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The investigation of the signature of selection on genes

associated with dyslexia of Chinese characters
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Dyslexia, or reading disability, is found to have a genetic basis, and several
related genes have been reported. Because writing systems were developed just a few
thousand years ago and used by only a limited number of people before modern times,
dyslexic people would have lived without the reading difficulties/disadvantages that
are present in modern society. Based on this viewpoint, alleles related to reading ability
are expected to be under neutral evolution. Otherwise, if natural selection has acted
on such alleles, its target should be traits other than reading ability itself. The question
in the study is whether natural selection has acted on the alleles of SNPs that were
reported to be risk/non-risk for reading ability. In this thesis, I focused on 15 SNPg
that were found to be associated with dyslexia of Chinese characters in previous studies
(“core SNPs”, hereafter), and applied two types of summary statistics (2.SL and 2D SFS-
based statistics) to SNP data of East Asian populations, in order to examine whether
there is any sign of selective sweep. Because core SNPs themselves are not necessarily
causal, and instead, the causal site may be a site that is tightly linked to a reported
SNP, I also checked such linked SNPs in this study, considering that they also could be
selection targets. The findings of my study are shown in chapter 3.

In my study, first, I conducted a brief study of principal component analysis
(PCA) to confirm genetic background of the study populations. Second, as a neutrality
test based on extended haplotype homozygosity, I applied nSL to the core SNPs. nSL
did not detect any signatures of positive selection for any of the core SNPs. Third, as a
neutrality test based on site frequency spectrum (SFS), I conducted 2D SFS-based
statistics, which would be main analyses'of my ‘study.

In the first section of 2D SFS-based statistics, I carried out screening of core
SNPs using F, from 2D SFS-based statistics. This examined whether a high linkage
disequilibrium (LD) region containing a core SNP {(core region) could be under selective
sweep. Before applying F,, I checked the global derived allele count of every core SNP
and its linked SNPs, considering that if a linked SNP showed a similar number of
derived alleles in EAS but it showed a different number from the core SNP when
looking at the global population, the level of polymorphism should be different between
the core SNP and such a linked SNP due to the difference in age. I found that three
core SNPs had some linked SNPs with global derived allele counts smaller than that



of their core SNPs. I applied F. statistic to one linked SNP in a younger classes
(“younger SNP”) in each of these three cases, as well as core SNPs. Then, Two SNPs
remained after this screening (p < 0.1): rs17031962 on GNPTAB and rs3789228
(younger SNP for rs1091047) on DCDC2. ' '

In the second section of 2D SFS-based statistics, I analyzed the two core regions
that passed the screening, in order to search for the target site of natural selection. In
this analysis, I compared the level of polymorphism around each of the candidate SNPs
(core SNP and its linked SNPs) in the core region, using G, from 2D SFS-based
statistics. The first case is the core region of rs17031962 on GNPTAB. In addition to
GNPTAB, this region also contains genes of CHPT'I (partial) and SYCPS3. I searched for
the target site and inferred that the target site could be a SNP (rs3751248), because
the level of polymorphism around the SNP was significantly low, and it is located in an
open chromatin region. The second case is the core region of rs3789228 on DCDC2. This
SNP was distinguished as the younger SNP to the core SNP of rs1091047, based on
global derived allele count. An SNP (rs12055879) is located in both enhancer region
and CTCF binding site and showed significantly low level of polymorphism. Thus, I
inferred that the target site could be this SNP. After 2D SFS-based statistics, 1
investigated the phylogenetic relationship of haplotypes in global populations about
the two cases.

In the general discussion of chapter 5, I considered the results of my study. For
most of the core SNPs, both nSL and 2D SFS did not detect any signatures of selective
sweep, then neutrality was not rejected. Because most people were not engaged in
reading and writing until recently, the genetic variations that my study focused on
were unlikely to be maintained by natural selection, which is consistent with my
results. Nevertheless, 2D SFS-based statistics suggested that two core regions could
be under selective sweep. In both regions, I found candidate target sites which may
have an effect on expression regulation and have been selected. However, which genes
these SNPs affect remain unknown. Thus, my results suggest a possibility of genetic
hitchhiking, whereby alleles of the reported SNPs may have increased in frequency
together with the selected target, which could have functions for other genes and traits
apart from reading ability, This scenario is also consisted with unlikelihcod that there
has beer; selective pressure on reading ability itself. These results on GNPTARB énd
DCDCZ2 were not supported by results of nSZL. I considered several reasons for this
discrepancy in this chapter, and further analyses would be need to confirm the results.

The focus of my study was polymorphisms that were reported to be associated
with risk/non-risk for dyslexia. Now, dyslexia is considered as one of
neurodevelopmental disorders. Through my thesis, I tried to consider the notion of
disorder, and what are “risk/non-risk alleles”. Modern society has introduced public
education and demands universal literacy. Primarily, the environment of the modern

society likely determines which allele is “risk” or “non-risk” for reading ability.



Dyslexia should basically be a consequence of neutral variation. Even in the case where
selection may have acted, the selected trait should be different from reading ability
itself. While I should recognize ethical issues by bringing the perspective of
evolutionary studies to human society, I hope that my study could provide an example
for thinking about some dimensions of human society from the viewpoint of human

evolutionary history.



Results of the doctoral thesis screening
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