
SUPPLEMENTARY MATERIAL 
Supplementary Methods

Males aged 10-16 were recruited from the community via newspaper advertisements and local schools. Screening questionnaires were administered to parents and teachers of 176 boys whose families expressed an interest in taking part and provided informed consent; and were scored by a trained research assistant according to standard published guidelines. These yielded: a research diagnosis of current conduct problems; dimensional assessment of CU traits; an overall psychopathology screen; demographic data for group matching purposes (socio-economic status, parent-defined ethnicity, and handedness); and information regarding previous neurological or psychiatric diagnoses. Current conduct problems were assessed using the Child and Adolescent Symptom Inventory (CASI-4R; Gadow & Sprafkin, 2009) Conduct Disorder subscale (CASI-CD), and CU traits were assessed using the Inventory of Callous-Unemotional Traits (ICU; Essau et al., 2006). Both were scored by taking the highest ratings from either the parent or the teacher questionnaire for any given item (Piacentini et al., 1992). The Strengths and Difficulties Questionnaire (SDQ; Goodman, 1997) was used as a brief screening measure for psychopathology in the typically developing (TD) control group.

On the basis of the screening information participants were invited for an fMRI scan. CASI-CD symptom severity scores were used to make the research diagnosis of current conduct problems. Symptom severity cut-off scores for inclusion in the conduct problems group were 3+ (ages 10-14) and 6+ (ages 15-16). Scores of this magnitude and above are associated with a clinical diagnosis of conduct disorder (Gadow & Sprafkin, 1998), with an agreement between the screening cut-off scores for CASI-CD (completed by both parent and teacher) and clinical diagnoses of .95 (sensitivity) and .56 (specificity). There were no restrictions on ICU score for the conduct problems group. TD control participants were matched to conduct problems participants on verbal/performance IQ, age, handedness, ethnicity and socio-economic status, but scored in the normal range for the CASI-CD and on each SDQ subscale. All control participants also scored below the conduct problems group median (=44.5) on the ICU.  

We obtained written informed consent from parents and written assent from participants. We scanned a total of 55 children (38 with conduct problems, 17 typically developing controls), yielding a final sample of usable data from 34 boys with conduct problems and 17 controls (exclusions as described in the main text). Assignment to CU group took place after these exclusions had been made on the basis of a median split on ICU scores, and yielded two groups: conduct problems with low CU traits (CP/CU-, N=17) and conduct problems with high CU traits (CP/CU+, N=17). 
Supplementary Results

fMRI Data: Emotion*Region*Group interaction: deconstructing interactions in non-predicted regions

There was an effect of CP/CU->TD Controls for the contrast (fear/eyes>calm/eyes)> (fear/face>calm/face) in a cluster encompassing subgenual anterior cingulate cortex and orbitofrontal cortex (sgACC/OFC) (peak=[4 30 -14], t=4.18, z=3.84, p<.001 FWE-corrected at the cluster level, k=1542). As can be seen in Figure 3a, this effect was driven by a significantly greater response across the cluster to (fear/eyes>calm/eyes) than (fear/face>calm/face) in CP/CU- (t(16)=4.28, p=.001), and the reverse pattern in TD Controls (t(16)=-2.59, p=.02). Comparing groups, there was also a greater response to (fear/eyes>calm/eyes) in CP/CU- than TD controls (t(32)=2.66, p=.012), and a greater response to (fear/face>calm/face) in TD controls than in CP/CU- (t(32)=-3.84, p=.001). Looking at simple effects showed that the result was driven largely by CP/CU-, who showed a significantly larger response to calm/face than fear/face (t(16)=-4.55, p<.001, and a marginally greater response to fear/eyes than calm/eyes (t(16)=2.07,p=.055. Simple effects within the TD Control group were not significant.

There was also an effect of CP/CU-> CP/CU+ for the contrast (fear/eyes>calm/eyes)> (fear/face>calm/face) in left middle temporal gyrus (peak=[-48 -14 -22], t=4.69, z=4.23, p=.019, k=570). As can be seen from Figure 3b), this effect was driven by a significantly greater response across the cluster to (fear/eyes>calm/eyes) than (fear/face>calm/face) in CP/CU- (t(16)=3.59, p=.002), and the reverse pattern in CP/CU+ (t(16)=-3.47, p=.003). Comparing groups, there was also a greater response to (fear/eyes>calm/eyes) in CP/CU- than CP/CU+ (t(32)=2.48, p=.019), and a greater response to (fear/face>calm/face) in CP/CU+ than in CP/CU- (t(32)=-4.39, p<.001). Simple effects showed a significantly greater response to fear/eyes than calm/eyes in CP/CU-, but the reverse pattern for faces (calm/face>fear/face) (ps<.05). In CP/CU+, there was a greater response to fear/face than calm/face (t(16)=3.30, p<.005), but no difference between fear/eyes and calm/eyes.
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Fear>Calm (across Eyes/Face conditions)

  Fusiform gyrus (ext. inferior occipital gyrus) 20, ext. 19 R 44-36-16 417 4.41 4.02

  Superior temporal gyrus 22 R 50-52 6 463 4.32 3.95

  Temporal pole (ext. inferior frontal gyrus) 38, ext. 47 R 40 22-28 167 4.23 3.88

  Occipital gyrus 18 L -30-86-20 288 3.95 3.66

  Superior temporal gyrus 21 R 48-26-6 47 3.83 3.56

  Fusiform gyrus (ext. parahippocampal gyrus) 37, ext. 19 L -34-38-18 78 3.71 3.46

  Superior frontal gyrus 10 R 8 64 28 29 3.16 3.00

  Middle temporal gyrus 37 R 38-60 0 29 3.06 2.91

  Amygdala - L -20-8 -14 20 3.00 2.85

  Middle frontal gyrus 46 R 58 30 22 24 2.99 2.85

  Superior frontal gyrus 9 - 0 56 38 13 2.88 2.76

Calm>Fear

  Superior frontal gyrus 10 24 44 20 128 4.02 3.71

  Cingulate gyrus 24 -1414 36 64 3.94 3.65

  Caudate head (ext. bilaterally) - 10 14 4 270 3.90 3.61

  Anterior cingulate 24 -8 30 20 103 3.72 3.47

  Thalamus - -20-20 4 43 3.72 3.47

  Cerebellum - 10-62-26 25 3.11 2.95

  Superior temporal gyrus 41 -46-3816 24 3.07 2.92

  Superior frontal gyrus 8 18 28 42 14 2.92 2.79

Peak Voxel

Supplementary Table S1: Regions showing a main effect across all groups for the contrasts Fear>Calm and Calm>Fear. Results are reported at a threshold of p<.005, k>10. BA=Approximate Brodmann area in which the peak voxel is located. L/R=left/right, peak voxel=MNI co-ordinates, k=cluster size, ext.=extends into adjacent region.
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(Fear/Eyes>Calm/Eyes)>(Fear/Face>Calm/Face)

  Anterior cingulate 24 R 10 16 24 99 5.17 4.59

  Posterior cingulate 30, ext. 29 L -10-5412 345 4.88 4.38

  Middle frontal gyrus (inc. white matter) 9 L -2618 26 361 4.34 3.97

  Anterior cingulate (ext. medial frontal gyrus) 32, ext. 10 L -1434 2 598 4.26 3.90

  Mid-cingulate gyrus 24 L -10-4 40 146 3.77 3.51

  Precentral gyrus 6 L -44-1828 110 3.69 3.44

  Middle temporal gyrus 21 R 62 2 -26 31 3.68 3.43

  Postcentral gyrus 43 L -58-1218 107 3.45 3.24

  Medial frontal gyrus 10 L -1450 -6 35 3.37 3.18

  Caudate - R 14 14 10 29 3.29 3.11

  Postcentral gyrus 2 R 58-2438 20 3.23 3.06

  Thalamus - L -14-22 8 25 3.19 3.02

  Thalamus - - 0 -6 12 46 3.13 2.98

  Middle frontal gyrus  9 R 30 22 28 13 3.06 2.91

  Medial frontal gyrus 10 R 14 54 6 32 3.05 2.90

  Precentral gyrus 6 R 36-1236 22 3.03 2.88

  Middle temporal gyrus 21 L -62 0 -18 11 2.98 2.84

  Lingual gyrus 19 L -14-64-10 24 2.97 2.83

  Superior temporal gyrus 22 L -56-6 -8 12 2.95 2.81

  Superior temporal gyrus 41 R 48-28 8 18 2.95 2.81

  Superior frontal gyrus 8 R 18 16 46 10 2.88 2.75

Peak Voxel

 Supplementary Table S2: Regions showing an Emotion*Region interaction effect (fear/eyes>calm/eyes)>(fear/face>calm/face) across groups. Results are reported at a threshold of p<.005, k>10. BA=Approximate Brodmann area in which the peak voxel is located. L/R=left/right, peak voxel=MNI co-ordinates, k=cluster size, ext.=extends into adjacent region.
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