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Supplementary Figure 1: Extinction of SOC and sensory preconditioning in mice.

a, Freezing during baseline (1-min before session start) in CS2-CS1 association (n =5 for each group).

b, Comparison freezing to light CS1 during CS2-CS1 phase and freezing to tone CS2 during test phase

(n =15 for experimental animals in Fig. 1). ¢, Freezing response to light CS1 during CS2-CS1 pairing

in different training protocol (n = 4 for each group). d, Freezing level during extinction trials of first-

order conditioning (FOC extinction, n = 4), second-order conditioning (SOC extinction, n = 15), and

control (SOC control, n = 9). Asterisks (*) indicate comparison between FOC extinction and SOC

extinction. Pound signs (#) indicate comparison between SOC extinction and control. e, Learning curves

during CS1-US association of sensory preconditioning. SPC, sensory preconditioning. e, Freezing

responses to the tone CS2 on test phase of sensory preconditioning protocol. f, Freezing responses to

the light CS1 during test phase. e-g, n = 5 for each group. Data are mean £ SEM, *p < 0.05, **p <0.01,
**%p < 0.001, ##p < 0.01, ##p < 0.001, ##H#p < 0.0001. Source data are provided as a Source Data

file.
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Supplementary Figure 2: GRIN lens implantation in PBN and AUC analysis based on trials.

a, Picture of prong wires attached to GRIN lens for minimizing motion artifact. b, Schematic depiction
of GRIN lens placements over PBN. Note that PBN section is adapted from Franklin and Paxinos mouse
brain atlas'. ¢, AUC of CGRP™N neurons during CS1 across early and late trials during CS1-US
association (103 neurons). d, AUC of CGRP"®N neurons during tone CS2 across the trials in CS2-CS1
association (n = 8). e, Linear regression between AUC during tone CS2 in test day and freezing behavior
(n = 8). The equation of line graph is as Y = 0.2018X + 25.04. The data indicate individual animals;

plotted as mean + SEM. Source data are provided as a Source Data file.
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Supplementary Figure 3: CGRP?®N neuronal activity during SOC in the protocol designed to

minimize contextual contribution.

a, Schematic of the experimental paradigm of SOC minimizing contextual contribution. b, Average
traces of CGRPPBN neurons in the control and the SOC group in response to tone CS2 and light CS1
during the CS2-CS1 association and ¢, test days. d, Heat map showing individual neuronal responses
of the control group to tone CS2 on the test day. e, Heat map showing individual neuronal responses of
the experimental group to tone CS2 on the test day. b-e, n = 64 from 4 animals for control group and »
= 91 neurons from 4 animals for SOC group. f, Percent of time freezing during light CS1 on the CS2-
CS1 association day (n = 8). g, AUC during light CS1 and post-light (10 s), compared to the pre 10 s of
baseline. Open dots indicate responses of the CGRPEN neurons to the light CS1 during habituation day
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(108 neurons). Closed dots indicate responses of the CGRPPEN neurons to the light CS1 during CS2-
CS1 association day (155 neurons) h, Percentage of increased responses of CGRPPEN neurons during
light CS1 and post-light (n = 8). Dots represent individual animals. The data are plotted as mean + SEM.

*p < 0.05. Source data are provided as a Source Data file.
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Supplementary Figure 4: Cluster and correlation analysis of CGR neurons during SOC.

a, Clustered activities of CGRP™N neurons during CS2-CS1 association (197 neurons). b, Clustered
activities of CGRP?BN neurons during CS1-US association (103 neurons). ¢, Heatmap of maximum
correlations within CGRPBN neurons from representative animal before SOC (habituation). d, Heatmap
of maximum correlations within CGRP™N neurons from representative animal after SOC (test). e,
Linear regression of maximum correlations of CGRP"®N neurons in habituation phase. f, Linear
regression of maximum correlations of CGRP™®N neurons in test day. g, Cumulative distribution
function of maximum correlations during tone CS2 and baseline in habituation day. Note that baseline
indicates neural activities of first 5 min in test chamber before session start. P indicates pairwise
Pearson’s correlation. p indicates paired t-test. d indicates Cohen’s d which represents effect size. h,
Cumulative distribution function of mean correlations during tone CS2 and baseline in test day. e-h, n
= 122 neurons. Data are mean £ SEM. Dots indicate individual neurons. Source data are provided as a

Source Data file.
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Supplementary Figure 5: CGRP*®N neuronal responses to the noxious light and tone before

learning.

a, Heat map showing individual CGRP"EN neuron responses to bright light (1 s, 600 lux) and b, loud
tone (1 s, 15 kHz, 90 dB). Neurons are aligned based on activity between 0 and 10 s. The top neurons
(above the first white line) show increased activity, the middle neurons are non-responsive, and the
bottom neurons (below the second white line) show decreased activity. ¢, Comparison of responses
between the loud tone and bright light based on activity patterns. From top to bottom: neurons activated
by both stimuli, neurons activated only by bright light, neurons activated only by loud tone, and neurons
non-responsive to both stimuli. d, Proportion of CGRP"®N neurons based on their responses. e, Average
AUC of neurons 10 s after the onset of the loud tone or bright light. a-e, n = 78 neurons from 4 animals.
The boxes indicate first and third quartile; line in the box plot indicate median; whiskers indicate 5-95

percentile of population. Source data are provided as a Source Data file.
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Supplementary Figure 6: Transient inhibition of CGRP'®™ neurons during second-order
association attenuates freezing to CS2 and post CS2. a, Freezing responses to tone CS2 of control (n
= 13) and hM4Di (n = 8) groups after SOC. b, Comparison of freezing ratio CS2 over CS1 between
WT mice (n = 10) experiments (n = 10) and hM4Di (n = 8) group. Note that WT control did not receive
second-order association. ¢, Freezing responses to post CS2 (10 sec after CS2) of control (n = 13) and
hM4Di (n = 8) groups in test phase. d, Freezing responses to CS1 of control (n = 8) and hM4Di (n = 5)
groups in test phase based on trials. e, Average of trials in d. Data are plotted as mean £ SEM, *p <

0.05, **p < 0.01, ****p <(0.0001. Source data are provided as a Source Data file.
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