroup J
chromosomes, the haplogroup J defining M304
SNP (7) was genotyped by direct sequencing in
representative DYS458.2 chromosomes. The re-
sult was that all the 213 repeat allele sized chro-
mosomes that were analyzed at M304 distrib-
uted to haplogroup J, while all those that were
determined to not belong to haplogroup J were
DYS388-12 repeats with the exception of a sin-
gle haplogroup J sample that had 12 repeats at
DYS388. The modal nature of the major net-
work cluster suggested that this aggregate were
likely to all be haplogroup J representatives. All
these chromosomes were subsequently deter-
mined to carry the derived allele for the hap-
logroup J1, defining M267 nucleotide substitu-
tion.

As the minor network cluster of non-J chro-
mosomes in the data set were of western Euro-
pean ancestry, they were subsequently genotyped
first at the M9 transversion (29) substitution
and then the M269 transition. This cluster of
DYS458.2 chromosomes apportioned to hap-
logroup R1b3-M269, demonstrating that the
non-conforming length variant has at least two

independent origins. The binary haplogroup res-

olution of the M269 derived chromosomes was
subsequently extended to reveal that all but one
member of this cluster of DYS458.2 variants be-
long to the R1b3-M269-related M405(xM467)
derived sub-clade. The single exception assigned
to haplogroup R1b3-M269*(xM405) variety.
Next, DYS458 amplicons from representa-
tive haplogroup J1 and R1b3 chromosomes were
directly sequenced on both strands’ locus to de-
termine the precise nature of the two nucleotide
base length anomaly responsible for causing the
abnormal DYS458.2 allelic signal. The sequence
context of each of the sequences is given in Ta-
ble 1. The two nucleotide length differences were
determined to be an AA couplet in both J1 and
R1b3 contexts. Since this sequence variant oc-
curred within the characteristic GAAA motif,
we cannot distinguish if there was a GA dele-
tion or an AA insertion. While both haplogroup
classes have the same AA sequence variant, the
relative polarity of where it occurs within the
tract of GAAA repeats differs. In the haplogroup
R1b3-M405* situation, the non-conforming AA
motif occurs near the beginning of the GAAA
tract, while in haplogroup J1 chromosomes it oc-
curs near the end of the tetra repeat polymer (Ta-
ble 1). Within the single R1b3-M269*(xM405)
sample, the physical position of the occurrence
of the non-conforming AA feature within the
GAAA tract is unique from the others (Table
1 and Table 2). The phylogenetic position of
DYS458.2 variants within the basic known cla-
distic frameworks of haplogroups J1 and R1b3
are shown in Figures 4A and 4B respectively.
Although additional binary phylogenetic res-
olution (24) exists that is not shown within hap-
logroup R1b3-M269 (Figure 4B), our results in-
dicate that such sub-haplogroups do not involve
the presence of DYS458.2 differentiated alleles
that remain restricted to a portion of the M405
diversity. In addition, binary markers M37 and
SRY2627 (24) displayed ancestral alleles in the
sole R1b3-M269*(xM405) chromosome. Table
3 presents the allele frequency distributions by
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Table 1. Sequence characterization of DYS458.2 insertion/deletion in haplogroup backgrounds R1b3-M405, R1b3-M269%(xM405), and

J1-M267

Sample  Country Haplogroup Allele Sequence* Polarity Rpt#

control 15 AGCAACAGGAATGAAACTCCAAT... [GAAA],; GGAGGGTGGGCGTGGTGG —

1 United States  R1b3-M405 152 AGCAACAGGAATGAAACTCCAAT...[GAAA], GAAAAA* [GAAA],, 3 2
GGAGGGTGGGCGTGGTGG

2 England R1b3-M405 16.2  AGCAACAGGAATGAAACTCCAAT...[GAAA], GAAAAA [GAAA],, 3 2
GGAGGGTGGGCGTGGTGG

3 England R1b3-M405 16.2  AGCAACAGGAATGAAACTCCAAT...[GAAA], GAAAAA [GAAA],, 3 2
GGAGGGTGGGCGTGGTGG

4 United States  R1b3-M405 16.2 AGCAACAGGAATGAAACTCCAAT...[GAAA], GAAAAA [GAAA], 3 2
GGAGGGTGGGCGTGGTGG

5 United States  R1b3-M405 16.2  AGCAACAGGAATGAAACTCCAAT...[GAAA], GAAAAA [GAAA],, 3 2
GGAGGGTGGGCGTGGTGG

6 Ireland R1b3-M405 172 AGCAACAGGAATGAAACTCCAAT...[GAAA], GAAAAA [GAAA],s 3 2
GGAGGGTGGGCGTGGTGG

7 Ireland R1b3-M269* (xM405) 16.2  AGCAACAGGAATGAAACTCCAAT...[GAAA], GAAAAA [GAAA], 3 5
GGAGGGTGGGCGTGGTGG

8 Chile J1-M267 16.2 AGCAACAGGAATGAAACTCCAAT...[GAAA],, GAAAAA [GAAA], 5 3
GGAGGGTGGGCGTGGTGG

9 England J1-M267 172 AGCAACAGGAATGAAACTCCAAT...[GAAA],, GAAAAA [GAAA], 5 3
GGAGGGTGGGCGTGGTGG

10 Israel J1-M267 172 AGCAACAGGAATGAAACTCCAAT...[GAAA],, GAAAAA [GAAA], 5 3
GGAGGGTGGGCGTGGTGG

" Bolivia J1-M267 172 AGCAACAGGAATGAAACTCCAAT...[GAAA],, GAAAAA [GAAA], 5 3
GGAGGGTGGGCGTGGTGG

12 Reunion Island J1-M267 182 AGCAACAGGAATGAAACTCCAAT...[GAAA],; GAAAAA [GAAA], 5 3
GGAGGGTGGGCGTGGTGG

13 Russia J1-M267 182 AGCAACAGGAATGAAACTCCAAT...[GAAA],; GAAAAA [GAAA], 5 3
GGAGGGTGGGCGTGGTGG

14 Italy J1-M267 182 AGCAACAGGAATGAAACTCCAAT...[GAAA],; GAAAAA [GAAA], 5’ 3
GGAGGGTGGGCGTGGTGG

15 Oman J1-M267 182 AGCAACAGGAATGAAACTCCAAT...[GAAA],; GAAAAA [GAAA], 5 3
GGAGGGTGGGCGTGGTGG

16 Oman J1-M267 182 AGCAACAGGAATGAAACTCCAAT...[GAAA],; GAAAAA [GAAA], 5 3
GGAGGGTGGGCGTGGTGG

17 United States  J1-M267 192 AGCAACAGGAATGAAACTCCAAT...[GAAA],; GAAAAA [GAAA], 5 3
GGAGGGTGGGCGTGGTGG

18 England J1-M267 202 AGCAACAGGAATGAAACTCCAAT...[GAAA],, GAAAAA [GAAA], 5 3
GGAGGGTGGGCGTGGTGG

*AA insertion/deletion designated in bold within tandem repeat motif, flanked by primer sequences.

Table 2. Full fragment sequence of DYS458.2 insertion/deletion in Haplogroup backgrounds R1b3-M405, R1b3-M269 (xM405) and

J1-M267*

Haplogroup

Sequence

R1b3-M405(xM467)
R1b3-M269*(xM405)

J1-M267

AGCAACAGGAATGAAACTCCAATGAAAGAAAGAAAAGGAAG/GAAAIGAAAAA/GAAAIGAAAIGAAAIGAAA/GAAA]

GAAA/GAAAIGAAA/GAAAIGAAA/GAAAIGAAA/GAAA/GAAAIGGAGGGTGGGCGTGGTG

AGCAACAGGAATGAAACTCCAATGAAAGAAAGAAAAGGAAG/GAAAIGAAA/GAAA/GAAA/GAAAAA/GAAA/GAAA/

GAAA/GAAA/GAAA/GAAA/GAAA/GAAAIGAAAIGAAA/GAAA/GGAGGGTGGGCGTGGTG
AGCAACAGGAATGAAACTCCAATGAAAGAAAGAAAAGGAAG/GAAAIGAAA/GAAA/GAAA/GAAAIGAAAIGAAA/

GAAA/GAAAIGAAA/GAAAIGAAA/GAAAIGAAAAA/GAAA/GAAAIGGAGGGTGGGCGTGGTG

*AA insertion/deletion designated in bold within tandem repeat motif, flanked by underlined primer sequences.

population of DYS458 in haplogroup J1. Table
4 shows the frequency of M405, M467, and asso-
ciated DYS458 haplogroup varieties in the popu-

lations surveyed for this study.

Discussion

Nucleotide point mutations located nearby but
physically outside the actual repeating elements

are known to occur on the human Y-chromo-
some (20). Also, the occasional occurrence of
unusually short Y-STR alleles that have lost or
dramatically reduced mutagenicity (and hence
act like a proxy binary marker) has lead to reli-
able clues of authentic affinity of Y-STR haplo-
types. However, currently little information has

been published regarding non-conforming STR
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Table 3. Frequencies of haplogroup J1 and DYS458.2 variants
by population*

Population Sample size J1-M267 DYS458.2
Austria 23 0 0
Central and South America’ 33 66.7 66.7
Czech Republic 36 0 0
Denmark 116 0.9 0.9
Eastern Europe* 44 45 45
England 139 5 5
France 57 35 35
Germany 333 1.2 1.2
Ireland 105 19 19
Italy 285 42 42
Jordan 76 52.6 52.6
Middle East’ 43 69.8 69.8
Netherlands 94 0 0
Oceanial 43 0 0
Oman 29 100 100
Pakistan® 177 34 34
Palestine 47 29.8 29.8
Poland 110 0 0
Russia 57 35 35
Slovenia 105 0 0
Switzerland 91 0 0
Turkey*™* 523 9 9
Ukraine 32 3.1 3.1
United States 58 25.9 25.9

*Populations with fewer than 20 representatives are not included in frequency
calculations.

tCentral and South America include Bolivia, Brazil, Chile, Mexico, Peru, and Uruguay.
tEastern Europe includes Belarus, Croatia, Greece, Hungary, Lithuania, Romania,
Serbia, and Slovakia.

§Middle East includes Egypt, Gaza, India, Iraq, Israel, Kuwait, Lebanon, Saudi Arabia,
Syria, and West Bank.

1l0ceania includes American Samoa, Australia, Hawaii, New Zealand, Samoa, Tahiti,
Tonga, Tuamotu, and Vanuatu.

fiSamples from Sengupta et al (27).

**Samples from Cinnioglu et al (7).

allele classes for the Y-chromosome, especially
with regards to binary haplogroup afhiliations.
Inspection of known alleles for polymorphic Y-
chromosome STR loci indicates that such non-
consensus allelic variants occur in numerous loci
(e1p://www.smgford). While uncertainty about

common descent caused by parallel mutation at

Y-STR loci can be reduced by typing multiple
Y-STR loci (34,35), our results for DYS458.2
illustrate how the combination of binary hap-
logroups and Y-STR haplotypes used together
with non-consensus alleles adds further sophis-
tication to our knowledge of Y-chromosome di-
versity.

Our data prove that DYS458.2 alleles have
at least two different evolutionary origins in J1-
M267 and R1b3-M405, with a third possible in-
dependent origin in R1b3-M269*(xM405). The
evidence includes the fact that such alleles oc-

cur on different binary haplogroups that are well
separated in the global genealogy and the add-
ed detail that the physical position of the occur-
rence of the non-conforming alleles within the
normal tetramer repeat is different and distinc-
tive for each haplogroup. While it is possible
that the single DYS458.2 chromosome in R1b3-
M269*(xM405) may be the result of a reversion
of the M405 derived allele back to the ancestral
state, the unique placement of the AA mutation
within the GAAA tract (Table 1 and Table 2)
suggests a potential third independent origin for
this non-conforming DYS$458.2 allele. Since the
standard quantitative sizing techniques usually
used to genotype Y-STR loci are unable to reveal
such differential sequence-based features that
are associated with the three represented hap-
logroups, knowledge from other STR and binary
polymorphisms are required to more accurately
assign genetic affinity.

While the DYS458.2 allele class is fixed in all
the haplogroup J1-M267 chromosomes inves-

A o
=
DYS458.2

i
o] ] (] [ (3] 3] [ 3] (3]
B

SRY1532 M343
(W] 73] 269

DYS458.2

Ria | [R1*] [Rib1][Rib*| [R1b2]|[R1b3a|[R1b3 |[R1b31a R1b31b

Figure 4. Phylogenetic relationships of DYS458.2 chromosomes in
panel A - Haplogroup J1 and panel B - Haplogroup R1b3.
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Table 4. Frequencies of haplogroup R1b3, its sub-clades, and DYS458.2 variants by population*

DYS458.21

Population Sample size R1b3 Clade M269(xM405) M405(xM467)  M467 M269(xM405)  M405(xM467)
Austria 22 27.3 45 22.7 0 0 0
Central and South America* 33 0 0 0 0 0 0
Czech Republic 36 278 13.9 13.9 0 0 0
Denmark 113 345 16.8 16.8 0.9 0 0
Eastern Europe$ 44 45 45 0 0 0 0
England 138 57.2 35.5 20.3 14 0 43
France 56 51.8 446 71 0 0 0
Germany 332 431 22.6 18.7 1.8 0 0.6
Ireland 102 80.4 745 5.9 0 1 1
Italy 284 37.3 33.8 35 0 0 0
Jordan 76 0 0 0 0 0 0
Middle Eastl 43 0 0 0 0 0 0
Netherlands 94 54.3 17 35.1 21 0 2.1
Oceania 43 0 0 0 0 0 0
Oman 29 0 0 0 0 0 0
Pakistan** 177 34 34 0 0 0 0
Palestine 47 0 0 0 0 0 0
Poland 110 227 145 8.2 0 0 0
Russia 56 214 14.3 5.4 18 0 0
Slovenia 105 171 13.3 38 0 0 0
Switzerland 90 57.8 444 13.3 0 0 0
Turkey™ 523 14.5 14.1 0.4 0 0 0
Ukraine 32 25 15.6 9.4 0 0 0
United States 58 5.2 0 5.2 0 0 5.2

*13 samples with undetermined R1b3-M269 sub-clade status are not included in frequency calculations. Populations with fewer than 20 representatives are not included in frequency

calculations.
1DYS458 status is undetermined for 24 samples.
fCentral and South America include Bolivia, Brazil, Chile, Mexico, Peru, Uruguay.

§Eastern Europe includes Belarus, Croatia, Greece, Hungary, Lithuania, Romania, Serbia, and Slovakia.
lIMiddle East includes Egypt, Gaza, India, Iraq, Israel, Kuwait, Lebanon, Saudi Arabia, Syria, and West Bank.
flOceania includes American Samoa, Australia, Hawaii, New Zealand, Samoa, Tahiti, Tonga, Tuamotu, and Vanuatu.

**Samples from Sengupta et al (27).
ttSamples from Cinnioglu et al (7).

tigated in this study, the possibility remains that
some J1-M267 chromosomes with DYS458.0
allele sizes may exist in other populations or dif-
ferent sample sets. However, the recognition of
marker M405, which demonstrates its highest
frequency in the Netherlands, and describes a
considerable fraction of haplogroup R1b3-M269
chromosomes that predominate in Western Eu-
rope, plus the discovery that DYS458.2 alleles
occur in a subset of M405 derived chromosomes
provides further phylogenetic resolution within
this sub-clade. Our results indicate that previous-
ly characterized haplogroup R1b3-M269* chro-
mosomes, which are most common in Western
Europe can be subdivided into the informative
M405 DYS458.0 and M405 DYS458.2 sub-
clades. This study confirmed that Y-chromosome
non-conforming STR alleles, once integrated
into the binary haplogroup Y chromosome gene
tree could expose further levels of sub-structure,

some of which define sub-categories of chromo-
somes with more restricted geographic distri-
bution. Understanding the binary haplogroup
affiliation of Y-STR non-conforming alleles im-
proves the value of such alleles in a phylogenet-
ic context. By leveraging knowledge concerning
the phylogenetic and spatial frequency distribu-
tion patterns of such non-conforming STR allele
classes for other loci, it will be possible to better
understand diversity within the Y-chromosome
gene pool. In the future, the binary haplogroup
afliliations of other Y-STR loci with non-con-
sensus allele classes that occur at informative fre-
quencies should also be evaluated.
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