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Abstract Investigated association of single nucleotide

polymorphism (SNP) rs301430 in glutamate transporter

gene (SLC1A1) with severity of repetitive behaviors

(obsessive–compulsive behaviors, tics) and anxiety in

children with autism spectrum disorder (ASD). Mothers

and/or teachers completed a validated DSM-IV-referenced

rating scale for 67 children with autism spectrum disorder.

Although analyses were not significant for repetitive

behaviors, youths homozygous for the high expressing C

allele had more severe anxiety than carriers of the T allele.

Allelic variation in SLC1A1 may be a biomarker for or

modifier of anxiety symptom severity in children with

ASD, but study findings are best conceptualized as tenta-

tive pending replication with larger independent samples.

Keywords Autism � Autism spectrum disorder �
SLC1A1 � Obsessive–compulsive behaviors �
Separation anxiety � Generalized anxiety

Obsessive–compulsive behaviors (OCB) and anxiety are

common co-occurring features of autism spectrum disor-

ders (ASD) (e.g., Gadow et al. 2005; White et al. 2009),

and the three groups of syndromes evidence overlapping

symptoms and family histories in ASD and non ASD

samples (e.g., Bolton et al. 1998; Cath et al. 2008; Comings

1990; Cullen et al. 2008; Gadow et al. 2002; Piven and

Palmer 1999). Nevertheless, relatively few studies have

actually examined whether common gene variants pur-

portedly associated with obsessive–compulsive disorder

(OCD) may actually be biomarkers for or potential modi-

fiers of these symptoms in children with ASD. The clinical

significance of this effort is underscored by the facts that

repetitive behaviors are stressful for parents (e.g., Lecav-

alier et al. 2006) and singled out as being a source of

concern (Fong et al. 1993); have an adverse effect on

quality of life (Bishop et al. 2007); and are highly stable

over time (Billstedt et al. 2007; Lecavalier et al. 2006),

high priorities for intervention (Matson and Dempsey

2009) and associated with poorer long-term outcome (e.g.,

Billstedt et al. 2007; Howlin et al. 2004). The repetitive

behaviors associated with ASD include a complex assort-

ment of vocalizations, motor movements, and cognitions

whose nosology is not well-established (e.g., Carcani-

Rathwell et al. 2006; Lam et al. 2008; Mandy and Skuse

2008) and not easily differentiated from the classic features

of OCD (e.g., Wood et al. 2008; Zandt et al. 2007), which

is also true for other neurobehavioral syndromes that are

characterized by repetitive behaviors and associated with

OCB such as tic disorders (e.g., Grados et al. 2008).
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Although a number of studies have examined the

molecular genetics of ASD repetitive behaviors (e.g., Coon

et al. 2005; Mulder et al. 2005; Sacco et al. 2007; Sakurai

et al. 2008; Sutcliffe et al. 2005), few have actually evalu-

ated relations of purported OCD candidate genes with

measures of OCB behaviors or with other anxiety-related

behaviors. The glutamate transporter gene (SLC1A1), which

encodes the neuronal glutamate transporter excitatory

amino acid carrier 1, is highly expressed in regions of the

brain that are implicated in the pathogenesis of OCD

(Arnold et al. 2006; Brune et al. 2008; Dickel et al. 2006;

Stewart et al. 2007; Wendland et al. 2009). The glutamate

transporter regulates neurotransmission by removing glu-

tamate from the extracellular space thus terminating syn-

aptic transmission. It is also involved in the biosynthesis of

c-aminobutyric acid (GABA), which may also be involved

in the etiology of OCD. Dickel et al. (2006) examined nine

single nucleotide polymorphisms (SNPs) in SLC1A1 and

found two SNPs associated with early onset OCD, one of

which was a coding synonymous SNP in exon 10

(rs301430). TDT analyses indicated overtransmission of the

lower-frequency C allele. In a similar vein, Stewart et al.

(2007) found that a haplotype, which included rs301430,

was associated with early-onset OCD in a family-based

association study. In a more recent study Wendland et al.

(2009) reported on three SLC1A1 SNPs previously found to

be associated with OCD, one of which was rs301430. This

SNP was found to be associated with mRNA levels in post

mortem brain tissue, and alleles were shown to have a

differential effect on reporter gene expression in human and

rat cell lines. The T allele evidenced approximately 50%

reduced expression compared with the C allele. Others,

however, have not found differences in allele frequencies

between child-onset OCD cases and controls for rs301430

(Wang et al. 2009). In one of the few studies to investigate

its potential role in ASD pathogenesis, Brune et al. (2008)

found preliminary evidence for differential transmission of

a haplotype that included rs301430.

Based on findings for SLC1A1 SNP rs301430 in

nonASD patients with OCD, we examined whether

rs301430 was a biomarker for OCB severity in children

with ASD. Owing to the aforementioned nosological

uncertainties about movement disorders within the ASD

clinical phenotype, we also examined tics. As we and

others have found that common polymorphisms of genes

such as DAT1 (Comings et al. 1996; Gadow et al. 2008a;

Rowe et al. 1998), BDNF (Gadow et al. 2009b) and DRD4

(Gadow et al. 2009a) are associated with both movement

and anxiety symptoms, a secondary objective was to assess

possible relations with anxiety as well. However, as there

are no published data about these symptoms and rs301430

in ASD samples, our analyses are exploratory (i.e.,

hypothesis generating, not hypothesis confirming).

Materials and Methods

Participants

Participants in this study were recruited from referrals to

a university hospital developmental disabilities specialty

clinic located on Long Island, New York. All families

with at least one child with a confirmed diagnosis of

ASD were contacted by mail for participation in a

genetic study. A total of 92 individuals were initially

recruited, but to maximize homogeneity, the study sam-

ple (N = 67) was limited to individuals who were chil-

dren (4–14 years old) when the diagnostic and behavioral

evaluations were conducted. Child participants were

excluded from the study if a Rett MECP2 or a Fragile X

mutation was discovered. Demographic characteristics

were as follows: age (M = 6.9; SD = 2.6), gender (87%

male), ethnicity (96% Caucasian), IQ (M = 79.2;

SD = 23.2), socioeconomic status (SES) assessed with

Hollingshead’s (1975) index of occupational and educa-

tional social status (M = 42.4; SD = 11.4), single-parent

household (1%), and psychotropic medication use (24%).

Mothers’ and teachers’ ratings of psychiatric symptoms

were available for 62/57 of the children, respectively.

This study was approved by a university Institutional

Review Board, informed consent was obtained, and

appropriate measures were taken to protect patient (and

rater) confidentiality.

Procedure

Diagnoses of ASD were confirmed by an expert diagnos-

tician and based on five sources of information about ASD

symptoms to verify DSM-IV criteria: (a) comprehensive

developmental history, (b) clinician interview with child

and caregiver(s), (c) direct observations of the child, (d)

review of validated ASD rating scales including the Child

Symptom Inventory-4 (CSI-4) (Gadow et al. 2008b), and

(e) prior evaluations and, additionally (n = 49), with (f)

the Autism Diagnostic Observation Schedule (Lord et al.

2000) and/or Autism Diagnostic Interview-Revised (Rutter

et al. 2003).

Prior to scheduling their initial clinic evaluation,

the parents of potential participants were mailed a packet

of materials including behavior rating scales, background

information questionnaire, and permission for release

of school reports, psycho-educational, and special edu-

cation evaluation records. Rating scales included parent

and teacher versions of the CSI-4, which in most cases

were completed by the child’s mother. Child’s geno-

type status was determined using DNA isolated from

peripheral blood cells and polymerase chain reaction

(PCR).
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Genotyping

SNP analysis was performed for the SLC1A1 SNP rs301430

genotypes with high-resolution melting. PCR was carried

out in a 10 ll volume containing the following primers:

SLC1A1SNPF-ACAATCAACATGGATGGGAC and SL

C1A1SNPR-CGCTGCCACTGCTTCATA. Each amplifi-

cation was overlaid with mineral oil and contained 20 ng of

DNA, 0.25 lM of each primer, and 1X Light Scanner

Master Mix (Idaho Technology Inc). Reaction conditions

were: an initial denaturation at 95�C for 2 min, followed by

45 cycles of 94�C for 30 s, 58�C for 30 s, 72�C for 30 s,

with a final extension step (72�C for 10 min) and a final

‘hold’ at 4�C. Melt analysis was performed between 70 and

98�C with a Light Scanner (Idaho Technology, Inc) (Zhou

et al. 2004), and SNP status determined using the Small

Amplicon Module. One individual with each of the three

expected genotypes (C/C, C/T, T/T) was sequenced to

confirm correct genotype calling, and these samples were

included in the melt analysis (data not shown). Genotype

analyses were conducted by an investigator who was blind

to the behavioral characteristics of the study sample.

Measures

The CSI-4 (Gadow and Sprafkin 1986, 2002) is a behavior

rating scale that assesses the behavioral symptoms of a

broad range of psychiatric syndromes and has both parent

and teacher versions. Individual items bear one-to-one

correspondence with DSM-IV symptoms (i.e., high content

validity). To assess symptom severity, items are scored

(never = 0, sometimes = 1, often = 2, and very

often = 3) and summed separately for each symptom

dimension. In the present study, analyses pertained to two

symptom domains: repetitive behaviors (obsessive–com-

pulsive behavior, tics) and anxiety (separation, generalized,

social). The findings of numerous studies indicate that the

CSI-4 demonstrates satisfactory psychometric properties in

community-based normative, clinic-referred non-ASD, and

ASD samples (see Gadow and Sprafkin 2008). Moreover,

confirmatory factor analysis in large a (N = 730) sample of

children with diagnosed ASD supports the construct

validity of DSM-IV syndromes (Lecavalier et al. 2009) as

well as the tripartite model of ASD symptom domains

(Lecavalier et al. 2009). As with almost all behavior rating

scales, mother and teacher ratings evidence modest con-

vergence, which likely in part reflects important gene x

environment interactions. In other words, settings (e.g.,

home, school) vary considerably in the demands they place

on children resulting in setting-specific phenotypic varia-

tion as well as source-specific (e.g., mother, teacher) per-

ceptions of deviance. The complexity of these relations is

compounded by the fact that the same ‘‘susceptibility’’

allele may be adaptive in one context but maladaptive in

another (see Belsky et al. 2009).

Statistical Analyses

Chi-square tests (categorical variables), correlations (con-

tinuous variables), and ANOVAs (combined categorical

and continuous variables) of demographic characteristics

with genotype groups and the dependent variables were

examined to identify potential covariates for subsequent

analyses. Next, we conducted MANOVAs comparing

genotype group differences in the two domains of symp-

toms to control for multiple comparisons thereby reducing

the risk of Type 1 error. Subsequent univariate analyses

were examined for evidence of gene-behavior relations.

Follow-up pairwise comparisons were examined to identify

specific differences between genotype groups. Analyses

were conducted separately for the two informants and the

two domains of behaviors: repetitive behaviors (OCB, tics)

and anxiety. For the latter, data were available for sepa-

ration anxiety (mothers’ ratings), generalized anxiety

(mothers’ and teachers’ ratings), and social phobia

(teachers’ ratings). We calculated partial eta-squared (gp2)

to gauge the magnitude of group differences and to address

in part the inherent limitations of significance testing

(Cohen 1994; Feise 2002; Perneger 1998; Rothman 1990;

Zhang et al. 1997). A rule of thumb for determining the

magnitude of gp2 suggests the following: 0.01–0.06 = small,

0.06–0.14 = moderate, and [0.14 = large (Cohen 1988).

Results

Child SLC1A1 rs301430 allele frequencies were C (32%)

and T (68%) and genotype frequencies were as follows: C/

C (n = 5; 8%), C/T (n = 33; 49%), and T/T (n = 29;

43%), which does not deviate from Hardy–Weinberg

equilibrium (V2 = 1.34, p = .29). Comparisons between

genotype groups did not evidence statistically significant

differences in child’s age, gender, ethnicity, IQ level,

psychotropic medication, special education, family’s SES,

or whether the mother was a single-parent. Importantly,

genotype groups did not differ significantly in severity of

any of the three ASD domains (communication deficits,

socialization deficits, perseverative behaviors) as assessed

with the CSI-4.

OCB and Tic Behaviors

MANOVAs did not indicate multivariate effects for

repetitive behaviors (OCB, tics) for either mothers’ or

J Autism Dev Disord (2010) 40:1139–1145 1141

123



teachers’ ratings. Therefore, follow-up univariate analyses

were not conducted as part of our planned analyses. Nev-

ertheless, owing to the possibility of Type 2 error with an

uncommon genotype, we present the results of these

analyses in Table 1 to include effect sizes so readers can

better evaluate the likelihood of this risk.

Anxiety Behaviors

The MANOVA for mothers’ ratings of anxiety was signif-

icant (F = 3.78, p = .006) as was the univariate analysis

for separation anxiety (F = 7.71, p = .001, gp2 = .22) but

not generalized anxiety (p = .23; gp2 = .12) (Table 1).

Planned comparisons indicated that children homozygous

for the C allele had more severe separation anxiety than

either the C/T (p \ .001) or T/T (p \ .001) groups (see

Fig. 1). The multivariate effect was marginally significant

for teachers’ ratings of anxiety (F = 2.25, p = .07) and

univariate analyses were significant for generalized anxiety

(F = 3.48, p = .04, gp2 = .12) but not social phobia

(p = .13; gp2 = .08). Planned comparisons indicated C/C

group had more severe symptoms of generalized anxiety

than the C/T (p = .02) or the T/T (p = .01) groups.

Discussion

The notion that common gene polymorphisms may be

biomarkers for and possibly modifiers of co-occurring

behavioral disturbances within the ASD clinical pheno-

type as well as severity of ASD symptoms finds support in

a growing number of studies (e.g., Brune et al. 2006;

Cohen et al. 2003; Gadow et al. 2008a, b, 2009a, b;

Mulder et al. 2005; Roohi et al. 2009; Tordjman et al.

2001). Not unexpectedly, the results of these same studies

also provide evidence of polygeny, pleiotropy, epistasis,

and contextual variability (informant specificity), consis-

tent with what is known about the genetic architecture of

physical and behavioral characteristics (Flint and Mackay

2009) as well as commonalities with similar traits in other

neurobehavioral syndromes. The present study provides

tentative evidence for an association of the C/C genotype

with separation anxiety and generalized anxiety in chil-

dren with ASD. To the best of our knowledge, this is the

first report of a potential genetic biomarker for separation

anxiety in the ASD clinical phenotype. Similar to other

common candidate genes that we have studied, the mag-

nitude of genotype group differences was in the moderate

range. An association with different types of anxiety

suggests that the SLC1A1 rs301430 polymorphism may be

a more general risk factor for trait anxiety in this clinical

phenotype. Importantly, these relations were still evident

after controlling for ASD symptom severity and intellec-

tual ability and therefore less likely to be linked to the

etiology of ASD. Unfortunately, owing to limited research

in this area to include the molecular mechanisms by

which the rs301430 polymorphism influences gene

expression, it is premature to construct a model for a

potential role of the C/C genotype in the pathogenesis of

anxiety in ASD.

Unexpectedly, allelic variation was not associated with

either OCB or tic severity, which is nevertheless consistent

with our finding of equivalent severity of perseverative

ASD behaviors in the three genotype groups. Our prior

Table 1 Group differences in severity of psychiatric symptoms for

SLC1A1 genotypes

Variable (CSI-4)a C/C C/T C/T F p = gp2

Mean

(SD)

Mean

(SD)

Mean

(SD)

Parent ratings

Generalized

anxiety

4.8 (2.9) 2.4 (2.4) 2.9 (3.0) 1.53 0.23 0.05

Separation

anxietya
8.4 (7.5) 2.2 (2.9) 2.3 (3.1) 7.91 0.001 0.22

Tics 2.6 (1.9) 1.3 (1.5) 1.3 (1.5) 1.69 0.19 0.06

OCB 1.4 (1.1) 0.8 (1.0) 1.3 (1.5) 1.22 0.30 0.06

Teacher ratings

Generalized

anxiety

5.6 (2.6) 2.3 (2.1) 2.6 (2.2) 3.48 0.04 0.12

Social phobiab 3.0 (2.4) 1.9 (1.7) 1.3 (1.6) 2.12 0.13 0.08

Tics 2.0 (2.3) 1.9 (2.0) 2.3 (2.3) 0.33 0.72 0.01

OCB 2.8 (2.2) 1.0 (1.4) 1.5 (1.8) 2.64 0.08 0.09

a Included in the parent version of the CSI-4 only
b Owing to modifications in the item content of the CSI-4, we were

unable to directly compare parent and teacher ratings of social phobia

CSI-4 child symptom inventory-4, OCB obsessive–compulsive

behavior
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Fig. 1 Child SLC1A1 rs301430 genotype and mothers’ and teachers’

ratings of separation anxiety disorder (SAD) and generalized anxiety

disorder (GAD) symptoms, respectively. Results are presented as

M ± SEM
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research with other genes, however, has found unique

gene-behavior linkage for each type of movement distur-

bance even when associations with perseverative behavior

scores were nonsignificant (Gadow et al. 2008a; Gadow

et al. 2009a, b). In other words, evidence clearly supports

the notion that repetitive behaviors are multi-factorial both

within (Carcani-Rathwell et al. 2006) and between (Moss

et al. 2009) neurodevelopmental syndromes. Moreover, the

marginally significant (p = .08) main effect of genotype

for teacher ratings of OCB suggests that further research is

warranted. It is noteworthy that the C/C group received the

highest mean OCB ratings as was the case for generalized

anxiety.

Although our results do not provide compelling support

for dysfunctional glutamatergic neurotransmission in the

etiology of OCB in children with ASD, they are subject to

several qualifications. The percentage of youths with the

C/C genotype was small, and though consistent with no-

nASD samples, increased the risk of a Type 2 error.

Moreover, gene-behavior relations may have been more

evident had we examined a wider array of SNPs or con-

ducted haplotype analyses (e.g., Brune et al. 2008; Dickel

et al. 2006; Wendland et al. 2009; Stewart et al. 2007). For

example, it is possible that other loci, some of which in

linkage disequilibrium with rs301430, would provide

stronger evidence of or better explanation for an associa-

tion with OCB severity. Although the study sample was

primarily Caucasian, this does not rule out population

stratification as a possible confound. For these and other

reasons, our findings must be considered tentative pending

replication in larger independent samples.

Acknowledgements This study was supported, in part, by grants

from the National Institutes of Health (GCRC grant No.

M01RR10710), the National Alliance for Autism Research, the Matt

and Debra Cody Center for Autism and Developmental Disorders,

and charitable contributions. The authors wish to thank Dr. John

Pomeroy for supervising the clinical diagnoses and two anonymous

reviewers for their helpful suggestions.

Financial Disclosures Kenneth D. Gadow: shareholder in Check-

mate Plus, publisher of the Child Symptom Inventory-4; Jasmin

Roohi: none; Carla J. DeVincent: none; Sarah Kirsch: none; Eli

Hatchwell: none.

References

Arnold, P. D., Sicard, T., Burroughs, E., Richter, M. A., & Kennedy,

J. L. (2006). Glutamate transporter gene SLC1A1 associated

with obsessive-compulsive disorder. Archives of General Psy-
chiatry, 63, 769–776.

Belsky, J., Jonassaint, C., Pluess, M., Stanton, M., Brummett, B., &

Williams, R. (2009). Vulnerability genes or plasticity genes.

Molecular Genetics, 14, 746–754.

Billstedt, E., Gillberg, I. C., & Gillberg, C. (2007). Autism in adult:

Symptom patterns and early childhood predictors. Journal of
Child Psychology and Psychiatry, 48, 1102–1110.

Bishop, S. L., Richler, J., Cain, A. C., & Lord, C. (2007). Predictors

of perceived negative impact in moterhs of children with autism

spectrum disorder. American Journal on Mental Retardation,
112, 450–461.

Bolton, P. F., Pickles, A., Murphy, M., & Rutter, M. (1998). Autism,

affective and other psychiatric disorders: Patterns of familial

aggregation. Psychological Medicine, 28, 385–395.

Brune, C. W., Kim, S.-J., Hanna, G. L., Courchesne, E., Lord, C.,

Leventhal, B. L., et al. (2008). Family-based association testing

of OCD-associated SNPs of SLC1A1 in an autism sample.

Autism Research, 1, 108–113.

Brune, C. W., Kim, S. J., Salt, J., Leventhal, B. L., Lord, C., & Cook,

E. H. Jr. (2006). 5-HTTLPR genotype-specific phenotype in

children and adolescents with autism. American Journal of
Psychiatry, 163, 2148–2156.

Carcani-Rathwell, I., Rabe-Hasketh, S., & Santosh, P. J. (2006).

Repetitive and stereotyped behaviours in pervasive develop-

mental disorders. Journal of Child Psychology and Psychiatry,
47, 573–581.

Cath, D. C., Ran, N., Smit, J. H., van Balkom, A. J. L. M., & Comijs,

H. C. (2008). Symptom overlap between autism spectrum

disorder, generalized anxiety disorder and obsessive-compulsive

disorder in adults: A preliminary case-controlled study. Psy-
chopahtology, 41, 101–110.

Cohen, J. (1988). Statistical power analysis for the behavioral
sciences (2nd ed.). Mahwah, NJ: Lawrence Erlbaum.

Cohen, J. (1994). The earth is round (p \ .05). American Psychol-
ogist, 49, 997–1003.

Cohen, I. L., Liu, X., Schultz, C., White, B. N., Jenkins, E. C., Brown,

W. T., et al. (2003). Association of autism severity with a

monoamine oxidase a functional polymorphism. Clinical Genet-
ics, 64, 90–197.

Comings, D. E. (1990). Tourette syndrome and human behavior.

Duarte, CA: Hope Press.

Comings, D. E., Wu, S., Chiu, C., Ring, R. H., Gade, R., Ahn, C.,

et al. (1996). Polygenetic inheritance of Tourette syndrome,

stuttering, attention deficit hyperactivity, conduct, and opposi-

tional defiant disorder. American Journal of Medical Genetics
Part B: Neuropsychiatric Genetics, 67B, 264–288.

Coon, H., Dunn, D., Lainhart, J., Miller, J., Hamil, C., Battaglia, A.,

et al. (2005). Possible association between autism and variants in

the brain-expressed tryptophan hydroxylase gene (TPH2).

American Journal of Medical Genetics Part B Neuropsychiatric
Genetics, 135B, 42–46.

Cullen, B., Samuels, J., Grados, M., Landa, R., Bienvenu, O. J.,

Liang, K.-Y., et al. (2008). Social and communication difficul-

ties and obsessive-compulsive disorder. Psychopathology, 41,

194–200.

Dickel, D. E., Veenstra-Vander Weele, J., Cox, N. J., Wu, X., Fischer,

D. J., Van Etten-Lee, M., et al. (2006). Association testing of the

positional and functional candidate gen SLOC1A1/EAAC1 in

early-onset obsessive-compulsive disorder. Archives of General
Psychiatry, 63, 778–785.

Feise, R. J. (2002). Do multiple outcome measures require p-value

adjustment? BMC Medical Research Methodology, 2.

Flint, J., & Mackay, T. F. C. (2009). Genetic architecture of

quantitative traits in mice, flies, and humans. Genome Research,
19, 723–733.

Fong, L., Wilgosh, L., & Sobsey, D. (1993). The experience of

parenting an adolescent with autism. International Journal of
Disability, Development, and Education, 40, 105–113.

Gadow, K.D., DeVincent, C.J., Olvet, D.M., & Hatchwell, E. (2009a).

Association of DRD4 polymorphism with severity oppositional

J Autism Dev Disord (2010) 40:1139–1145 1143

123



defiant, separation anxiety, and repetitive behaviors in children

with autism spectrum disorder. Manuscript submitted for

publication.

Gadow, K. D., DeVincent, C. J., Pomeroy, J., & Azizian, A. (2005).

Comparison of DSM-IV symptoms in elementary school-aged

children with PDD versus clinic and community samples.

Autism, 9, 392–415.

Gadow, K. D., Nolan, E. E., Sprafkin, J., & Schwartz, J. (2002). Tics

and psychiatric comorbidity in children and adolescents. Devel-
opmental Medicine and Child Neurology, 44, 330–338.

Gadow, K. D., Roohi, J., DeVincent, C. J., & Hatchwell, E. (2008a).

Association of ADHD, tics, and anxiety with dopamine trans-

porter (DAT1) genotype in autism spectrum disorder. Journal of
Child Psychology and Psychiatry, 49, 1331–1338.

Gadow, K.D., Roohi, J., DeVincent, C.J., Kirsch, S., & Hatchwell, E.

(2009b). Association of COMT (Val158Met) and BDNF
(Val66Met) gene polymorphisms with anxiety, ADHD and tics

in children with autism spectrum disorder. Journal of Autism and
Developmental Disorders, 39, 67–74.

Gadow, K. D., Schwartz, J., DeVincent, C., Strong, G., & Cuva, S.

(2008b). Clinical utility of autism spectrum disorder scoring

algorithms for the child symptom inventory. Journal of Autism
and Developmental Disorders, 38, 419–427.

Gadow, K. D., & Sprafkin, J. (1986). Stony Brook Child Psychiatric
Checklist-3. Stony Brook: Department of Psychiatry, State

University of New York.

Gadow, K. D., & Sprafkin, J. (2002). Child Symptom Inventory-4
Screening and Norms Manual. Checkmate Plus: Stony Brook,

NY.

Gadow, K. D, Sprafkin, J. (2008). The symptom inventories: An

annotated bibliography [On-line]. Stony Brook, NY: Checkmate

Plus. Available: www.checkmateplus.com.

Grados, M. A., Mathews, C. A., & Tourette Syndrome Association

International Consortium for Genetics. (2008). Latent class

analysis of Gilles de la Tourette syndrome using comorbidities:

Clinical and genetic implications. Biological Psychiatry, 64,

219–225.

Hollingshead, A. B. (1975). Four Factor Index of Social Status.

Department of Sociology, Yale University: New Haven, CT.

Howlin, P., Goode, S., Hutton, J., & Rutter, M. (2004). Adult outcome

for children with autism. Journal of Child Psychology and
Psychiatry, 45, 212–229.

Lam, K. S. L., Bodfish, J. W., & Piven, J. (2008). Evidence for three

subtypes of repetitive behavior in autism that differ in familiarity

and association with other symptoms. Journal of Child Psychol-
ogy and Psychiatry, 49, 1193–1200.

Lecavalier, L., Gadow, K. D., DeVincent, C. J., & Edwards, M. C.

(2009a). Validation of DSM-IV model of psychiatric syndromes

in children with autism spectrum disorder. Journal of Autism and
Developmental Disorders, 39, 278–289.

Lecavalier, L., Gadow, K. D., DeVincent, C. J., Houts, C., &

Edwards, M. C. (2009b). Deconstructing the PDD clinical

phenotype: Internal validity of the DSM-IV. Journal of Child
Psychology and Psychiatry, 50, 1246–1254.

Lecavalier, L., Leone, S., & Wiltz, J. (2006). The impact of behaviour

problems on caregiver stress in young people with autism

spectrum disorders. Journal of Intellectual Disability Research,
50, 172–183.

Lord, C., Risi, S., Lambrecht, L., Cook, E. H., Jr, Leventhal, B. L.,

DiLavore, P. C., et al. (2000). The autism diagnostic observation

schedule-generic: A standard measure of social and communi-

cation deficits associated with the spectrum of autism. Journal of
Autism and Developmental Disorders, 30, 205–223.

Mandy, W. P. L., & Skuse, D. H. (2008). Research review: What is

the association between the social-communication element of

autism and repetitive interests, behaviours and activities? Child
Psychology and Psychiatry, 49, 795–808.

Matson, J. L., & Dempsey, T. (2009). The nature and treatment of

compulsions, obsessions, and rituals in people with develop-

mental disabilities. Research in Developmental Disabilities, 30,

603–611.

Moss, J., Oliver, C., Arron, K., Burbidge, C., & Berg, K. (2009). The

prevelance and phenomenology of repetitive behavior in genetic

syndromes. Journal of Autism and Developmental Disorders, 39,

572–588.

Mulder, E. J., Anderson, G. M., Kema, I. P., Brugman, A. M.,

Ketelaars, C. E. J., de Bildt, A., et al. (2005). Serotonin

transporter intron 2 polymorphism associated with rigid-com-

pulsive behaviors in Dutch individuals with pervasive develop-

mental disorder. American Journal of Medical Genetics Part B
Neuropsychiatric Genetics, B133, 93–96.

Perneger, T. V. (1998). What’s wrong with Bonferroni adjustments.

BMJ, 316, 1236–1238.

Piven, J., & Palmer, P. (1999). Psychiatric disorder and the broad autism

phenotype: Evidence from family study of multiple-incidence

autistic families. American Journal of Psychiatry, 156, 557–563.

Roohi, J., DeVincent, C. J., Hatchwell, E., & Gadow, K. D. (2009).

Association of a monoamine oxidase-A gene promoter poly-

morphism with ADHD and anxiety in boys with autism spectrum

disorder. Journal of Autism and Developmental Disorders, 39,

67–74.

Rothman, K. (1990). No adjustments are needed for multiple

comparisons. Epidemiology, 1, 43–46.

Rowe, D. C., Stever, C., Gard, J. M. C., Cleveland, H. H., Sanders, M.

L., Abramowitz, A., et al. (1998). The relation of the dopamine

transporter gene (DAT1) to symptoms of internalizing disorders

in children. Behavior Genetics, 28, 215–225.

Rutter, M., LeCouteur, A., & Lord, C. (2003). Autism Diagnostic
Interview-Revised. Western Psychological Services: Los Ange-

les, CA.

Sacco, R., Papaleo, V., Hager, J., Rousseau, F., Moessner, R.,

Militerni, R., et al. (2007). Case-control and family-based

association studies of candidate gene in autistic disorder and

its endophenotypes: TPH2 and GLO1. BMC Medical Genetics, 8,

11.

Sakurai, T., Reichert, J., Hoffman, E. J., Cai, G., Jones, H. B., Faham,

M., et al. (2008). A large-scale screen for coding variants in

SERT/SLC6A4 in autism spectrum disorders. Autism Research,
1, 251–257.

Stewart, S. E., Fagerness, J. A., Platko, J., Smoller, J. W., Scharf, J.

M., Illmann, C., et al. (2007). Association of the SLC1A1

glutamate transporter gene and obsessive-compulsive disorder.

American Journal of Medical Genetics Part B Neurospychiatric
Genetics, 144B, 1027–1033.

Sutcliffe, J. S., Delahanty, R. J., Prasad, H. C., McCauley, J. L., Han,

Q., Jiang, L., et al. (2005). Allelic heterogeneity at the serotonin

transporter locus (SLC6A4) confers susceptibility to autism and

rigid-compulsive behaviors. American Journal of Human Genet-
ics, 77, 265–279.

Tordjman, S., Gutknecht, L., Carlier, M., Spitz, E., Antoine, C.,

Slama, F., et al. (2001). Role of the serotonin transporter gene in

the behavioral expression of autism. Molecular Psychiatry, 6,

434–439.

Wang, Y., Adamczyk, A., Shugart, Y.Y., Samuels, J.F., Grados,

M.A., Greenberg, B.D., et al. (2009). A screen of SLC1A1 for

OCD-related alleles. American Journal of Medical Genetics Part
B. doi 10.1002/ajmg.b.31001.

Wendland, J. R., Moya, P. R., Timpano, K. R., Anavitarte, A. P.,

Kruse, M. R., Wheaton, M. G., et al. (2009). A haplotype

containing quantitative trait loci for SLC 1A1 gene expression

1144 J Autism Dev Disord (2010) 40:1139–1145

123

http://www.checkmateplus.com
http://dx.doi.org/10.1002/ajmg.b.31001


and its association with obsessive-compulsive disorder. Archives
of General Psychiatry, 66, 408–416.

White, S.W., Oswald, D., Ollendick, T., & Scahill, L. (2009). Anxiety

in children and adolescents with autism spectrum disorders.

Clinical Psychology Review, 29, 216–229.

Wood, J.J., Drahota, A., Sze, K., Har, K., Chiu, A., & Langer, D.A.

(2008). Cognitive behavioural therapy for anxiety in children

with autism Spectrum disorders: a randomized, controlled trial.

Journal of Child Psychology and Psychiatry, 50, 224–234.

Zandt, F., Prior, M., & Kyrios, M. (2007). Repetitive behaviour in

children with high functioning autism and obsessive compulsive

disorder. Journal of Autism and Developmental Disorders, 37,

251–259.

Zhang, J., Quan, H., Ng, J., & Stepanavage, M. E. (1997). Some

statistical methods for multiple endpoints in clinical trials.

Controlled Clinical Trials, 18, 204–221.

Zhou, L., Myers, A. N., Vandersteen, J. G., Wang, L., & Wittwer, C.

T. (2004). Closed-tube genotyping with unlabeled oligonucleo-

tide probes and a saturating DNA dye. Clinical Chemistry, 50,

328–335. Epub 2004 May 27.

J Autism Dev Disord (2010) 40:1139–1145 1145

123


	Brief Report: Glutamate Transporter Gene (SLC1A1) Single Nucleotide Polymorphism (rs301430) and Repetitive Behaviors and Anxiety in Children with Autism Spectrum Disorder
	Abstract
	Materials and Methods
	Participants
	Procedure
	Genotyping
	Measures
	Statistical Analyses

	Results
	OCB and Tic Behaviors
	Anxiety Behaviors

	Discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


