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ABSTRACT

1.33 Mb of sequence from the human Y chromosome
was searched for tri- to hexanucleotide microsatellites.
Twenty loci containing a stretch of eight or more
repeat units with complete repeat sequence homo-
geneity were found, 18 of which were novel. Six loci
(one tri-, four tetra- and one pentanucleotide) were
assembled into a single multiplex reaction and their
degree of polymorphism was investigated in a
sample of 278 males from Pakistan. Diversities of the
individual loci ranged from 0.064 to 0.727 in Pakistan,
while the haplotype diversity was 0.971. One population,
the Hazara, showed particularly low diversity, with
predominantly two haplotypes. As the sequence
builds up in the databases, direct methods such as
this will replace more biased and technically
demanding indirect methods for the isolation of
microsatellites.

INTRODUCTION

Microsatellites are tandemly repeated arrays of two to six base-pair
units and are consegquently also known as simple tandem
repeats (STRs). They are dispersed ubiquitously around the
genomes of many species, including humans. Their abundance,
high degree of polymorphism and ease of scoring have resulted
in their being very widely used in diverse fields including
genetic mapping, forensic investigations and evolutionary
studies (1). Human Y -specific DNA polymorphisms have an
important role in several of these areas, and Y -specific micro-
satellites (2,3) have been used for forensic (4), genealogical (5)
and evolutionary (6-8) purposes. There is a need to characterise
novel Y -specific microsatellitesin order to increase discrimination
in forensic applications and to provide a choice of loci with
simple or complex structure and high or low variability for
application to evolutionary questions on different timescales.
Microsatellites have traditionally been identified by cloning
fragments containing a predetermined repeat motif. The extensive
human sequence data that are accumulating in publicly available
databases now alow a simpler, more direct and less biased

ascertainment of microsatellites. We have therefore investigated
how readily useful Y markers can be derived from available
sequence information, and report six novel polymorphic
microsatellites showing arange of diversities. They have been
assembled into a single convenient multiplex reaction which
extends the M S1 and M S2 kits currently available (9) and now
allows 16 loci to be scored in three reactions.

MATERIALS AND METHODS

Blood samplesin ACD vacutainerswere collected from unrel ated
volunteers from nine different ethnic groups of Pakistan and
lymphoblastoid cell lines were established (10). DNA was
isolated from these cell lines using the standard organic extraction
method (11). A total of 278 samples were analysed in the
present study consisting of 12 Kashmiri, 17 Makrani, 18 Pathan,
12 Sindhi, 36 Syed, 88 Pars, 46 Burusho, 23 Hazaraand 26 Kdash.

Y -chromosomal DNA sequence data were obtained from the
Whitehead Indtitute/MIT Genome Sequencing Project’ s database
(http://www-seq.wi.mit.edu/public_release/humany .shtml ).
The clones screened were: AC005820, AC004474, AC002531,
AC004810, AC004617, AC002992, AC004772, AC002509,
AC000021, ACO000022, ACO006565 and AC005942.
Sequences were downloaded in FASTA format and used as
input for the program Tandem Repeats Finder (12) (http://
c3.biomath.mssm. edu/trf.html ). Microsatellites were chosen
from the output of this program according to the criteria: (i)
unit size 3-6 bp, >90% matches between units and array of
eight or more copies, or (ii) unit size 3-6 bp, >80% matches
between units and array of 25 or more copies. Primers were
designed using  Primer3  software  (http://www-
genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi ). Unla
belled primers were synthesised on an ABI392 DNA/RNA
synthesiser using phosphoramidite chemistry, and labelled
primers (Table 1) were supplied by MWG Oligo.

The multiplex PCR was performed in a 10 pl final volume
containing 1X Super Tag Buffer [10 mM Tris-HCI, pH 9.0,
1.5 mM MgCl,, 50 mM KClI, 0.1% Triton X-100, 0.01% (w/v)
stabiliser], additional MgCl, to give a final concentration of
2.2 mM, 300 pM dNTPs, 30 ng DNA, 0.13 U Super TAQ (HT
Biotechnology Ltd) and 0.357 ug TagStart Antibody (Clontech).
Primer sequences and concentrations were asin Table 1. The
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Table 1. Primer sequences

Primer Primer sequence Repeat Size Dye Fina concentration
name unit2 (bp)? label (uM)
DY S434L CACTCCCTGAGT GCT GGA TT CTAT 114 TET 0.2
DY S434R GGA GAT GAA TGA ATG GAT GGA 0.2
DY $437L GAC TAT GGG CGT GAG TGC AT TCTA 192 HEX 0.1
DY $437R AGA CCC TGT CAT TCA CAGATGA 0.1
DY S435L AGC ATCTCCACA CAGCACAC TGGA 210 TET 0.05
DY $435R TTCTCT CTCCCCCTCCTCTC 0.05
DY $438L TGG GGA ATA GTT GAA CGG TAA TTTTC 221 HEX 0.2
DY S438R GTG GCA GAC GCC TAT AAT CC 0.2
DY S436L CCA GGA GAG CACACA CAA AA GTT 133 FAM 0.025
DY $436R GCA ATC CAA CTT CAG CCA AT 0.025
DY S439L TCCTGA ATGGTA CTT CCTAGG TTT GATA 252 TET 0.2
DY S439R GCCTGGCTTGGA ATTCTTTT 0.2

3 n the allele sequenced (GenBank).

Super TAQ enzyme was incubated with the TagStart Antibody
in the presence of TagStart Antibody dilution buffer for 5-7 min
at room temperature and was then added to the master mix. In
the TouchDown PCR protocol the DNA wasinitially denatured at
94°C for 2 min. Thiswasfollowed by eight cycles starting with
94°C for 1 min, 60°C for 1 min and 72°C for 1 min. The
annealing temperature was decreased by 0.5°C in each cycle.
These eight cycleswere then followed by 30 cycles of 94°C for
1 min, 56°C for 1 min and 72°C for 1 min. After afinal extension
step at 72°C for 5 min the samples were kept at 4°C until electro-
phoresis. A portion of the sample (0.3 pl) was mixed with
TAMRAS50 internal lane size standard and the samples were
electrophoresed on a 5% polyacrylamide gel using an ABI377
DNA sequencer according to the manufacturer’s instructions.
Data were collected using the ABI collection software where
the fragment sizes were estimated using GeneScan software
(v2.1) and the alleles were called using Genotyper software
(v2.0).

Gene frequencies of alleles were obtained for each locus or
haplotype by simple gene/haplotype counting, and gene/haplo-
type diversity values were cal culated according to the equation
(13)

a0 g

hj % Z
where n is the number of individuals, hj is the diversity of a
given locus or haplotype with L aleles and pj is the gene
frequency of allelei in populationj.

Standard errors were calculated according to the following
equation (13):

= /-{Zp -(zp93

Fifteen alleles (at least two from each locus) were sequenced
(http://www.bioch.ox.ac.uk/~dnaseg/ ) to determine the corre-
spondence between the number of repeat units and the alele

size in base pairs. These values were then used to calibrate the
number of unitsin all the samples based upon their size. A set
of DNA samples was used as external standardsin each gel, in
order to correct for gel-to-gel variations. However, no such
variations were observed.

RESULTS

1.33 Mb of Y sequence was screened to identify tandemly
repeated sequences. We found 22 loci that matched our first set
of criteriaand three matching our second set, atotal of 25. Two
of them corresponded to the previoudly identified loci DYS388
(AF140633) and Y-GATA-C4 (14). DYS389 is aso present in
the clones investigated, but was not picked out using our
criteria because it was too heterogeneous. The remaining 23
sequences were examined by eye and 18 were found to contain
a stretch of eight or more units with compl ete repeat sequence
homogeneity. Two loci from the DAZ cluster were discarded
because the region is largely or entirely repeated. Eight of the
others (50%) gave a single, male-specific, product; five gave a
product in both male and female DNA, and three gave no
specific product under the conditions used. Seven of the eight
Y -specific loci were tested for polymorphism and al were
polymorphic. Six loci could be co-amplified in a single multiplex
PCR reaction (Table 1). A map of these loci, in comparison to
those previoudly identified and mapped on the chromosome, is
shown in Figure 1.

Using this assay, DNA samples from 278 Pakistani males
were characterised. Diversities of individual loci in the entire
sample ranged from 0.064 to 0.728 (Table 2). Overall haplo-
type diversity in the Pakistani sample was 0.971. Haplotype
diversities in individual populations ranged from 0.656 in the
Hazarato 0.949 in the Makrani (Table 3).

DISCUSSION

The method used for identifying new microsatellites was
simple and efficient. All of the loci tested after matching our
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Table 2. Characterigtics of individual microsatellite loci

Locus Alleles No. of Allele Diversity
Units bp? Chroms frequencies
DYA34 0.222
110 9 0.0327
114 242 0.8800
10 118 13 0.0473
1u 122 11 0.0400
DYA37 0.664
8,24 186 109 0.3921
9,24 190 75 0.2698
10,2,4 194 93 0.3345
11,24 202 1 0.0036
DYA35 0.070
u 220 268 0.9640
12 224 8 0.0288
13 228 2 0.0072
DYA38 0.684
203 2 0.0074
218 64 0.2353
10 223 100 0.3676
1u 228 97 0.3566
12 233 9 0.0331
DYA36 0.064
10 128 1 0.0036
1 131 6 0.0218
12 134 266 0.9673
15 143 2 0.0073
DYA439 0.728
9 238 2 0.0072
10 242 59 0.2130
1u 246 95 0.3430
12 250 88 0.3177
13 254 29 0.1047
14 258 4 0.0144

@The measured size differs slightly from that predicted from the sequence.

criteria of length and homogeneity proved to be polymorphic.
The diversity values for two of them (DYSA35 and DY3436)
were low, at least in the Pakistani sample surveyed, and it
would probably not be useful to analyse shorter or less homo-
geneous loci. The sequence information available at present
from the database is derived from only a single individual, so
some microsatellites that are unusuadly short, or have unusualy
complex repeat motifs, on this chromosome may have been
excluded.

Our findings alow us to compare the Y with other chromo-
somes and estimate the total number of useful Y micro-
satellites likely to be available. Since the seven loci tested, and
the two previously known loci, were variable, it seems likely
that most or all of the 20 microsatellites found in the sequence
investigated are polymorphic and could provide useful markers

if suitable primers were designed: approximately 1 per 65 kb.
Similar andyses of 1.33 Mb of arbitrarily chosen sequence from
chromosome 7 (AC006356, AC005154, AC007270, AC005084,
AC006318, AC002451, AC002098, AC005371 and AC004854)
or chromosome 22 (AC007666, 282198, AC006285,
AC002472, AP000355, AL021937, 786090, 782189 and
AL022327) revedled 11 and 25 loci, respectively, that matched
our search criteria. Thus, despite the lack of recombination on
the Y, the frequency of tri- to hexanucleotide microsatellitesis
similar to that on other chromosomes, as might be expected if
microsatellites arise primarily by replication dippage. The Y
chromosomeis~60 Mb in length and approximately half of itis
euchromatic. Much of the euchromatin contains sequences that
are shared with the X chromosome or repeated elsewhere on
the Y. If 10 Mb of unique sequences are present, around 150
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Figure 1. Location of the novel microsatelliteson the Y chromosome relative to the previously identified microsatellite loci. (a) Known loci mapped on apanel of
deleted Y chromosomes by Carvalho-Silva et al. (16). The Y-specific portion of the short arm was divided into seven intervals, shown here as equal in size; the
centromere (CEN) lies in interval 8 and the euchromatic portion of the long arm was divided into 13 intervals. (b) Known loci identified in the sequence information
available from GenBank and positioned according to the RH mapping information given on http://www.ncbi.nlm.nih.gov/genome/seg/chr.cgi?CHR=Y . In (a) and
(b), the location of the new microsatellites is shown by the black sguare. (c) Positions of known and novel loci in more detail in the NT_001402 contig.

Table 3. Microsatellite haplotype diversities within different

populations

Population n Diversity Standard error
Parsi 88 0.928 0.011
Burusho 46 0.934 0.016
Hazara 23 0.656 0.053
Kashmiri 12 0.758 0.080
Makrani 17 0.949 0.014
Pathan 18 0.817 0.064
Sindhi 12 0.929 0.029
Syed 36 0.948 0.011
Kalash 26 0.855 0.022

useful loci are potentially available. In the 1.33 Mb of Y DNA
investigated, there were even more (32) dinucleotide micro-
satellites matching our criteria. Although these markers are
less easy to score and compare between laboratories, they may
also be useful.

The six loci analysed consisted of one trinucleotide repeat,
four tetranucleotide repeats and one pentanucleotide repeat.
Four had simple array structures, but two tetranucleotides were
part of more complex arrays. Among those with simple structures,
the GTT repeat (DYSA36; modal unit number = 12) and the
TGGA repeat (DYHA35; modal number = 11) were the least
variable, whilethe GATA repeat (DY434; moda number = 9)
showed an intermediate level andthe TTTTC repeat (DYSA38;
modal number = 10) was highly variable. The two complex
repeats, where the GenBank loci may be represented as

iv

(GATA)(GACA),(GATA) o (DYHA37) and (GATA),N,(GA-
TA);N,(GATA)N,(GATA)N,(GATA),; (DYSA39) respectively,
were both highly variable. The sequenced alleles showed variation
in only the largest block of repesats, but variation in the other
blocks may be found in more extensive surveys. Thus the
relationship between variability and moda number of repeats
isnot simple, and may be easier to understand when individual
lineages defined by more dowly evolving markers are examined.
The TTTTC repeat appears to be derived from the poly(A) tail
of an Alu element, as has previously been observed (15). While
the three highly variable loci will be the most useful for
forensic applications, the four simple loci may be the best for
evolutionary work since it will be possible to infer the locus
structure from the fragment size.

We anticipate that these microsatellites will generally be
used in combination with other genetic markers, but even alone
the haplotypes found in the different populations provide
insights into population structure. For example, the Hazara
stand out from the other populations because they have a
particularly low diversity (0.656) and the two haplotypes
9,9,11,10,12,12 and 11,8,11,10,12,10 (loci DY$A34, DY$A37,
DYSA35, DYA38, DYA36, DYA39), differing by five steps,
together account for >80% of the population, suggesting a
recent male lineage bottleneck or founder effect.
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