Supplemental methods

Demographics of subjects in genotypes of SNP1, SNP7, SNP9, and SNP12 (Ser704Cys)

Subjects were categorized into three groups by genotype of the Ser704Cys SNP; ser/ser-DISC1 (n=86, 33 males and 53 females with mean age of 35.1 years [SD 11.5]), cys/ser-DISC1 (n=21, 7 males and 14 females with mean age of 40.8 years [SD 13.7]) and cys/cys-DISC1 (n=1, female with age of 25 years). Because of the small number of subjects homozygous for cys allele (n=1), the cys/ser-DISC1 and homozygous cys-DISC1 groups were combined and treated as one group, the cys-DISC1 carriers. No significant difference of gender (p=0.81, 2 test), handedness (p=0.87, 2 test), age (35.1±11.4, 40.1±13.8, p=0.08, two sample t-test), education (16.7±2.8, 16.8±3.4, p=0.89, two sample t-test), scores of full scale IQ (111.8±11.5, 109.2±13.7, p=0.39, two sample t-test) was noted between ser/ser-DISC individuals and cys-DISC1 carriers. 
Subjects were categorized into two groups by genotype of the SNP1; C/C (n=82, 30 males and 52 females with mean age of 34.2 years [SD 12.5]), C/T and T/T (n=26, 10 males and 16 females, with mean age of 37.8 years [SD 13.7], only one female subject was T/T). They were also categorized two groups by genotype of the SNP7; C/C (n=50, 25 males and 25 females with mean age of 34.9 years [SD 11.6]), C/T and T/T (C/T; 42 subjects and T/T; 16 subjects) (n=58, 15 males and 43 females with mean age of 38.1 years [SD 13.1]). Furthermore, subjects were categorized two groups by genotype of the SNP9; G/G (n=72, 28 males and 44 females, with mean age of 36.4 years [SD 12.5]), G/T and T/T (G/T; 29 subjects and T/T; 7 subjects) (n=36, 12 males and 24 females, with mean age of 36.9 years [SD 12.5]). In each genotype, there was no significant difference (p>0.05) in age, handedness, gender, full scale IQ and education of years, except for the population of female in C/T and T/T genotypes of SNP7 was greater than C/C genotype (p=0.01, 2 test).
Brain MR procedure
All MR studies were performed on a 1.5 tesla Siemens Magnetom Vision plus system. A three dimensional volumetric acquisition of a T1-weighted gradient echo sequence produced a gapless series of thin sagittal sections using a MPRage sequence (TE/TR, 4.4 / 11.4 ms; flip angle, 15 degree; acquisition matrix, 256 × 256; 1NEX, field of view, 31.5 cm; slice thickness, 1.23 mm, 1.23 mm x 1.23 mm x 1.23 mm).  Axial DTI scans aligned to the plane containing anterior and posterior commissures were acquired with a pulsed-gradient, spin-echo, single-shot echo planar imaging sequence (TR/TE=4000/100 ms, 256 x 256 matrix, FOV 240 mm, b =1000 s/mm2, NEX=4, 20 slices, 5 mm slice thickness with a 1.5 mm gap). Diffusion was measured along six non-collinear directions.
Neuroimaging analysis

In TBM analysis, MRI scans of individual subjects are mapped to a template image with three-dimensional (3D) non-linear normalization routines. Local deformations were estimated by a univariate Jacobian approach. Nonlinear normalization introduced local deformations to each brain to match it to the template brain. The nonlinear transformation was performed using the high-dimension-warping algorithm (1). From the resulting three-dimensional deformation fields (consisting of three-dimensional displacement vectors of every voxel of the image), we calculated the Jacobian determinants to obtain voxel by voxel parametric maps of local volume change relative to the template brain. Then, the parametric maps of Jacobian determinants were smoothed with a Gaussian kernel (FWHM: 6x6x6 mm).

For DTI analysis, a FA map for each subject was computed from seven diffusion images acquired above by an in-house script on Matlab software (Mathworks, Inc., MA, USA). Then, the FA maps were spatially-normalized using the high-dimensional-warping algorithm (1) and were matched to the template brain. The transformed FA maps were smoothed with a Gaussian kernel (FWHM: 8x8x13 mm). Finally, gray matter and cerebrospinal fluid were eliminated from the FA maps using white matter image of the template brain as a mask. The resultant FA maps were used for a voxel-by voxel analysis.
Sindbis virus construction

A bicistronic vector plasmid (pSinEGdsp) was provided by Dr. Kawamura (Niigata University, Japan).  Wild type DISC1 (sDISC1) cDNA amplified by RT-PCR with specific primers (5’-tctagaatgccaggcgggggtcctc-3’, 5’-atattggccatcaggcttgtgcttcgtggac-3’) which contained XbaI and MscI sites was inserted into the XbaI and StuI sites of the multiple cloning site.  A site-directed mutation of DISC1 (cDISC1) was introduced through the following protocol (2).  We used sDISC1 cDNA inserted in the pSinEGdsp as a template in the PCRs. Two combinations of primers were used separately in two tubes.  The first combination (5’-caaaatgcgtgccatatcagg-3’, 5’-attcccctcgagcggccgc-3’) was designed to destroy the SphI site in the template.  The second combination (5’-attgaaacccaactaccagc-3’, 5’-gctgtaggcactggataagc-3’) was designed to introduce single nucleotide mutation in the DISC1 cDNA to make S704C mutation.  After elimination of the excessive amount of the primers, amplified products were mixed, heat denatured and annealed. This heterogeneous double strand DNA was completed by adding KOD Plus (Toyobo, Japan) polymerase, then amplified with primers (5’-attcccctcgagcggccgc-3’, 5’-attgaaacccaactaccagc-3’) which resulted in two types of products.  Since SphI could digest only the fragment which contained C704 polymorphism, mutated fragment was recloned in the SphI, NotI sites of the template plasmid used in the first PCR.  To generate pseudovirion, each plasmid (sDISC1, cDISC1) was linearized by Pac1, and mRNA was synthesized in vitro using a mMESSAGE mMACHINE kit (Ambion, USA). Subsequently, baby hamster kidney cells were transfected with the mRNA and 26S helper mRNA by electroporation system (1250 V/cm, 50 μF, Gene Pulser2, BioRad, USA).  The media for baby hamster kidney cells contained 5 % FBS.  The supernatant was collected as a pseudovirion-containing solution 24 hours after electroporation.
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[image: image1.jpg]Supplementary Table 1. Marker-to-marker LD for all the combinations of the thirteen SNPs

in the DISClgene in controls

SNP1| SNP2 | SNP3 | SNP4 | SNP5 | SNP6 | SNP7 | SNP8 | SNP9 |SNP10{SNP11{SNP12{SNP13
SNP1 0.049 | 0.008 | 0.006 | 0.034 | 0.004 | 0.001 | 0.005 | 0.017 | 0.002 | 0.003 | 0.004 | 0.001
SNP2 | 1.000 0.370 | 0.006 | 0.000 | 0.000 | 0.002| 0.001 | 0.000 | 0.000 | 0.006 | 0.000 | 0.000
SNP3 | 0.226 | 0.949 0.004 | 0.001 | 0.001 | 0.002| 0.005| 0.003 | 0.001 | 0.005 | 0.000 | 0.000
SNP4 | 0.283 | 0.098 | 0.098 0.061 | 0.236 | 0.021 | 0.002 | 0.011 | 0.003 | 0.000 | 0.001 | 0.001
SNPS | 0.576 | 0.013 | 0.036 | 0.391 0.416 | 0.029 | 0.098 | 0.004 | 0.009 | 0.010 | 0.003 | 0.000
SNP6 | 0.131 | 0.027 | 0.038 | 0.498 | 0.994 0.116 | 0.028 | 0.001 | 0.001 | 0.008 | 0.011 | 0.001
SNP7 | 0.080 | 0.089 | 0.063 | 0.161 [ 0.242 [ 0.372 0.266 | 0.003 | 0.003 | 0.000 | 0.000 | 0.007
SNP8§ | 0.223 | 0.050 | 0.077 | 0.069 | 0.323 | 0.266 | 0.753 0.003 | 0.000 | 0.000 | 0.003 | 0.000
SNP9 | 0.173 | 0.042 | 0.107 | 0.284 | 0.104 | 0.065 | 0.097 | 0.085 0.001 | 0.003 | 0.000 | 0.010
SNP10 | 0.149 | 0.016 | 0.034 | 0.064 | 0.097 | 0.056 | 0.052 | 0.001 | 0.045 0.585 | 0.136 | 0.054
SNP11 | 0.201 | 0.096 | 0.094 | 0.036 | 0.122 | 0.165 | 0.017 | 0.026 | 0.073 | 0.905 0.230 | 0.001
SNP12 | 0.512 | 0.034 | 0.023 | 0.098 | 0.147 | 0.399 | 0.010 | 0.203 | 0.018 | 0.911 | 1.000 0.056
SNP13 | 0.071 | 0.032 | 0.029 | 0.033 | 0.017 | 0.029 | 0.089 | 0.012 | 0.154 [ 0.251 ( 0.030 | 0.537

For each pair of markers, the standardized D' is shown below the diagonal, and r* above the diagonal.





[image: image2.jpg]Supplementary Table 2. Marker-to-marker LD for all the combinations of the thirteen SNPs

in the DISC1gene in patients with major depressive disorder

SNP1| SNP2 | SNP3 | SNP4 | SNP5 | SNP6 | SNP7 | SNP8 | SNP9 | SNP10[SNP11|SNP12|SNP13
SNP1 0.021 | 0.028 | 0.024 | 0.007 | 0.005 [ 0.006 | 0.000 | 0.020 | 0.002 | 0.001 | 0.005 | 0.005
SNP2 | 0.753 0.387 | 0.000 | 0.008 | 0.001 | 0.001 | 0.007 | 0.001 | 0.007 | 0.001 0.001 | 0.006
SNP3 | 0.479 | 0.953 0.045 | 0.021 | 0.021 | 0.014 | 0.007 [ 0.000 | 0.005 | 0.000 | 0.000 | 0.007
SNP4 | 0.625 | 0.007 | 0.300 0.119 | 0.279 | 0.053 | 0.004 | 0.001 | 0.003 [ 0.005 | 0.005 | 0.002
SNPS | 0.291 0.137 | 0.149 [ 0.506 0.432 | 0.047 | 0.150 | 0.007 | 0.003 | 0.001 | 0.000 | 0.008
SNP6 | 0.280 | 0.068 | 0.211 | 0.537 | 0.980 0.158 | 0.037 | 0.001 | 0.005 | 0.002 | 0.003 | 0.006
SNP7 | 0.289 | 0.045 | 0.149 [ 0.258 | 0.284 | 0.451 0.263 | 0.003 | 0.023 | 0.001 | 0.001 | 0.021
SNP§ | 0.074 | 0.117 | 0.091 ( 0.093 | 0.407 | 0.303 [ 0.709 0.001 | 0.012 ] 0.002 | 0.006 | 0.011
SNP9 | 0.198 | 0.099 | 0.017 | 0.082 | 0.164 | 0.085 [ 0.107 | 0.048 0.004 | 0.015 | 0.005 | 0.010
SNP10 | 0.175 | 0.155 | 0.091 [ 0.060 | 0.066 | 0.086 | 0.156 | 0.146 | 0.131 0.557| 0.172 | 0.118
SNP11 | 0.142 | 0.076 | 0.010 | 0.126 | 0.033 | 0.081 | 0.033 | 0.067 | 0.203 | 0.883 0.293 | 0.021
SNP12 | 0.089 | 0.128 | 0.046 [ 0.234 | 0.012 | 0.180 | 0.067 | 0.228 | 0.077 | 0.889 | 0.983 0.136
SNP13 | 0.276 | 0.167 | 0.114 | 0.043 | 0.127 | 0.081 | 0.161 | 0.161 ) 0.178 | 0.389 | 0.152 | 0.699

For each pair of markers, the standardized D' is shown below the diagonal, and r? above the diagonal.





[image: image3.jpg]Supplementary Table 3. Marker-to-marker LD for all the combinations of the thirteen SNPs

in the DISClgenein patients with schizophrenia

SNP1| SNP2| SNP3 | SNP4 | SNP5 | SNP6 | SNP7 | SNP8 | SNP9 | SNP10|SNP11|SNP12|SNP 13
SNP1 0.037 | 0.000 | 0.003 | 0.002 | 0.001 | 0.000 | 0.000 | 0.011 | 0.000 | 0.000 | 0.002 | 0.000
SNP2 | 0.939 0.341 | 0.003 | 0.000 | 0.000 | 0.016 | 0.001 | 0.002 | 0.000 | 0.005 | 0.009 | 0.002
SNP3 | 0.038 | 0.898 0.010 | 0.001 | 0.006 | 0.008 | 0.003 | 0.000 | 0.001 | 0.011 [ 0.005 | 0.001
SNP4 | 0.192 [ 0.066 | 0.139 0.079 | 0.227 | 0.017 | 0.005 | 0.011 | 0.002 | 0.009 | 0.022 | 0.000
SNP5 | 0.165 | 0.001 | 0.042 | 0.436 0.425 | 0.015 | 0.078 | 0.015 | 0.004 | 0.001 | 0.000 | 0.001
SNP6 | 0.087 [ 0.024 | 0.111 [ 0.483 | 0.994 0.097 | 0.034 | 0.001 | 0.008 | 0.009 | 0.019 | 0.000
SNP7 | 0.050 [ 0.236 | 0.106 | 0.151 | 0.163 | 0.353 0.241 | 0.006 | 0.014 | 0.000 | 0.002 | 0.012
SNP8 | 0.076 | 0.051 | 0.060 | 0.113 | 0.293 [ 0.296 | 0.695 0.002 | 0.007 | 0.001 | 0.001 | 0.002
SNP9 | 0.142 | 0.167 | 0.044 [ 0.297 | 0.223 | 0.070 | 0.156 | 0.073 0.004 | 0.012 | 0.006 | 0.009
SNP10 | 0.030 | 0.027 | 0.034 | 0.063 | 0.062 | 0.139 | 0.126 | 0.131 | 0.120 0.568 | 0.168 | 0.076
SNP11 | 0.012 | 0.085 | 0.136 | 0.170 | 0.042 | 0.170 | 0.004 | 0.045 | 0.169 | 0.877 0.270 | 0.016
SNP12 | 0.325 | 0.150 | 0.179 [ 0.514 | 0.041 [ 0.472 | 0.138 | 0.081 | 0.094 | 0.908 | 0.988 0.078
SNP13 | 0.009 | 0.091 | 0.039 | 0.010 | 0.058 | 0.006 | 0.127 | 0.079 | 0.162 | 0.296 | 0.137 | 0.565

For each pair of markers, the standardized D’ is shown below the diagonal, and r” above the diagonal.





