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Data acquisition

Images were acquired using a Siemens 3.0 Tesla Trio scanner with a

standard head coil at the Key Laboratory of Cognition and Personality

(Ministry of Education) of Southwest University, China. T2*-weighted

functional images were acquired in 36 axial slices parallel to the

AC–PC line with no interslice gap, affording full-brain coverage.

Images were acquired using an EPI pulse sequence, with a TR of

2200 ms, a TE of 30 ms, a flip angle of 908, an FOV of

220 mm� 220 mm and 3.4 mm� 3.4 mm�
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ensured that the findings reported here cannot be explained in terms of

social comparison (Fliessbach et al., 2007), although the same pattern

of brain activations was obtained without masking. To further ensure

that the activation of aMCC was only present in the Pain but not in the

No Pain (control) session, we extracted and plotted the regional signal

change of aMCC in both sessions (Figure 2B). As can be seen, differ-

ential activations between the ‘Self_Incorrect’ and the ‘Both_Incorrect’

conditions were only present for the Pain session. Noted that we used

the term ‘aMCC’ following the suggestion of Shackman et al. (2011)

and Vogt (2009); where the cingulate cortex is parcellated on the basis

of regional differences in microanatomy, connectivity, and physiology.

In some previous publications, especially those related to ‘social pain’,

this area is sometime included in a region called dorsal ACC (dACC;

Eisenberger, 2012).

The bilateral insula failed to reach the whole-brain cluster level

threshold. However, since bilateral AI/LOFC is consistently implicated

in imagining and recalling guilt-related situations (Chang et al., 2011;

Wagner et al., 2011), and since these areas in the present analysis did

show activation in the whole-brain analysis at a slightly liberal cluster-

level threshold (P < 0.001 uncorrected, k > 50), we conducted a spa-

tially restricted analysis using anatomically defined ROI masks based

on the automatic anatomical labeling (AAL) system (Maldjian et al.,

2003). The mask consisted of the insula and the inferior frontal gyrus

(pars orbitalis). Activations were thresholding at PFWE < 0.05 both at

the voxel- and the cluster-level. Significant activations were found both

in the left (�30, 16, �18; k¼ 116) and in the right insula (36, 30, �8;

k¼ 90).

The intra-participant parametric analysis of outcome-related brain

activity and pain chosen revealed that activations in right (i.e. contra-

lateral to the stimulated hand) putamen, mid-insula and superior par-

ietal cortex were negatively correlated with the level of pain chosen

(Supplementary Figure S1). These regions have been implicated in

anticipation and experience of pain (Hui et al., 2000; Bingel et al.,

2002). It is conceivable that the anticipation of physical pain had pre-

vented the participant from choosing higher level of pain, rendering

them to behave more selfishly. The reversed contrast did not reveal any

significant activation.

It may be argued that the activation increase observed in the aMCC

and bilateral insula arose from the received and/or anticipated pain

rather than the feeling of guilt per se. This is plausible because the

participants generally selected higher pain stimulation in the

``
''
``
''
``
''
,
publicatons
``
''
 < 
 > 
region of interest (
)
 < 
-
-
 = 
-
 = 
i.e.,
,
Fig.
 S
http://scan.oxfordjournals.org/lookup/suppl/doi:10.1093/scan/nst090/-/DC1
; Hui 
etal.
, 2000
``
''
``
''
http://scan.oxfordjournals.org/


we found that during the pain delivery stage, activations in bilateral

dorsal-posterior insula, dorsal middle cingulate cortex and bilateral

primary sensory area positively correlated with the level of pain stimu-

lation. Importantly, these brain regions are clearly separated from

those observed in the contrast of ‘Self_Incorrect > Both_Incorrect’

(Supplementary Figure S2), suggesting that activations of aMCC and

bilateral insula were not caused by pain stimulation per se.

Although our analysis of brain activations focused on the

‘Self_Incorrect vs Both_Incorrect’ contrast, we did check the activa-

tions of the ‘Partner_Incorrect vs Both_Correct’ contrast. The

‘Partner_Incorrect > Both_Correct’ contrast revealed activations in

dACC, posterior cingulate cortex and left AI, i.e. the empathy network

(Lamm et al., 2011; Bernhardt and Singer, 2012). The reversed contrast

revealed activations in the ventral striatum and bilateral amygdala,

which are implicated in responding to salient positive outcome

(Pessoa and Adolphs, 2000; Delgado et al., 2008). These results con-

firmed the validity of our experimental manipulation, suggesting that

the participants believed in the setup and were emotionally involved in

the task.

We have focused our neuroimaging analysis on the outcome-stage

brain activity rather than the decision-stage activity for two reasons.

First, the participant could know the consequence of his/her guess

performance at the outcome stage. The emergence of guilt, as soon

as the bad consequence for the partner was clear, should be automatic

and immediate. Thus it is conceivable to expect the neural processing

of guilt to be initiated at the outcome stage. Second, the neural signals

associated with the decision stage might suffer more from confounding

factors than those associated with the outcome phase, such as motor

responses and pain anticipation. When we looked into the data asso-

ciated with the decision stage, we did not find any significant activa-

tion for the contrast ‘Self_Incorrect > Both_Incorrect’. When we used a

relatively liberal threshold (P < 0.005 uncorrected with 20 contiguous

voxels), we found activations within the primary motor area, which

probably reflect the motor component in the decision stage.

Functional specifity analysis

It could be argued that the aMCC activation observed in the above

analysis arises from the suppression of the unpleasant feeling of guilt,

rather than the experience of guilt per se. To test this hypothesis, we

conducted a MKDA (Wager
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