ONLINE SUPPLEMENTARY MATERIAL
Instructions for the participant on how to play the Prisoner’s Dilemma

These Instructions were explained at the same time as the participant was shown a figure with a display of the Prisoner’s Dilemma screens.
“During this game you will be playing with a co-player who will be outside the scanner room. On each trial, both of you will have to decide whether to cooperate or not cooperate with each other. Both of you will be making your decisions at the same time. Your options will be represented as columns in this matrix while the options of your co-player will be represented as rows. The ‘cooperate’ and ‘not cooperate’ columns can be either at the left or right. If you want to choose the column at the left/right push the button at your left/right hand. Once you make an option, the chosen column will appear highlighted in yellow. Right after you will see the option made by your co-player and only the cell that represents the options of you both will remain highlighted. This cell shows the earnings that both of you will make on this trial. Your earnings are shown in bold numbers while your co-player earnings are shown in light grey. If you both cooperate you both earn 2; if you cooperate and your co-player does not cooperate you earn 0 and your co-player earns 3; if you do not cooperate and your co-player does cooperate you earn 3 and your co-player earns 0; if neither of you cooperate you will both earn 1. At the end of the game you will be paid a percentage of your total earnings. Your co-player will also be paid a percentage of his/her total earnings. The game will last for two sessions of 38 trials”.

After being explained the Instructions, the participant had a chance to practice a few trials of the game in a computer. 

The Prisoner’s Dilemma algorithm
During the Prisoner’s Dilemma game, participants played against an algorithm implemented in Matlab that generates each response based on the outcomes of the two previous rounds McClure et al., 2007()
. So given a trial i, the algorithm would take into account [participant’s choice (i-2), algorithm’s choice (i-2), participant’s choice (i-1), algorithm’s choice (i-1)] 

Specifically, the probability that the algorithm would cooperate on each trial was as follows:

1) Round 1: 100%

2) Round 2: 

a. If Round 1 outcome was CC, then 93%

b. If Round 1 outcome was DC, then 36%

3) Rounds 3-19:

a. If outcome of prior 2 rounds was CCCC: 92%

b. If outcome of prior 2 rounds was CDCC: 86%

c. If outcome of prior 2 rounds was DCCC: 78%

d. If outcome of prior 2 rounds was DDCC: 50%

e. If outcome of prior 2 rounds was CCCD: 58%

f. If outcome of prior 2 rounds was CDCD: 0%

g. If outcome of prior 2 rounds was DCCD: 33%

h. If outcome of prior 2 rounds was DDCD: 33%

i. If outcome of prior 2 rounds was CCDC: 86%

j. If outcome of prior 2 rounds was CDDC: 80%

k. If outcome of prior 2 rounds was DCDC: 33%

l. If outcome of prior 2 rounds was DDDC: 20%

m. If outcome of prior 2 rounds was CCDD: 50%

n. If outcome of prior 2 rounds was CDDD: 38%

o. If outcome of prior 2 rounds was DCDD: 50%

p. If outcome of prior 2 rounds was DDDD: 43%

4) Rounds 20-38:

a. If outcome of prior 2 rounds was CCCC: 92%

b. If outcome of prior 2 rounds was CDCC: 90%

c. If outcome of prior 2 rounds was DCCC: 100%

d. If outcome of prior 2 rounds was DDCC: 60%

e. If outcome of prior 2 rounds was CCCD: 13%

f. If outcome of prior 2 rounds was CDCD: 20%

g. If outcome of prior 2 rounds was DCCD: 67%

h. If outcome of prior 2 rounds was DDCD: 33%

i. If outcome of prior 2 rounds was CCDC: 83%

j. If outcome of prior 2 rounds was CDDC: 63%

k. If outcome of prior 2 rounds was DCDC: 0%

l. If outcome of prior 2 rounds was DDDC: 33%

m. If outcome of prior 2 rounds was CCDD: 33%

n. If outcome of prior 2 rounds was CDDD: 8%

o. If outcome of prior 2 rounds was DCDD: 50%

p. If outcome of prior 2 rounds was DDDD: 25%

The algorithm was also designed so that the participant would experience periodic defection. This was achieved by setting the condition that after four consecutive trials of mutual defection the algorithm had a 50% chance of defecting.
Questionnaire on emotional responses
After completing the scanning session, participants were invited to complete a questionnaire that assessed their perceptions and emotional reaction to each of the PD outcomes. Specifically, for each of the PD outcomes (CC, CD, DC, DD) participants rated on nine-point Likert scales their answers to the following questions:
· How satisfied were you with your earnings?

· How were your feelings of cooperativeness towards the co-player?

· How were your feelings of anger towards the other player?

· How betrayed did you feel?

· How guilty did you felt?

Supplementary methods on data acquisition and pre-processing 

For blood oxygen level dependent (BOLD) response imaging, T2* weighted gradient echo planar images were obtained using a 3T Siemens Magnetom Trio Tim MRI scanner with a 12-channel head coil. A total of 37 sequential slices of 3.5 mm thickness and 0.5 mm slice gap were obtained for each volume. In order to minimize the susceptibility artefact, slice orientation was initially orientated parallel to the AC-PC line, then rotated 30 degrees towards the coronal plane for scanning. Two hundred and seventy six volumes were obtained with a TR of 2.5 s, TE 30 ms, flip 90º, FOV 224 mm and matrix 64x64. The first four volumes were discarded to allow for scanner transient effects.
SPM8 (http://www.fil.ion.ucl.ac.uk/spm) was used for analyses. The first image from each session was aligned to the first scan of the first session. Then the images from each session were aligned to the first image of the session. For each subject, the structural T1 image was coregistered to the average realigned image. The coregistered T1 image was used to derive parameters for spatial normalization to the SPM8 Montreal Neurological Institute (MNI) T1 template with the parameters applied to each fMRI time-series image. The resultant realigned and spatially normalized images were smoothed with an 8 mm FWHM Gaussian kernel.
Table S1 Emotional and behavioural responses to the Prisoner’s Dilemma
	
	Control

(mean ± SD)
	Depression

(mean ± SD)

	Satisfaction with earnings
	
	

	CC
	6.00±1.04
	5.59±1.40

	CD
	1.39±2.06
	0.77±1.11

	DC
	6.04±1.46
	5.45±1.50

	DD
	4.17±1.77
	2.86±1.88

	Cooperativeness with co-player
	
	

	CC
	6.00±1.60
	5.59±1.65

	CD
	2.65±2.17
	1.73±1.67

	DC
	2.78±2.24
	1.86±1.93

	DD
	3.00±2.17
	2.68±2.12

	Anger at co-player
	
	

	CC
	0.17±0.39
	0.32±0.89

	CD
	2.78±2.21
	3.95±2.17

	DC
	0.96±2.06
	1.23±1.97

	DD
	1.13±1.79
	1.95±2.24

	Feelings of betrayal
	
	

	CC
	0.13±0.34
	0.18±0.50

	CD
	2.96±2.33
	4.05±1.96

	DC
	0.35±1.30
	0.55±1.22

	DD
	0.52±0.99
	2.05±2.10

	Feelings of guilt
	
	

	CC
	0.04±0.21
	0.50±1.30

	CD
	0.39±1.20
	0.41±0.85

	DC
	1.87±1.96
	3.27±2.00

	DD
	0.61±1.12
	1.45±2.04

	Average number of outcome types
	
	

	CC
	20.48±8.46
	20.27±9.65

	CD
	15.48±3.93
	15.64±6.05

	DC
	14.70±5.70
	13.32±5.02

	DD
	25.00±7.54
	26.50±9.24

	Transition probabilities (probability of cooperation after each outcome type)
	
	

	CC
	0.72±0.28
	0.73±0.27

	CD
	0.35±0.19
	0.38±0.16

	DC
	0.49±0.26
	0.50±0.23

	DD
	0.25±0.15
	0.22±0.15


See the main text for details on the statistical analysis of these variables

Table S2 Within group brain activations for reciprocated vs. unreciprocated cooperation
	
	BA
	Cluster size
	x
	y
	z
	T

	Activation to reciprocated vs. unreciprocated cooperation (CC>CD)
	
	
	
	
	
	

	All subjects
	
	
	
	
	
	

	L nucleus accumbens and dorsal caudate
	
	3659
	-12
	22
	0
	4.17

	R nucleus accumbens and dorsal caudate
	
	´´
	10
	26
	0
	4.39

	R frontal lobe, superior frontal gyrus
	10
	500
	14
	58
	-2
	3.93

	L temporal lobe, superior temporal gyrus and posterior insula
	22
	827
	-40
	-2
	14
	3.82

	R temporal lobe, superior temporal gyrus
	22
	114
	60
	-6
	0
	3.64

	L parietal lobe, inferior parietal lobule
	39
	109
	-50
	-68
	40
	3.75

	L frontal lobe, paracentral lobule
	5
	2703
	-2
	-32
	54
	3.11

	Control group
	
	
	
	
	
	

	L nucleus accumbens and dorsal caudate
	
	1039
	-10
	24
	-2
	4.14

	R nucleus accumbens and dorsal caudate
	
	´´
	2
	20
	0
	3.78

	Depression group
	
	
	
	
	
	

	R frontal lobe, medial frontal gyrus
	10
	244
	14
	60
	4
	3.45

	L temporal lobe, middle temporal gyrus
	21
	2362
	-60
	-6
	-4
	4.26

	L posterior insula
	
	´´
	-38
	-4
	16
	3.90

	R posterior insula
	
	524
	44
	-16
	18
	3.43


Coordinates (x, y, z) reported in MNI space; R/L=right/left; BA=Brodmann area; ´´ indicates that the peak belongs to the same cluster as the peak above. All results significant at p<0.05 cluster extent corrected across the whole-brain. 

Table S3 Within and between group brain activations for unreciprocated vs. reciprocated cooperation
	
	BA
	Cluster size
	x
	y
	z
	T

	 Activation to unreciprocated vs. reciprocated cooperation (CD>CC)
	
	
	
	
	
	

	All subjects
	
	
	
	
	
	

	L frontal lobe, middle frontal gyrus
	9
	104
	-42
	10
	32
	2.96

	R frontal lobe, inferior frontal gyrus
	9
	120
	40
	6
	34
	3.46

	L anterior insula
	
	381
	-34
	24
	-4
	4.29

	L parietal lobe, superior parietal lobule
	7
	382
	-30
	-66
	52
	3.38

	R parietal lobe, superior parietal lobule
	7
	1091
	32
	-82
	22
	4.79

	Occipital lobe, cuneus
	17
	936
	6
	-72
	8
	4.31

	Superior midbrain
	
	394
	-6
	-16
	-6
	3.87

	Cerebellum
	
	92
	-2
	-40
	-14
	3.06

	Control group
	
	
	
	
	
	

	R frontal lobe, inferior frontal gyrus
	9
	83
	42
	8
	34
	3.10

	L anterior insula
	
	106
	-30
	18
	-16
	3.29

	Occipital lobe, cuneus
	17
	2316
	8
	-70
	4
	5.14

	R occipital lobe, superior occipital gyrus
	19
	265
	32
	-82
	22
	4.11

	L parietal lobe, superior parietal lobule

	7
	88
	-30
	-56
	56
	3.24

	R parietal lobe, superior parietal lobule
	7
	197
	28
	-62
	60
	3.80

	Superior midbrain
	
	642
	-4
	-26
	0
	4.63

	Depression group
	
	
	
	
	
	

	L anterior insula
	
	189
	-38
	26
	0
	3.79

	R parietal lobe, superior parietal lobule
	7
	136
	12
	-70
	54
	3.25

	Control > Depression
	
	
	
	
	
	

	Posterior thalamus
	
	107
	0
	-24
	4
	3.37

	Cerebellum
	
	116
	4
	-46
	-28
	4.02

	Cerebellum
	
	537
	12
	-62
	-8
	3.90

	Depression > Control
	
	
	
	
	
	

	No significant activations
	
	
	
	
	
	


Coordinates (x, y, z) reported in MNI space; R/L=right/left; BA=Brodmann area. All results significant at p<0.05 cluster extent corrected across the whole-brain. Note that between group activations for the contrast (CC>CD) are the same as reported in this table for the contrast (CD>CC) but interchanging the labels “Control>Depression” and “Depression>Control”

Table S4 Within and between group brain activations during outcomes where the participant defected while the co-player cooperated vs. reciprocated cooperation (contrast DC>CC)
	
	BA
	Cluster size
	x
	y
	z
	T

	 Activation for the contrast (DC>CC)
	
	
	
	
	
	

	All subjects
	
	
	
	
	
	

	L frontal lobe, middle frontal gyrus
	9
	1133
	-44
	16
	32
	3.59

	R frontal lobe, precentral gyrus
	9
	1884
	40
	8
	34
	4.36

	R anterior insula
	
	´´
	34
	24
	0
	4.57

	L anterior insula
	
	675
	-32
	20
	-6
	5.34

	L parietal lobe, precuneus
	39
	212
	-36
	-70
	32
	3.04

	R parietal lobe, precuneus
	7
	783
	18
	-74
	50
	3.75

	Superior midbrain
	
	312
	-6
	-16
	-8
	3.15

	Cerebellum
	
	´´
	2
	-40
	-14
	3.53

	Control group
	
	
	
	
	
	

	L frontal lobe, precentral gyrus
	9
	627
	-40
	14
	38
	3.52

	R frontal lobe, inferior frontal gyrus
	9
	984
	40
	6
	24
	3.89

	L anterior insula
	
	291
	-32
	20
	-6
	3.91

	R anterior insula
	
	71
	32
	22
	-2
	3.27

	Posterior thalamus
	
	889
	0
	-22
	4
	5.85

	R parietal lobe, inferior parietal lobule
	40
	260
	34
	-52
	34
	4.99

	Depression group
	
	
	
	
	
	

	L anterior insula
	
	486
	-32
	26
	-2
	5.15

	R anterior insula
	
	204
	34
	26
	0
	3.49

	R temporal lobe, fusiform gyrus
	37
	161
	40
	-48
	-16
	4.89

	R parietal lobe, superior parietal lobule
	7
	91
	24
	-66
	46
	3.47

	Control > Depression
	
	
	
	
	
	

	Posterior thalamus and cerebellum
	
	2433
	-2
	-26
	4
	4.98

	Depression > Control
	
	
	
	
	
	

	No significant activations
	
	
	
	
	
	


Coordinates (x, y, z) reported in MNI space; R/L=right/left; BA=Brodmann area; ´´ indicates that the peak belongs to the same cluster as the peak above. All results significant at p<0.05 cluster extent corrected across the whole-brain. 
Supplementary figure S1
Neural responses for the contrast [(CC+DC)>(CD+DD)] (i.e. every time that the co-player cooperates vs. every time that the co-player does not cooperate). For this contrast, across all participants (((6 22 0), t=4.09); ((-12 20 2), t=3.86)) and in controls (((-8 2 -4), t=4.32); ((8 6 -6), t=4.06)), activation was observed in the striatum. In the depressed group activation was not observed at our significance threshold. However, between groups differences in the striatum failed to reach significance, again at our chosen significance threshold.
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Supplementary figure S2
Neural responses for the contrast (CD>CC). 
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Supplementary figure S3
Neural responses for the contrast (DC>CC).
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