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Supplementary Figure 1 Behavior tests of PV-Lmo4KO mice. (a) Time spent in social interaction 
and novelty tests, used for discrimination index in Figure 1. n=8 WT, 14 KO. (b) Olfactory response 
measured as time spent sniffing non-social and social odors. n=28 WT, 12 KO. (c) Elevated plus maze 
test. (d) Open field test. n=18 WT, 12 KO (c, d). All data are presented as means ± SEM. 
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Supplementary Figure 2 No loss of PV neurons or PV expression in PV-Lmo4KO mice.  PV-
Lmo4KO mice show similar PV+ immunostaining (a, b) in numbers (c) and density (d) as littermate 
control WT mice. Scale bar, 100 µm (a) and 35 µm (b). n=4 mice per genotype. All data are presented 
as means ± SEM. 
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Supplementary Figure 3 PV interneuron properties are altered in PV-Lmo4KO mice. (a) 
Representative action potential (AP) traces of WT (black) and KO (red).  Distribution of the parameters 
(AP half width (b), AP decay slope (c), fAHP (d)) from all AP (top panels) or the first ten AP (bottom 
panels) were analyzed. PV-Lmo4KO showed increased width of AP (b), decreased decay of AP (c) and 
reduced fast afterhyperpolarization (fAHP). n=11 cells/5 WT, 13 cells/5 KO mice. ***, p<0.0001. (e) 
No difference in the IA currents. 19 cells/4 WT, 12 cells/3 KO, 11 cells/3 DKO (PV-
Cre/Lmo4flox/floxPTP1Bflox/flox) mice. All data are presented as means ± SEM. 
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Supplementary Figure 4 Direct photo-activation of PV interneurons shows an increase in 
paired-pulse ratio (PPR) but decreased short-term depression of IPSC in PV-Lmo4KO mice. (a) AAV9 
vectors expressing cre-dependent ChR2 were stereotactically injected to the dACC of PV-
Cre/Lmo4KOWT/WT (WT) or PV-Cre/Lmo4flox/flox (PV-Lmo4KO) mice. The inhibitory synaptic 
responses at the L2/3 pyramidal neurons (PyN) after photoactivation of PV interneurons (PV INs) 
showed an increase in (b) PPR. The sample traces of WT (black) and PV-Lmo4KO (red) at various 
pulse durations were shown at the left. (c) Short-term depression of IPSC was also reduced in KO, as 
shown at 20 Hz. Left are sample traces at different frequencies. Inset, the mean of 5th/1st ratio of 
inhibitory synaptic responses were compared at various stimulation frequencies.  n= 11 cells from 6 
WT, 14 cells from 5 KO mice for b & c. (d) No correlation of IPSC decay time and rise slope further 
confirms these inhibitory inputs occur at the somata of L2/3 pyramidal neurons, consistent with where 
PV interneurons synapse. n = 22 cells/7 WT, 19 cells/7 KO mice. ***, p< 0.0001. 
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Supplementary Figure 5 No change in excitatory synaptic response at the dACC layer 2/3 
pyramidal neurons of PV-Lmo4KO mice after photo-activation of MD thalamocortical projections. (a) 
Paired-pulse ratio of EPSC at various pulse durations. (b) Short term depression of EPSC after 
repetitive stimulation at 10 Hz, inset is the mean of the ratio of 5th/1st EPSC at 4, 10, 20 Hz. n= 13 
cells/5 WT, 20 cells/6 KO mice. 
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Supplementary Figure 6 The FFI IPSC employed by L1 and L5 inputs is not sensitive to DAMGO 
which inhibits synaptic GABA release from the PV interneurons, nor is it sensitive to HU210 (a CB1R 
agonist known to block synaptic release from CCK interneurons). (a) For any given L2/3 pyramidal 
neuron, the IPSC was obtained under no stimulation (i.e., spontaneous IPSC, sIPSC) or after 
photoactivation of PV interneurons or electrical stimulation at L1 or L5 (evoked IPSC, eIPSC). The 
changes of IPSC amplitudes after treatment with DAMGO or HU210 were compared, and normalized 
to before treatment and expressed in %. Optogenetic-induced PV-mediated IPSC was reduced to 44 ± 
4.2% of control after DAMGO treatment. In contrast, the eIPSC elicited by L5 electrical stimulation 
was not sensitive to DAMGO or HU210, indicating that these eIPSC are mainly derived neither from 
PV nor CCK interneurons, respectively; these L5 stimulation-induced eIPSC are likely derived from 
SST interneurons. Similarly, L1 stimulation-induced eIPSC was not sensitive to DAMGO and was 
derived from non-PV interneurons, likely SST interneurons. (b) Correlation of IPSC decay time and 
rise slope indicates these L5 stimulated eIPSC inputs occur along the (distal) dendrites of L2/3 
pyramidal neurons, in contrast to PV-mediated IPSCs (OPT PV-IN eIPSC) that occur at the somata of 
L2/3 pyramidal neurons (R = 0.53, p < 0.0001, n=51 cells from 14 WT mice for L5 eIPSC; R = 0.0037, 
p = 0.98, n=41 cells from 7 WT mice for OPT PV-IN eIPSC, optogenetic activation of PV 
interneurons). ***, p<0.001. 
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Supplementary Figure 7 The EPSC recorded in L2/3 pyramidal neurons in response to electrical 
stimulation at L5 showed an increase of PPR (a) and reduced short-term depression (b, 10 Hz) in PV-
Lmo4KO mice. (b) Inset shows the mean of the ratio of 5th/1st IPSC or EPSC at various frequencies. 
Representative traces are shown above each graph (WT, black; KO red). n= 13 cells/5 WT, 19-24 
cells/6 KO mice. *, **, p<0.05, 0.01, respectively. 
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Supplementary Figure 8 Layer 1 electrical stimulation elicits a monosynaptic EPSC and a 
feedforward di-synaptic IPSC at the dACC layer 2/3 pyramidal neurons.  The FFI was much increased 
in PV-Lmo4KO mice. (a) Diagram of the inhibitory circuits and placement of stimulation electrodes at 
layer 1 of the ACC. (b, c) The excitatory and inhibitory responses were recorded with voltage clamp at 
-40 mV as “EPSC”, “IPSC”, respectively. The representative traces were obtained after L1 electrical 
stimulation at ~3V. (b) Blocking the synaptic response with an AMPAR blocker NBQX and a 
NMDAR blocker APV abolished the FFI (in grey). (c) Example EPSC – IPSC sequence traces of WT 
(black) and KO (red) show that the sum of inhibitory and excitatory responses was not different 
between wild type and PV-Lmo4KO mice, but differed in the relative proportion of “IPSC” and 
“EPSC” amplitudes (d). (e) The amplitudes of “IPSC” relative to the “EPSC” fitted with liner 
regression showed a subtractive reduction in KO compared to WT (*, p=0.03 for intercept between WT 
and KO) and (f) the E/I ratio was much increased; this is similar to the results obtained with L5 
electrical stimulation (see Figure 5). n=19 cells/8 WT, 22 cells/8 KO mice for d, e. **, 0.0023. (g) The 
threshold to elicit 50% of action potentials increases as a function of the ratio of inhibitory currents to 
total currents. (h-i) Under improved clamp preparation (with Cs+ in the pipette solution), we further 
tested the EPSC – IPSC sequence with step increases in stimulation. Four WT L2/3 pyramidal cells 
were used to assess the stimulation threshold and the responses. The total (“EPSC”+”IPSC”) currents 
reached a plateau when stimulation reached ~3V (h), but the ratio of “EPSC”/”IPSC” increased with 
stimulation strength (i). n= 38 cells/14 WT mice for g-i.  
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Supplementary Figure 9 The intrinsic properties of L2/3 pyramidal neurons recruited across ranges 
of input strengths and gains in response to L1 stimulation. The thresholds to recruit pyramidal neurons 
and their gains (output responses relative to input stimuli) showed no correlation with resting 
membrane conductance (a, b) or resting membrane potential (c, d). KO, PV-Lmo4KO. n= 24 cells/8 
WT, 24 cells/8 KO, 19 cells/7 DKO mice for a-d. 
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Supplementary Figure 10 Reduced threshold of layer 2/3 dACC pyramidal neurons in response to 
electrical stimulation at layer 1 observed in PV-Lmo4KO mice can be replicated by subthreshold 
inhibition of GABA receptors with 2  µM bicuculline (IC50) in wild type mice. (a) Sample traces of 
current clamp recording show that the stimulation threshold to elicit an action potential is markedly 
reduced from 6 V to 3.5 V in the present of bicuculline (2 µM); 10 sweeps are overlaid for each 
condition. (b) Representative data from an individual L2/3 pyramidal neuron before (black) and after 
bicuculline treatment (red) and washout (blue). The stimulation threshold to elicit AP (spike 
probability) is reduced (leftward shifted) in the presence of bicuculline and is reversed after washout. 
(c) Average thresholds to elicit AP. n=6 cells from 4 WT mice. (d) Gain was not affected by 
treatments. For each cell subjected for current clamp studied in a-d, we also performed a subsequent 
voltage clamp recording (e-g). (e) Sample traces under voltage clamp at -40 mV show the EPSC and 
di-synaptic feedforward IPSC recorded at a L2/3 pyramidal neuron before (black) and after bicuculline 
treatment (red) and washout (blue). (f) Despite the sum of inhibitory and excitatory responses was not 
different before and after bicuculline treatment, bicuculline treatment suppressed inhibitory inputs with 
increased EPSC and thereby elevated the “E”/”I” ratio (g). *, **, ***, p<0.05, 0.01, 0.005, 
respectively. 
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Supplementary Figure 11 High concentration (10 µM) of bicuculline completely blocks layer 1 
GABAergic inputs and increases the spike probability. (a) Sample traces under voltage clamp at -40 
mV show the monosynaptic EPSC and di-synaptic feedforward IPSC recorded at a L2/3 pyramidal 
neuron before (black) and after treatment with bicuculline (red) or bicuculline plus APV, an NMDAR 
blocker (blue). Complete blockade of GABAergic inputs produces larger EPSCs consisting an early 
AMPAR- and a late NMDAR-mediated EPSCs; the latter can be blocked by APV. (b) Sample traces of 
current clamp recording show that the stimulation threshold to elicit an action potential is further 
reduced from 6 V to 2 V in the present of bicuculline (10 µM). Moreover, bicuculline treatment led to 
bursting action potentials (red trace) that were abolished by APV (blue trace). (c, d) The AP 
probabilities over various stimulation strengths obtained from 6 cells before and after bicuculline and 
plus APV application. Only the control could be fitted to sigmoid function, while a direct linear fit was 
used to obtain the slope and thresholds for bicuculline-treated cells. Completely blockade of 
GABAergic inputs abolished the pyramidal cell’s ability to fine tune its dynamic response, resulting in 
all-or-none AP bursting10, 11. Norm. stimulation, normalized stimulation. (e) 10 µM bicuculline 
markedly increases the gain and a majority of gain is mediated via NMDAR as it was diminished by 
addition of APV (blue). (f) Blocking GABAergic inputs lowered the thresholds of stimuli to elicit AP 
that were not affected by additional treatment with APV. *, **, p<0.05, 0.01. n=6 cells/4 WT/treatment 
for c-f. 
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Supplementary Figure 12 High concentration (10 µM) of bicuculline completely blocked MD 
thalamocortical GABAergic inputs and increased L2/3 pyramidal neuron spike probability. (a) Sample 
traces under voltage clamp at -40 mV show the monosynaptic EPSC and di-synaptic feedforward IPSC 
recorded at a L2/3 pyramidal neuron before (black) and after treatment with bicuculline (red) or 
bicuculline plus an NMDAR blocker APV (blue). In contrast to L1 electrical stimulation 
(Supplementary Fig. 11a), blockade of MD thalamic GABAergic inputs revealed that the EPSC 
consisted of only an APV-insensitive AMPAR-mediated EPSC. (b) 10 sample traces of current clamp 
recording after each photostimulation before and after treatment with bicuculline (red) or bicuculline 
plus APV (blue) were overlaid and compared. Blocking GABAergic input increases the numbers of 
APs elicited (from 9 to 20 AP for total 10 recording sweeps) and APV treatment did not affect AP 
production, in contrast to what we observed during L1 electrical stimulation (Supplementary Fig. 
11b). N=5 cells from 3 mice. 
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Supplementary Figure 13 Behavior tests of PV-DKO (a-g) and PV-PTP1BKO (PKO) mice (h-n). 
(a) Time spent in social interaction and novelty tests, used for discrimination index in (b) and Figure 
7a. n=14 WT, 11 DKO. Time spent in (c) self-grooming and (d) digging. (e) Olfactory response 
measured as time spent sniffing non-social and social odors. n=28 WT, 8 DKO. (f) Elevated plus maze 
test. (g) Open field test. n=10 WT, 9 DKO (d, e). (h-n) Same behavior tests carried out for PKO mice. 
n= 19 WT, 18 PKO (h, i), 24 WT, 29 PKO (j, k), 28 WT, 9 PKO (l), 9WT, 13 PKO (m, n). 
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Supplementary Figure 14 PV interneuron properties are normal in PV-PTP1BKO mice. (a) 
Diagram of AAV9 vectors expressing cre-dependent mCherry stereotactically injected to the dACC of 
WT (PV-Cre/PTP1BWT/WT) or PKO (PV-Cre/PTP1Bflox/flox) mice to label PV neurons. (b) Resting 
membrane potential, (c) membrane excitability (current injection–action potential curve, fitted to a 
sigmoidal function. (d-f) Latency to first action potential. Current injection–1st AP latency, fitted to a 
three-parameter exponential decay, revealed a similar decay tau (e), and time constant (f). (g) Resting 
membrane conductance. (h, i) I-V curves: WT (black) and PKO (green); i, isolated delayed rectified 
potassium currents. n= 11 cells/4 WT, 32 cells/5 PKO mice for b-i.   
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Supplementary Figure 15 Most PV interneuron properties are normalized in PV-DKO mice, 
including action potential width (a), decay slope (b), and the fast afterhyperpolarization (fAHP) (c). n= 
11 cells/5 WT, 13 cells/5 KO (PV-Lmo4KO), 20 cells/7 DKO mice.  
  



NCOMMS-19-30150B  
 

  S17 

 
 

 
 
Supplementary Figure 16 PV-DKO mice normalized PV-mediated inhibitory inputs onto layer 2/3 
pyramidal neurons either by direct photo-activation of PV interneurons (a, b) or by indirect photo-
activation of thalamocortical projections to the dACC (c, d). (a, c) The paired pulse ratio and (b, d) 
short-term depression of inhibitory currents are shown. n= 11 cells/4 WT, 14 cells/ 5 KO, 18 cells/6 
DKO mice.  
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Supplementary Table 1 Results of statistical analysis for main figures. 
 

 
 
 
 

Fig. t or z p n Anova
1a Sociability: 0.44 ± 0.05, 0.20 ± 0.06 2.647 0.0155 8 WT, 14 KO

Novelty: 0.21 ± 0.08; -0.8 ± 0.09 2.240 0.0379 7 WT, 13 KO

1b Grooming: 57.71 ± 6.71, 115.4 ± 12.93 -3.483 0.0033 7 WT, 10 KO
1c Digging: 14.88 ± 3.40, 31.36 ± 5.34 -2.376 0.0290 8 WT, 11 KO

1d cFos+ neurons in ACC
4WT NSI, 4WT SI, 
4KO NSI, 4KO SI

 (see below in Fig 7c)

2b RMP: WT: -65.4 ± 1.3, KO: -58.8 ± 2.1 mV -2.650 0.0150
2c threshold: WT, 112.3±2.4; KO, 91.1±2.4 pA -6.130 < 0.0001

increased slope: WT, 20.6±2.0; KO, 26.1±2.1, 1.900 0.0300
max. AP#: WT, 83.9±2.1; KO, 91.2±1.9, 2.510 0.0060

2e WT, 0.0412±0.0027; KO, 0.0202±0.0042 ms/pA 4.200 < 0.0001
2f time constant: WT, 4.56±0.36; KO, 3.11±0.47 ms -2.450 0.0070
2g Cd (nS) : WT 5.1 ± 0.2 ; KO 3.8 ± 0.4 3.000 0.0075
2 i Genotypes F(1,110) = 6.22, p = 0.015

Genotypes*Voltages F(4,110) = 1.45, p = 0.226
3c inset WT 52.53 ± 4.12 , KO 90.1 ± 11.3; MW U 205  < 0.001
3d inset WT 23.96 ± 1.08, KO 23.47 ± 1.90; MW U 348 0.2660
3e inset WT 5.96 ± 0.43, KO 4.93 ± 0.49; MW U 322.5 0.1310
3f inset WT 31.1 ± 3.2 , KO 26.1 ± 1.86; MW U 352.5 0.2970
3g inset WT 8.08 ± 0.56, KO 7.9 ± 0.46; MW U 413.5 0.9260
3h inset WT 6.14 ± 1.31, KO 6.39 ± 1.26; MW U 406 0.8340

3i
linear regression (R = 0.64, p < 0.001 for WT; R = 0.61, p < 0.001 for 
KO) were observed in KO 

26 cells/8 WT, 24 
cells/8 KO mice

slope: WT: 0.88 ± 0.20, KO: 3.46 ± 0.88 2.860 0.0021

intercept: WT 22.9 ± 6.7, KO: -2.8 ± 23.4 -1.100 0.1500

3j sEPSC WT -31.1 ± 3.2, KO -26.1 ± 1.86 pA -1.300 0.1970

sIPSC WT 52.5 ± 4.1, KO 90.1 ± 11.7 pA 3.220 0.0023

3k E/I ratio WT 0.62 ± 0.05, KO 0.34 ± 0.03 1.690 0.0048

4c E-I relationsip R = 0.76, p < 0.001 for WT; R = 0.9, p < 0.0001 for KO
21 cells/ 7 WT, 23 
cells/ 8 KO

The slope, WT:3.0 ± 0.6 , KO: 14.5 ± 1.8 2.550 0.0054

The intercept, WT: 76.4 ± 71.0, KO:  38.7 ± 169.0 -0.090 0.4600

4d eEPSC WT 78.8  ± 21.4, KO 80.0  ± 15.2 -0.050 0.9600

eIPSC WT: 282.5 ± 82.2 pA, KO: 1129.3 ± 247.1 pA -3.100 0.0035

4e E/I ratio WT 0.49 ± 0.11, KO 0.11  ± 0.01 3.690 0.0006

4f Latency WT: 3.51 ± 0.43 , KO: 2.17 ± 0.39 2.300 0.0265

4h PPR 0.0000
Genotypes*pulse _duration F(2,129) = 1.23, p = 0.3; 
Genotype F(1,129) = 35.2, p < 0.00001

0.0007
Genotype*frequency F(1,129) = 0.47, p = 0.63, Genotype 
F(1,129) = 12.1, p = 0.0007 (5th/1st ratio)

< 0.0001
4, 10 and 20 Hz, F(1,26) = 240, 121 and 113, p < 0.0001 
for all (repeat measurement)

4n
maximum spike probability WT: 1.24 ± 0.11,  KO: 0.80 ± 0.08, MW U 
= 22

0.0150 15 cells/6WT, 8 cells/4KO mice

4o stimulation threshold WT: 535.6 ± 41.2, KO: 237.8 ± 30.0 mA.ms -5.85 < 0.0001
4p gain WT: 0.0024 ± 0.0003, KO: 0.0101 ± 0.0031, MW U = 17.5 0.0070

slope: WT: 2.05 ± 0.69, KO: 1.68 ± 0.58 -0.400 0.3400 38 cel/s/117 WT, 13 cells/5 KO mice
intercept: WT: 1115.1 ± 234.8, KO: -44.3 ± 203.9 -3.7 0.0001
excitatory inputs WT: 255 ± 37, KO: 297 ± 54 pA, MW U=190.5 0.1900

inhibitory inputs WT: 1638 ± 170.8, KO: 457.3 ± 137 pA, MW U=57 <0.001

5e E/I ratio WT: 0.185 ± 0.019; KO: 0.895 ± 0.124, MW U = 17 <0.001

5f latency WT 2.89  ± 0.30, KO 2.90 ± 0.35 ms -0.00875 0.99

PPR
genotype*pulse_duration F(3,92) = 0.18, p =0.90; 
genotype F(1,92) = 7.94, p = 0.0018. 

short term plasticity
genotype*frequency F(3,92) = 0.14, p =0.94; genotype 
F(1,92) = 6.2, p = 0.015). 

6e threshold, WT: 4.2 ± 0.4, KO: 2.1 ± 0.3 4.5  < 0.0001 24 cell/8WT, 24 cells/8KO mice

6f gain, WT: 0.16 ± 0.035, KO: 0.15 ± 0.035, MW U = 247 0.4

9-11 cells/5 WT, 
18-3 cells/5 KO 
mice

4j short-term depression

5d

5c

5g, h
14 cells/5 WT, 11 
cells/5 KO mice
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Sociability -0.361 0.7230
14 WT, 14 LKO, 11 

DKO 

F(2, 36)=3.919, p=0.0288; Tukey post-hoc WT:0.483 ± 

0.076; LKO: 0.201 ± 0.059; DKO: 0.424 ± 0.086; WT vs 

LKO: p=0.034; WT vs DKO: p>0.999

Novelty -0.381 0.7080
15 WT, 13 LKO, 11 

DKO

F(2, 36)=3.917, p=0.029; Tukey post-hoc WT:0.198 ± 

0.075; LKO: -0.085 ± 0.086; DKO: 0.239 ± 0.113; WT vs 

LKO: p=0.0297; WT vs DKO: p=0.051

Grooming 1.089 0.2860
20 WT, 10 LKO, 17 

DKO

F(2, 44)=22.697, p=1.68705E-07; Tukey post-hoc 

WT:55.931 ± 4.298; LKO: -115.4 ± 12.927; DKO: 45.538 ± 

6.182; WT vs LKO: p<0.0001; WT vs DKO: p=0.4093

Digging -0.590 0.5630
17 WT, 11 LKO, 10 

DKO

F(2, 35)=4.473, p=0.0186; post-hoc WT:17.656 ± 1.899; 

LKO: -31.363 ± 5.343; DKO: 22.230 ± 2.996; WT vs LKO: 

p=0.0098; WT vs DKO: p=0.5299 

7c
c-Fos+ neurons in ACC. WT NSI: 1 ±  0.49, WT SI: 8.11 ±  1.48; KO NSI: 

0.01 ± 0.01; KO SI 3.71  ±  0.23; DKO NSI 0 ± 0; DKO SI 5.04  ± 0.61

4 WT NSI, 4WT SI, 

4LKO NSI, 4LKO SI, 

4DKO NSI, 4DKO SI

SI: F (1, 18) = 87.52, P < 0.0001; genotype: F (2, 18) = 

8.263,P = 0.0028; interaction:F (2, 18) = 3.100,P = 0.0697. 

Post-hoc Bonferroni's multiple comparisons test:NSI:WT 

vs. SI:WT, p< 0.0001; NSI:LKO vs. SI:LKO, p=0.0206; DKO 

NSI vs DKO SI, p=0.0010; WT SI vs LKO SI, p=0.0041. WT 

ST vs DKO SI, p=0.0840.

7d RMP 

9-11 cells/ 5 WT, 8-

13 cells/5 KO, 16-

20 cells/7 DKO

 F (2, 41) = 5.3, p = 0.009; post-hoc WT: -65 ± 1.3, DKO: -
65 ± 1.2 mV, t = 0.16, p = 1.0

threshold: WT, 112.3 ± 2.5; DKO, 126.3 ± 3.1 pA -3.500 0.0001

maximum AP#: WT, 84 ± 2.1; DKO, 83 ± 2.6 -0.290 0.3900

decay tau WT, 0.04 ± 0.003; DKO, 0.033 ± 0.010 -0.800 0.2200

constant: WT, 4.6 ± 0.4; DKO, 5.6 ± 1.0 0.990 0.1600

7g Rest membrane conductance 
F (2, 41) = 4.4, p = 0.019; post-hoc WT: 5.14 ± 0.23, 
DKO: 4.93 ± 0.35 nS, t = 0.44, p = 1.0

7i isolated delayed rectifiers
Genotypes F(1,145) = 19.92, p = 1.74 x 10*-5; 
Genotypes*Voltages F(4,145) = 4.04, p = 0.00398

8a E-I relationsip R = 0.76, p < 0.001 for WT; R = 0.76, p < 0.0001 for 
DKO

21 cells/ 7 WT, 23 

cell/8 KO, 35 

cells/12 DKO mice

The slope, WT: 3.0 ± 0.6, DKO: 2.30 ± 0.334 -1.015 0.4600

The intercept, WT: 76.4 ± 71.0, DKO: 69.4 ± 106 -0.055 0.4800

8b E/I ratio
F (2, 70)= 6.3, p=0.003, post-hoc WT: 0.49 ± 0.11, DKO: 
0.56 ± 0.10, t=0.47, p = 1.0

8c latency
F (2, 70)=4.0, p=0.024, post-hoc WT: 3.5 ± 0.4, DKO: 3.3 
± 0.3 ms, t = 0.43, p = 1.0

8f Max SP proability 15cells/5WT, 8cells/4KO, 9cells/5DKO mice

H(2)=10.44, p=0.005; WT: 1.24 ± 0.11, DKO: 1.11 ± 
0.06, Q=0.94, p = 1.0; KO:0.80 ± 0.08, DKO: 1.11 ± 
0.06, Q=3.10, p=0.006

8g threshold

F(2,29)=19.034, p < 0.001; WT: 237.8 ± 30.0, DKO: 
231.6 ± 42.1 mA.mS, t = 0.12, p = 1.0; KO: 535.6 ± 41.2, 
DKO:231.6 ± 42.1 mA.ms, t=5.25, p<0.001

8h gain
 H(2)=9.64, p=0.008, WT: 1.0x10-2, DKO: 7.7x10-3, 
Q=0.29, p=1.0; KO: 2.4x10-3, DKO:7.7x10-3, t=2.75, 
p=0.018. 

8k gain (L1 input) 24cells/8WT,24cells/8KO, 19cells/7DKO miceH(2)=0.83, p=0.66

8l threshold (L1 input)

F(2,64)=18.6 , p<0.001; WT: 4.2 ± 0.4, DKO: 5.0 ± 0.4 
V, t=1.6, p=0.34; KO:2.1 ± 0.3, DKO: 5.0 ± 0.4, t=5.8, 
p<0.001

7e

7f

7a

7b
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Supplementary Table 2 Results of statistical analysis for supplementary figures. 
 
  
  

 
 

Fig. t or z p n dF
S1 OF (Entries): 50.82 ± 2.68; 50.67 ± 3.68 0.035 0.9720 17 WT, 12 LKO 27 ttest
S1 OF (Time): 86.42 ± 7.59; 87.93 ± 11.70 -0.113 0.9106 16 WT, 12 LKO 26 ttest
S1 OF (Distance): 4399 ± 153; 4591 ± 235 -0.71687 0.479394 18 WT, 12 LKO 28 ttest
S1 EPM (Entries): 15.00 ± 1.49; 12.67 ± 1.78 1.00225 0.324804 18 WT, 12 LKO 28 ttest
S1 EPM (Time): 42.25 ± 8.32; 44.77 ± 7.48 -0.2115 0.834029 18 WT, 12 LKO 28 ttest
S1 EPM (Distance): 3117 ± 89; 2939 ± 123 1.19556 0.242264 18 WT, 11 LKO 27 ttest
S1 Olfactory function  (see S13) 28  WT, 12 LKO

S3b, c, d
ANOVA: (b) genotype*AP# F(9,190) = 0.07, p = 0.99; genotype F(2,190) = 42.4, p < 0.0001)). 
(c) genotype*AP# F(9,190) = 0.007, p = 0.99; genotype F(1, 190) = 30.7, p < 0.0001.  (d) 
genotype*AP# F(9, 190) = 0.006, p = 0.99; genotype F(1, 190) = 71.1, p < 0.00001)

11 cells/5 WT, 10 cells/5 KO mice

S3e ANOVA  Genotypes F(2,351) = 0.29, p = 0.745; Genotypes*Voltages F(16,351) = 0.08, p = 0.999
19 cells/4 WT, 12cells/3 KO, 11cells/3 DKO 
mice

(b) PPR: ANOVA, genotype*pulse_duration F(6,200) = 0.33, p = 0.92; genotype F(1,200) = 56.6, 
p < 0.0001.
(c) Short-term depression: ANOVA, genotype*frequency F(6,174) = 0.22, p = 0.97; genotype 
F(1,174) = 28.9, p < 0.0001.

(c) repeated ANOVA for all frequencies F(1,23) = 4,3,7.3, 4.7, 6.9 ,6.0, 5.5, 4.8, p < 0.05 for all.

(d) IPSC decay time vs. rise slope 22 cells/7 WT, 19 cells/7 KO mice

(a) genotype*pulse_duration F(2,81) = 0.36, p = 0.7, genotype F(1,81) = 0.016, p = 0.90
(b) genotype**frequency F(2,71) = 0.29, p = 0.75, genotype F(1,71) = 0.2, p = 0.650

(a) DMAGO: OPT PV-IN 44 ± 4.2% 13.200 < 0.0001 8 cells/4 WT mice
(a) DMAGO: L5 stimulation:  104.4 ± 23.6% -0.19 0.85 14 cells/5 WT mice
(a) HU210: L5 stimulation:  124.5 ± 28.8% -1.030 0.3300 11 cells/5 WT mice
(a) DAMGO L1 stimulation: 161.1 ± 37.0% -1.600 0.1800 6 cells/4 WT mice

(b) Correlation of IPSC decay time vs. rise slope: R = 0.53, p < 0.0001, for L5 eIPSC 51 cells/14 WT mice 

(b) Correlation of IPSC decay time vs. rise slope: R = 0.0037, p = 0.98, for OPT PV-IN eIPSC 
(optogenetic activation of PV interneurons)

41 cells/7 WT mice

S7
(a) ANOVA, genotype*pulse_duration F(3,93) = 0.31, p =0.81; genotype F(1,93) = 9.4, p = 
0.0029. (b) ANOVA, genotype*frequency F(3,93) = 0.43, p =0.73; genotype F(1,93) = 5.2, p = 
0.0025.

15 cells/5WT, 11 cells/6KO mice

(e) The amplitudes of “IPSC” relative to the “EPSC” fitted with liner regression: R = 0.56 m, p = 
0.012 for WT; R = 0.75, p = 0.0001 for KO.  (slope: WT: 0.68 ± 0.24, KO: 0.58 ± 0.12, Z = -0.35, 
p = 0.36; intercept: WT: 183.0 ± 64.8, KO: 31.1 ± 46.7, Z = -1.9, p = 0.03) 
(g) threshold/(I([E]+I)):  R = 0.59, p < 0.0001
(f) "E/I" ratio WT 0.75 ± 0.12, KO 1.82 ± 0.30 -3.270 0.0023

(a)  threshold: Cd: WT R = 0.26, p = 0.21; KO R = 0.18, p = 0.36; DKO R = 0.07, p = 0.77. 24 cells/8 WT,24 cells/8 KO, 19 cells/7 DKO mice

 (b)gain: WT R = 0.06, p = 0.78; KO R = 0.06, p = 0.80; DKO R = 0.31, p = 0.20) 

(c) threshold: RMP: WT R = 0.25, p = 0.24; KO R = 0.23, p = 0.35; DKO R = 0.36, p = 0.13. 

(d) gain: RMP: WT R = 0.17, p = 0.44; KO R = 0.19, p = 0.44; DKO R = 0.21, p = 0.38). 

S10 (c) AP thresholds WT 4.01 ± 0.58, bicucu 2.40 ± 0.27, recovery 3.73 ± 0.43 3.830 0.0044 6 cells/4 WT mice
(d) gain WT 0.20 ± 0.04, bicucu 0.20 ± 0.023, recovery 0.17 ± 0.028 0.092 0.9300
(g) "E/I" ratio WT 1.19 ± 0.023, bicucu 4.28 ± 0.66, recovery 1.25 ± 0.13 -6.100 0.0017

(e) gain control 0.206 ± 0. 0.047, bicucu 4.33 ± 0.76, plus APV 1.33 ± 0.2 6 cells/4 WT mice/treatment
control to bicu -5.520 0.0027
recovery to bicucu -2.880 0.0340
(f) threshould control 4.60 ± 0. 0.63, bicucu 2.08 ± 0.27, plus APV 2.08 ± 0.23
control to bicuc 3.568 0.0160
recovery to bicucu 0.000 1.0000

S9

S11

S8 19 cells/8 WT, 22 cells/8 KO mice

19cells/8WT,16 cells/8KO mice for PPR. 11 
cells/6 WT, 14 cells/5 KO mice for STD

S4

15 cells/5 WT, 11cells/6 KO mice S5

S6
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Sociability: WT: 0.369 ± 0.043, PKO 0.365 ± 0.062 -0.06344 0.949774 19 WT, 18 PKO 35 ttest

Novety: WT:0.199  ± 0.086, 0.159 ± 0.097 0.3672 0.71568 19 WT, 18 PKO 35 ttest

Grroming: WT=53.446 ± 4.012  PKO=51.413 ± 3.914 0.358 0.7220 24 WT, 29 PKO 51 ttest

Digging: WT=22.1 ± 1.714, PKO=21.055 ± 1.771 0.423 6743 24 WT, 29 PKO 51 ttest

OF (Entries): 35.00 ± 10.52; 53.33 ± 14.04 -1.02309 0.3225 8 WT, 9 DKO 15 ttest

OF (Time): 54.81 ± 20.90; 79.19 ± 19.14 -0.860 0.4020 9 WT, 9 DKO 16 ttest

OF (Distance): 4392 ± 476; 4207 ± 450 0.281 0.7814 10 WT, 10 DKO 18 ttest

EPM (Entries): 16.2 ± 1.91; 18.3 ± 24.9 -0.848 0.4070 10 WT, 10 DKO 18 ttest

EPM (Time): 37.08 ± 6.77; 48.03 ± 5.05 -1.272 0.2200 10 WT, 9 DKO 17 ttest

EPM (Distance): 3080 ± 277; 2920 ± 333 0.369 0.7164 10 WT, 10 DKO 18 ttest

Olfactor function (see below) 28 WT, 8 DKO

OF (Entries): 42.4 ± 8.52; 58.46 ± 9.07 -1.257 0.2220 10 WT, 13 PKO 21 ttest

OF (Time): 65.99 ± 10.42; 95.63 ± 15.46 -1.439 0.1654 9 WT, 13 PKO 20 ttest

OF (Distance): 4000 ± 226; 4787 ± 354 -1.683 0.1078 9 WT, 13 PKO 20 ttest

EPM (Entries): 16.8 ± 3.58; 18.23 ± 1.99 -0.370 0.7150 10 WT, 13 PKO 21 ttest

EPM (Time): 29.36 ± 7.06; 38.55 ± 6.41 -0.947 0.3550 9 WT, 13 PKO 20 ttest

EPM (Distance): 3114 ± 246; 3038 ± 225 0.226 0.8230 10 WT, 14 PKO 22 ttest

Olfactor function (see below) 28 WT, 8 PKO

S1 & 13
Olfactory functions: genotyes* odors F (42, 728) = 0.4083, P = 0.9997; odor tirals: F (14, 728) = 

15.24, P < 0.0001; genotypes: F (3, 52) = 0.2097, P = 0.8892
28 WT, 12 LKO, 8 DKO, 8 PKO

S14 b)  RMP -65.0  ± 1.3 (WT) to -64.5  ± 1.1 mV,t = -0.28, p = 0.78 9-11 cells/5 WT, 22 -32 cells/ 8 PTP1B KO mice

c) threshould (50% of maximum) 112.3  ± 2.4 (WT) to 112.4  ± 4.9 0.022 0.49

maximum spike # 84  ± 2.1 (WT) to 81.7  ± 3.8 (PTP1B KO) -0.53 0.3

Slope 20.6  ± 2.0 (WT) to 28.9  ± 3.8 (PTP1B KO) 1.91 0.028

e) decay tau 0.0411   ± 00028 (WT) to 0.0475   ±  0.0101 (PTP1B KO) -0.61 0.37

f) constant 4.56   ± 0.37 (WT) to 5.27   ±  0.66 (PTP1B KO) 0.94 0.17

g) Rest membrane conductance (nS)

5.14  ± 0.23 (WT) to 4.98  ± 0.30 (PTP1B KO), t = 0.46, p = 0.65 0.46 0.65

i)  ANOVA Genotypes F(1,195) = 1.60, p = 0.207; Genotypes*Voltages F(4,195) = 0.24, 0.915

(a)  AP width  (ANOVA genotypes*AP# F (18, 340) = 0.069, p = 1.0; genotypes F(2, 340) = 55.5, 
p < 0.0001; post-hoc DKO to WT p = 0.15, DKO to KO p < 0.0001), 
(b) decay slope  (ANOVA genotypes*AP# F (18, 340) = 0.018, p = 1.0; genotypes F(2, 340) = 29.4, 

p < 0.0001; post-hoc DKO to WT p = 0.94, DKO to KO p < 0.0001), 

(c) fast afterhyperpolarization (fAHP)(ANOVA genotypes*AP# F (18, 340) = 0.01, p = 1.0; 

genotypes F(2, 340) = 46.3, p < 0.0001; post-hoc DKO to WT p = 1, DKO to KO p < 0.0001).

S16

S16 a

PPR  genotypes F (2,319) = 44.4, p < 0.0001 19 cells/5 WT, 16cells/4 KO, 18 cells/5 DKO mice

Genotypes*Frequency F(6,319) = 2.07, p = 0.018

post-hoc WT to DKO p = 1; DKO to KO p < 0.0001.

S16 b

5th/1st ratio  genotypes F (2,279) = 25.6, p < 0.0001 11 cells/5 WT, 14cells/4 KO, 18 cells/5 DKO mice

Genotypes*Frequency F(6,279) = 5.6, p < 0.0001

post-hoc WT to DKO p < 0.0001; DKO to KO p = 1.

PPR 21 cells/7 WT, 21cells/8 KO, 19 cell/8 DKO mice

S16 c Genotypes F(2,165) = 20.87, p = 8.33 x 10*-9

Genotypes* duration F(4,165) = 2.26, p = 0.065

post-hocwt to DKO p = 7.22 x 10*-7, DKO to KO p = 1.

5th/1st ratio  Genotypes F(2,127) = 5.97, p = 0.00332 6 cells/3 WT, 21 cells/8 KO, 19 cell/8 DKO mice

S16 d Genotypes* frequency F(4,127) = 1.00, p = 0.407

11 cells/5 WT, 10 cells/5 KO, 16 cells/7 DKO 
mice. 

S15

S13

S13
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