Supplementary material

Supplementary Method
Participants

Only one acquisition was collected from ten participants and included in the analysis (five CON, three HR, and two BD). Six additional participants (two CON, three HR, and one BD) were removed because of poor contrast.

Diffusion tensor imaging pre-processing

DTI data were pre-processed offline on a Linux system-based workstation using the FMRIB's Diffusion Toolbox (FDT), which is a part of the FMRIB's Software Library (FSL) (version 5.0)56. First, each subject’s raw DTI data were visually inspected to exclude any severe head movements and DTI artefacts. Second, both acquisitions were merged and each subject was corrected for eddy current and head motion by registering each participant's 6 diffusion weighted images to their own T2-weighted (b = 0) image using an affine image registration (FLIRT). A binary brain mask was created to remove the non-brain tissue using the Brain Extraction Tool (BET) in FSL. Then, diffusion tensor was reconstructed by fitting a diffusion tensor model to each image voxel of the pre-processed DTI data in ICBM diffusion space, using the DTIfit program included in FSL. Following this, the fractional anisotropy (FA) map was calculated and visually inspected for each participant.

DTI skeletonization and ROI extraction from FA images 

In sum, the FA images were non-linearly mapped onto the ENIGMA-DTI FA template to project the skeleton using FSL fnirt 
 ADDIN EN.CITE 

(Smith et al., 2007, Smith et al., 2006)
. Rather than employing the ENIGMA templates provided, registered images from our dataset were combined to create a mask and distance map. Images were visually inspected to ensure FA maps were registered. Images were aligned to the DTI template in ICBM space and mean FA in regions of interest  (ROIs) were extracted from the skeletal projections using the TBSS analytic method 
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(Smith et al., 2007, Smith et al., 2006)
, where ROIs, were derived from the Johns Hopkins University (JHU) white matter parcellation atlas 
 ADDIN EN.CITE 

(Mori et al., 2008)
.

The full brain mean FA values were calculated to include all voxels in the ENIGMA-DTI skeleton, not just those voxels in the segmented regions of interest, therefore also including peripheral white matter. This type of analysis has been used previously in both genetics studies and disease related studies 
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(Nir et al., 2013, Kochunov et al., 2011, Jahanshad et al., 2013)
.

Supplementary Table S1. Index of regions of interest (ROIs) from the JHU DTI atlas
	 ROIs
	 Abbreviation

	ACR-L,R
	Anterior corona radiata

	ALIC-L,R
	Anterior limb of internal capsule

	CGC-L,R
	Cingulum (cingulate gyrus)

	CGH-L,R
	Cingulum (hippocampus)

	CP-L,R
	Cerebral peduncle

	CST-L,R
	Corticospinal tract

	EC-L,R
	External capsule

	FX/ST-L,R
	Fornix (cres) / Stria terminalis

	GCC
	Genu of corpus callosum

	ICP-L,R
	Inferior cerebellar peduncle

	ML-L,R
	Medial lemniscus

	PCR-L,R
	Posterior corona radiata

	PLIC-L,R
	Posterior limb of internal capsule

	PTR-L,R
	Posterior thalamic radiation (include optic radiation)

	RLIC-L,R
	Retrolenticular part of internal capsule

	SCP-L,R
	Superior cerebellar peduncle

	SCR-L,R
	Superior corona radiata

	SFO-L,R
	Superior fronto-occipital fasciculus (could be a part of anterior internal capsule)

	SLF-L,R
	Superior longitudinal fasciculus

	SS-L,R
	Sagittal stratum (include inferior longitidinal fasciculus and inferior fronto-occipital fasciculus)

	Tap-L,R
	Tapetum

	UNC-L,R
	Uncinate fasciculus

	BCC
	Body of corpus callosum

	FX
	Fornix (column and body of fornix)

	SCC
	Splenium of corpus callosum


Abbreviations: L, left; R, right.

Supplementary Table S2. Between-group effects
	
	CON
	HR
	BD
	
	Covariates: Age and Gender

	
	Mean (SEM)
	Mean (SEM)
	Mean (SEM)
	p
	FDR q
	post hoc

	ACR
	0.465 (0.003)
	0.470 (0.003)
	0.463 (0.004)
	0.113
	0.021
	na

	ALIC
	0.567 (0.003)
	0.571 (0.003)
	0.567 (0.004)
	0.423
	0.037
	na

	BCC+
	0.648 (0.004)
	0.642 (0.004)
	0.637 (0.005)
	0.081
	0.019
	na

	CGC
	0.587 (0.004)
	0.581 (0.004)
	0.578 (0.006)
	0.229
	0.029
	na

	CGH
	0.555 (0.006)
	0.544 (0.005)
	0.554 (0.008)
	0.162
	0.023
	na

	CP
	0.735 (0.003)
	0.735 (0.003)
	0.730 (0.003)
	0.309
	0.033
	na

	CST
	0.595 (0.005)
	0.600 (0.005)
	0.595 (0.007)
	0.864
	0.046
	na

	EC
	0.461 (0.003)
	0.461 (0.003)
	0.460 (0.003)
	0.943
	0.048
	na

	FX+
	0.531 (0.006)
	0.532 (0.007)
	0.530 (0.009)
	0.980
	0.050
	na

	FX_ST
	0.572 (0.004)
	0.569 (0.004)
	0.565 (0.005)
	0.476
	0.038
	na

	GCC+
	0.699 (0.003)
	0.696 (0.003)
	0.687 (0.004)
	   0.014*A
	0.014
	BD<HR p=0.03, BD<CON p=0.003*A

	ICP
	0.593 (0.005)
	0.594 (0.004)
	0.581 (0.005)
	 0.030B
	0.015
	na

	ML
	0.666 (0.005)
	0.668 (0.005)
	0.661 (0.005)
	0.559
	0.040
	na

	PCR
	0.510 (0.003)
	0.510 (0.003)
	0.510 (0.004)
	0.941
	0.048
	na

	PLIC
	0.692 (0.003)
	0.695 (0.003)
	0.692 (0.003)
	0.519
	0.040
	na

	PTR
	0.661 (0.004)
	0.655 (0.005)
	0.651 (0.005)
	0.172
	0.026
	na

	RLIC
	0.607 (0.003)
	0.614 (0.003)
	0.613 (0.004)
	0.155
	0.020
	na

	SCC+
	0.768 (0.003)
	0.768 (0.003)
	0.762 (0.003)
	0.185
	0.026
	na

	SCP
	0.650 (0.004)
	0.645 (0.004)
	0.643 (0.004)
	0.385
	0.036
	na

	SCR
	0.500 (0.002)
	0.4982 (0.002)
	0.498 (0.003)
	0.634
	0.043
	na

	SFO
	0.511 (0.003)
	0.512 (0.003)
	0.511 (0.004)
	0.958
	0.049
	na

	SLF
	0.514 (0.002)
	0.513 (0.003)
	0.510 (0.003)
	0.238
	0.030
	na

	SS#
	0.572 (0.003)
	0.571 (0.004)
	0.565 (0.005)
	0.317
	0.018
	na

	TAP
	0.577 (0.006)
	0.566 (0.006)
	0.559 (0.008)
	0.041B
	0.015
	na

	UNC
	0.544 (0.005)
	0.537 (0.005)
	0.538 (0.006)
	0.342
	0.035
	na

	Average FA
	0.465 (0.002)
	0.465 (0.002)
	0.461 (0.002)
	0.156
	n/a
	na


+ represents inter-hemispheric regions. B represents effects that were significant (p<0.05) prior to correcting for multiple tests. *A effects that survive FDR correction at a threshold of p<0.05 (p-values that are smaller than their corresponding q-vakue survived FDR correction). #= only variable where age*group was included as an extra interaction as p<0.05 for this interaction. Abbreviations: CON, controls; HR, high risk; BD, bipolar disorder; na, not-applicable.  Estimated means are reported covarying for age and gender. 
Supplementary Table S3. Hemisphere effects 
	
	Right
	Left
	

	
	Mean (SEM)
	Mean (SEM)
	p
	FDR q
	Direction

	ACR
	0.470 (0.002)
	0.463 (0.002)
	<0.001*
	0.010
	R > L

	ALIC
	0.569 (0.002)
	0.568 (0.002)
	0.213
	0.028
	na

	CGC
	0.565 (0.004)
	0.599 (0.004)
	<0.001*
	<0.001
	R < L

	CGH
	0.571 (0.005)
	0.531 (0.005)
	<0.001*
	<0.001
	R > L

	CP 
	0.745 (0.003)
	0.722 (0.002)
	<0.001*
	0.002
	R > L

	CST
	0.598 (0.005)
	0.594 (0.005)
	0.076
	0.019
	na

	EC
	0.456 (0.002)
	0.464 (0.002)
	<0.001*
	0.008
	R < L

	FX_ST
	0.576 (0.004)
	0.562 (0.003)
	<0.001*
	0.007
	R < L

	ICP
	0.594 (0.004)
	0.585 (0.004)
	<0.001*
	0.007
	R > L

	ML 
	0.669 (0.004)
	0.661 (0.004)
	<0.001*
	0.009
	R > L

	PCR
	0.516 (0.003)
	0.504 (0.002)
	<0.001*
	0.003
	R > L

	PLIC
	0.706 (0.002)
	0.681 (0.002)
	<0.001*
	0.004
	R > L

	PTR
	0.662 (0.004)
	0.649 (0.004)
	<00.01*
	0.006
	R > L

	RLIC
	0.611 (0.003)
	0.611 (0.003)
	0.877
	0.050
	na

	SCP
	0.648 (0.005)
	0.649 (0.004)
	<0.001*
	0.012
	R > L

	SCR
	0.497 (0.002)
	0.500 (0.002)
	0.001*
	0.012
	R < L

	SFO
	0.515 (0.003)
	0.508 (0.003)
	<0.001*
	0.011
	R > L

	SLF
	0.513 (0.002)
	0.511 (0.002)
	0.006*
	0.013
	ns

	SS#
	0.578 (0.003)
	0.561 (0.003)
	<0.001*
	0.005
	R > L

	TAP
	0.606 (0.006)
	0.528 (0.005)
	<0.001*
	0.004
	R > L

	UNC
	0.545 (0.004)
	0.535 (0.045)
	<0.001*
	0.010
	R > L


*denotes effects that survive FDR correction at a threshold of P<0.05 (p-values that are smaller than their corresponding q-value survived FDR correction). #= only variable where age*group was included as an extra interaction as p<0.05 for this interaction. Abbreviations: ns, non-significant; na, not-applicable. Estimated means are reported covarying for age and gender.

Right hemisphere lateralisation was evident in 13 ROIs and left hemisphere lateralisation was identified in 4 ROIs. Our interhemispheric findings are in accord with a number of previous reports including rightward asymmetry of the anterior and posterior corona radiata, uncinate fasciculus, parts of the posterior thalamic radiation, medial lemniscus, and the posterior limb of the internal capsule 
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(Takao et al., 2011a, Takao et al., 2011b, Takao et al., 2013, Yin et al., 2013)
, and leftward lateralisation in areas of the external capsule and cingulum Gong et al., 2005(, Takao et al., 2013)
. As the brain is asymmetric in function Barrick et al., 2007()
 and as asymmetry is influenced by a variety of factors such as genes and hormones Toga and Thompson, 2003()
, patterns are difficult to interpret and disentangle.
Supplementary Table S4. Group x hemisphere interaction 
	 
	CON Left
	CON Right
	HR Left
	HR Right
	BD Left
	BD Right
	Covariates: Age and Gender

	
	Mean (SEM) 
	Mean (SEM) 
	Mean (SEM) 
	Mean (SEM) 
	Mean (SEM) 
	Mean (SEM)
	p
	FDR q
	post hoc within hemisphere
	post hoc between hemisphere

	ACR
	0.463 (0.003)
	0.468 (0.003)
	0.468 (0.003)
	0.473 (0.003)
	0.458 (0.004)
	0.467 (0.004)
	0.269
	0.032
	na
	na

	ALIC
	0.566 (0.003)
	0.569 (0.003)
	0.571 (0.003)
	0.571 (0.003)
	0.567 (0.004)
	0.567 (0.004)
	0.274
	0.032
	na
	na

	CGC
	0.603 (0.005)
	0.571 (0.005)
	0.598 (0.005)
	0.564 (0.004)
	0.595 (0.006)
	0.561 (0.006)
	0.848
	0.045
	na
	na

	CGH
	0.536 (0.006)
	0.574 (0.006)
	0.527 (0.006)
	0.562 (0.006)
	0.531 (0.008)
	0.577 (0.009)
	0.239
	0.031
	na
	na

	CP 
	0.724 (0.003)
	0.746 (0.003)
	0.725 (0.003)
	0.746 (0.004)
	0.718 (0.004)
	0.742 (0.004)
	0.328
	0.034
	na
	na

	CST
	0.591 (0.006)
	0.598 (0.006)
	0.596 (0.006)
	0.600 (0.006)
	0.594 (0.007)
	0.596 (0.007)
	0.611
	0.042
	na
	na 

	EC
	0.463 (0.003)
	0.460 (0.003)
	0.464 (0.003)
	0.459 (0.002)
	0.463 (0.003)
	0.458 (0.003)
	0.562
	0.041
	na
	na

	FX_ST
	0.567 (0.004)
	0.576 (0.004)
	0.563 (0.004)
	0.576 (0.005)
	0.555 (0.005)
	0.576 (0.06)
	0.092
	0.021
	na
	na

	ICP
	0.587 (0.004)
	0.599 (0.005)
	0.589 (0.005)
	0.600 (0.004)
	0.577 (0.005)
	0.584 (0.005)
	0.440
	0.037
	na
	na

	ML 
	0.662 (0.005)
	0.671 (0.005)
	0.663 (0.005)
	0.673 (0.005)
	0.659 (0.006)
	0.663 (0.005)
	0.168
	0.025
	na
	na

	PCR
	0.501 (0.003)
	0.517 (0.003)
	0.505 (0.003)
	0.516 (0.003)
	0.504 (0.003)
	0.515 (0.004)
	0.050​​
	0 .017
	na
	na

	PLIC
	0.681 (0.003)
	0.704 (0.003)
	0.683 (0.003)
	0.708 (0.003)
	0.679 (0.003)
	0.706 (0.003)
	0.332
	0.035
	na
	na

	rPTR
	0.654 (0.005)
	0.668 (0.004)
	0.646 (0.005)
	0.664 (0.005)
	0.647 (0.005)
	0.655 (0.006)
	0.150
	0.023
	na
	na

	RLIC
	0.608 (0.003)
	0.607 (0.004)
	0.612 (0.004)
	0.616 (0.004)
	0.614 (0.004)
	0.611 (0.005)
	0.163
	0.020
	na
	na

	SCP
	0.648 (0.004)
	0.651 (0.004)
	0.645 (0.004)
	0.646 (0.004)
	0.639 (0.005)
	0.646 (0.005)
	0.068
	0.018
	na
	na

	SCR
	0.501 (0.003)
	0.499 (0.002)
	0.500 (0.002)
	0.496 (0.002)
	0.499 (0.003)
	0.497 (0.003)
	0.477
	0.039
	na
	na

	SFO
	0.507 (0.004)
	0.515 (0.003)
	0.510 (0.004)
	0.513 (0.003)
	0.506 (0.005)
	0.516 (0.004)
	0.196
	0.027
	na
	na

	SLF
	0.513 (0.002)
	0.515 (0.003)
	0.512 (0.003)
	0.514 (0.003)
	0.507 (0.003)
	0.510 (0.003)
	0.708
	0.043
	na
	na

	SS#
	0.563 (0.004)
	0.580 (0.004)
	0.563 (0.004)
	0.580 (0.004)
	0.557 (0.005)
	0.573 (0.005)
	0.961
	0.047
	na
	na

	TAP
	0.537 (0.007)
	0.617 (0.007)
	0.527 (0.006)
	0.604 (0.006)
	0.520 (0.008)
	0.597 (0.009)
	0.847
	0.044
	na
	na

	UNC
	0.540 (0.005)
	0.549 (0.005)
	0.534 (0.005)
	0.540 (0.006)
	0.531 (0.007)
	0.546 (0.006)
	0.228
	0.029
	na
	na


No group*hemisphere were evident at a threshold of p<0.05 uncorrected. Abbreviations: CON, controls; HR, high risk; BD, bipolar disorder; na, non-applicable; Estimated means are reported covarying for age and gender.
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