
Chapter 2: Genetic Basis of Autism 


Analysis of current studies on the genetic underpinnings of autism suggests that ethnic variation in autism-association alleles could play a role in the genetic model of autism. After studying evidence for a genetic basis of autism, this chapter explores the multilocus epistatic model of inheritance hypothesized for autism. Examining the current techniques for studying autism’s genetic underpinnings is used to later critically evaluate the current findings regarding autism-associated genes. Finally studies that test for autism-associated genes in different populations are evaluated to determine if the hypothesis that ethnic variation in the genetic underpinnings of autism may play a significant role. 

Evidence for a Genetic Basis of Autism


Genetic evidence and studies in non-autistic relatives of individuals with autism confirm the heritability of autism. The heritable, genetic basis of autism is supported by the identification of multiple genes whose mutations are associated with increased risk of autism (2, 20). Additionally, both siblings and non-autistic relatives of those with autism show an increased risk for developing the disorder (245). Studies have found that the risk of autism for siblings of autistic patients is much higher than the risk of autism for the general population with values varying between 2 and 8% 
 ADDIN EN.CITE 
(2, 38, 46, 116, 163)
. Combined data from series of studies looking at the risk of autism in second and third degree relatives have found that second degree relatives have a 0.18% risk for autism while third degree relatives have a 0.12% risk for autism 
 ADDIN EN.CITE 
(66, 116, 194, 246, 247)
. Not only are relatives of autistic individuals more likely to have autistic disorders, but they are also more likely to exhibit milder autistic behaviors (2). Shared behaviors between autistic individuals and their siblings, parents, and other relatives include obsessive-compulsive behaviors, social phobias, communication deficits, stereotyped behaviors, 
 ADDIN EN.CITE 
(21, 23, 100, 195, 235)
. This combination of genetic evidence and the lesser autistic phenotype found in non-autistic relatives suggest a strong heritability of autism. 


Twin studies most robustly indicate autism’s heritability by systematically accounting for both the genetic and environmental causes of autism. Twin studies seek to determine whether genetic causes play a role in disease etiology by comparing the disorder concordance rates for genetically identical monozygotic twins and dizygotic twins who share about half of their genetic material; using both types of twins theoretically controls for similar environmental factors and allows the genetic underpinnings of a disease to be exposed (247). A series of such studies have been performed for autism spectrum disorders 
 ADDIN EN.CITE 
(12, 77, 130, 209, 240, 247)
. While the first study reported a lower MZ concordance rate of 36% than later studies, later studies report concordance rates between 60 to 95% for MZ twins 
 ADDIN EN.CITE 
(12, 77, 130, 209, 240)
. Concordance rates vary from 0% to 23% in DZ twins, with higher rates most likely due to non-systematic sampling and reevaluation of subjects using broader autism phenotype criteria 
 ADDIN EN.CITE 
(12, 77, 130, 163, 209, 240)
. Using the difference between MZ and DZ concordance rates, the heritability of autism has been estimated to be about 90%. These studies suggest that genetic factors play a large role in autism’s etiology, in autism’s etiology; however, because MZ concordance is not 100%, environmental factors must also be significant and may explain differences in phenotype between MZ twins (163, 247). Ultimately, the established heritability of autism confirmed by genetic and family studies has lead to multiple hypothesized theories of the genetic inheritance of autism. 

Genetic Inheritance Models of ASD


While many genetic inheritance models of idiopathic autism have been proposed, a multilocus model with epistasis what is epistasis? What is multilocus? that explains the role of inherited and de novo mutations as well as accounts for autism’s gender bias is the best proposed model. The genetic mechanisms for many types of autism associated diseases such as Rett Syndrome and Fragile X syndrome have been elucidated; however, models explaining the genetic causes of idiopathic autism, or autism of unknown cause, are still being explored 
 ADDIN EN.CITE 
(5, 78, 156)
. A successful genetic model of idiopathic autism must explains autism’s gender bias, clinical heterogeneity, variable penetrance how does the concept of penetrance apply to a polygenic disorder? Does everyone know what penetrance is? of autism-associated genes, and non-Mendelian inheritance patterns. Ultimately, a multilocus model with epistasis that accounts for the role of both inherited and de novo mutations accomplishes this task. While the precise mechanism causing autism’s gender bias is still undergoing debate, variable penetrance and imprinting are two valid models. Additional alternate theories complement this multilocus epistatic theory, but cannot explain autism’s inheritance alone. Ultimately, the multilocus epistatic model offers a potential explanation for how ethnicity and race could influence autism’s heredity. 

All genetic models of autism must account the disease’s significant characteristics including its gender bias, clinical heterogeneity, variable penetrance of autism-associated genes, and non-Mendelian inheritance patterns (175). While all pervasive developmental disorders (PDDs) have male to female ratios of 3 or 4 to 1, severe autism is equally likely to be found in both males and females 
 ADDIN EN.CITE 
(79, 139, 255)
. A successful genetic model of autism should explain these gender inequalities in prevalence while also accounting for the similarities in severity (175). Additionally, a genetic model of autism must account for its clinical heterogeneity, or the variation in cognitive, communicative, behavioral, and social phenotype between patients (175, 245). The previously discussed twin studies suggest a non-Mendelian mode of inheritance (78, 247). The MZ and DZ concordance rates do not show a difference by a factor of 2 or by a factor of 4 as expected for autosomal dominant or autosomal recessive inheritance respectively with complete penetrance (247). Regardless of penetrance, disease risk should fall by about a half as one expands in the family circle from twins to first, second, and third degree relatives in disease caused by one major gene (206, 247). Previous discussions of the risk of autism for second and third degree relatives demonstrate that this pattern is not observed and suggest that autism is caused by many genes that do not follow Mendelian inheritance patterns 
 ADDIN EN.CITE 
(66, 116, 194, 246, 247)
. Finally, many autism-associated gene variants show incomplete penetrance (18, 120, 175). The primary multilocus model with epistasis satisfies these criteria for a genetic model of autism. 


A multilocus model with epistasis accounts for autism’s clinical heterogeneity, the variable penetrance of autism-associated genes, and its non-Mendelian inheritance patterns. In a multilocus model with epistasis, multiple genes are responsible for the genetic basis of a disorder with interacting (epistatic) loci (78). A study by Pickles et al. found that such a multilocus epistatic model with two to ten loci with three interacting loci was most likely to explain their family history data (194). An additional study by Risch et al. proposed a multilocus model with 15 or more loci (207). Additional support for this multilocus model includes findings that social and communication deficits as well as repetitive behaviors rarely have shared heritability (2, 211). Similarly, different loci have been linked to characteristics associated with social, communication, and stereotyped behavior domains separately 
 ADDIN EN.CITE 
(2, 3, 40, 218)
. Two alternate models include the single locus model, in which one gene is primarily responsible for the autistic phenotype, and the heterogeneity model, in which multiple genetic origins give rise to the same condition in different individuals 
 ADDIN EN.CITE 
(78, 194, 270)
. Although Pickles et al. rejected both of these models in favor of a multilocus model with epistasis, additional studies do not preclude the heterogeneity model, suggesting that mutations in different combinations of specific genes may still lead to a similar autistic phenotype (194, 207).  The multilocus epistatic model also explains autism’s clinical heterogeneity, the variable penetrance of autism-associated genes, and its non-Mendelian inheritance patterns. Because mutations in many genes are responsible for the autistic phenotype, specific combinations of these mutations may lead to different phenotypes that from the disorder spectrum and explains its clinical heterogeneity. This model also accounts for the incomplete penetrance of many autism-associated mutations by requiring many mutations for a full autistic phenotype. Finally as previously mentioned, this oligogenetic pattern of inheritance is non-Mendelian 
 ADDIN EN.CITE 
(66, 116, 194, 246, 247)
. As the multilocus epistatic model explains many of the key genetic characteristics of autism, it is extremely likely.  


A genetic model of autism incorporating the different roles of inherited and de novo mutations in sporadic and familial autism explains autism’s gender bias, variable penetrance of autism-associated genes, and non-Mendelian inheritance. While sporadic autism has been defined as that which exists in a simplex family, inherited or familial autism is that which occurs in multiplex families (287). Zhao et al. and Sebat et al. propose a model where sporadic autism is caused by spontaneous de novo mutations that have high penetrance in males and low penetrance in females (220, 287). These mutations can persist in females without causing an extreme phenotype; this allows the mutation pass on to offspring with a bias towards males who are more likely to express the phenotype due to high male penetrance (283). This model thus accounts for the observed gender bias in autism through the concept of gender-variable penetrance. Families prone to inherited or familial autism are thus created from low-risk families that acquire many asymptomatic de novo mutations (283). The increase prevalence of de novo mutations in sporadic cases of autism has been shown, supporting this hypothesis (220). This model of genetic inheritance explains the high MZ concordance rate through shared inherited and de novo mutations while claiming the lower DZ concordance rates results from sharing of only some of each type of mutation (287). Although Zhao proposes this model as an alternative to the multilocus model with epistasis, models combining oligogenetic inheritance with both inherited and de novo mutations have been proposed, suggesting that these models are not exclusive and together give a more complex view of the inheritance of autism (115, 283). The role of de novo mutations in this model causes it to move past a simple Mendelian inheritance model into a more complex inheritance pattern typically seen in autism. This model also explains how “common variants” inherited from one’s family and “rare variants” arising from spontaneous mutation can both play crucial roles in autism’s genetics (2, 179). 

Incomplete penetrance in females and X-linked imprinting are two plausible models to explain autism’s gender bias. Although the conventional explanation for biased gender ratios seen in autism is sex linkage, there has been inconsistent data regarding genes associated with autism found on the X-chromosome 
 ADDIN EN.CITE 
(137, 163, 226, 232)
. Evidence supporting autism transmission between males in multiplex families rules out the possibility of sex linkage in these circumstances 
 ADDIN EN.CITE 
(93, 164, 208)
. Zhao et al. also rules out the possibility of sex linkage because material from the maternal X chromosome containing an autism-associated mutation is not found in both siblings that have autism (283). Instead, Zhao et al. and Sebat et al. propose a model in which incomplete penetrance of inherited mutations from one parent chromosome creates carriers of autism-associated mutations (220, 283). He argues that differences in penetrance between males and females occur because of previously observed sexual dimorphisms in cognition, social ability, and other associated autistic characteristics 
 ADDIN EN.CITE 
(16, 233, 283)
. Another model proposed to explain autism’s gender bias is X-linked imprinting, where X chromosome genes are marked and differentially expressed based on their maternal or paternal origin (181, 232). An X-chromosome autism-protective gene is silenced when maternally transmitted and expressed when paternally transmitted (232). As the paternally transmitted gene can only be passed onto daughters but the maternally transmitted gene can be passed to both sons and daughters, women will be more likely to have this protective locus, require more mutations for the autistic phenotype, and have a lower prevalence of autism (232). While other models including differential exposure to sex hormones such as androgens have been proposed to explain autism’s gender bias, little evidence has been found to support this hypothesis (232). Although the proposed models are valid explanations for autism’s gender bias, further experimentation needs to be conducted to confirm their validity. 

Alternative models including mitochondrial transmission, environmental factors, and epigenetic inheritance have been proposed to complement the multilocus epistatic model. The maternal transmission of mitochondrial DNA may play a role in autism as it is a non-Mendelian inheritance pattern and as abnormalities in mitochondrial DNA have been associated with autism 
 ADDIN EN.CITE 
(175, 182, 197, 267)
. It is unclear however, how mitochondrial transmission of mutations could lead to the observed gender bias in autism, and appears that mitochondrial gene mutations are only significant in a subset of cases of autism (182, 267). Some suggest that additional environmental or immunogenic factors are needed to complement autism-predisposing genetic factors because the concordance rates for MZ is not 100% (78). Proposed environmental causes for autism include maternal or congenital hypothyroidism, maternal thalidomide, valproic acid, or alcohol use, congenital cytomegalovirus or rubella infection, and MMR vaccination; however little conclusive evidence supporting these hypotheses have been found 
 ADDIN EN.CITE 
(9, 43, 45, 78, 92, 159, 213, 249)
.  Epigenetic modifications of genes, including DNA methylation and histone modification, alter gene expression in response to environmental cues and parental origins, suggesting that this may be the mechanism by which environmental or other cues influence the autistic phenotype (217). Evidence of the role of epigenetic modification of chromosomes 15Q and 7Q strongly support this hypothesis 
 ADDIN EN.CITE 
(115, 217)
. While these alternate models may play a role in autism’s etiology, the strong evidence supporting the multilocus epistatic models suggests that these methods are not the primary means by which autism is inherited. 

Through the inherited mutation component of this multilocus epistatic model, ethnicity and race could influence the heritability of autism. De novo mutations occur at random and thus should be equally likely to occur in all ethnic and racial populations. If ethnic and racial populations do not interbreed, these random de novo mutations will remain in that population and become inherited mutations unique to the ethnic or racial group. Although it is possible that the random nature of de novo mutations will spontaneously cause the same autism-associated mutation in different ethnic populations, it is also likely that ethnic or racial specific mutations exist. Assuming that each ethnic or racial group has unique inherited mutations, the combined genetic mutations causing autism is likely to differ more between individuals in different ethnic or racial groups than it is to differ between individuals in the same ethnic or racial group. Significant variations in single nucleotide polymorphisms and copy number variants have been reported between individually in ethnically distinct populations, supporting this conclusion (8). While such a model does not necessarily support claims that a particular ethnic or racial group is more susceptible to autism, if one ethnic or racial group contained significantly more autism-associated inherited mutations in their gene pool, this would be a possibility. Further analysis of whether differences in the prevalence of autism-associated mutations differ by ethnicity and race will shed light on the viability of this hypothesis.

Genetic Techniques for Studying Autism


To critically evaluate the current findings regarding the genetic underpinnings of autism, the primary techniques employed to study the genetics of autism must be understood and evaluated. Chromosomal analysis, linkage studies, association studies, candidate gene resequencing studies, and array-based studies have been used to study autism’s genetics. While chromosomal analysis can identify large rare genetic abnormalities, linkage and association studies are better to identify specific disease related loci. Linkage and association studies also suffer from shortcomings including difficulty identifying rare variants, difficulty establishing significance levels, problems in establishing inheritance mode, creating a large enough sample, and finding appropriately matched controls. Candidate gene resequencing studies can confirm the results of chromosomal, linkage, and association studies, but are rarely useful alone. Ultimately, DNA microarray based copy number variant studies are the most effective way detect autism-associated genetic variants as these methods can detected small variations as well as their inherited or de novo origin. By understanding the genetic techniques for studying autism as well as how differences in ethnicity in subjects can influence the results of these studies, the current findings regarding the genetic underpinnings of autism can be critically analyzed. 


Although chromosomal analysis identifies rare genetic abnormalities and large, broad regions associated with autism, it is often a useful starting point for studying the genetics of autism. The primary forms of cytogenetic analysis include G-banding and fluorescent in situ hybridization (FISH) (126). G-banding, which uses trypsin and Gimesa stain to create a karyotype with stereotypically stained chromosomes, is an older technique with low resolution of only about 5 to 10 million base pairs, a region that can contain as many as 50 to 100 different genes (1, 144). FISH, a more recent technique in which fluorescently labeled DNA probes hybridize to chromosomes that are visualized by fluorescence microscopy, can identify smaller chromosomal abnormalities of about 50 to 100 kilobases (17, 144). Array Comparative Hybridization, a new molecular cytogenetic technique, can identify even smaller chromosomal abnormalities and will be discussed in depth in the Array-Based Methods section (144). While such chromosomal analyses are useful for identifying duplications, deletions, translocations, breakpoints, and large portions of DNA that may be associated with autism, chromosomal abnormalities have been found in less than 10% of individuals with autism 
 ADDIN EN.CITE 
(126, 163, 256, 275)
. Ultimately, studying chromosomal abnormalities through the described cytogenetic methods is a useful place to begin the investigation of the genetic underpinnings of autism. 


While linkage studies aid in finding specific loci located near autism-associated genes, the disease’s heterogeneity and unknown mode of inheritance limit the applicability of this method. Linkage occurs when certain genetic loci and alleles are likely to be inherited together; this often occurs when genetic loci are physically near each other (142). In non-parametric linkage studies, data from multiplex families are analyzed to see if affected members share linked genetic markers, which are likely to be near disease loci and are absent from unaffected family members at a rate greater than chance (142, 179). Such genetic markers include such as restriction-fragment length polymorphisms (Fraps) or single nucleotide polymorphisms (SNPs) (142). The reported logarithm of the odds (LOD) score is the likelihood of obtaining the data of shared markers in affected family members compared to the likelihood of obtaining it by chance (179). While a score above 2.2 is considered suggestive, a score above 3.6 is considered significant (128, 179). Most studies use an affected sibling pair design in multiplex families (179). Parametric linkage studies test to see if genetic markers follow a hypothesized mode of inheritance and work best on disorders caused by few genes; however they are non frequently employed in autism research as autism has an unknown mode of inheritance and an oligogenetic origin (179). A strength of linkage studies is their consistency with the multilocus epistatic model of autism inheritance (126). While linkage studies are able to identify multiple alleles associated with autism at limited loci, they are less effective at identifying multiple loci associated with autism (179). To address the problem of achieving significant linkage due to autism’s genetic heterogeneity, quantitative trait loci (QTL) linkage studies use populations with specific deficits associated with autism but found in the entire populations to identify loci for those specific deficits (126). Searching for a specific QTL in a narrowed population is to increase these studies’ ability to achieve significant linkage (126). Linkage studies should be complemented with other methods that better facilitate finding multiple autism-associated mutations at many loci.

While candidate gene resequencing offers a means of narrowing the broad results reported from cytogenetic, association, and linkage studies, it is often difficult to know which sections to resequence. In candidate gene resequencing studies, a particular gene is resequenced in both patients and controls to identify variants that exist in the patient population (13). This method is useful to identify and confirm rare variants that contribute to autism; however, it is often difficult to select candidate genes as a third of all human genes are expressed in the brain (126, 256). Using identified loci from cytogenetic, association, and linkage studies can aid in this process of gene selection (2, 126).


Despite their ability to demonstrate relationships between specific loci and disease phenotypes, association studies are limited by replication difficulties, large sample sizes, significance level determination, and subject ethnicity matching. Association studies test if a given allele’s frequency differs between cases and controls (142). Genetic markers, such as SNPs, are often in linkage disequilibrium, a statistical association between two or more linked loci, with disease variants (25). While many-case control association studies analyze such genetic markers in unrelated healthy and diseased subjects, family-based association studies analyze genetic markers with unaffected parents as controls 
 ADDIN EN.CITE 
(25, 126, 179)
. Family-based association methods like transmission disequilibrium tests (TDT) are preferable because they limit false positives due to ethnic variation in populations (25, 126). Association studies also examine haplotypes, or alleles at multiple loci on the same chromosome inherited from one parent. Despite their positives, association studies can be difficult to replicate, require a large sample size, and ignore the important role of rare variants (25, 179). Specific association methods to identify rare variants are expensive, require larger sample sizes, and may be ineffective due to variant’s extreme rarity (179). These shortcomings can be overcome by demonstrating variant functionality, showing variant segregation within a family, examining the total population rare variants, using proper statistical thresholds, and internally replicating findings (179). Ultimately, association studies confirm the relevance of a particular loci following linkage and cytogenetic evidence (179). 


DNA microarrays to detect copy number variants are the best method to identify the genetic underpinnings of autism because they can detect extremely small genetic abnormalities and can determine whether these variants are inherited or de novo. DNA microarrays are now able to identify previous undetectable small deletions, insertions, duplications, and other chromosomal abnormalities including copy number variants, or DNA segment in which differences in copy number of a particular segment exist in an individual compared to a reference genome (CNVs) (76). Most individuals are thought to have somewhere between 15 and 20 CNVs, although much larger values have been reported (76, 104, 221). A microarray is created using small probes that represent specific known areas of the genome (154). Dye-labeled genomic DNA from an autistic and control are then competitively hybridized to the microarray, with specific portions of the microarray only labeled with control DNA when an abnormality has occurred (154). A variety of specific methods exist including array comparative genomic hybridization (aCGH) using a bacterial artificial chromosome (BAC), representational oligonucleotide microarray analysis (ROMA), and Affymetric 500K SNP microarrays (126). While aCGH-based BAC microarrays have allowed for detection of chromosomal abnormalities as small as 150 kilobases, the oligonucleotide-based ROMA assay and SNP assay have higher resolution as well as measures to reduce background noise (76, 126). Using matched non-related controls allows one to identify autism-associated CNVs; however, using non-affected parents as controls also allows one to determine if identified CNVs are de novo (44, 220). These array based methods are extremely valuable as they test whole genome, have high resolution, search for rare variation, and allow for the study of all autistic patients, not just those with large chromosomal abnormalities (179). While it can be difficult to determine which CNVs are pathogenic as these mutations are common in normal individuals, focusing on rare, de novo, and large CNVs that are homozygous can help resolve this problem (179). Ultimately, array based methods offer the best future for studying autism. 


Identified ethnic variation in genetic markers used in linkage, association, and microarray based methods of studying autism’s genetics suggests that control subjects must be carefully matched to ensure that identified genetic variants are associated with autism and are not an artifact of natural ethnic variation. Variation in the frequency of genetic markers such as SNPs and of CNVs has been reported in populations that differ substantially based on ethnicity 
 ADDIN EN.CITE 
(8, 53, 110)
. As genetic markers are commonly used in linkage and association studies, the controls selected for these studies must be matched carefully by ethnicity to ensure that genetic variants are caused by the association with autism and not differences in ethnicity. The family-based methods of linkage studies are more likely to control for these factors as ethnicity is less likely to vary by family; however, association studies using non-related controls must take special precautions (126). As identified variants can be so rare that results are difficult to reproduce in other populations, the inability to reproduce results in an ethnically distinct population for association-based studies or other studies may suggest ethnic variation in the genetic underpinnings of autism (179). Understanding how ethnicity can influence the various genetic techniques associated with autism will allow a critically analysis of the genetic underpinnings of autism in different ethnic populations.

Current Findings in the Genetic Underpinnings of Autism and the Role of Ethnicity


Understanding the experimental techniques used to study autism’s genetics allows for a better assessment of the current findings on autism’s genetic underpinnings as well as of the potential ethnic variation in those underpinnings. The current genetic autism findings will be discussed in context of experimental techniques to determine which genes are most likely to be associated with the disorder. Following this discussion, the studies of genes that had been studied in multiple ethnic groups will be critically analyzed to determine whether different ethnic groups are likely to have substantially different genetic underpinnings of autism. Ultimately, such analyses suggest that while ethnic variation in autism’s genetic underpinnings is likely, additional large studies are needed to determine the significant and implications of such differences. 

Current Genetic Findings


Studies identifying chromosomal abnormalities in autism, such as 2q37, 7q11, 15q11-q13, 17p11.2, 17q11, and 22q11, locate regions of interest that can be more specifically studied by more specific experimental methods. While the 2q37 deletion is associated with gene CENTG2, 7q11 is related to autism-associated disorder Williams syndrome (126, 263). The 15q11-q13 region, associates with the UBE3A, ATP10A, GABRB3, GABRG3, and GABRA5 genes, is one of the most frequent autism-associated chromosomal abnormalities 
 ADDIN EN.CITE 
(55, 176, 177)
. While the 17p11.2 duplication is also found in those with Potocki-Lupski syndrome, the 17q11 deletion contains the NF1 gene, which encodes a Ras protein regulator (149). The 22q11 deletion is associated with the ADORA2 gene, an adenosine receptor mutated in Velocardiofacial syndrome (81, 126). Additional loci have been identified through karyotype 
 ADDIN EN.CITE 
(126, 129, 239)
. While chromosomal studies have identified important autism-associated areas of the genome, linkage, hypothesis driven, functional, mutational, and disorder-related studies further specify autism-associated candidate genes. 


Like chromosomal studies, linkage studies identify large autism-associated regions, including 7q and 17q11-q21, for further study. Linkage to 7q has been repeatedly replicated; identification of the importance of this region have implicated genes such as RELN, NRCAM, MET, FOXP2, WNT2, EN2, CNTNAP2, and others with autism 
 ADDIN EN.CITE 
(2, 7, 33, 47, 63, 88, 91, 103, 146, 169, 189, 191, 223, 253, 257, 262)
. Similarly, consistent linkage results at the 17q11-q21 locus have lead to the identification of SLC6A4, NF1, NOS2A, ITGB3, and HOXB1 
 ADDIN EN.CITE 
(83, 121, 266)
. Although loci on chromosomes 1, 2, 3, 5, 6, 7, 11, 13, 17, 19, and X have been identified as autism-associated through linkage studies, difficulty obtaining significant LOD scores has prevented these findings from being conclusive (2, 25). Additional association studies are frequently needed to confirm the relevance of loci identified in this manner. 
The material above relates to statistically significant genomic variation identified by some kind of broad search criteria. Now comes a different type of evidence. Add some explanation as to the different rationale – a bit jarring. In general your review is admirable in its thoroughness but needs more synthesis and guideposting to tutor the reader better.
Studies examining functional variants, patient-specific mutations, and genes of related disorders are also useful to identify candidate genes for later association studies. Examining the tissues of autistic individuals and controls has led to the identification of several genes including DAB1, MAP2, GRPR and other identified by Hu et al. 
 ADDIN EN.CITE 
(61, 74, 101, 102, 107, 157, 165)
(Table 1). Mutations identified in individual autistic patients are also useful for identifying variants. Genes involved in the synapse (RIMS3, EIF4E), ion exchange (SCN1A, SCN2A, SLC9A9, CACNA1H) neuronal receptors (PCHD10, JMJD1C), transcriptional repression (MBD3, MBD4), transcription factors (ARX), various enzymes (DMPK, ADSL), and other (NTNG1, RPL10, SLC6A8, REEP3) have all been identified in this manner 
 ADDIN EN.CITE 
(26, 35, 61, 73, 86, 99, 124, 127, 162, 172, 198, 230, 238, 265, 285)
. Genes implicated in related disorders including Joubert syndrome, Tuberous sclerosis, Smith-Lemli-Opitz syndrome, Duchene Muscular Dystrophy, Rett Syndrome, Fragile X syndrome, Timothy syndrome, have been tested for associations with autism 
 ADDIN EN.CITE 
(4, 118, 126, 170, 188, 228, 229, 234, 237, 271)
. Chromosomal and linkage studies generally provide more reliable evidence of a candidate gene due to their study design; however, additional association testing can strengthen these studies’ original findings. 

The next graf is qualitatively different in terms of rigor and type of evidence. New heading and some acknowledgement please

Hypothesis-selected candidate genes provide a stronger biological explanation of autism pathogenesis; however, these studies must be validated by additional experiments that’s an understatement. Speculations regarding the involvement of the neurexin-neuroligin pathway in autism led to later mutational studies including genes NLGN4, NLGN3, SHANK3, and NRXN1 
 ADDIN EN.CITE 
(71, 75, 112)
. High platelet serotonin levels in autistic patients led to the investigation of serotonin receptors and enzymes including SLC6A4, HTR3A, HTR1B, HTR3C, TPH2, and MAOA 
 ADDIN EN.CITE 
(6, 48, 56, 57, 164, 183, 204)
. The DRD3 dopamine receptor was studied due to the effectiveness of dopamine blockers as an autism treatment 
 ADDIN EN.CITE 
(60, 64, 164)
. Implications of the glutamatergic system in autism have lead to the investigation of glutamate receptor genes GRIK2 and GRM8, GABA receptors genes GABRA4 and GABRB1, which modify glutamate activity, and GABA biosynthesis enzymes GRIN2A and ABAT 
 ADDIN EN.CITE 
(14, 49, 111, 140, 164, 224)
. The role of oxytocin in social behavior lead to the investigation of the OXTR gene with autism 
 ADDIN EN.CITE 
(126, 163, 273)
. Immune system abnormalities in autistic individuals has lead to the investigation of MHC-I gene HLA-A, MHC-II gene HLA-DRB1, and complement system gene C4B 
 ADDIN EN.CITE 
(180, 252, 260)
. Despite the biological plausibility of such findings, further studies are needed to confirm their validity. It would be more accurate to call attention to how speculative these possibilities are!
While association studies can confirm chromosomal, linkage, functional, mutational, and disorder-associated findings, genome wide association studies (GWAS) can also lead to the discovery of specific autism-associated loci. Association studies of SLC25A12, STK39, ITGA4, genes in 7q31, and others have been performed to confirm original chromosomal and linkage findings 
 ADDIN EN.CITE 
(126, 200, 202)
. Chakrabarti et al. uses association to confirm findings in candidate genes involving sex steroids, neural growth, and socio-emotional behavior, such as NTNG1, ESR1, ARNT2 and others (37, 167)(Table 1). Many other genes, first implicated in autism by previously described methods, have been confirmed by association studies, including MTF1, DISC1, PRKCB1, and others 
 ADDIN EN.CITE 
(11, 27, 31, 42, 51, 96, 105, 117, 119, 138, 150, 160, 168, 174, 192, 193, 216, 222, 223, 242, 274, 280, 288)
(Table 1). Genome wide association studies (GWAS) offer significant promise for identifying new autism-associated variants, and one such study by Wang et al. has identified several autism associated genes including FEZF2, CDH9, CDH10, and others 
 ADDIN EN.CITE 
(87, 98, 113, 161, 187, 225, 251, 258)
 (Table 1). Through both candidate specific and GWAS, association studies are crucial for confirming autism-associated genes. 


As CNV studies can screen the whole genome to identify both small inherited and new mutations associated with autism, these methods offer the best means to identify autism-associated genes. Crucial CNV studies including Sebat et al., Marshall et al., Bucan et al., and Glessner et al. have lead to the identification of many genes 
 ADDIN EN.CITE 
(29, 89, 143, 220)
. These genes serve as receptors, catalysts, cell adhesion molecules, and many other functions; they include CA6, DYPD, RFWD2, and others 
 ADDIN EN.CITE 
(15, 39, 41, 70, 94, 114, 123, 171, 184, 219, 241, 250, 282, 284)
(Table 1). Additional CNV studies have identified genes such as CNTN4, MCPH1, AVPR1A, and NBEA 
 ADDIN EN.CITE 
(36, 185, 212, 278)
. The ability of this technique to efficiently identify small de novo and inherited mutations makes it extremely powerful for identifying autism-associated loci. 

The Role of Ethnicity in the Genetics of Autism


Genetic findings suggest that ethnic populations may unique frequencies of autism-associated alleles, suggesting that ethnic variation may play a role in autism’s genetic underpinnings. After describing the criteria for inclusion of studies in the analysis, the potential causes for ethnic variation in findings are outlined. Multiple studies of the same gene conducted in different ethnic populations are first analyzed to determine whether there are differences in findings based on ethnicity. Next, individual studies with multiple ethnic populations are examined to control for study design’s effect on outcomes. Ultimately, the findings are discussed to determine whether ethnicity has a potential role in the genetic model of autism. 


Genetic studies included in this analysis were identified from the Simons Foundation Autism Research Initiative (SFARI) Gene database, which reports the genetic loci currently implicated with ASD identified from published literature (80). Included genes were studied either by multiple separate studies conducted in different ethnic populations or by one study with multiple, defined ethnic groups. Only studies with relevant ethnic information reported were included in the analysis. Studies supported by purely functional data were excluded. Out of the 207 loci included in the previous review, only 26 met the criteria to be included in the analysis. Discussion of the potential causes for ethnic variation will provide a framework for examining individual studies with multiple ethnic populations and multiple studies of the same gene conducted in different ethnic populations. Ultimately, such analyses will provide a better insight into the role of ethnicity on autism’s genetic underpinnings. 


Differences in autism-associated genes in distinct ethnic populations can be due to differences in study design, in background population characteristics, and in causative mutation. When comparing studies of the same gene conducted in different ethnic populations that use different experimental techniques, observed differences in association may be due to differences in genetic markers used, significance levels employed, or other aspects of study design. While these comparisons can give a good idea about whether a gene is likely to have ethnic variation, further study using consistent experimental techniques is required to confirm such claims. According to Collins et al., population differences in allele frequency, linkage disequilibrium, and haplotypic background can also lead to reported ethnic variation (49). Less allele variation or fewer alleles in a particular ethnic population could lead to low power, making statistical significant difficult to obtain (49). Different genetic markers may be in linkage disequilibrium with the disease variant in each ethnic populations, making results difficult to replicate. If same mutation arose in different haplotypic backgrounds in each ethnic community, different genetic markers will be associated with the disease variant, leading to differences in reported association (49). Finally, different causative mutations in each ethnic population could explain the differences in association. While analyzing multiple studies of the same gene will provide suggestions of genes that show ethnic variation, individual studies that study multiple ethnic groups will provide the most conclusive evidence regarding ethnic variation of the genetic underpinnings of autism. 


The differences in autism-associated genes and genetic markers identified in ethnic populations tested in separate studies may be due to differences in study design, population background, or causative mutation. European and Chinese Han significant associations of GRIK2 were not replicated in Indian populations 
 ADDIN EN.CITE 
(72, 111, 227)
. SHANK3 gene association was reported in a French population but not mixed and Chinese populations 
 ADDIN EN.CITE 
(71, 199, 244)
. Similarly, the NGLN3, NGLN4X, GRPR, NF1, and SLC6A4 genes did not report consistent association in various ethnic populations 
 ADDIN EN.CITE 
(22, 37, 56, 59, 69, 85, 95, 106, 112, 122, 148, 149, 151, 153, 166, 186, 196, 203, 243, 254, 269, 272, 279)
. Inconsistent association of the ADA gene in two distinct Caucasian populations suggests either subtle population differences or substantial study design influence 
 ADDIN EN.CITE 
(27, 97, 190)
.  In addition to distinct associations between ethnic populations, distinct genetic markers associated with autism were reported in different ethnic populations for GRIK2, RELN, GRM8, FOXP2, WNT2, EN2, GABRB3, and PKRB1 
 ADDIN EN.CITE 
(24, 50, 67, 68, 72, 83, 84, 90, 105, 125, 132, 135, 145, 146, 173, 189, 210, 224, 227, 231, 248, 261)
 
 ADDIN EN.CITE 
(10, 19, 28, 30, 54, 62, 65, 88, 133, 134, 141, 147, 148, 152, 155, 158, 178, 192, 215, 259, 264, 276, 277, 286)
. While a HOXA1 A218G base substitution reported only by Ingram et al., a GGC triplet repeat in RELN’s 5’ untranslated region (UTR) in Italian and Caucasian populations 
 ADDIN EN.CITE 
(24, 50, 67, 68, 83, 105, 125, 135, 189, 210, 231, 248)
. While genetic markers associated with GRM8 and EN2 were not replicated in Chinese Han populations, genetic markers associated with FOXP2 were uniquely reported in the Chinese population 
 ADDIN EN.CITE 
(19, 28, 84, 88, 90, 132, 145, 146, 173, 224, 259, 261, 277, 286)
. While the study design’s role in this findings cannot be ruled out, the role of population background is unclear. Several studies reported ethnic variation of the allele in question, suggesting that low prevalence of the may lead to difficulty establishing significance in an association study 
 ADDIN EN.CITE 
(105, 133, 148)
. Wassink et al. argued however that their findings regarding a WNT2 mutation could not be replicated despite enough power to detect the association 
 ADDIN EN.CITE 
(134, 147, 155, 264)
. Controlling for study design by examining ethnic populations studied in the same study will give a better idea of whether ethnic variation in autism’s genetic underpinnings is likely. 

While consistent findings involving HOXB1, GLO1, ITGA4, and OXTR have been found in all ethnic populations tested in separate studies, different genetic markers have been identified in each population. The GLO1 gene was not found to be associated with autism in either Italian, Caucasian American or Finnish populations using case-control based and family based association methods (205, 214). Similarly, all populations did not find HOXB1 to be autism-associated 
 ADDIN EN.CITE 
(82, 105, 136, 210, 248)
. The absence of positive findings confirmed across all studies suggest that differences in study design may make it difficult to confirm results across multiple studies in different populations. While ITGA4 was found to be autism-associated in Caucasian, Irish, and Portugese populations, different haplotypes were found in three sample populations tested in Conroy et al. and SNPs were not consistently identified in Correia et al. and Conroy et al. 
 ADDIN EN.CITE 
(52, 58, 200, 201)
. Although the oxytocin receptor (OXTR) has been found significantly associated with autism in 5 separate population, the specific SNPs associated with autism differed between studies 
 ADDIN EN.CITE 
(109, 131, 268, 273, 281)
. For example, although both Wu et al., Jacob et al., and Lerer et al. found significant association at the rs2254298 SNP, Wermter et al. could not replicate these findings although an association between OXTR and autism was found 
 ADDIN EN.CITE 
(109, 131, 268, 273)
. Similarly, the MET allele rs1858830 C has been associated with ASD in mixed American, Caucasian and African American cohort; however, in Italian cohorts no association has been seen 
 ADDIN EN.CITE 
(32-34, 108, 236)
. Some mixed cohorts have found association with the rs38845 allele instead however (236). These examples suggest that although similar associations can be found within the same gene in different populations, ethnic variations in identified genetic markers are still likely to exist. 

The ethnic variation in autism-associated NRXN1, GABRA3, GLO1, and PON1 genes in individual studies with multiple populations may suggest ethnic differences in autism’s genetic underpinnings; however, these differences could be residual study design effects. A NRXN1 mutational study found two structural variants in Caucasian autistic individuals but none in African Americans (75). Similar mutation tests found that Caucasians and African Americans tended to have different GLO1 C419A SNPs (117). Further support for genetic differences between ethnicities include higher frequencies of a NRXN1 deletion in case and control African Americans than in case and control Caucasians (75). An association study by D’Amelio et al. found differences in autism-association of the PON1 gene in Caucasian Americans and Italians (63). Examining multiple ethnic populations in the one mutational or association study should control for many study design as the same experimental methods should be performed on each ethnic group. These observed ethnic differences must be due to either differences in population characteristics or in causative mutation. 


While individual studies have found a gene to be autism-associated in multiple ethnic groups, few studies have identified the same SNPs in each population to confirm the association. A study by Coon et al. of the TPH2 gene found significant association between the gene and autism even when excluding the Italian population from their white and Italian study cohort; such findings suggest that the genetic variation between the two populations was not large enough to substantially alter the study’s results (57). Although a study by Collins et al. reported significant association the GABRA4 gene in both Caucasians and African Americans, the associated SNPs for Caucasians consisted of rs17599165, rs1912960, and rs17599416, while those for African Americans consisted of rs2280073 and rs16859788 (49). A study in Caucasians replicated the findings at the SNP rs1912960, strengthening the hypothesis that the observed differences were due to ethnicity (140). Additionally, Collins et al. reported an interaction between GABRA4 and GABRB1 in the Caucasian population alone (49). Such findings support a hypothesis that while the general genetic underpinnings of autism are shared across ethnic groups, different variations in the same genes may be responsible for disorders such as autism. 


While additional need to be conducted to confirm ethnic variation’s role in the genetics of autism, current findings suggest that ethnic variation in population background or in causative mutation may play a role in autism’s genetic underpinnings. Both multiple studies in distinct ethnic populations and individual studies with multiple ethnic populations show more ethnic variation than similarities. Such findings suggest that while study design differences may cause inconsistent findings regarding autism-associated genes, differences in population background or causative mutation still play a substantial role in the observed differences. Differences in population background may lead to different associations of genetic markers without actual ethnic differences in disease loci. Alternatively, ethnic differences in autism-associated allele frequency may make autistic individuals of a particular ethnicity more likely to possess certain inherited autism-associated mutations. Different frequencies of alleles associated with autism in different ethnic populations supports the hypothesis that there is ethnic variation in the genetic underpinnings of autism. Further studies using identical experimental techniques in multiple ethnic populations and attempting to quantify the presence of certain autism-associated alleles in distinct ethnic populations are needed to confirm this hypothesis. 

Is Table 1 a list of all known genetic findings that you could identify? Can you find a way to estimate what fraction of cases involve variants of one or more of these genes? I am wondering how far along this approach is getting. If it’s far enough along then it reduces wiggle room for finding future ethnic variation.
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[image: image1.png]Candidate

Location Gene Function (Reference) Evidence References
1p36 CA46 Carbon anhydrase isozyme (Thatcher 1998). K, C Kumar 2009, Bucan 2009
1p34-p33 MTFI Zn-binding TF regulating metallothionein A Kumar 2009, Serajee 2004
genes (Saydam 2001).
1p32-p31 DABI Reelin-signaling pathway intracellular F Fatemi 2005
adaptor (Howell 1997).
1p22 DPYD Pyrimidine catabolism enzyme in uracil- C Marshall 2008
thymidine catabolism (Diasio 1988).
1p13.3-13.2 GSTM1 Glutathione transferase (Buyske 2006). L* A Kumar 2009, Buyske 2006
Ipter-p22.2 RIMS3 Synaptic protein; vesicle function and M Kumar 2010
neurotransmitter release (Kumar 2010).
1q13.3 NTNGI Axon guidance cue in nervous system M Borg 2005
development; Rett's syndrome (Borg 2005).
1q21-q44 Unknown  Unknown. L*,C Kumar 2009
1921-q22 NTRK1 Creates TrkA receptor that activates MAPK A Chakrabarti 2009
pathway (Chakrabarti 2009).
1925 RFWD2 Ubiquitin protein ligase (Glessner 2009). C Glessner 2009
1925.2-25.3 PTGS2 Enzyme in prostaglandin synthesis (Yoo 2008). A Yoo 2008
1q32-q41 HSDI1IBI  Catalyzes forward and reverse reaction of A Chakrabarti 2009
cortisol to cortisone (Mune 1995).
1q41 MARKI Ser/Thr kinase that causes the dissociation of A Maussion 2008
microtubules (Maussion 2008).
1q42.1 DISCI Implicated role in neuronal migration, LA Kumar 2009,
synaptogenesis, neurite outgrowth, cAMP Kilpinen 2008
signalling (Kilpinen 2008).
1q44 ORICI Odor receptor (Hasin 2008). C Bucan 2009
2pl6 NRXNI Cell membrane adhesion molecule (Feng 2006). M, C Kumar 2009, Feng 2006
2qll1.2 NPAS?2 TF that serves as a clock gene (Nicholas 2007). A Nicholas 2007
2ql4.1 DPP10 Regulates V-gated-K " channels (Jerng 2004). C Marshall 2008
2q23.3-q24.1 GALNTI3  Catalyzes O-linked glycosylation of mucins C Bucan 2009
(Zhang 2003).
2q23-q24 SCNI1A,SCN2A Voltage gated K channels (Weiss 2003). M Weiss 2003
2q23-q24 SLC4410  Sodium bicarbonate cotransporter (Sebat 2007). C Sebat 2007
2q24 SLC25412 Ca* dependent mitochondrial aspartate/ L*, A*, C Kumar 2009, Ramoz 2004
glutamate carrier (Ramoz 2004).
2q24.3 STK39 Ser/Thr kinase; stress response (Ramoz 2008). LA Ramoz 2008
2q31.3 ITGA4 Cell adhesion molecule (Ramoz 2008) LA Ramoz 2008
2q31-q32 RAPGEF4  cAMP regulated signalling (Bachelli 2003). A Bachelli 2003
2q32 INPPI Phosphatidylinositol signalling (Serajee 2003). A, C Kumar 2009, Serajee 2003
2q32 DLX1,DLX2 TF for GABAergic cortical interneurons (Liu 2009). A Liu 2009
2q33.3 NRP?2 Semaphorin receptorsfor axon guidance (Wu 2007). A Wu 2007
2q34-q35 MAP2 Regulates microtubules and neurogenesis F Mukaetova-Ladinska 2004

(Mukaetova-Ladinska 2004).

L - Linkage; A - Association; M - Mutation Identified; K - Abnormal Karotype; C = Copy Number Variant.

F - Functional in humans; D -

Related or syndromic disorer; * - Replicated.

TF -Transcription Factor; V - Voltage; Ser - Serine; Thr - Threonine; NO- nitric oxide
Studies, function, evidence, and references gathered from Kumar and Christian 2009 and SFARI gene
database (http://gene.sfari.org).
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2q37 CENTG2  InPI 3-phosphate and ADP ribosylation factor K, C Kumar 2009,
signaling pathways (Wassink 2005). Wassink 2005

3p25 OXTR Oxytocin receptor activity (Wu 2005). A* C Kumar 2009

3p25 XPC DNA excision repair (Khan 1998). D Khan 1998

3p26-pl4 CNTN4 Cell adhesion molecule (Roohi 2009). C*, K Kumar 2009, Roohi 2009

3p21.3 GPX1 Enzyme for free-radical reduction (Ming 2010). A Ming 2010

3pl4.2 FHIT Enzyme for purine metabolism (Barnes 1996). C Sebat 2007

3pl4.2 FEZF2 Transcription regulation (Wang 2009) A Wang 2009

3pl4.1 SUCLG2  Mitochondrial matrix enzyme (Ostergaard 2008). C Bucan 2009

3pl2 ROBOI Axon guidance/cell adhesion receptor (Hu 2006). F Hu 2006

3ql3 FBX040  Ubiquitin protein ligase (Glessner 2009). C Glessner 2009

3ql13.3 DRD3 D3 Dopamine receptor (Crocq 1992). A de Krom 2009

3q21-g22 MBD4 Transcription repression; endonuclease M Cukier 2009
(Cukier 2009).

3q22 Unknown  Unknown. L Kumar 2009

3924 C3orf58 Unknown. M Morrow 2008

3q24 SLC949  Na',K'/H' exchanger (Morrow 2008). M Morrow 2008

3925-g27 Unknown  Unknown. L*,C Kumar 2009

3926 NLGNI Cell adhesion molecule (Glessner 2009). C Glessner 2009

3q27.1 HTR3C Serotonin receptor subunit (Rehnstrom 2008). A Rehnstrom 2008

3927-g28 Unknown  Unknown. K, C Kumar 2009

4p28.3 PCDHI0  Neuronal receptor that establishes cell-cell M Morrow 2008
connections in brain (Hirano 1999).

4p12 GABRA4, GABA receptor subunits (Ma 2005). A* Ma 2005, Collins 2006

GABRBI1

4q921-g25 Unknown  Unknown. LK, C Kumar 2009

4q21-925 EIF4E Translation initiation factor that influences M Neves-Pereira 2009
translation at the synapse (Neves-Pereira 2009).

4q31-q32 TDO?2 Catalysis for tryptophan metabolism (Nabi 2003). A Nabi 2003

4q35 Unknown  Unknown. K, C Kumar 2009

5pl5 Unknown  Unknown. L,C Kumar 2009

5pl5 SEMA54  Axon guidance cue in nervous system (Melin 2006). F Melin 2006

5pl3-pl4 Unknown  Unknown. L*,C Kumar 2009

5pl3-pl4 CDHI0 Neuronal cell adhesion molecules (Wang 2009). A Wang 2009

Spl4 CDH9 Neuronal cell adhesion molecules (Wang 2009). A Wang 2009

5ql2 Unknown  Unknown. L Kumar 2009

5q21-g22 APC Tumor suppressor; regulates synaptic contact KA Barber 1996, Zhou 2007
(Zhou 2007).

5q31 PITX1 TF in pituitary-hypothalamic axis (Philippi 2007). A Philippi 2007

5q31-q32 ADRB? Catecholamine receptor (Cheslack-Postava 2007).  A* Cheslack-Postava 2007

6p25.3-p24.3 FI1341 Blood clotting factor (Hu 2006) F Hu 2006

6p22.2-p22.3 ALDH5A41  Succinic semialdehyde dehydrogenase (Pearl 2003) D Pearl 2003

L - Linkage; A - Association; M - Mutation Identified; K - Abnormal Karotype; C = Copy Number Variant.
F - Functional in humans; D - Related or syndromic disorer; * - Replicated.

TF -Transcription Factor; V - Voltage; Ser - Serine; Thr - Threonine; NO- nitric oxide

Studies, function, evidence, and references gathered from Kumar and Christian 2009 and SFARI gene
database (http://gene.sfari.org).




Spellcheck table: “seratonin”. Also make uniform, for instance spell out “serine/threonine kinase”
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6p21.3 HLA-4 MHC Class I receptor (Torres 2006) A* L Torres 2006
6p21.3 HLA-DRBI MHC Class II receptor (Warren 1996) A Kumar 2009, Warren 1996
6p21.3 C4B Immune complement system protein (Odell 2005).  A* Odell 2005
6p21.3-p21.1 GLOI Catalysis of S-lactoyl-glutathione (Junaid 2004) F AL Junaid 2004
6pl2 KIAA1586  Unknown. C Bucan 2009
6pl2 LRRC] Cell adhesion molecule (Saito 2001). A Wang 2009
6ql13 HITRIB Seratonin receptor (Orabnona 2009). A Orabona 2009
6ql14.3 Unknown  Unknown. L Kumar 2009
6q16.3-q21 GRIK? Kainate glutamate receptor subunit (Jamain 2002). L, A* Kumar 2009, Jamain 2002
6921 FRK Tyrosine kinase (Serfas 2003). A Wang 2009
6q21-q22 HS3S8T5 Sulfotransferase (Mochizuki 2003). A Wang 2009
6q22.1 Unknown  Unknown. L,C Kumar 2009
6q22.1 PLN Regulator of Ca*™ ATPase in cardiac muscle C Marshall 2008
sarcoplasmic recticulum (Schmitt 2003).
6923 AHII Signal transduction molecule (Retuerto 2008). D,M,A Kumar 2009,Retuerto 2008
6q25.1 ESRI Estrogen receptor (Chakrabarti 2009) A Chakrabarti 2009
6q25-q27 PARK? Ubiquitin protein ligase (Glessner 2009). C Glessner 2009
6q27 RPS6KA2  Ser/Thr kinase (Zhao 1995). C Marshall 2008
Tp21.1 TMEM195  Unknown. C Kumar 2009, Sebat 2007
Tpl5.3 HOXA41 TF for hindbrain development (Ingram 2000). A Ingram 2000
7ql1 Unknown  Associated with Williams Syndrome (Kumar 2009). K Kumar 2009
7921.3 PONI Organophosphate detoxification (D'Amelio 2005). A,L D'Amelio 2005
7q22 DLX6 TF; neurogenesis (Nakashima 2010). M Nakashima 2010
7q22 RELN Neuronal migration and connections (Persico 2001). L, A*, M Kumar 2009, Persico 2001
7q22 PIK3CG  Phosphatidyl 3-OH kinase (Serajee 2003). A Kumar 2009, Serajee 2003
7q922.3 NRCAM  Cell adhesion molecule for neuronal growth and A Kumar 2009, Marui 2009
guidance (Marui 2009).
7q31 MET Tyrosine kinase involved with neocortical and L,A*,C  Kumar 2009,
cerebellar growth (Campbell 2006). Cambell 2006
7q31 GRMS Glutamate receptor (Serajee 2003). AC Kumar 2009, Serajee 2003
7q31 FOXP2 TF; Associated with speech disorders (Gong 2004). A, C Kumar 2009, Gong 2004
7q31 CADPS2  Ca+2 binding protein involved in vesicle-related M, C Kumar 2009,
exocytocis (Cisternas 2003). Cisternas 2003
7q31 IMMP2L  Mitochondrial membrane protein (Petek 2007). C Petek 2007
7q31.1 LAMBI Cell attachment; chemotaxis (Hutcheson 2004). A, C Kumar 2009,
Hutcheson 2004
7q31.2 WNT2 Nervous system development (Wassink 2001). A, C Kumar 2009, Wassink 2001
7q32 ST7 Tumor suppressor (Vincent 2000). K Vincent 2000
7q32 UBE2H  Ubiquitin protein ligase (Vourc'h 2003). A Kumar 2009, Vourc'h 2003
7936 EN2 Cerebellar development (Gharani 2004). L,A*, C Kumar 2009, Gharani 2004
7q36.1 CNTNAP2  Nervous system cell interactions. Assocatiated with L, A* M,C Kumar 2009, Arking 2008

cortical dysplasia focal epilepsy (Arking 2008).

D

L - Linkage; A - Association; M - Mutation Identified; K - Abnormal Karotype; C = Copy Number Variant.

F - Functional in humans; D - Related or syndromic disorer; * - Replicated.

TF -Transcription Factor; V - Voltage; Ser - Serine; Thr - Threonine; NO- nitric oxide
Studies, function, evidence, and references gathered from Kumar and Christian 2009 and SFARI gene
database (http://gene.sfari.org).
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7q36.2 DPP6 Regulates K* channel gating (Marshall 2008). C Marshall 2008
8p23 Unknown  Unknown. K,C Kumar 2009
8p23 DLGAP2?  Guanylate kinase at neuronal post-synapses C Marshall 2008
(Kindler 2004).

8p23.1 MCPHI Regulates brain size (Ozgen 2009). C Ozgen 2009

8qll RBICCI  Regulates tumor suppressors (Chano 2002). C Marshall 2008

8q21 CYPIIB]  Catalyzes sex hormone synthesis(Chakrabarti 2009). A Chakrabarti 2009

8q22-q23 SDC2 Heparan sulfate proteoglycan(Ishikawa-Brush 1997). F Ishikawa-Brush 1997

9p24 Unknown  Unknown. L,C Kumar 2009

9ql2 Unknown  Unknown. K Kumar 2009

9q33.1 ASTN2 Neuronal cell adhesion molecule (Glessner 2009).  C Glessner 2009

9q33-q34 Unknown  Unknown. L*, C Kumar 2009

9q34.1 ASS Regulates NO production (Hu 2006). F Hu 2006

9q34.1 DAPK] Ser/Thr kinase involved in cell death (Hu 2006). F Hu 2006

9q34.13 7SC1 Tumor Supressor; Associated with Tuberous D,L,M, Kumar 2009
Sclerosis (Smalley 1998). C

10p14-15 Unknown  Unknown. K, C Kumar 2009

10q11-g21 Unknown  Unknown. K, C Kumar 2009

10921 CTNNA3  Cell adhesion molecule (Janssens 2001). A Wang 2009

10g21.1 EGR2 TF; axon guidance and myelination (Hu 2006). F Hu 2006

10g21.2 JMJDIC  TF; thyroid hormone receptor (Castermans 2007). M Castermans 2007

10g21.3 REEP3 Regulates vesicle travel between the endoplasmic M Castermans 2007
recticulum and golgi apparatus (Castermans 2007).

10g22.3 KCNMAI  V/Ca+2 activated K" channel; Role in K Laumonnier 2006
neuronal excitement (Laumonnier 2006).

10g23 PTEN Protein tyrosine phosphatase (Stambolic 1998). K, C Kumar 2009

10923.3-q26..  Unknown  Unknown. L Kumar 2009

10g24 LZTS?2 Tumor suppressor (Thyssen 2006). A Wang 2009

11p15.5 HRAS GTPase (Comings 1996). A* Comings 1996

11p12-p13 Unknown  Unknown. L* A Kumar 2009

11p12-[13 CD44 Cell adhesion to extracellular matrix (Aruffo 1990). F Hu 2006

11q13-q14 Unknown  Unknown. L,C Kumar 2009

11q13.4 DHCR7 Cholesterol biosynthesis. Associated with L,M,D Kumar 2009
Smith-Lemli-Opitz syndrome (Sikora 2006).

11923.1 HTR34 Serotonin receptor (Anderson 2009). A Anderson 2009

11q23.2 CADM1 Synaptic cell adhesion molecule (Zhiling 2008). M Zhiling 2008

12p13.3 CACNAIC Cardiac Ca' Channel; Associated with Timothy M, D Kumar 2009
Syndrome (Splawski 2004).

12p11 DDXI11 Cell adhesion molecule (Hu 2006). F Hu 2006

12q13.13 ITGB7 Integrin; role in demyelination disease (Hu 2006).  F Hu 2006

12q14.2 AVPRIA Vasopressin receptor (Yirmiya 2006). M, C,A* Kumar 2009, Yirmiya 2006

12g21.12 TPH? Catalyst of serotonin biosynthesis (Coon 2005). A Coon 2005

L - Linkage; A - Association; M - Mutation Identified; K - Abnormal Karotype; C = Copy Number Variant.

F - Functional in humans; D - Related or syndromic disorer; * - Replicated.

TF -Transcription Factor; V - Voltage; Ser - Serine; Thr - Threonine; NO- nitric oxide
Studies, function, evidence, and references gathered from Kumar and Christian 2009 and SFARI gene
database (http://gene.sfari.org).
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12q24 CCDC64  Unknown. A Wang 2009

13q12 Unknown  Unknown. A, C Kumar 2009

13q12 ALOX5AP  Catalyzes leukotriene synthesis (Hu 2006). F Hu 2006

13q12 FLTI VEGF receptor (Hu 2006). F Hu 2006

13q13 NBEA Recruits cAMP-dependent PKA to trans-Golgi C Castermans 2003
network (Castermans 2003).

13q14 Unknown  Unknown. K, C Kumar 2009

13q14-q21 PCDHY9 Cell adhesion molecule (Strehl 1998). C Marshall 2008

13q33 MYOI6 Myosin; Role in brain development (Patel 2001) A Wang 2009

14923 Unknown  Unknown. L,C Kumar 2009

15q11-q13 Unknown  Unknown. K, C Kumar 2009

15q12 UBE34 Ubiquitin protein ligase; Associated with M, C,A  Kumar 2009, Nurmi 2001
Angelman's syndrome (Nurmi 2001).

15q12 ATP104 Amphipathic phospholipid transporter(Nurmi 2003). A, C Kumar 2009, Nurmi 2003

15q12 GABRB3 GABA receptor subunit (Cook 1998). A*, M, C Kumar 2009

15q12 GABRG3  GABA receptor subunit (Cook 1998). A, C Kumar 2009

15q12 GABRA5  GABA receptor subunit (Cook 1998). A, C Kumar 2009

15922-q26 Unknown  Unknown. L,C Kumar 2009

15q24 ARNT2 TF; Neural response to hypoxia (Chakrabarti 2009). A Chakrabarti 2009

15925 NTRK3 Neurotrophin receptor (Chakrabarti 2009). A Chakrabarti 2009

16p13.3 A2BPI Binds to SCA2 (Sebat 2007). K,C Kumar 2009, Sebat 2007

16p13.3 75¢C2 Tumor supressor; Associated with Tuberous M, D Kumar 2009
Sclerosis (Smalley 1998).

16p13.3 CACNAIH V-gated Ca™ channel (Splawski 2006). M Splawski 2006

16p13.2 GRIN24  NMDA receptor subunits (Barnby 2005) M, A Kumar 2009

16p13.2 ABAT Catalyzes succinic semialdehyde from GABA M, A Kumar 2009
(Barnby 2005).

16p13.13 Unknown  Unknown. L Kumar 2009

16p12.3 SYT17 Unknown. A Wang 2009

16pl12.1 PRKCBI  Protein kinase C; regulates synaptic transmission A Kumar 2009, Philippi 2005
(Philippi 2005).

16pl11.2 Unknown. ~ Unknown. K, C Kumar 2009

16p11.2 SEZ6L2 Associated with seizures (Kumar 2009). A,M Kumar 2009

16921 Unknown  Unknown. K, C Kumar 2009

16q24.3 ANKRDI1I  p53 coactivator (Neilson 2008). C Marshall 2008

17p13.1-p12 PERI TF that serves as a clock gene (Nicholas 2007). A Nicholas 2007

17p12 Unknown  Hereditary Neuropathy with liability to pressure K, C Kumar 2009
palsy region (Kumar 2009).

17pl11.2 Unknown  Potocki-Lupski Syndrome (Kumar 2009). K Kumar 2009

17q11 SLC6A4 Serotonin transporter (Cook 1997). L, A* Kumar 2009, Cook 1997

17q11 NF1 Regulates Ras proteins (Marui 2004). KA Kumar 2009, Marui 2004

17q11.2-12 NOS24 Nitric oxide synthase (Kim 2009). A Kim 2009

L - Linkage; A - Association; M - Mutation Identified; K - Abnormal Karotype; C = Copy Number Variant.

F - Functional in humans; D - Related or syndromic disorer; * - Replicated.

TF -Transcription Factor; V - Voltage; Ser - Serine; Thr - Threonine; NO- nitric oxide
Studies, function, evidence, and references gathered from Kumar and Christian 2009 and SFARI gene
database (http://gene.sfari.org).
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17921 ITGB3 Cell adhesion molecule (Weiss 2006). L,A*, C Kumar 2009, Weis 2006
17921 HOXBI TF for hindbrain development (Gallagher 2004). L,A*, C Kumar 2009
17q22 CACNAIG  V-gated Ca™ channel (Strom 2009). A Strom 2009
17q22-q23 BZRAPI Synaptic transmission regulator (Bucan 2009). C Bucan 2009
19q13 Unknown  Unknown. L,C Kumar 2009
19p13 MBD3 Transcriptional repression (Cukier 2009). M Cukier, 2009
19p13 ODF3L2  Unknown. C Bucan 2009
19q12 Unknown  Unknown. L,C Kumar 2009
19q13.2 APOE Apolipoprotein (Artiga 1998). A Kumar 2009
19q13.3 DMPK Ser/Thr kinase (Estrom 2008). M Estrom 2008
20pl3 Unknown  Unknown. K, C Kumar 2009
20q13 ADA Catalyzes adenosine to inosine (Bottini 2001). A Kumar 2009
20q13 CDH22 Cell adhesion molecule (Hirano 2003). A Wang 2009
21ql1 Unknown  Unknown. L Kumar 2009
22ql1 ADORA24  Adenosine receptor expressed in caudate nucleus; K,C,A  Kumar 2009

DiGeorge/Velocardialfacial syndrome (Freitag 2010). Freitag 2010
22q13.1-13.2 ADSL Adenylosuccinate lyase (Sivendran 2004). M Sivendrran 2004
22ql13.3 SHANK3  Synaptic scaffolding protein (Durand 2007) M, K,C  Kumar 2009, Durand 2007
Xp22.3 NLGN4X  Post-synaptic cell adhesion molecule (Jamain 2003). M, K, C  Kumar 2009, Jamain 2003
Xp22.1-22.3 ARX TF; Forebrain development (Gecz 2006). M Gecz 2006
Xp22.2-p22.1 GRPR Brain gastrin-release pepiptide receptor F Ishikawa-Brush 1997
(Ishikawa-Brush 1997).
Xp22.1 PTCHD!  Sonic hedgehog receptor (Chen 1996). C Marshall 2008
Xp22.1-p21.3 ILIRAPLI  Ca**-dependent exocytosis (Bahi 2003). M Bhat 2008
Xp21.2 DMD Dystrophin. Associated with Duchene Muscular D,A,M  Wang 2009, Wu 2005
Dystrophy (Wu 2005).
Xpll.3 MAOA Oxidizes catecholamines/serotonin (Cohen 2003). F Cohen 2003.
Xql2 Unknown  Unknown. L Kumar 2009
Xqll.2-q12 AR Androgen receptor (Henningsson 2009). A Henningsson 2009
Xql3.1 NLGN3 Synaptic cell adhesion molecule (Jamain 2003). M Kumar 2009
Xq21-g25 Unknown  Unknown. L Kumar 2009
Xq24 RHOXF1  Androgen regulated TF (Geserick 2002). A Wang 2009
Xq27.2 MECP2 Methylation-regulated transcription recpressor. M,A,D  Kumar 2009
Associated with Rett Syndrome (Nan 1997).
Xq28 FMRI RNA-binding protein. Associated with Fragile X M Kumar 2009
Syndrome (Siomi 1993).
Xq28 RPLI0 Ribosomal protein; Associated with the limbic M Klauck 2006
system (Klauck 2006).
Xq28 SLC6A8 Creatine transporter (Poo-Arguelles 2006). M Poo-Arguelles 2006

L - Linkage; A - Association; M - Mutation Identified; K - Abnormal Karotype; C = Copy Number Variant.
F - Functional in humans; D - Related or syndromic disorer; * - Replicated.
TF -Transcription Factor; V - Voltage; Ser - Serine; Thr - Threonine; NO- nitric oxide
Studies, function, evidence, and references gathered from Kumar and Christian 2009 and SFARI gene
database (http://gene.sfari.org).




One thing is confusing me about Table 1. It lists only 1-2 studies per gene. Yet for many genes, Table 2 lists many studies. Is there a way to get this across better in Table 1, for instance by listing multiple studies per gene? It might require rotating the format 90 degrees 
Page breaks are occurring in wrong places. Use Ctrl-Enter to force a page break
Can the names of these proteins please be given again?
I wonder if this table would be clearer if it were sorted into (a) cases where variation occurs for the same ethnic group resampled in different studies (b) variation where the ethnic group varies too, therefore indicating an actual ethnically-orrelated difference. Also, can you include studies where a locus was studied in multiple ethnic groups and significance was found in all groups studied?
If you find a better abbreviation in the right-hand column, perhaps longer information could be given under Pop. Ethnicity, which is the really interesting column of the table
Table 2 – Ethnic Variation in Autism Findings
[image: image7.png]Pop. Study
Gene (location) Ref Location  Ethnicity  Type Findings
NRXN Feng 2006 US C,AA MUT P - Ethnic variation between populations.
(1p16)
I1TGA4 Ramoz 2008 US Primarily C L,A P - Significant in population tested.
(2q31.3) Conroy 2008 US IR, C, A P - Significant in populations tested.
Primarily C Ethnic variation between populations.
Correia 2009 Portugal P A P - Significant in population tested.
OXTR Wu 2005 China CH A P - Significant in population tested.
(3p25) Jacob 2007 US C A P - Significant in population tested.
Lerer 2008 Israel IS A P - Significant in population tested.
Yrigollen 2008 US Primarily C A P - Significant in population tested.
Wermter 2009 Germany G A P - Significant in population tested.
GABRA4 Ma 2005 US w A P - Significant in population tested.
(4p12) Collins 2006 US C,AA A P - Significant in populations tested.
Ethnic variation between populations.
GABRB 1 Ma 2005 US w A P - Significant in population tested.
(4p12) Collins 2006 US C,AA A P - Significant in one population tested.
Ethnic variation between populations.
GLOI1 Junaid 2004 US Mixed MUT P - Significant in population tested.
(6p21.1-p21.3) Sacco 2007 Italy/US C IT A N- Not significant in populations tested.
Rehnstrom 2008  Finland F L,A N -Not significant in population tested.
GRIK?2 Jamain 2002 Europe Mixed L,A P - Significant in populations tested.
(6q16.3-q21) Shuang 2004 China CH A P - Significant in population tested.
Dutta 2007 India I A N - Not significant in poipulation tested.
HOXAI Ingram 2000 US C, Mixed MUT P - Significant in populations tested.
(7p15.3) Ethnic variation between populations.
Talebizadeh 2002 US Primarily W A N - Not significant in population tested.
Li 2002 US Mixed L,A N - Not significant in population tested.
Devlin 2002 US Primarily C L,A N - Not significant in population tested.
Collins 2003 US W, AA A N - Not signigicant in populations tested.
Romano 2003 Italy IT L,A N - Not significant in population tested.
Concaitori 2004 US, Italy IT,C A P - Significant in populations tested.
Gallagher 2004 Ireland IR A N - Not significant in population tested.
PONI1 D'Amelio 2005 US, Italy IT,C L,A P- Significant in population tested.
(7921.3) Ethnic variation between populations.

AA - African American; C - Caucasian; CH - Chinese Han; D - Dutch; F - Finnish; FR - French; G - German;
GR - Greek; I - Indian; IR - Irish; IS - Israeli; IT - Italian; J - Japanese; P - Portuguese; W - White

Mixed - 4 or more ethnicities; MUT - Mutational Study; L - Linkage; A - Association;

P - Positive; N - Negative

Studies gathered from SFARI gene database (http://gene.sfari.org).




7 lines up “signigicant”??? other similar typos throughout
Table 2 – Ethnic Variation in Autism Findings
[image: image8.png]Pop. Study
Gene (location) Ref Location __ Ethnicity  Type Findings
RELN Persico 2001 Italy IT,C A P - Significant in populations tested.
(7922) Krebs 2002 France Primarily C A N -Not Significant in populations tested.
Bonora 2003 UK Mixed, G A N - Not signifcant in populations tested.
Devlin 2004 US Primarily C A N - Not significant in populations tested.
Skaar 2005 US C A P - Significant in population tested.
Serajee 2006 US C A P - Significant in population tested.
Li 2008 China CH A P - Significant in population tested.
MET Campell 2006 US Mixed A P - Significant in population tested.
(7q31) Campbell 2009 US Mixed A P - Significant in population tested.
Jackson 2009 US,Italy C,AAIT A P - Significant in population tested.
Ethnic variation between populations.
Sousa 2009 UK Mixed, IT A P - Significant in population tested.
Campbell 2010 US Mixed A P - Significant in population tested.
GRMS8 Serajee 2003 US Mixed L,A P- Significant in population tested.
(7931.3-9q32) Li 2008 China CH L,A N -Not significant in population tested.
FOXP2 Wassink 2002 US Mixed L,A N - Not significant in population tested.
(7q31) Newbury 2002 UK Mixed A N - Not significant in population tested.
Gauthier 2003 Canada Mixed A N - Not significant in population tested.
Gong 2004 China CH A P - Significant in population tested.
Li 2005 Japan J MUT P - Significant in population tested.
Marui 2005 Japan J A N - Not significant in population tested.
WNT2 Wassink 2001 US Mixed L P - Significant in population tested.
(7931.2) McCoy 2002 US Primarily C L,A N - Not significant in population tested.
Li 2004 US Mixed L,A N - Not significant in population tested.
Marui 2009 Japan J L,A P- Significant in population tested.
EN2 Zhong 2003 US Mixed A N - Not significant in population tested.
(7936) Gharani 2004 US Mixed A P - Significant in population tested.
Benayed 2005 US Mixed A P - Significant in population tested.
Wang 2008 China CH A P - Significant in population tested.
Brune 2008 US Primarily C A P - Significant in population tested.
Yang 2008 China CH A P - Significant in population tested.
TPH?2 Coon 2005 US W, IT A P - Significant in population tested.
(12921.12)

AA - African American; C - Caucasian; CH - Chinese Han; D - Dutch; F - Finnish; FR - French; G - German;
GR - Greek; I - Indian; IR - Irish; IS - Israeli; IT - Italian; J - Japanese; P - Portuguese; W - White

Mixed - 4 or more ethnicities; MUT - Mutational Study; L - Linkage; A - Association;

P - Positive; N - Negative

Studies gathered from SFARI gene database (http://gene.sfari.org).




Table 2 – Ethnic Variation in Autism Findings
[image: image9.png]Pop. Study

Gene (location) Ref Location __ Ethnicity  Type Findings
GABRB3 Cook 1998 US Primarily C L,A P - Significant in population tested.
(15q12) Maestrini 1999 UK Mixed L,A N -Not significant in population tested.
Salmon 1999 US Primarily C L,A N - Not significant in population tested.
Menold 2001 US Mixed L,A N - Not significant in population tested.
Buxbaum 2002 US Mixed L,A P- Significant in population tested.
Nurmi 2003 US Primarily C L,A P - Significant in population tested.
McCauley 2004 US Primarily C L,A P - Significant in population tested.
Curran 2005 UK Mixed L,A P- Significant in population tested.
Ashley-Koch 2006 UK C L,A P- Significant in population tested.
Delahanty 2009 UK Mixed L,A P - Significant in population tested.
PRKCBI1 Philippi 2005 US Mixed L,A P- Significant in population tested.
(16pll.2) Yang 2007 Ireland IR L,A N - Not significant in population tested.
SLC6A4 Cook 1997 US Primarily C L,A P - Significant in population tested.
(17q11) Kim 2002 US Primarily C L,A P - Signifcant in population tested.
Coutinho 2004 Portugal P F P - Signifcant in population tested.
McCauley 2004 US Mixed L,A N - Not significant in population tested.
Sutcliffe 2005 US Mixed L,A P - Signifcant in population tested.
Mulder 2005 Netherlands D L,A P - Signifcant in population tested.
Wu 2005 China CH L,A N - Not significant in population tested.
Devlin 2005 US Mixed L,A P - Signifcant in population tested.
Ramoz 2006 US Mixed L,A N - Not significant in population tested.
NF1 Mbarek 1999 France FR A P - Significant in population tested.
(17q11.2) Plank 2001 US W, AA L,A N - Not significant in population tested.
Marui 2004 Japan J L,A P- Significant in population tested.
HOXB1 Ingram 2000 US C, Mixed MUT N - Not significant in population tested.
(17q21) Ethnic variation between populations.
Talebizadeh 2002 US Primarily W A N - Not significant in population tested.
Li 2002 US Mixed L,A N - Not significant in population tested.
Romano 2003 Italy IT L,A N - Not significant in population tested.
Gallagher 2004 Ireland IR A N - Not significant in population tested.
ADA Persico 2000 Italy IT,C A P - Significant in populations tested.
(20q13) Ethnic variation between populations.
Bottini 2001 Italy IT A P - Significant in populations tested.
Hettinger 2008 Canada Mixed A N - Not significant in population tested.

AA - African American; C - Caucasian; CH - Chinese Han; D - Dutch; F - Finnish; FR - French; G - German;
GR - Greek; I - Indian; IR - Irish; IS - Israeli; IT - Italian; J - Japanese; P - Portuguese; W - White

Mixed - 4 or more ethnicities; MUT - Mutational Study; L - Linkage; A - Association;

P - Positive; N - Negative

Studies gathered from SFARI gene database (http://gene.sfari.org).




Table 2 – Ethnic Variation in Autism Findings
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Gene (location) Ref Location __ Ethnicity  Type Findings
SHANK3 Durand 2007 France Mixed MUT P - Significant in population tested.
(22q13.3) Qin 2009 China CH L,A N - Not significant in population tested.
Sykes 2009 UK Mixed, IT A N - Not significant in population tested.
NLGN4X Jamain 2003 France Mixed MUT P - Significant in population tested.
(Xp22.32-p22.31) Vincent 2004 Canada Mixed MUT N - Not significant in population tested.
Gauthier 2005 Canada Mixed MUT N - Not significant in population tested.
Ylisaukko-oja 2005 Finland F L,A P- Significant in population tested.
Blasi 2006 Italy Mixed L,A N - Not significant in population tested.
Wermter 2008 Germany G A N - Not significant in population tested.
Pampanos 2009 Greece GR MUT P - Significant in population tested.
Chakrabarti 2009 UK C L,A P - Significant in population tested.
GRPR Ishikawa 1997 UK Mixed MUT P - Significant in population tested.
(Xp22.2-p22.13) Heidary 1998 US Primarily C MUT N - Not significant in population tested.
Marui 2004 Japan J A N - Not significant in population tested.
NLGN3 Jamain 2003 France Mixed MUT P - Significant in population tested.
(Xql3.1) Vincent 2004 Canada Mixed MUT N - Not significant in population tested.
Gauthier 2005 Canada Mixed MUT N - Not significant in population tested.
Ylisaukko-oja 2005 Finland F L,A P- Significant in population tested.
Blasi 2006 Italy Mixed L,A N - Not significant in population tested.
Wermter 2008 Germany G A N - Not significant in population tested.

AA - African American; C - Caucasian; CH - Chinese Han; D - Dutch; F - Finnish; FR - French; G - German;
GR - Greek; I - Indian; IR - Irish; IS - Israeli; IT - Italian; J - Japanese; P - Portuguese; W - White
Mixed - 4 or more ethnicities; MUT - Mutational Study; L - Linkage; A - Association;

P - Positive; N - Negative

Studies gathered from SFARI gene database (http://gene.sfari.org).




In addition to the above very interesting table, it might be worthwhile to have a table that gives 
- number of genes for which an ethnic group has been studied more than once – then give how many of those cases have an apparent variation (i.e. at least one study fails to find an association)

- number of genes for which multiple ethnic groups have been studied – then given how many of those cases have an apparent variation (i.e. at least one ethnic group is reported not to show an association)

The reason is to get some kind of handle on the reliability of a reported association, and whether reported ethnic variation is likely to reflect variation beyond what happens when a population is re-sampled repeatedly.
>>>>>
I am interested in the fact that the genes with most consistent cross-ethnic group associations are OXTR, MET, and EN2. You say that MET is involved in neocortical and cerebellar development. EN2 is involved in cerebellar development. And cerebellum is a commonly altered structure in autism. Oxytocin receptors might not fit into this unification, though there may be something about them that I don’t know about in regard to cerebellum.
It is emerging pretty clearly that you are heading toward a discussion of these exceptional cases. What could account for the variations? I wonder if you will end up discussing variation in methods that might lead to false positives and negatives. For this purpose it might be good to pay attention to the studies that appear to be exceptional, in the sense of accounting for a minority of the findings. Perhaps a count or table indicating what methods were used in these cases, and whether they led to positive or negative results. 
It appears to me that mutational studies that go against the group tend to find positive results, and that linkage and association studies tend to find negative results. The only exceptions are NLGN3 and NLGN4X (unless I have misread something, entirely possible). To me this suggests that much of the apparent ethnic variation may simply arise from biases in these approaches. Which leads to some discussion of where those biases come from!
Reference 1 below is mis-ordered.
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