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[bookmark: _Hlk114056051]Detailed information on other types of variants potentially explaining still-missing heritability
Although large-scale genetic studies and refinements in statistical methods have elucidated a substantial part of the genetic architecture of schizophrenia, there remains a large gap between the overall heritability reported in epidemiological studies (60-80%)   [1,2,3,4] and that explained by common SNPs (24% in ref. [5]) or rare gene-disruptive rare SNVs, indels, and CNVs (< 10% according to refs. [6,7]). It is assumed that at least some of the remaining still-missing heritability is explained by rare variants in non-coding regions that have not yet been fully investigated. Indeed, whole-genome sequencing (WGS) studies of height, body mass index, and type 2 diabetes [8,9] have reported that rare non-coding variants, especially those in low linkage disequilibrium with neighboring variants, explain a substantial part of the unsolved heritability.

Non-coding variants
	For schizophrenia, a relatively large WGS study analyzing 1,162 cases and 936 controls [10] showed that the heritability explained by all sequencing variants (0.56, standard error = 0.51, n of variants = 17,364,971) is larger than that explained by variants at SNP locations in the HapMap3 reference (0.45, standard error = 0.089, n of variants = 1,189,077). Although larger studies are needed for accurate estimates, this result provides real-world evidence that rare non-coding variants do explain a part of the still-missing heritability of schizophrenia. Also, this WGS study reported enrichment of rare structural variants disrupting boundaries of topologically associated domains (TADs), units of genomic regions where physical interactions between regulatory DNA sequences frequently occur, in schizophrenia cases, further suggesting that genetic variants that affect non-coding regulatory elements contribute to the risk for schizophrenia.

Tandem repeat variants
Besides SNVs (including SNPs) and CNVs, tandem repeats variants are another class of genetic variation that have recently gained increasing attention for their contribution to human complex traits, such as autism spectrum disorders (ASD), height, and biomarker levels [11,12,13,14]. In an analysis of tandem repeat expansions using WGS data from 257 schizophrenia cases and 2,729 controls (225 with congenital heart disease and no psychotic illness and 2,504 individuals from the 1000 Genomes Project), an increased burden of near-exon rare tandem repeat expansions in schizophrenia was observed [15]. Although tandem repeat variants are often in linkage disequilibrium with SNPs/SNVs, their contributions were likely not fully captured in previous studies, as often they have more than two alleles and their length can be altered even in one generation. Therefore, tandem repeat variants can explain another important part of the still-missing heritability of schizophrenia, while larger studies and more detailed examination of confounding factors, such as population stratification, are warranted to more accurately estimate their contributions.

Postzygotic mosaic variants
As mentioned at the beginning of this review, the DNA sequences of all cells in the body are "in principle" identical; however, this is not always the case. Some genetic variants are generated in a postzygotic stage, and these somatic variants can contribute to a variety of human diseases, including psychiatric disorders [16,17,18,19,20,21]. Strong statistical evidence for an overall contribution of somatic variants in schizophrenia was provided by a study of somatic CNVs in blood-derived DNAs from 12,834 schizophrenia cases and 11,648 controls [22]. In this study, it was demonstrated that somatic CNVs are more frequent in cases than controls (0.91 % vs 0.51%, P = 2.68 × 10-4). Another notable observation was that recurrent somatic deletions of exons 1-5 of NRXN1, a gene whose germline CNVs are known to be causally associated with schizophrenia and other neuropsychiatric/neurodevelopmental disorders [23], were observed in five schizophrenia cases and not in controls. In addition to this study of blood-derived DNAs, several studies have investigated brain somatic variants, which may be more directly related to the molecular pathology. Among peer-reviewed publications, two high-coverage exome sequencing studies on somatic SNVs in the postmortem dorsolateral prefrontal cortex (DLPFC), each analyzing brain genomes from 58 (27 cases and 31 controls) [24] or 19 (9 cases and 10 controls) individuals [25], were reported. While there is an inconsistency between these two studies in terms of the overall enrichment of deleterious somatic SNVs in schizophrenia, it is notable that somatic missense SNVs were identified in multiple known neurodevelopmental genes, including GRIN2A, EP300, and DEPDC5. Besides these studies, there are preprints reporting results of high-coverage WGS studies analyzing somatic variants throughout the genome [26,27]. In a study of isolated DLPFC neurons from 61 schizophrenia and 25 control individuals, striking enrichment of somatic SNVs in schizophrenia, primarily driven by non-coding mutations especially those in open chromatin transcription factor binding sites, was observed [26]. Another study that examined genomes of 131 human brains (cortex, striatum, or hippocampus) from 59 ASD, 19 Tourette syndrome, 9 schizophrenia, and 44 control individuals [27] reported that there are brains with unusually large numbers of somatic SNVs, termed hypermutable brains. In the context of disease association, enrichment of somatic deletions and SNVs creating putative transcription factor binding motifs in enhancers active in the developing human brain was observed in ASD, collectively supporting the role of somatic variants affecting regulatory elements bound by transcription factors in diseases.
Although somatic variants are in principle not directly explaining heritability, studies of this class of variants may provide important insights into the molecular pathology of schizophrenia, since it is assumed that brain somatic variants preferentially disrupt specific cell types and/or neural circuits, which might be causally associated with the disease pathogenesis.
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