Extended DataFig.7|See next page for caption.
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Extended DataFig. 7 | Functional manipulation of the MPOA-VTA pathway
inallogrooming and pup groomingbehaviors. a, Schematic of labeling of
MPOA"#* neurons and retrograde labeling of VTA-projecting MPOA neurons.
b, Percentage of VTA-projecting MPOA"#* neurons within the MPOA"#*" neurons.
c,d, Average duration of pup grooming across all trials within individual mice
(c) and the duration of pup groominginindividual trials (d) during the 5-sreal
(light on) and sham (light off) photo-inhibition in GtACR-expressing mice and
duringlight delivery in EYFP-expressing control mice. e—h, Probability of pup
grooming at various time points (e), average pup grooming duration acrossall
trials withinindividual mice (f), duration of pup groominginindividual trials
(g), and onset latency of pup groominginindividual trials (h) during the 15-s
real (light on) and sham (light off) photo-activationin ChR2-expressing mice
and duringlight delivery in EYFP-expressing control mice. i, Schematic of
optogenetic activation of VTA-projecting MPOA'®*"" neurons. j—q, Average
allogrooming (j, n) or pup grooming (I, p) durationacross all trials within
individual mice and duration of allogrooming (k, o) or pup grooming (m, q)
inindividual trials during the 15-s real (light on) and sham (light off) photo-
activationin ChR2-expressing mice and during light delivery in EYFP-expressing
control mice. In (j-m), subject mice are virgin males or females; in (n-q), subject
mice are fathers or mothers.r, s, Fraction of animals showing optogenetically
induced allogrooming (r) or pup grooming (s) during stimulation of the general
MPOA'#" population, selective activation of the VTA-projecting subpopulation
of MPOA'#*"* neurons, or MPOA'#""-VTA projection inseveral experiments.
Subject mice are virgin males or females. t, Schematic of optogenetic activation

of the MPOA"#*""-VTA projection with concurrent lidocaine infusionin the
MPOA. u, v, Average allogrooming (u) or pup grooming (v) durationacross all
trials withinindividual mice during the15-sreal (light on) and sham (light off)
photo-activation of the MPOA'#"*-VTA projection with the infusion of lidocaine
orsalineinthe MPOA.w, Average allogrooming duration across all trials within
individual mice during the15-sreal (light on) and sham (light off) photo-
activation of VTA-projecting MPOA"#*"" neurons in ChR2-expressing mice when
theyare engaged intheinteraction withunstressed partners and stressed
partners.(b,d, g, h,k,m,0,q,w), Thecenterlineintheboxplotsindicatesthe
median, the box limits indicate the upper and lower quartiles, and the whiskers
indicate the range from the minimum to the maximum value. (c, f,j, I, n, p), Two-
sided Wilcoxonsigned-ranktest.(d, g, h, k, m, 0, q), Kruskal-Wallis test with
posthoc Dunn’s multiple comparisons test. (u, v, w), Two-way ANOVA with
Tukey’s multiple comparisons test.n = 6 independently injected hemispheres
(3brainsections per hemisphere)in (b).n=11micein (c), 64-91trials from 7-11
miceineachgroupin (d), 10 micein (f), 44-82 trials from 6-10 mice ineach
groupin (g, h),18 micein (j), 93-202 trials from10-18 miceineach groupin (k),
17 micein (1), 96-182 trials from 10-17 mice in each group in (m), 6 micein (n, p),
34-71trials from 5-6 micein eachgroupin (0), 38-69 trials from 5-6 miceineach
groupin(q), 8 miceineachgroupin (u,v),and 5 miceineachgroupin (w).See
Supplementary Table 1for details of statistical analyses. *P< 0.05.**P< 0.01.
***P<0.001.****P<0.0001. ns, notsignificant. Schematicsina,iand tadapted
from the Allen Mouse Brain Reference Atlas (https://atlas.brain-map.org).
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Inhibition of VTA-projecting MPOAVeat+ neurons in males and females
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Extended DataFig. 8| Functional manipulation of the VTA-projecting MPOA
neuronsinmale and female mice. a,d, Average duration of allogrooming (a)
or pup grooming (d) across all trials withinindividual mice during the 5-sreal
(light on) and sham (light off) photo-inhibition in GtACR-expressing male and
female mice.b, c, e, f, The duration of allogrooming (b, ¢) or pup grooming

(e, f) inindividual trials during the 5-s real (light on) and sham (light off)
photo-inhibitionin GtACR-expressing mice and during light deliveryin
EYFP-expressing control mice. Data from male mice (b, e) and female mice (c, )
areseparately presented.g, j, Average allogrooming (g) or pup grooming (j)
durationacrossall trials withinindividual mice during the 15-s real (light on)
and sham (light off) photo-activationin ChR2-expressing male and female
mice. h,i,k,1, Allogrooming (h, i) or pup grooming (k, I) durationinindividual
trials during the 15-s real (light on) and sham (light off) photo-activationin
ChR2-expressing mice and duringlight delivery in EYFP-expressing control
mice. Data from male mice (h, k) and female mice (i, ) are separately presented.
(a-1), Thecenterlinein the boxplotsindicates the median, the box limits

indicate the upper and lower quartiles, and the whiskersindicate the range
from the minimum to the maximum value. (a, d, g, j), Two-way ANOVA with
Fisher’sLSDtest. (b, c,e,f,h,i,k, 1), Kruskal-Wallis test with posthoc Dunn’s
multiple comparisonstest.n =4 males and 4 femalesin (a), 6 malesand 5
femalesin (d), 8 malesand 10 femalesin (g), 8 malesand 9 femalesin (j). n=41-
47 trials from 4 GtACR-expressing male mice, 35 trials from 3 control male mice
in (b). n =21-24 trials from 4 GtACR-expressing female mice, 30 trials from 3
control female micein (c). n =26-27 trials from 6 GtACR-expressing male mice,
34 trials from3 control male micein (e). n=37-47 trials from 5 GtACR-expressing
female mice, 57 trials from4 control female micein (f). n = 52-83 trials from 8
ChR2-expressing male mice, 49 trials from 5 control male mice in (h). n =80-119
trials from 10 ChR2-expressing female mice, 44 trials from 5 control female
micein (i). n = 61-91trials from 8 ChR2-expressing male mice, 56 trials from 5
control male micein (k). n=69-91trials from 9 ChR2-expressing female mice,
40 trials from 5 control female micein (I). See Supplementary Table 1for details
of statistical analyses. *P < 0.05.**P < 0.01.****P < 0.0001. ns, not significant.
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Extended DataFig. 9|See next page for caption.



Extended DataFig. 9 |Functional manipulation of MPOA neurons activated
during pup-TRAP, non-social-TRAP, sucrose-TRAP, and pup-sniffing-
TRAP. a,Schematic of the experimental timeline, including virus injection,
labeling of non-social-TRAP neurons, and behavioral testing. b, e, Example
ethograms showing behaviors exhibited by non-social-TRAP animals injected
with either saline (control) or CNO duringinteractions with stressed adults (b)
or pups (e). ¢, d, Duration of social investigation (c) and allogrooming (d)
exhibited by non-social-TRAP animalsinjected with either saline (control) or
CNOduring prosocial interactions. f, g, Duration of pup investigation (f) and
pup grooming (g) exhibited by non-social-TRAP animalsinjected with either
saline (control) or CNO during pupinteractions.h, i,1, m, Bout of investigation
(h, 1) and allogrooming (i, m) exhibited by pup-TRAP animals (h, i), or non-
social-TRAP animals (I, m) injected with either saline (control) or CNO during
interactions withstressed animals. j, k, n, 0, Bout of pup investigation (j, n) and
pup grooming (k, o) exhibited by pup-TRAP animals (j, k) or non-social-TRAP
animals (n, o) injected with either saline (control) or CNO duringinteractions
with pups. p, u, Schematic of the behavior paradigm used to label pup-sniffing-
TRAP neurons (p) and sucrose-TRAP neurons (u). q, v, Example images showing

hM4Di-mCherry expressionin pup-sniffing-TRAP* neurons (q) and sucrose-
TRAP* neurons (v) inthe MPOA. Scale bars, 500 um. r, w, Example ethograms
showing behaviors exhibited by pup-sniffing-TRAP animals (r), or sucrose-
TRAP animals (w), injected with either saline (control) or CNO during
interactions withstressed adults.s, t, x,y, Duration of social investigation

(s,x) and allogrooming (t, y) exhibited by pup-sniffing-TRAP animals (s, t), or
sucrose-TRAP animals (x, y), injected with either saline (control) or CNO during
prosocialinteractions.(c,d, f, g, h-o,s,t,x,y), The center line in the boxplots
indicates the median, the box limitsindicate the upper and lower quartiles, and
the whiskersindicate the range from the minimum to the maximumvalue. (c, d,
f,g,h-0,s,t,X%,y), Two-sided Wilc-oxon signed-rank test. n =12 micein(c,d,f, g,
I-0),13 micein (h-k), 16 micein (s, t, x,y). See Supplementary Table 1 for details
of statistical analyses. *P < 0.05.**P < 0.01. ns, not significant. Schematicina
adapted from the Allen Mouse Brain Reference Atlas (https://atlas.brain-map.
org).Schematicsina, panducreatedinBioRender; Sun, F. https://biorender.
com/u65108b, https://biorender.com/pn3jiby, https://biorender.com/
06frs8k, https://biorender.com/9fr13q3 (2026).
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Extended DataFig.10|Characterizations of TRAP" neuronsinthe MPOA.
a-g, Characterizations of TRAP* neurons. al, bl, c1, d1, Example images showing
hM4Di-mCherry expressionin pup-TRAP* neurons (al), non-social-TRAP*
neurons (bl), stressed-TRAP* neurons (c1), and unstressed-TRAP* neurons (d1).
Scalebars, 500 pm. a2, b2, Example images showing pup-TRAP* neurons (a2)
ornon-social-TRAP* neurons (b2) expressing hM4Di-mCherry (red), cells
expressing Fos (green) following pup interactions, and the overlap between
the two populationsinthe MPOA. Scale bar, 50 um. c2, d2, Example images
showing stressed-TRAP* neurons (c2) or unstressed-TRAP* neurons (d2)
expressing hM4Di-mCherry (red), cells expressing Fos (green) following
interactions withstressed adults, and the overlap between the two populations
inthe MPOA. Scalebar, 50 pm. e, Percentages of pup-TRAP*and non-social-
TRAP* neurons that overlapped with Fos cells. f, Percentages of stressed-TRAP*
and unstressed-TRAP* neurons that overlapped with Fos* cells. g, Percentage
of hM4Di-expressing neurons within the NeuN* neuronsin the MPOA of TRAP
animals. h, i, j, k, Percentages of time that pup-TRAP animals (h), non-social- TRAP
animals (i), stressed-TRAP animals (j), and unstressed-TRAP animals (k)
engaged in self-grooming behavior during periods when they did not display
social behavior (social investigation or allogrooming) in the prosocial

interaction assay following saline or CNOinjection.l, o, r, u, Example
locomotiontrajectories of pup-TRAP animals (1), non-social-TRAP animals (o),
stressed-TRAP animals (r), and unstressed-TRAP animals (u) in the open field
test following saline (control) or CNOinjection.m, n, p, q, s, t, v, w, Time spent
inthe centers and travel distance of pup-TRAP animals (m, n), non-social-TRAP
animals (p, q), stressed-TRAP animals (s, t), and unstressed-TRAP animals (v, w)
inthe open field test following saline (control) or CNOinjection. (e-k, m, n, s, t,
p,q,V,w), The center line in the boxplots indicates the median, the box limits
indicate the upper andlower quartiles, and the whiskersindicate the range
from the minimum to the maximum value. (e, f), Two-sided Wilcoxon rank-sum
test. (g), Kruskal-Wallis test with post hoc Dunn’s multiple comparison test.
(h-k,m,n,s,t, p,q,v,w), Two-sided Wilcoxon signed-rank test.n=8
independently injected hemispheres (3 brain sections per hemisphere) in
pup-TRAPgroup and 6 independently injected hemispheres (3 brain sections
per hemisphere) innon-social-TRAP groupin (e).n = 8independently injected
hemispheres (3 brain sections per hemisphere) ineachgroupin (f,g).n=13
micein (h,m,n),12micein (i, p, q), 20 micein (j), 19 micein (s, t), 14 micein

(k, v, w).ns, notsignificant. See Supplementary Table 1 for details of statistical
analyses.*P<0.05.**P<0.01.***P<0.001. ns, notsignificant.
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software (https://github.com/Aharoni-Lab/Miniscope-DAQ-QT-Software). Confocal images were collected using ZEISS ZEN (black edition,
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publications in the field (Wu et al. Nature 2021), and are deemed appropriate based on the size and statistical significance of the effects and
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Data exclusions  In chemogenetic, optogenetic, and microendoscopic imaging experiements, animals were excluded from the analysis if post hoc histological
examination showed that viral injection, fiber-optic implantation, and/or GRIN lens implantation missed the target region. Exclusion criteria
were pre-established.

Replication All behavioral, manipulation, and imaging experiments were replicated in multiple animals from several different litters and showed similar
results. Each animal was tested independently in separate experiments and the exact numbers of animals were reported in Supplementary
Table 1.

Randomization  Animals were randomly assigned to each experimental groups.

Blinding During behavioral testing, experimenters were not blinded to experimental conditions because behavioral phenotypes associated with
specific groups (for example, ChR2 versus controls) were typically observable during the assays. We ensure that the behavioral tests were
done in the same experimental conditions..
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Antibodies
Antibodies used c-Fos antibody (SYSY, catalog #226008), NeuN antibody (SYSY, catalog #266004), Donkey anti-rabbit secondary antibody (Alexa
FluorTM 488; Invitrogen, Catalog # A-21206), Goat anti-Guinea pig secondary antibody (Alexa FluorTM 488; Invitrogen, Catalog #
A-11073). 1:500 dilution.
Validation All antibodies were used and validated extensively in previous studies.

1. c-Fos antibody (SYSY, catalog #226008). Example reference: PMID: 39902809.

2. NeuN antibody (SYSY, catalog #266004). Example reference: PMID: 40740280.

3. Donkey anti-rabbit secondary antibody (Alexa FluorTM 488; Invitrogen, Catalog # A-21206). Example reference: PMID: 40271976.
4. Goat anti-Guinea pig secondary antibody (Alexa FluorTM 488; Invitrogen, Catalog # A-11073). Example reference: PMID:
40627464.

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals C57BL/6J mice (JAX stock No. 000664), Vgat-ires-Cre knock-in mice (JAX stock No. 028862), Vglut2-ires-Cre knock-in mice (JAX stock
No. 028863), and Fos-tm?2.1(icre/ERT2)Luo/J (JAX stock No. 030323) from The Jackson Laboratory were used. Animals were housed in
12 h light-dark cycle (9 p.m. -- 9 a.m. light), with food and water available ad libitum, and under controlled environmental conditions
at a temperature of 21-23°C and relative humidity of 30-70%. All experiments were performed during the dark cycle of the animals
in a dark room illuminated by red light. 8-18-week-old adult animals and P2-P10 pups were used for behavioral and imaging.
experiments.

Wild animals No wild animals were used in this study.

Reporting on sex Both male and female mice were used for the behavioral, manipulations, and imaging experiments. They are reported in Fig. 1,
Extended Data Fig. 1, Extended Data Fig. 3, Extended Data Fig. 5, Extended Data Fig. 7 and Extended Data Fig. 13.

Field-collected samples  No field-collected samples were used in this study.

Ethics oversight Care and experimental manipulations of all animals were carried out in accordance with the NIH Guide for Care and Use of
Laboratory Animals and approved by UCLA IACUC.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Plants

Seed stocks No applicable

Novel plant genotypes  No applicable

Authentication No applicable






