Has the chimpanzee Y chromosome been sequenced?

To the Editor:

Kuroki et al. recently reported “the finished
sequence of the chimpanzee Y chromosome”!.
Their analyses included comparisons with
previously reported DNA sequences from the
human and chimpanzee Y chromosomes®>.
The article! was based on the authors’ sequenc-

ing of 12.7 Mb from the PTB1 library, which

represents the genome of one male chim-
panzee. We previously sequenced the 9.5-Mb
X-degenerate’ portion of the Y chromosome
from a different male chimpanzee, whose
genome is represented in the CHORI-251
library®. We write to express concerns regarding
the conclusions of Kuroki et al., including the
gene content of the chimpanzee and human Y

chromosomes, and the level of sequence diver-
gence between the two chimpanzee Y chromo-
somes whose sequences have been explored.
First, the authors’ claim of “the finished
sequence of the chimpanzee Y chromosome”
merits attention’. The 12.7 Mb reported in the
study overlaps fully the 9.5-Mb X-degenerate
region analyzed in the prior study?; it also
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includes 1.7 Mb of contiguous, non—X-degen-
erate sequence not examined in the earlier
publication. The remaining 1.5 Mb reported
by the authors is a superficial sampling of
the ‘ampliconic’ portions of the chimpanzee
Y chromosome. The ampliconic regions of
primate Y chromosomes are of great biological
and medical interest’10. These regions are dif-
ficult but not impossible to sequence system-
atically and comprehensively (see refs. 3 and
5 and our unpublished results), and, in man,
they comprise 10.2 Mb, or nearly half of the
Y chromosome’s male-specific euchromatin?.
If a similar fraction of the chimpanzee Y chro-
mosome is ampliconic, then large and biologi-
cally significant portions of the chromosome
have yet to be sequenced and analyzed.

The authors! reported more genes within
the X-degenerate regions of the chimpanzee
and human Y chromosomes than did investi-
gators in earlier studies®, but these additions,
we suggest, do not withstand scrutiny. Unlike
prior studies of the human and chimpanzee
Y chromosomes®?, the authors’ inferences
were based on very limited electronic analy-
ses and were not validated experimentally.
This may explain why several pseudogenes
or disrupted genes—some explicitly identi-
fied as such in earlier studies—were treated as
functional genes despite previous experimen-

http://www.nature.com/naturegenetics

tal evidence to the contrary (Supplementary
Note and Supplementary Figure 1 online).
These include the TMSB4Y and USP9Y pseudo-
genes on the chimpanzee Y chromosome?, the
GYG2 pseudogene on the human and chimpan-
zee' Y chromosomes®? and the CD24L4 pseudo-
gene on the human Y chromosome.

Finally, the authors appear to have over-
estimated the nucleotide divergence between
the two chimpanzee Y chromosomes repre-
sented by the PTB1 and CHORI-251 librar-
ies. We aligned the PTB1 and CHORI-251
sequences (Supplementary Tables 1-3
online; sequence alignments can be found
at http://jura.wi.mit.edu/page) and found
their divergence to be 0.002%, or roughly
20 times lower than the 0.0422% reported by
the authors!. (The authors similarly overesti-
mated divergence between PTB1 and a third
chimpanzee Y chromosome, represented by
the RPCI-43 library; our sequence align-
ments can be found at http://jura.wi.mit.
edu/page. Note that all CHOR-251 and
RPCI-43 sequences included in our align-
ments with PTB1 were publicly available,
as finished sequence, prior to the study by
Kuroki et al.) Our calculation of divergence
between the Y chromosomes of PTBI and
CHORI-251 is so low (~1 in 50,000 nucleo-
tides) that sequencing errors (estimated at

less than 1 in 200,000 nucleotides in each
study) could account for about one in every
three substitutions that appear to differ-
entiate the chromosomes (Supplementary
Note). It is unclear how the authors calcu-
lated a divergence 20-fold higher than ours
when comparing the same sequences.
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Kuorki et al. reply:

We very much appreciate that Dr. Page and
his colleagues have spared their valuable
time to carefully evaluate and re-analyze the
la.l data from our chimpanzee Y chromosome
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comparative analysis'.

First, we would like to clarify several
misunderstandings concerning our
paper, particularly about the sequenced
region in our paper!. We determined
complete sequences for 271 kb of the Y-
specific pseudoautosomal region 1 and
12.7 Mb of the male-specific region. We
produced high-quality sequence data
for almost half of the entire chimpanzee
Y chromosome and carried out detailed
comparative analyses between human
and chimpanzee Y chromosomes. We
contrasted this with similar analyses that
were carried out on the autosomes, namely
human chromosome 21 and chimpanzee
chromosome 22 (now renumbered to
21), and the non-recombining portions
of the Y chromosome'. In addition to the
interspecies analyses, we examined the
diversity in chimpanzees using publicly
available sequence data'~3 and verified
that the diversity in the chimpanzee Y

chromosome was very low. These analyses
include the entire X-degenerate region
and parts of the ampliconic region'; the
remaining parts of the ampliconic region
have not yet been fully examined. Our
results showed that the structure and
sequence identity of the regions were
extremely different between human and
chimpanzee. We found that both human and
chimpanzee Y chromosomes retain the same
basic structure: that is, many palindromic
structures have accumulated on the
Y chromosome, but the regions involved in
the palindrome conformation are species
specific, such as the chimpanzee-specific
palindrome CSP1 (see Supplementary Fig. 6
in ref. 1 and our website, http://stt.gsc.riken.
jp/ (RIKEN Genomic Sciences Center)). We
agree it is important to completely sequence
the chimpanzee Y chromosome ampliconic
region and to carry out more comprehensive
comparative analyses.

Concerning the differing results of
our gene annotation, this is dependent
on the method used for the analysis!.
As described in the papers, we used the
human Y chromosome gene set manually
annotated by the HAVANA group (http://

vega.sanger.ac.uk/homo_sapiens/), whereas
Hughes et al. used their own annotation
data for human Y chromosome. Hughes
et al. emphasized that our annotation
results were wrong and that their results,
which were verified by RT-PCR, were more
reliable. We feel that Hughes et al. not
only overestimated the reliability of the
RT-PCR technology but misunderstood
our conclusions: that is, we did not assert
whether these four genes, USP9Y, TMSB4Y,
AC002992.5 (GYG2-like) and CD24L4,
were functional, because it could not be
determined from our sequence-based
analysis. Even if we had RT-PCR data, that
it in itself would not be conclusive as to
the functionality of these genes. Further
support, such as full-length cDNA cloning
or RNA blot analysis, would be more
convincing. We agree that further careful
analysis for gene identification, annotation
and verification is necessary to identify the
functional and biological meaning not only
of the chimpanzee genes but also of their
human counterparts, an area of ongoing
research.

Hughes et al. recalculated the chimpanzee
diversity and had some concerns about
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the difference in our results. We suggest
that the difference is due to a combination
of alternate calculation methods and
slightly different data sets (at the time of
our analysis, the assembly of Hughes et al.,
DP000054, was not available). We used a
local alignment method, while they used

a global alignment method. The reason

we used a local alignment method was to
compare the diversity of the Y chromosome
with that of the autosomes—in this case,
human chromosome 21 and chimpanzee
chromosome 22. We re-analyzed the
chimpanzee Y chromosome diversity using

different parameters, 90% and 99% identity
over a length of 1,000 bp, and obtained

the values 0.042% to 0.011%, respectively,
between CH251 and PTB1 (Supplementary
Note online). In either case, the conclusion
we first reported has not changed: that the
diversity of the chimpanzee Y chromosome
is much lower than expected, as pioneered
by Stone et al.* and reconfirmed by the
independent analysis of Hughes et al.? using
their different strategy.
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Note: Supplementary information is available on the
Nature Genetics website.
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