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Abstract
A recently-published study has used next-gen sequencing technology to resequence two Y
chromosomes separated by 13 generations and discovered four single-base differences in ~10 Mb
DNA, suggesting that the Y chromosome euchromatin accumulates around one mutation per
generation. Y-SNPs therefore now offer the best resolution of Y haplotypes and promise to
distinguish almost every Y chromosome. This work illustrates the promise of current sequencing
technology for forensically-relevant applications.
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Would you bet on the hare or the tortoise winning the race? The hare can run faster and
rushes away at the beginning, but if you remember Aesop’s fable, you will recall that the
slow plodding tortoise wins in the end. For almost a quarter of a century, forensic genetics
has depended on highly-variable minisatellites and STRs to characterize DNA from humans
and other species, generating ‘DNA fingerprints’ or ‘DNA profiles’ that are, apart from in
identical twins, individual-specific [1]. But now the tortoise of the field, SNPs, has received
a boost from developments in sequencing technology [2] and is challenging the hare. Our
money is on the tortoise.

We have been exploring the potential of one of these technologies to resequence Y
chromosomes from related males and measure the base substitution mutation rate on this
chromosome [3]. Such an esoteric study is far from the realities of casework that confront
forensic geneticists every day, but nevertheless has far-reaching implications that stimulate
us to write this commentary.

Forensic and other geneticists often need to discriminate between Y chromosomes. In a
forensic context, an example would be the need to decide whether or not a Y-chromosomal
DNA sample from a crime scene matches that from a suspect, or a profile in a database of
population samples. To address such questions, Y-STRs have generally been used. Each
STR locus has multiple alleles and a combination of 9-17 loci, as commonly used, defines a
haplotype whose frequency can be estimated from a suitable database [4]. But Y-STRs have
limitations: because of the lack of recombination on the Y chromosome and finite Y-STR
mutation rate, a son will generally carry the same haplotype as his father, and male-line
relatives less than 20 generations apart are more likely than not to carry an identical
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haplotypes even with 17 Y-STRs. While this association between genetic similarity and
family relationship is central to some applications, such as testing for paternity or more
distant male-line relationships [5], it means that close male-line relatives may not be
distinguished on the basis of a Y-STR profile. In such cases, higher haplotype resolution
would be advantageous, and additional Y-STRs have been discovered [6] and datasets of 67-
Y-STR haplotypes produced [7]. But it was notable that in a set of 590 males from
worldwide populations, 18 high-resolution haplotypes of 67 Y-STRs were still shared by
more than one (and up to five) individuals [7]. While the number of Y-STRs could in
principle be increased a few-fold more, these findings point to the value of exploring
alternative ways of increasing phylogenetic resolution.

Y-SNPs are generally thought of as providing low phylogenetic resolution: they are
currently used mainly to define haplogroups, the major branches in the Y tree. But this
property reflects the ascertainment of the commonly-used Y-SNPs more than the intrinsic
properties of Y-SNPs. Investigators have laboriously sought Y-SNPs shared by many
individuals and have generally paid little attention to the more numerous rare or individual-
specific SNPs. Since there are around 24 million nucleotides in the euchromatic Y-specific
section of the chromosome, there are plenty of opportunities for SNP variation to occur.
Next-gen sequencing technology allows entire Y chromosomes to be sequenced, so this vast
potential resource can be accessed. Our study compared two Y chromosomes from the same
family separated by 13 generations [3]. These chromosomes were genotyped with the 67 Y-
STRs mentioned above, and showed no Y-STR differences. But sequencing them revealed
four Y-SNP differences (Figure 1). Detecting this small number of differences presented
formidable technical challenges and more than 30,000 false positives had to be eliminated,
including eight in vitro mutations that had arisen in the cell lines that formed the source of
the DNA that was sequenced rather than in vivo within the individuals. The four true
mutations were confirmed by standard capillary sequencing of blood DNA from the same
individuals, and three of the four by their presence in other members of the family. For
technical reasons, this study focused on ~10 Mb of single-copy DNA, so if the entire 24 Mb
of Y-specific euchromatin had been analysed, then around 10 mutations would be expected
(with wide confidence limits), close to one Y-SNP mutation per generation and in excellent
agreement with expectations from comparisons of human and chimpanzee Y chromosomes.

The implication of this study is thus that it should be possible to find a SNP specific for
almost any Y chromosome, distinguishing even between fathers and sons. But when those
faced with trace stains from casework and urgent deadlines hear that the study required the
establishment of cell lines (taking months) and flow-sorting of the Y chromosome (taking
weeks), as well as the funding and sequencing resources of a genome centre, they may be
sceptical of its relevance to their day-to-day work. However, sequencing technology is
improving rapidly. Numerous personal genome sequences have been published, e.g. [8, 9]
and the 1000 Genomes Project has made ~180 whole-genome sequences available (http://
www.1000genomes.org/page.php). Sequencing costs are falling rapidly. At some point, the
first step in a forensic genetic will be to sequence DNA from the stain: degraded fragments,
contaminants and all, and then sort out the information in silico. The human sequence will
be present, along with other potentially-informative sequences from the environment. Then
it will be natural for analyses of the Y chromosome to concentrate on the SNPs, and benefit
from their increased resolution: the full sequence provides the maximum information we can
extract. This time may arrive sooner than we expect.
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Figure 1.
Two Y chromosomes (from the starred individuals) from a deep-rooting pedigree were
genotyped and resequenced. They showed zero Y-STR differences after typing 67 Y-STRs,
but four base substitutions after comparing ~10 Mb DNA sequence. Typing additional
members of the pedigree allowed these four mutations to be placed on the pedigree in the
locations indicated.
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