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Supplementary Figure 1. Individual fear discrimination and recording summary. Mean (bar) and 
individual session (data points) suppression ratio for each cue (D, danger, red; U, uncertainty, purple; 
S, safety, blue) is shown for each individual for all recording sessions with cue-responsive neurons. 
Animal identity is shown in the top left. For each individual, the number of recording sessions with 
cue-responsive neurons, the number of cue-responsive neurons, and the number of neurons in each 
population (Exc, cue-excited; Low, Low firing; Int, Intermediate firing; High, High firing) are provided.



Supplementary Figure 2. Individual fear discrimination session by session. Suppression ratios for each cue (D, 
danger, red; U, uncertainty, purple; S, safety, blue) are shown for each individual for all recording sessions with cue-re-
sponsive neurons. Animal identity is shown in the top left. Recording session number on the x-axis.
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Supplementary Figure 3. Firing and waveform characteristics. Mean 
(bar) and individual (data points) (a) firing rate (b) waveform half duration 
(c) waveform amplitude ratio (d) coefficient of variance, and (e) coefficient 
of skewness during a 10 s baseline period just prior to cue onset for cue-ex-
cited (Exc, n = 131, maroon), Low firing (Low, n = 74, black), Intermediate 
firing (Int, n = 34, turquoise), and High firing (High, n = 18, pink) neurons. 
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Supplementary Figure 4. High firing neurons show differential cue firing during the 
late cue and delay periods. (a) Mean ± SEM normalized firing rate to danger (D, red), 
uncertainty (U, purple) and safety (S, blue) is shown from 2 s prior to cue onset to 2 s follow-
ing cue offset for the High firing neurons (n = 18). Cue onset and offset are indicated by verti-
cal black lines. SEM is indicated by shading. (b) Mean (bar) and individual (data points), 
normalized firing rate during the first 1 s cue interval (onset, left), the last 5 s cue interval 
(late cue, middle), and 2 s following cue offset (delay, right) are shown for each cue (D, 
danger, red; U, uncertainty, purple; and S, safety, blue). +95% bootstrap confidence interval 
for differential cue firing rate does not contain zero. +95% bootstrap confidence interval for 
normalized firing rate does not contain zero (colored plus signs). (c) Mean ± SEM normal-
ized firing rate to reward is shown 2 s prior to 2 s following reward (advancement of pellet 
dispenser). SEM is indicated by shading. (d) Mean (bar) and individual (data points), 
normalized firing rate are shown during 500 ms interval prior (pre) to and 500 ms interval 
after (post) the reward delivery for High firing neurons (pink). (e) Mean normalized firing rate 
to reward (250 ms prior to reward delivery to 250 ms following reward delivery, [trough - pre]) 
vs. danger (the second 250 ms of cue, [trough - pre], red) is plotted. Trendline, the square 
of the Pearson correlation coefficient (R2) and associated p value (p) are shown. R2 and p 
for uncertainty (purple) and safety (blue) are provided.
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Supplementary Figure 5. Cue firing relationships. Scatterplots for mean normalized firing rate to danger 
(red) vs. uncertainty (purple) are shown for (a, onset) the first 1 s cue interval, (b, late cue) the last 5 s cue 
interval, and (c, delay) 2 s following cue offset for the cue-inhibited neurons (Low firing, n = 74, black; Inter-
mediate firing, n = 34, turquoise; High firing, n = 18, pink). Trendline, the square of the Pearson correlation 
coefficient (R2) and associated p value (p) are shown for each cluster. (d-f) Scatterplots for mean normalized 
firing rate to uncertainty (purple) vs. safety (blue) shown, as in a-c.

-2 -1 0 1 2
Normalized firing rate uncertainty

-2

-1

0

1

2

N
or

m
al

iz
ed

 fi
rin

g 
ra

te
 d

an
ge

r

-2 -1 0 1 2
Normalized firing rate uncertainty

-2

-1

0

1

2

N
or

m
al

iz
ed

 fi
rin

g 
ra

te
 d

an
ge

r

-2 -1 0 1 2
Normalized firing rate uncertainty

-2

-1

0

1

2

N
or

m
al

iz
ed

 fi
rin

g 
ra

te
 d

an
ge

r

-2 -1 0 1 2
Normalized firing rate safety

-2

-1

0

1

2

N
or

m
al

iz
ed

 fi
rin

g 
ra

te
 u

nc
er

ta
in

ty

-2 -1 0 1 2
Normalized firing rate safety

-2

-1

0

1

2

N
or

m
al

iz
ed

 fi
rin

g 
ra

te
 u

nc
er

ta
in

ty

-2 -1 0 1 2
Normalized firing rate safety

-2

-1

0

1

2

N
or

m
al

iz
ed

 fi
rin

g 
ra

te
 u

nc
er

ta
in

ty

Onset Late cue Delayb c

d e f

R2 = 0.15
p=6.01x10-4

R2 = 0.07
p=0.02

R2 = 0.09
p=0.01

R2 = 0.20
p=6.60x10-5

R2 = 0.11
p=0.003

R2 = 0.17
p=2.36x10-4

R2 = 0.27
p=0.002

R2 = 0.004
p=0.72

R2 = 0.008
p=0.63

R2 = 0.02
p=0.50

R2 = 0.15
p=0.02

R2 = 0.005
p=0.71

R2 = 0.71
p=1.10x10-5

R2 = 0.02
p=0.60

R2 = 0.09
p=0.23

R2 = 0.01
p=0.65

R2 = 0.38
p=0.006

R2 = 0.05
p=0.39

a 



Supplementary Figure 6. Nose poke cessation is insufficient to drive activity of Low, 
Intermediate and High firing neurons. (a) Mean ± SEM normalized firing rate is shown 2 s 
prior to and 2 s after nose poke cessation for the Low (Low, n = 74, black), Intermediate (Int, n = 
34, turquoise), and High (High, n = 18, pink) firing neurons. SEM is indicated by shading. All 
cue-inhibited neurons were unresponsive to nose poke cessation. Nose poke cessation is 
indicated by black arrow. (b-d) Mean (bar) and individual (data points), normalized firing rate for 
(b) Low, (c) Intermediate, and (d) High firing neurons are shown during 500 ms interval prior 
(pre) to and 500 ms interval after (post) nose poke cessation. Colors maintained from a.
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Supplementary Figure 7. Complete regression outcomes for Low, Intermediate and High firing neurons. (a) 
Mean ± SEM beta coefficients are shown for each regressor (RT, relative threat; FO, fear output), from 2 s prior to 
cue onset to 2 s following cue offset in 1 s bins, for each uncertainty assignment from 0 to 1 in 0.25 increments 
(0.00, 0.25, 0.50, 0.75, and 1.00), for the Low firing neurons (n = 74). Cue onset and offset are indicated by vertical 
black lines. (b and c) Mean ± SEM beta coefficients for (b) Intermediate (n = 34) and (c) High (n = 18) firing 
neurons, shown as in a. Low and Intermediate firing neurons more strongly signal relative threat, compared to fear 
output, across all assignments. High firing neurons signal a mixture of relative threat and fear output.



Supplementary Figure 8. Cue firing relationships in cue-excited neurons. Scatterplots for mean 
normalized firing rate to danger (red) vs. uncertainty (purple) are shown for (a, onset) the first 1 s cue 
interval, (b, late cue) last 5 s cue interval, and (c, delay) 2 s following cue offset for the cue-excited 
neurons (n = 131, maroon). Trendline, the square of the Pearson correlation coefficient (R2) and associ-
ated p value (p) are shown. (d-f) Scatterplots for mean normalized firing rate to uncertainty (purple) vs. 
safety (blue) shown, as in a-c.
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Supplementary Figure 9. Nose poke cessation is insufficient to drive activity of cue-excited 
neurons. (a) Mean ± SEM normalized firing rate is shown 2 s prior to and 2 s after nose poke 
cessation for cue-excited neurons (n = 131, maroon). Nose poke cessation is indicated by black 
arrow. SEM is indicated by shading. (b) Mean (bar) and individual (data points), normalized firing 
rate for cue-excited neurons are shown during 500 ms interval prior (pre) to and 500 ms interval 
after (post) nose poke cessation. Color maintained from a.
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Supplementary Figure 10. Cue-excited neurons signal relative threat and fear output. Mean ± SEM beta 
coefficients are shown for each regressor (RT, relative threat; FO, fear output), from 2 s prior to cue onset to 2 s 
following cue offset in 1 s bins, for each uncertainty assignment from 0 to 1 in 0.25 increments (0.00, 0.25, 0.50, 
0.75, and 1.00), for the cue-excited neurons (n = 131). Cue onset and offset are indicated by vertical black lines. 
(b) Mean ± SEM beta coefficients are shown for each regressor (RT, relative threat; FO, fear output), during the 10 
s cue, for each assignment from 0 to 1 in 0.25 increments, for the cue-excited neurons. Cue-excited neurons signal 
a mixture of relative threat and fear output across all assignments. 
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