SUPPLEMENTARY INFORMATION
TTF1 and EAP1 connectivity analysis 

Based on approaches reported by Rossin et al 1  and used to demonstrate increased interaction between known autism-spectrum disorder (ASD) genes and newly discovered variants 
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2
, we developed a similar analysis using the GeneMANIA database and associated algorithms 3.  While the DAPPLE approach used previously by Neale et al 
 ADDIN EN.CITE 

2
 is instructive, we chose GeneMANIA for our analyses because this database is regularly updated, integrates a larger number of data types, and employs a sophisticated algorithm in its network-building. GeneMANIA finds interactions and complementary genes that are related to a set of input genes.  In the present case, we used TTF1 and EAP1 as the input, in addition to more than 50 genes implicated by Genome-wide Association Studies (GWAS) as involved in controlling the timing of menarche 
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. GeneMANIA identifies association data to form complementary network edges (connections) by searching for related genes in many large, publicly available biological datasets, including protein-protein, protein-DNA and genetic interactions, pathways, reactions, gene and protein expression data, protein domains and phenotypic screening profiles 3.  Main datasets such as BioGRID, PathwayCommons, Pfam are part of the search as well as datasets from a wealth of datasets from recent papers.  The basic idea is to determine if the genes entered as queries are functionally connected, find new members of a pathway or complex, find additional genes that may have been missed, and/or augment the network with new genes with a specific function.

The analysis for EAP1 (IRF2BPL) connectivity was carried out using GeneMANIA data distribution (version 2012-05-25, open license data only).  A set of genes reported to influence the age at menarche in humans (“menarche-associated” genes 
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 , in addition to KISS1 and KISS1R 
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, were used. After adding in EAP1 and TTF1 (also known as NKX2.1), we arrived at a total network size of 61 genes that were mapped into the GeneMANIA database 3.  As a control, we constructed GeneMANIA networks for 1000 randomly selected gene sets of 59 genes plus EAP1 and TTF1 (for a total size of 61 genes).  All types of interaction information in GeneMANIA were included; we used the standard automatic edge inclusion algorithm, which attempts to maximize the connectivity of members of the network, and allowed up to 10 additional nodes to be added to the network by GeneMANIA's selection process. After construction of these networks, we extracted sub-networks containing the first neighbors of either EAP1 or TTF1 from both the menarche-associated gene network and the randomly selected gene network, and determined the connectivity/node degree of each gene of interest in its respective sub-networks.  We then used a custom Perl script and R 2.15 (http://www.R-project.org/) to determine if the number of edges (or node degree) for EAP1 and TTF1 in their menarche-associated sub-networks was higher than that expected by chance.  To perform this analysis we compared menarche-associated sub-networks to the distribution of the number of edges that EAP1 and TTF1 had in random gene set-based sub-networks.  We obtained an empirical significance (p value) for these results using the percentage of randomly selected genes showing an equal or higher node degree for each gene than that observed in the menarche-associated network.  Edges between genes of the same data type (e.g co-expression) but from different data sources were counted as separate edges for this purpose.  To reassess the node degree distribution for TTF1 accounting for transcription factor binding sites, we repeated this process including predicted transcription factor binding sites (TFBS), described below.  After construction, networks were visualized using the Cytoscape software 11, tool version 2.8.3; non-redundant connectivity of example sub-networks was further analyzed with the NetworkAnalyzer plugin version 2.7 12
Transcription Factor Binding Sites (TFBS) prediction using MATCH/TRANSFAC

Promoter regions of menarche-associated genes (consisting of 3kb of sequence upstream of the RefSeq TSS as well as 5' UTR) were obtained from the UCSC Genome Browser [UCSC Ref] using human reference build hg19. Sequences were uploaded to the Biobase (http://biobase.de) web server and analyzed using the MATCH tool and the VertebrateNonRedundantMinFP subset of the TRANSFAC matrix database, using standard parameters. Sites whose associated transcription factor could not be mapped to GeneMANIA or that mapped to multiple transcription factors were discarded 
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. Binding sites were then imported into the GeneMANIA database as unweighted edges; presence of a single binding site in the promoter region was sufficient to create an edge between target gene and factor.

LEGENDS TO SUPPLEMENTARY FIGURES

Supplementary Figure 1:  EAP1 forms a densely connected gene network with a set of menarche-associated genes, in addition to KISS1 and KISSR, as determined using the GeneMANIA database.  Edges (connections) are color-coded by interaction type; redundant edges of the same type from different data sources are not shown.  Red: Co-expression; Grey: Shared Protein Domain; Green: Genetic Interaction; Orange: Predicted Interaction; Purple: Shared Pathway Membership; Blue: Other (including predicted TFBS binding).  Red circles are menarches-associated genes; green circles represent additional genes predicted by GeneMania to be part of the network.  The EAP1 node is also connected to the TTF1node (yellow circles).

Supplementary Figure 2:  TTF1 forma a highly connected gene network with a set of menarche-associated genes as determined using information provided by the GeneMANIA database in combination with the detection of protein-DNA interactions (TTF1 binding sites on gene promoters) by the TRANSFAC database.  Edges (connections) are color-coded by interaction type; redundant edges of the same type from different data sources are not shown.  Red: Co-expression; Grey: Shared Protein Domain; Green: Genetic Interaction; Orange: Predicted Interaction; Purple: Shared Pathway Membership; Blue: Other (including predicted TFBS binding).  Red circles are menarches-associated genes; green circles represent additional genes predicted by GeneMania to be part of the network.  The TTF1 node is also connected to the EAP1 node (yellow circles).
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