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S1: Following FS, HFS increases glutamate release probability and quantal content 

a. Paired-pulse ratio (PPR, % baseline) remained unchanged following HFS in cells from naïve 

mice (mean: 99.5±3.9%, n=36 cells, N=14 mice, p=0.9, one-sample t-test, two-tailed, 

t(35)=0.13, 95% CI=-8.5 to 7.5) and decreased in FS mice (mean: 77.1±3.5%, n=32 cells, N=9 

mice, p<0.0001, one-sample t-test, two-tailed, t(31)=6.59, 95% CI=-30 to -15.8, p<0.0001, 

unpaired t-test, two-tailed, t(66)=4.2 vs. naïve, 95% CI=-33 to -11.7). Horizontal bars show 

means. b. Example recordings from CRH neurons following HFS in slices from naïve (gray) and 

FS (green) mice. Similar recordings were obtained from slices containing PVN from an 

additional 4 mice in FS group and 6 mice in naïve group. c. The amplitude of spontaneous 

EPSCs increased in cells from FS mice following HFS (mean: 115.9±5.6%, n=16 cells, N=5 

mice, p=0.01 vs. baseline, one-sample t-test, two-tailed, t(15)=2.8, 95% CI=3.8 to 27.9) but not 

in cells from naïve mice (mean: 105.9±3.3%, n=16 cells, N=7 mice, p=0.01 vs. baseline, one-

sample t-test, two-tailed, t(15)=1.76, 95% CI=-1.2 to 13.1). d. Frequency of spontaneous 

EPSCs increased following HFS in both FS mice (mean: 468.5±97.4%, n=16 cells, N=5 mice, 

p=0.002 vs. baseline, one-sample t-test, two-tailed, t(15)=3.78, 95% CI=160.8 to 576.2) and 

naïve mice (mean: 233.8±29.3%, n=16 cells, N=7 mice, p=0.0004 vs. baseline, one-sample t-

test, two-tailed, t(15)=4.56, 95% CI=71.2 to 196.3). Scare bars (b): 50ms and 20pA. Gray bars 

(c,d) denote HFS. Error bars±S.E.M. 

 

  

	

	



	 2	

 

 

 

 

 

 

 

 

 

 

S2: STP comparison between two cells in the same slice 

a. There was no correlation between STP of a second cell (Cell 2) and STP of the first cell (Cell 

1) recorded within the same slice (r=0.15, n=74 pairs of cells, p=0.21, Pearson’s correlation, 

95% CI=-0.08 to 0.37). Black line shows line of best fit. b. STP of a second cell (Cell 2) was no 

different to that of the first cell (Cell 1) recorded within the same slice (mean: 133.8±5.2%, 

n=74 cells, vs. mean: 132.1±4.6%, n=74 cells, p=0.8, paired t-test, two-tailed, t(73)=0.25, 95% 

CI=-14.4 to 11.2).  
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S3: STP following FS is similar in both male and female mice 

a. STP was evident in both male and female mice that experienced FS (green, males, mean: 

161.4±14.0%, n=22 cells, N=6 mice, p=0.0003 vs. baseline, one-sample t-test, two-tailed, 

t(21)=4.37, 95% CI=32.2 to 90.6; p=0.0008 vs. naïve, unpaired t-test, one-tailed, t(36)=3.41, 

95% CI=24.3 to 96); females, mean: 155.8±10.6%, n=13 cells, N=4 mice, p=0.0002 vs. 

baseline, one-sample t-test, two-tailed, t(12)=5.234, 95% CI=32.5 to 79; p=0.002 vs. naïve, 

unpaired t-test, one-tailed, t(31)=3.3, 95% CI=15.9 to 80.9) but not male nor female naïve mice 

(gray, males, mean: 101.3±7.2%, n=16 cells, N=7 mice, p=0.86 vs. baseline, one-sample t-test, 

two-tailed, t(15)=0.17, 95% CI=-14.2 to 16.7; females, mean: 107.4±10.8%, n=20 cells, N=7 

mice, p=0.68 vs. baseline, one-sample t-test, one-tailed, t(19)=0.68, 95% CI=-15.3 to 30). b. 

Potentiation of EPSCs following HFS was similar in males and females (p=0.78, unpaired t-test, 

two-tailed, t(33)=0.28, 95% CI=-46.5 to 35.3). Horizontal bars (b) show means. Gray bars (a) 

denote HFS. Error bars±S.E.M. 
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S4: STP evident at 0 minutes and 24 hours following FS 

a. Following FS, slices were prepared from the FS mouse immediately, with no delay, or the FS 

mouse was allowed to return to the homecage and slices were prepared 24 hours later. b. STP 

was evident immediately following FS (mean: 141.1±10.3%, n=18 cells, N=8 mice, p=0.001 vs. 

baseline, one-sample t-test, two-tailed, t(17)=4, 95% CI=19.3 to 62.9). c. STP was still evident 

24 hours after FS (mean: 145.4±8.1%, n=25 cells, N=8 mice, p<0.0001 vs. baseline, one-

sample t-test, two-tailed, t(24)=5.58, 95% CI=28.6 to 62.2). Gray bars (b,c) denote HFS. Error 

bars±S.E.M. 
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S5: Per animal analyses of STP in male and female subjects and partners following FS or 

NE 

Data shown previously in Fig. 2 presented on a per-animal basis. STP was present in male FS 

subjects (mean: 137.5±12.9%, N=7 mice, p=0.03 vs. baseline, one-sample t-test, two-tailed, 

t(6)=2.9, 95% CI=5.9 to 69.1) and male FS partners (mean: 140.3±12.7%, N=7 mice, p=0.02 

vs. baseline, one-sample t-test, two-tailed, t(6)=3.16, 95% CI=9.1 to 71.5), but not in male NE 

subjects (mean: 102.2±13.3%, N=5 mice, p=0.88 vs. baseline, one-sample t-test, two tailed, 

t(4)=0.16, 95% CI=-34.8 to 39.2) nor male NE partners (mean: 107.4±8.2%, N=5 mice, p=0.42 

vs. baseline, one-sample t-test, two-tailed, t(4)=0.9, 95% CI=-15.4 to 30.1). STP was evident in 

female FS subjects (mean: 118.4±9.2%, N=6 mice, p=0.01 vs. baseline, one-sample t-test, 

two-tailed, t(5)=2, 95% CI=-5.3 to 42) and female FS partners (mean: 138.7±15%, N=6 mice, 

p=0.04 vs. baseline, one-sample t-test, two-tailed, t(5)=2.6, 95% CI=0.3 to 77.2) as well as in 

female NE subjects (mean: 124.9±3.8%, N=5 mice, p=0.003 vs. baseline, one-sample t-test, 

two-tailed t(4)=6.5, 95% CI=14.3 to 35.6) and female NE partners (mean: 142±11.7%, N=5 

mice, p=0.02 vs. baseline, one-sample t-test, two-tailed, t(4)=3.6, 95% CI=9.6 to 74.5). 
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S6: Female partners left alone in the homecage 

for 30 minutes show no STP 

Female mice were housed in littermate pairs. The 

subject was removed from the home cage and was 

not returned. Following 30 minutes isolation in the 

homecage the female partner showed no evidence 

of STP (mean: 104.1±13.6%, n=13 cells, N=3 mice, 

p=0.77 vs. baseline, one-sample t-test, two-tailed, 

t(12)=0.3, 95% CI=-25.6 to 33.8). Gray bar denote 

HFS. Error bars±S.E.M.  
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S7: CORT levels of male, but not female, subjects correlates positively with those of 

respective partners 

 a. CORT in male partners correlated positively with those of respective male subjects (FS + NE 

data pooled, r=0.6, p=0.02, N=14 pairs of mice, Pearson’s correlation, 95% CI=0.1 to 0.9, 

black line shows line of best fit; green line shows line of best fit for FS pairs only, r=0.65, 

p=0.12, N=7 pairs of mice, 95% CI=-0.2 to 0.9; brown line shows line of best fit for NE pairs 

only, r=0.6, p=0.15, N=7 pairs of mice, 95% CI=-0.3 to 0.9).  b. CORT in female partners did 

not correlate with those of respective female subjects (r=-0.09, p=0.8, N=11 pairs of mice, 

Pearson’s correlation, 95% CI=-0.6 to 0.5, black line shows line of best fit; green line shows 

line of best fit for FS pairs only, r=-0.78, p=0.07, N=6 pairs of mice, 95% CI=-0.9 to 0.09; 

brown line shows line of best fit for NE pairs only, r=0.47, p=0.43, N=5 pairs of mice, 95% CI=-

0.7 to 0.9). 
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S8: Directionally biased social behaviors following exposure of the subject to FS or NE 

a. Histograms show time spent ano-genital sniffing and head/torso sniffing during the 30-

minute interaction by all NE subjects (yellow) and NE partners (brown) overlaid (N=11 pairs of 

mice). Matching color plots (below) showing ratio of time spent ano-genital sniffing and 

head/torso sniffing by each Subject-Partner pair to demonstrate directionality of behavior. 

Average ratio for ano-genital sniffing of SubjectNE:PartnerNE = 0.83:0.17, 11 pairs of mice. Two 

of the female pairs did not exhibit any ano-genital sniffing. Average ratio for head/torso sniffing 

of SubjectNE:PartnerNE = 0.65:0.35, 11 pairs of mice. b. PartnersNE engaged in more ano-genital 

sniffing (mean: 17.3±4.5s, N=11 mice) than respective SubjectsNE (mean: 1.82±0.57s, N=11 

mice, p=0.001, 95% CI=-25.4 to -5.5, One-way ANOVA, p=0.001, F(3,40)=6.49, followed by 

Sidak’s multiple comparisons test). PartnersNE did not engage in more head/torso sniffing 

(mean: 14.7±2.9s, N=11 mice) than respective SubjectsNE (mean: 6.3±1.3s, N=11 mice, 

p=0.12, 95% CI=-18.3 to 1.6, Sidak’s multiple comparisons test). PartnersNE spent similar 

amounts of time engaged in ano-genital sniffing as head/torso sniffing (p=0.89, 95% CI=-7.4 to 

12.5, Sidak’s multiple comparisons test). Horizontal bars show means. c. Histograms show 
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time spent allogrooming during the 30-minute interaction by all FS subjects (green) and FS 

partners (blue) overlaid (N=12 pairs of mice), as well as all NE subjects (yellow) and NE partners 

(brown) overlaid (N=11 pairs of mice). Matching color plots (below) show ratio of time spent 

allogrooming in each Subject-Partner pair to demonstrate directionality of behavior. Average 

ratio of SubjectFS:PartnerFS = 0.82:0.18, 12 pairs of mice; SubjectNE:PartnerNE = 0.58:0.42, 11 

pairs of mice. One female pair did not exhibit any allogrooming. d. PartnersFS engaged in more 

allogrooming (mean: 73.1±16.2s, N=12 mice) compared to respective SubjectsFS (mean: 

12.3±3.3s, N=12 mice, p=0.001, 95% CI=-100.5 to -20.5, One-way ANOVA, F(3,42)=9.06, 

p=0.002, followed by Sidak’s multiple comparisons test), but not more than PartnersNE (mean: 

38.8±14.1s, N=11 mice, p=0.12, 95% CI=-6.6 to 75.2, Sidak’s multiple comparisons test). Time 

spent allogrooming by PartnersNE was not greater than that of their respective SubjectNE (mean: 

19.1±8.1s, N=11 mice, p=0.57, 95% CI=-61.5 to 22, Sidak’s multiple comparisons test). 

Horizontal bars show means. Scale bars (a,c)=20%.   
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S9: Per animal analyses of STP in mouse dyads separated by a plexiglass barrier 

following FS, and of single mice exposed to odors 

Data shown previously in Fig. 3 presented on a per-animal basis. a. STP was present in FS 

subjects that were separated from respective partners by a plexiglass barrier (mean: 

155.2±15.7%, N=5 mice, p=0.02 vs. baseline, one-sample t-test, two-tailed, t(4)=3.5, 95% 

CI=11.5 to 98.9) but not in respective FS partners (mean: 109±3.3%, N=5 mice, p=0.05 vs. 

baseline, one-sample t-test, two-tailed, t(4)=2.7, 95% CI=-0.2 to 18.2). b. STP was not 

significant in mice that received a swab from the ano-genital area of a naïve littermate (mean: 

113.6±7.5%, N=4 mice, p=0.17 vs. baseline, one-sample t-test, two-tailed, t(3)=1.8, 95% CI=-

10.4 to 37.5). STP was present in mice that received a swab from the ano-genital area of a 

stressed littermate (mean: 170±10.7%, N=4 mice, p=0.007 vs. baseline, one-sample t-test, 

two-tailed, t(3)=6.5, 95% CI=35.9 to 104) but not in mice that received a swab from the 

head/torso area of a stressed littermate (mean: 122.8±10.7%, N=4 mice, p=0.12 vs. baseline, 

one-sample t-test, two-tailed, t(3)=2.1, 95% CI=-11.1 to 56.8).  
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S10: Basal membrane properties of CRH neurons from CRHARCH mice following 

continuous in vivo yellow light delivery 

a. Cells from CRHARCH mice (n=16 cells, N=7 mice) that received yellow light during and after 

FS were not different from cells from CRHeYFP controls (n=23 cells, N=8 mice) in the following 

measures (all shown as mean±SEM): membrane Resistance (Arch:0.845±0.04GOhm vs. 

eYFP:0.841±0.029MGOhm, p=0.94, unpaired t-test, two-tailed, t(37)=0.07, 95% CI=-102.8 to 

95.2), cell firing (Arch:20.6±1.7Hz vs. eYFP:24.3±1.2Hz, p=0.09, unpaired t-test, two-tailed, 

t(37)=1.76, 95% CI=-0.5 to 8), first-spike latency (Arch:46.7±3.6ms vs. eYFP:50.7±2.5ms, 

p=0.35, unpaired t-test, two-tailed, t(37)=0.94, 95% CI=-4.6 to 12.6), spontaneous EPSC 

frequency (Arch:9.5±1.4Hz vs. eYFP:9.2±1.3Hz, p=0.9, unpaired t-test, two-tailed, t(35)=0.13, 

95% CI=-4.3 to 3.8), spontaneous EPSC amplitude (Arch:25.6±2.2 vs. eYFP:26.1±1.1pA, 

p=0.83, unpaired t-test, two-tailed, t(35)=0.21, 95% CI=-4.2 to 5.2). Horizontal bars show 

means. b. Photostimulation inhibited CRH neuron firing in brain slices from CRHARCH mice. This 

was repeated in several different brain slices from each mouse. c. Recordings from a CRHARCH 

cell before and after photostimulation show similar membrane responses to successive 

hyperpolarizing and depolarizing current steps. This was reliably repeated in several different 

brain slices from CHRARCH mice. 
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S11: Photostimulation of CRH neurons expressing ChR2 in vitro using blue light 

a. Response of a CRHChR2 cell to a single pulse of blue light (3 ms) in bridge mode (above) and 

voltage clamp (below). This was reliably repeated in several different brain slices from CHRChR2 

mice. b. Response of a CRHChR2 cell to a train of light pulses delivered at 10Hz for 1s in bridge 

mode (above) and for 10s in voltage clamp (below). This was reliably repeated in several 

different brain slices from CHRChR2 mice. c. Confocal image shows expression of eYFP (green, 

labeling ChR2) and tdTomato (red, labeling CRH cells) in the PVN of virus-injected animals. 

Such expression was seen in the PVN of CRHCrH2 subjects (N=4 mice).  Scale bar: 50 µm. 
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S12: Head/torso sniffing of 

CRHChR2 subjects and partners 

during and following in vivo 

delivery of blue light into the 

PVN of subjects 

a. Cumulative plot of head/torso 

sniffing behavior over 15 minutes 

shows that delivery of blue light 

(10Hz, 5 minutes, shown by blue 

bar) into the PVN of CRHChR2 

subjects (green) resulted in 

head/torso sniffing behavior by 

respective partners. b. Partners of CRHChR2 subjects engaged in more head/torso sniffing 

(mean: 22.1±2.3s, N=7 mice) compared to their respective CRHChR2 subjects (mean: 4.5±0.7s, 

N=7 mice, p<0.0001, 95% CI=-23.7 to -11.4,  One-way ANOVA, F(3,24)=24.36 p<0.0001, 

followed by Sidak’s multiple comparisons test), and compared to partners of CRHeYFP subjects 

(mean: 8±1.8s, N=7 mice, p<0.0001, 95% CI=8 to 20.3, Sidak’s multiple comparisons test). 

There was no difference in time spent head/torso sniffing between CRHeYFP subjects and their 

respective partners (p=0.45, 95% CI=-9.4 to 2.8, Sidak’s multiple comparisons test). Horizontal 

bars show means. Blue bar (a) denotes blue light delivery (10Hz, 5 minutes). Gray shading (a) 

denotes S.E.M. bars±S.E.M. 
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S13: STP 24 hours after FS in subjects and partners 

a. A FS subject (green) was returned to the partner (blue) in the homecage for 24 hours 

following FS. b. STP was present in subject (mean: 130.3±9.6%, n=14 cells, N=4 mice, 

p=0.007 vs. baseline, one-sample t-test, two-tailed, t(13)=3.15, 95% CI=9.5 to 51.1) and 

partner (mean: 134.7±9.5%, n=16 cells, N=4 mice, p=0.002 vs. baseline, one-sample t-test, 

two-tailed, t(15)=3.66, 95% CI=14.5 to 55). c. There was no difference in STP (individual cells 

shown) between subject and partner (p=0.75, unpaired t-test, two-tailed, t(28)=0.32, 95% CI=-

23.4 to 32.2).  
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S14: Plasma CORT levels in subjects, partner 1, 

and partner 2, following exposure of subject to FS 

or NE 

CORT of SubjectFS (mean: 212±14.5ng/ml, N=6 mice) 

was increased to a greater level than that of 

Partner1FS (mean: 130.3±15.5ng/ml, N=6 mice, 

p=0.01, 95% CI=14.4 to 149.1, One-way ANOVA, 

F(5, 27)=9.6, p<0.0001, followed by Tukey’s multiple 

comparisons test), Partner2FS (mean: 119.9±14.5, 

N=6 mice, p=0.003, 95% CI=24.8 to 159.4, Tukey’s 

multiple comparisons test), and SubjectNE (mean: 

115.8±19.8ng/ml, N=5 mice, p=0.003, 95% CI=25.6 

to 166.8, Tukey’s multiple comparisons test). There 

was no difference in CORT comparing Partner1FS to 

Partner2FS (p>0.99, 95% CI=-57 to 77.7, Tukey’s multiple comparisons test) or to Partner1NE 

(mean: 85.9±19.2ng/ml, N=5 mice, p=0.41, 95% CI=-26.3 to 115, Tukey’s multiple 

comparisons test), and no difference when comparing Partner2FS to Partner2NE (mean: 

68.9±14ng/ml, N=5 mice, p=0.26, 95% CI=-19.6 to 121.6, Tukey’s multiple comparisons test). 

There was no difference in CORT levels comparing SubjectNE to Partner1NE (p=0.81, 95% CI=-

43.9 to 103.6, Tukey’s multiple comparisons test) or to Partner 2NE (p=0.4, 95% CI=-26.9 to 

120.6, Tukey’s multiple comparisons test) or comparing Partner1NE to Partner2NE (p=0.98, 95% 

CI=-56.7 to 90.7, Tukey’s multiple comparisons test).   
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S15: STP of FS partner 2 vs NE partner 2s 

In a control experiment for the sequential transmission of STP 

experiment (Fig. 8), the same manipulations were applied to a 

group of 3 male mice except a novel environment (NE) 

replaced FS. STP of Partner2NE (individual cells shown, mean: 

117.6±5.8%, n=22 cells, N=5 mice, p=0.006 vs. baseline, one-

sample t-test, two-tailed, t(21)=3, 95% CI=5.5 to 29.7) was 

less than that of Partner2FS (p=0.02 unpaired t-test, one-tailed, 

t(42)=2, 95% CI=-41.8 to -0.3).  
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S16: Summary Model 

We propose the following model: When one mouse is removed from a same-sex littermate pair 

and exposed to a stress (subject, green), CRH neuronal activity is increased in the PVN of the 

subject,. This activity leads to local release of CRH which binds to CRHR1, priming glutamate 

synapses which can be subsequently potentiated by a HFS. The potentiation (STP) following 

stress is evident in both males and females, and is plotted here as a shift in the distribution of 

EPSC amplitudes following HFS. Activation of CRH neurons in the subject also drives release 

of an alarm pheromone from the ano-genital region. Returning the subject to the partner (blue) 

in the homecage triggers an immediate increase in CRH activity in the partner, and subsequent 

investigative behavior. Acute detection of an alarm pheromone by the partner provides positive 

feedback on circuits controlling ano-genital sniffing behavior, allowing for further detection of 

the alarm pheromone. The alarm pheromone odour detected by the partner increases the 

activity of PVN CRH neurons through a pathway that recruits the VNO, olfactory bulb and 

amygdalo-piriform transition area. In both male and female partners, the increased activity of 

CRH neurons results in STP at glutamate synapses onto CRH neurons in the PVN similar to 

what is observed in stressed subjects. In female stressed subjects, but not males, the 

presence of the partner reduces STP, evident as a leftward shift in EPSC amplitude 

distribution. 
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