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Abstract: The genetic basis of ischemic stroke (IS) remains unexplored. In this research we compared the
lists of candidate genes obtained with three approaches: classical genome-wide association studies (GWAS),
cluster-based GWAS and transfer of transcriptome data from rat to human subjects. The risk genes of IS
downloaded from three online repositories were also included into consideration. Human orthologues of rat
genes demonstrated good presence in public repositories thus pointing the potentials of rat data transfer ap-
proach. Different search strategies resulted in almost unique sets of candidate-genes. We assumed the ap-
proaches considered complement each other. The studies of genetic basis of multifactorial diseases can ben-
efit from multiple research strategies.
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1. Introduction

L. Introduction.

Ischemic stroke (IS) is a multifactorial disorder with heritability reaching up to 40% depend-
ing on its subtypes [1]. About 80 genes are found to be associated with IS [2] but its genetic basis
remains underexplored [3]. The key approaches to identify risk genes are linkage analysis, candi-
date gene studies and genome-wide association studies (GWAS), among which the last one was
the most productive. Nevertheless, it has some limitations, which consequences are incomplete
set of genetic markers and low reproducibility. Previously we introduced two promising exten-
sions of GWAS and candidate gene approaches. Firstly, we demonstrated that statistical tests of
individual single nucleotide polymorphisms (SNPs) can be elaborated with clustering approaches
resulting in blocks of linked SNPs [4]. Secondly, we proposed and applied the protocol for the
translation of the results obtained from rat models of IS into humans [5-8]. Here we present the
results of comparative analysis of genes obtained with traditional and cluster-based GWAS and
with transcriptome analysis of rat brains under ischemic conditions (Figure 1). Risk genes re-
trieved from three public repositories were also included into comparisons.
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Figure 1. Candidate gene searching strategies

2. Patients and Methods

We explored SNPs in 17 genes obtained by transferring rat genes expressed differentially un-
der tMCAO into human genome, genotyped them by real-time PCR in a cohort of individuals self-
identified as Russians [5-8]. Seven of these genes were found to be associated with IS. The classical
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and cluster based GWAS were made for 5581 individuals with European ancestry (4929 cases and
652 controls). The first one consisted of statistical testing of individual SNPs under different mod-
els of inheritance, the second one utilized SNP grouping with density-based spatial clustering al-
gorithms DBSCAN [9] and HDBSCAN [10] followed by haplotype inference and statistical testing
[4]. Previously we did not include the intergenic SNPs in downstream analysis. Now all SNPs were
annotated and genes thus obtained considered. The annotation was made with snpEff software
[11]. We also considered 131 genes associated with IS from Monarch Initiative (monarchinitia-
tive.org, accessed on 13 June 2023) [12], 1159 genes from DisGeNET (disgenet.org, accessed on 7
October 2022) [13], and 400 genes from GWAS Central (gwascentral.org, accessed on 2 April
2023) [14].

3. Results

The classical GWAS revealed 29 SNPs significantly associated with IS, while cluster-based
GWAS detected 666 and 892 SNPs from blocks associated significantly for DBSCAN and HDB-
SCAN, respectively [4]. The p-values in both approaches were < 0.05 after Bonferroni correction.
These SNPs can potentially affect 35 (classical GWAS), 1035 (DBSCAN) and 1362 (HDBSCAN)
genes. The number of common genes for both algorithms of clusterization consisted of 135. They
were further analyzed. This resulted in 13 common genes between classical and cluster-based ap-
proaches. The gene RUNXI detected with classical GWAS and seven genes (USF1, CD34, KIF26B,
MSX2, LHFPL3, RUNXI, and LGALS?2) identified with cluster-based approach were presented in
online repositories. Seventeen genes analyzed within rat-human approach contained 6 genes
(CC1.23, HSPBI, PTX3, CD14, LGALS3, and TSPO) from DisGeNET and RGS9 from GWAS Cen-
tral (Figure 2)

DisGeNet MI

GWAS Central Transfer

Figure 2 The intersections of candidate genes determined by rat-human transfer ap-proach with known
genes in online repositories.

Neither of 7 genes validated by rat-human transfer protocol were presented in the results of
classical or cluster-based GWAS. However, two of such genes, LGALS3 and PTX3, were presented
in DisGeNET. Among three online resources of genes associated with IS, DisGeNET had the high-
est number of unique genes, that is 68.6%, while Monarch Initiative has the lowest number (2.4%).

4. Discussion

The number of candidate genes obtained previously for European cohort with cluster-based
approach in-creased from 88 to 135 because of inclusion into consideration the intergenic SNPs.
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Classical and cluster-based GWAS resulted in 13 common genes, thus demonstrating 14% and 78%
of unique genes, respective-ly. We hypothesized cluster-based GWAS detects the genes missed
by classical one since it is less influ-enced by multiple testing correction. We saw cluster-based
approach resulted in more candidate genes than classical GWAS and it had greater fraction of
genes in common with public resources. Therefore, it makes sense to consider the results of both
approaches together. Last years, we have elaborated the protocol that allowed transferring the re-
sults of transcriptome analysis of rats under model ischemia into human studies. It is interesting
to compare the results obtained with human genomic and rat transcriptomic data analysis. Previ-
ously we examined 17 human orthologues of rat genes expressed differentially under tMCAO [5-
8]. All of these genes except CHRM4 were presented in GWAS data since the SNPs affecting them,
according to snpEff, were genotyped and tested. Now we found that seven genes validated with
rat-human transfer protocol were not reproduced by classical or cluster-based GWAS. Nine genes
that were not verified with rat-human approach were also absent among the significant results of
both GWAS approaches. It is clear that this comparison is preliminary, and more genes pro-
cessed with transfer protocol should be considered. This is supported by the presence of 7 out of
17 genes considered in online repositories as being associated with IS. We believe this indicates a
possibility for rat transfer protocol being further applied. For example, other model animals can
be analyzed in similar way, allowing new genes associated with IS to be identified.

5. Conclusions

The comparison of three strategies for searching the candidate genes of IS on the level of gene
lists showed that they complement each other. A combination of these methods can reinforce the
studies of genetic underpinnings of ischemic stroke and other multifactorial diseases.

6. Prognosis and Conclusion

The natural history of Moyamoya disease tends to be progressive in children and adults. In
studies with long-term follow-up of untreated patients, progression of neurological deficit and
poor outcome were reported in 50-66% of cases. Radiographic progression within five years of
diagnosis was noted in 36% of children with moyamoya. Vascular pathology is usually aggravated
by extensive occlusion of intracranial large arteries and collateral circulation. Patients often suffer
from cognitive and neurological decline due to recurrent ischemic stroke or hemorrhage.

Application of artificial intelligence: The review is written without the use of artificial intelligence technol-
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