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1. Supplementary Methods
1.1 Generation of B6×BTBR cross F2 Mice and genotyping and gene expression data
The construction of F2 mice is described in the Method section in the main text and also by Zhong et al. (Zhong, Beaulaurier et al. 2010). Briefly,  F2 mice were generated in a cross of two inbred strains, both containing the ob mutation at the leptin locus: C57BL/6 ob/ob and BTBR ob/ob (referred to as the B6×BTBR cross) (Stoehr, Nadler et al. 2000). All F2 animals were maintained on a chow diet for ten weeks and were clinically characterized with respect to obesity- and diabetes-related traits at the timepoints of four, six, eight and ten weeks. Further details regarding the plasma glucose and insulin measurements, as well as islet isolation procedures, can be found in Keller et al. (Keller, Choi et al. 2008). RNA was prepared using the same methods as described previously (Keller, Choi et al. 2008) and hybridized to Agilent custom murine gene expression microarrays for profiling. Genotyping of mouse was performed using affymetrix 5k SNP array following manufacture’s protocol.

1.2 Data analysis on eQTL mapping
Insulin QTL and gene expression eQTL analyses were performed using scanone function in R package R/qtl (Broman, Wu et al. 2003) using default parameters. For insulin QTL, drop of 1.5 LOD score was used to define QTL regions. For eQTL mapping, We used QTL with pleiotropic effects on expression and metabolic traits were identified using a multivariate likelihood test (Jiang and Zeng 1995). We consider a gene co-maps to the same QTL if its maximum LOD on chromosome 2 or chromosome 19 is >=3 and the position at which LOD is maximized falls within insulin QTL region. We permutation gene expression in each tissue and repeat the process 50 times to estimate FDRs. To filter out genes that are independent of insulin, we adopt Bayesian Network approach similar to the causality test developed by Schadt et al. (Schadt, Lamb et al. 2005). We used a deal package in R (Bøttcher and Dethlefsen 2003) to construct a three-node network, namely, genetic marker, insulin and gene expression traits with genetic marker being the root of the network.  We consider genes whose expression trait is either parent or child of insulin trait for next step analysis. 

1.3 Construct protein network and prioritize genes
[bookmark: _GoBack]A global mouse protein-protein interactions were collected as described in (Tu, Argmann et al. 2009). Briefly the set of mouse PPIs was obtained by integrating several public (BIND, BioGRID, HPRD, MINT, Reactome, DIP, and IntAct) and commercial (Ingenuity, Proteome, MetaBase, and NetPro) molecular interaction databases. Genes after filtering as being either causal or reactive to insulin within the same tissue are overlaid on to the protein network to generate interaction network as shown in Figure 5. To further prioritize genes, we develop an algorithm called TIE to rank genes in the network. The calculation of TIE score is described in the main text. For the permutation test, we conserve the network topology and simply randomize the association between gene expression and trait (insulin levels). We repeat the process 1,000 times to obtain an empirical distribution of the TIE scores. P-values are determined as the frequencies of a randomized TIE score being equal or great than the actual TIE score for each node.
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