





Extended DataFig. 6 |See next page for caption.
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Extended DataFig. 6 | PA to VMHvINY2 B cell connectivity invirginand
lactating females. a, Representative images showing terminals from PA®™" cells
expressing ChR2-EYFP in the medial (VMHvIm) and lateral (VMHVII) subdivisions
ofthe VMHvlin dioestrus and lactating females. b, Normalized PA®" terminal
density in VMHvIm and VMHVIl of dioestrus and lactating females. F,,,: average
pixelintensity in fibre-containing subregions; Fy,cgrounq: dorsal medial VMH
lacking terminals; Fgna = Fraw ~ Foackground- Fsignal Was Nnormalized to the maximum
peranimal and used to calculate average terminal field density across animals.
¢, Experimental schematic for optogenetic-assisted circuit mapping. Top:
Chronos-GFP expressionin PA.Bottom: mCherry (red), Npy2r (green), and Esrl
(cyan) mRNAin VMHvl and their overlap. d, Percentage of Npy2r+and Npy2r-
Esrl+cellsexpressing mCherry.Barsand error barsrepresent mean +s.e.m.
Numbersin parentheses indicate the number of animals. e, Experimental
timeline. f, Example voltage clamp recording trace of a VMHvI"Y*E™ cellin
response to 5-msblue-light pulses (blue vertical lines). g, The percentage of
VMHvINPY2rEst* cells that showed PA terminal stimulation-evoked spikingin
oestrus females. (n =18 cells from 3 females).h, i, Example voltage-clamp

recording traces of VMHVINY*" 5™ cells in oestrus females following 5-msblue-
light pulses (cyan) (h) and spontaneous activity (i).j, Pie charts showing light-
evoked synaptic response patterns of VMHvINY* 5™ cells in oestrus (n = 3)
females.k, I, Example voltage-clamp recording traces of VMHVI"?" 5™ cells in
lactating females following 5-ms blue-light pulses (cyan) (k) and spontaneous
activity (I).m, Pie charts showing light-evoked synaptic response patterns of
VMHvIW2 Bt cellsin lactating (n = 6) females. n, 0, Amplitude (n) and latency
(0) of oEPSCs and 0IPSCs of VMHVINY2 B cells in oestrus (n = 3) and lactating
(n=6) females.p, q, Amplitude (p) and frequency (q) of sSEPSCs and sIPSCs of
VMHVINY2 B cells in oestrus (n = 3) and lactating (n = 6) females. Only 6/15
recorded cellsin oestrus females showed sEPSC. Allbarsand error bars represent
mean ts.e.m.Numbersin parenthesesindicate the number of subject animals
(d) orrecorded cells (g, n-q). Statistical significance was determined using

(b, n, 0) Mixed-effects analysis with repeated measure followed by Bonferroni’s
multiple-comparisontest, (d) unpaired t-test, and (p, q) Mann-Whiteney test.
Alltests are two-sided. All p values < 0.05 are indicated. See Supplementary
Table1for more detailed statistics.
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Extended DataFig.7|Female PA™™ V""" ce]ls show enhanced responses to
social cues duringlactation. a, Schematic of head-fixed recording setup and
experimental timeline. b-d, Peri-event time histograms (top) and heatmaps
(bottom) of PAES™YMHV ce || Ca?* signals aligned to the onset of adult male,
adult female, juvenile, and object presentationsin females during dioestrus
(b), oestrus (c), and lactation (d). e, Peak AF/F during presentation of various
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stimuliin females during dioestrus, oestrus, and lactation. All dataare
presented asthe mean +s.e.m.Numbersin parenthesesindicate the number of
recording mice. Statistical significance was determined using Mixed-effects
analysis with repeated-measure followed by Bonferroni’s multiple-comparison
test. Alltestsare two-sided. All pvalues < 0.05are indicated. See Supplementary
Table1for more detailed statistics.
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Extended DataFig. 8| Antagonizing OXTRin the PAimpairs maternal
aggressionin SWfemales. a, Experimental schematic and timeline. Brain
illustrations are adapted from the Allen Brain Reference Atlas (https://atlas.
brain-map.org).b, ¢, d, Latency toattack (b), attack duration (c), and
juvenile investigation duration (d) following injection of saline or L-371,257
hydrochloride, a potent OXTR antagonist (OXTRA), into the PA of SW females.
OXTRAreduced attack duration but did not affect attack latency. All bars and
errorbarsrepresent mean +s.e.m.Numbersin parenthesesindicate the
number of subject animals. Statistical significance was determined using

(b, ¢) paired t-test and (d) Wilcoxon matched-pairs signed rank test. All tests
aretwo-sided. All p values < 0.05 areindicated. See Supplementary Table1for
more detailed statistics.
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Extended DataFig.9 | VMHvI OXTR signallingis not essential for maternal
aggression. a, Representative images showing Oxtr (magenta) and Npy2r
(green) mRNAin the VMHVI of oestrus and lactating females. Right panels show
enlarged views of the boxed areas. b, Number of Oxtr, Npy2rand Esrl mRNA
puncta per corresponding Oxtr-, Npy2r-and Esrl-expressing cell in the VMHvI
of oestrus and lactating females. ¢, Venn diagrams showing the percentage of
Npy2r', Oxtr' and Oxtr'Npy2r* cells in the VMHvlin virgin (top) and lactating
(bottom) females. d, Percentages of Oxtr'Npy2r* cells within Npy2r' and Oxtr*
populations. e, Schematic and timeline of experiments testing the impact of
VMHvI OXTR antagonism on maternal aggression. f-h, Attack latency (f), attack
duration (g), and juvenile investigation duration (h) did not differ after OXTRA
(red) and saline (black) injections. The attack latency was set to 600 sif no

GFP(5) Cre(6) GFP(5) Cre(6) GFP(5) Cre(6)
attackoccurred. i, Schematic and timeline of experiments testing the impact of
VMHvI Oxtrknockout on maternal aggression. j-1, Conditional Oxtrknockout
inthe VMHvl did not change attack latency (j), attack duration (k), and
juvenileinvestigation duration (I). Bars and error bars represent mean + s.e.m.
Numbersin parenthesesindicate the number of subject mice. Statistical
significance was determined using (b, d: Npy2r'Oxtr'/Npy2r', k) unpaired

t-test, (d: Npy2r'Oxtr'/Oxtr, j,1) Mann-Whitney test, (f) Wilcoxon matched-pairs
signed rank test, and (g, h) paired t-test. All tests are two-sided. All p values < 0.05
areindicated. See Supplementary Table 1for more detailed statistics.
Brainillustrations are adapted fromthe Allen Brain Reference Atlas (https://
atlas.brain-map.org).
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Extended DataFig.10 | Optogenetic activation of PAF™ VM cellsis effective
inpromotingattackinlactating femalesfollowing 24-hour pup separation.
a, Experimental schematics. Brainillustrations are adapted from the Allen Brain
Reference Atlas (https://atlas.brain-map.org). b, Experimental timeline used

to examine the effect of PAB™YM™ stimulation on maternal aggression towards
juvenileintruders following pup separation. ¢, Total attack duration of ChR2 and
GFPlactating females. d-f, Following 24-hour pup separation, light stimulation
inlactating ChR2 animals, but not GFP animals, (d) increased attack probability,

(e) decreased attack latency, (f) andincreased the average attack duration per
trial. Barsand error barsrepresent mean = s.e.m. Numbersin parentheses
indicate the number of animals. Statistical significance was determined using
(c) Mann-Whitney test, and (d, e, and f) mixed-effects analysis with repeated-
measure followed by Bonferroni’s multiple-comparison test. All tests are two-
sided. All p values < 0.05areindicated. See Supplementary Table 1for more
detailed statistics.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
|X| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
N Only common tests should be described solely by name; describe more complex techniques in the Methods section.

[ ] A description of all covariates tested
|X| A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

< A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)
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For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.
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For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings
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Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  Animal behaviors were recorded from both the top and side using two synchronized cameras (Basler, acA640-120um) and commercial video
acquisition software (Norpix, StreamPix 5). Fiber photometry recording data was recorded using RZ5 real-time processor (Tucker-Davis
Technologies). The envelope of 390-Hz 470-nm LED-induced signals from the photoreceiver were extracted in real time using a custom-
written program (Tucker-Davis Technologies) as the readout of Ca2+ signal intensity. Optogenetic light stimulation was controlled using a
custom-written program (Tucker-Davis Technologies). Electrophysiology data were recorded with MultiClamp 700B amplifier (Molecular
Devices) and Clampex 11.0 software (Axon Instruments), digitized at 20 kHz with Digidata 1550B (Axon Instruments).

Data analysis All statistical analysis were performed using MATLAB (R2020a), Prism (v10, Graph Pad) and ImageJ(2.11.0) software. Behaviors were analyzed
manually frame-by-frame using a custom software written in MATLAB (https://pdollar.github.io/toolbox/). MATALB code used in this study
can be downloaded from 10.5281/zenodo.18394527.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Source data are provided with this paper. Behavior annotation code can be found (https://pdollar.github.io/toolbox/). Raw values associated with each figure panel
can be found in the source data files. Fiber photometry recording data, behavior annotations and raw representative histology images can be downloaded from
10.5281/zen0do.18394527. Behavior videos and additional histology images are available from the corresponding author upon reasonable request.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender Use the terms sex (biological attribute) and gender (shaped by social and cultural circumstances) carefully in order to avoid
confusing both terms. Indicate if findings apply to only one sex or gender; describe whether sex and gender were considered in
study design; whether sex and/or gender was determined based on self-reporting or assigned and methods used.

Provide in the source data disaggregated sex and gender data, where this information has been collected, and if consent has
been obtained for sharing of individual-level data; provide overall numbers in this Reporting Summary. Please state if this
information has not been collected.

Report sex- and gender-based analyses where performed, justify reasons for lack of sex- and gender-based analysis.

Reporting on race, ethnicity, or | Please specify the socially constructed or socially relevant categorization variable(s) used in your manuscript and explain why
other socially relevant they were used. Please note that such variables should not be used as proxies for other socially constructed/relevant variables
groupings (for example, race or ethnicity should not be used as a proxy for socioeconomic status).
Provide clear definitions of the relevant terms used, how they were provided (by the participants/respondents, the
researchers, or third parties), and the method(s) used to classify people into the different categories (e.g. self-report, census or
administrative data, social media data, etc.)
Please provide details about how you controlled for confounding variables in your analyses.

Population characteristics Describe the covariate-relevant population characteristics of the human research participants (e.g. age, genotypic
information, past and current diagnosis and treatment categories). If you filled out the behavioural & social sciences study

design questions and have nothing to add here, write "See above."

Recruitment Describe how participants were recruited. Outline any potential self-selection bias or other biases that may be present and
how these are likely to impact results.

Ethics oversight Identify the organization(s) that approved the study protocol.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Sample sizes were not predetermined using formal statistical methods. Instead, sample sizes were chosen to reliably detect experimental
effects while minimizing animal use in accordance with ethical guidelines. Sample sizes were comparable to those used in previous studies
(e.g., Fang et al., 2018, Neuron; Yamaguchi et al., 2020, Nature Neuroscience) and were considered appropriate based on effect sizes,
statistical significance, and consistency of results across animals.

Data exclusions  All animals included in the final analysis had correct injection sites, as verified by histology (n = 176 out of 194).
For retrograde tracing experiments, only animals with confirmed targeting of the VMHvl were included in the final analysis (n = 5 of 8).
For pharmacogenetic inhibition of PAEsr1 cells, test animals that showed correct bilateral targeting of the PA were included in the final

analysis (n=7 out of 8).For pharmacogenetic inhibition of PAEsr1-VMHUVI cells, test animals that showed correct bilateral targeting in the
VMHvl and correct bilateral virus expression in the PA (n=7 out of 9) were included in the final analysis.
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For the optogenetic stimulation of PA-VMHvI projection, test animals that showed correct bilateral expression of ChR2—EYFP or GFP in the PA
and correct bilateral fiber placements in the VMHvI were included in the final analysis (ChR2-EYFP: n = 14 of 17; GFP: n = 11 of 11).

For the optogenetic stimulation of VMHVINpy2r cells, test animals that showed correct bilateral expression of ChR2—EYFP and and fiber
placement in the VMHvI (n = 3 out of 3) were included in the final analysis.

For the optogenetic stimulation of PVNOxy cells, test animals that showed correct bilateral expression of ChR2—EYFP or GFP and fiber
placement in the PVN were included in the final analysis (ChR2—EYFP : n=5 out of 6, GFP: n = 6 out of 6). For combined pharmacological
inhibition of PA OXTR and optogenetic stimulation of PVNOxy cells, All test animals that showed correct bilateral expression of ChR2—EYFP in
the PVN and correct fiber and cannulae placements in the PVN and PA were included (n=7 out of 7).

For fiber photometric recording of the PAEsr1-VMHvI cells, Animals that showed correct unilateral targeting in the VMHvl and correct
expression of GCaMP6s and fiber placement in the PA were included in the final analysis (n=16 out of 19).

For fiber photometric recording of VMHvINpy2r cells, animals that showed correct GCaMP6f expression in the VMHvI were included in the
final analysis (n=6 out of 7).

For combined fiber photometric recording of VMHvl-projecting PA cells and optogenetic stimulation of PVNOXT cells, animals that showed
correct GCaMP6f expression in the PA and ChrimsonR-tdTomato in the PVN were included in the final analysis (n=6 out of 8).
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For pharmacological inhibition of OXTR, test animals were showed correct bilateral targeting of the PA or VMHvl were included in the final
analysis. (PA, 10 of 11 (C57 x SW F1 hybrid); PA, 3 of 3 (SW); VMHvI, 7 of 7 (C57 x SW F1 hybrid)).

For the conditional gene knockout of OXTR, animals that showed GFP expression in the VMHv! or PA are included in the final analysis (PA-
eGFP-Cre: n = 7 out of 9; PA-GFP m = 7 out of 7, VMH-eGFP-Cre: n = 6 out of 6; VMH-GFP: n = 5 out of 5).

For the slice recording of the VMHvl-projecting PAEsr1 cells, animals that showed correct targeting in the VMHvl were included in the final
analysis (n=4 out of 4). For the slice recording of the VMHVINpy2r cells, animals that showed correct targeting in the VMHvl were included in
the final analysis (n=15 out of 15). For probing the responses of VMHvINpy2r and VMHvINpy2r-Esr1+ cells to PA inputs, animals that showed
correct targeting in VMHvl were included in the final analysis (n=14 out of 14). For probing oxytocin effect on PAEsr1 cells, animals that
showed correct targeting in PA were included in the final analysis (n=4 out of 4).

Replication Fiber photometry recordings, immunohistochemistry, pharmacogenetic activation and inactivation, optogenetic neural activation, and in vitro
electrophysiological recordings were replicated in multiple animals across independent cohorts (see statistical summaries in the Source Data
tables for the exact number of animals used in each experiment).

Randomization  Mice were randomly assigned to experimental groups for comparisons such as mCherry versus hM4Di (Fig. 1c—e, Extended Data Fig. 2b—l, 2n—
u), GFP versus ChR2 (Fig. 1h—q, 5g—i, Extended Data Fig. 3b—d, 10c—f), and saline versus OXTRA (Fig. 4k—m, 40—q, 5k—I, Extended Data Fig. 9b—
d, 9j—1).For histological and in vitro experiments, mice were assigned to diestrus, estrus, or lactation groups based on their reproductive state
(Fig. 2b—i, 2k—t, 3l-u, 4a—c, 4e—i, 4k—m, 40—q, 5g—i, 5s—u, Extended Data Fig. 6a,b, 6e—q).For in vivo recordings of VMHvI neurons, data were
acquired longitudinally from the same animals across different reproductive states (Extended Data Fig. 5c—g). For in vivo recordings of PA
neurons, mice were randomly assigned to virgin or lactating groups, including diestrus, estrus, and lactation conditions (Fig. 3d—i, 5m-r,
Extended Data Fig. 7b—e).

Blinding Experimenters were not blind to group allocation during data acquisition or analysis. However, control and experimental groups were tested
under identical conditions, and all data were analyzed using the same predefined criteria. Cell counting, histological assessments, and
behavioral analyses were performed independently by multiple experimenters, including both individuals who were blind and not blind to
experimental conditions.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods

Involved in the study n/a | Involved in the study
Antibodies IZ |:| ChIP-seq

Eukaryotic cell lines IZ |:| Flow cytometry
Palaeontology and archaeology |:| MRI-based neuroimaging
Animals and other organisms

Clinical data

Dual use research of concern
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Plants

Antibodies

Antibodies used Primary antibodies used were: rabbit anti-Esr1 antibody (1:1000, invitrogen, PA1-309), guinea pig anti-Fos antibody (1:1000, Synaptic
Systems, 226 308), rabbit anti-DsRed (1:1000, Takara, 632496) . Secondary antibodies used were: Alexa 488-conjugated donkey anti-




Validation

rabbit secondary antibody (1:1000, Thermo Fisher, A11055), Alexa 594-conjugated donkey anti-rabbit (1:1000, Thermo Fisher,
R37118) and Alexa 555-conjugated donkey anti-guinea pig secondary antibody (1:1000, Jackson ImmunoResearch, 706-565-148).

All the antibodies used in this paper have been used in our previous studies and cited multiple times as listed on the manufacture's
website or CiteAb(https:// www.citeab.com/).

Specifically, for the primary antibodies used in this paper,

rabbit anti-Esr1 antibody (1:1000, invitrogen, PA1-309): Osakada T., et al., Nature 2024.

guinea pig anti-Fos antibody (1:1000, Synaptic System 226 308): Long, M., et al., Nature 2023.

rabbit anti-DsRed (1:1000, Takara, 632496) : Dai B., et al., Nature 2025.

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

Wild animals

Reporting on sex

Field-collected samples

Ethics oversight

Mice were housed under a 12-hour light-dark cycle (dark cycle; 10 a.m. to 10 p.m. or 6:30 p.m. to 6:30 a.m.), with food and water
available ad libitum. Room temperature was maintained between 20-22°C and humidity between 30-70%, with a daily average of
approximately 45%. Test animals were adult Esr1-2A-cre (>8 weeks, Jackson, 017911) mice, Npy2r-ires-cre (>8 weeks, Jackson,
029285), Esr1-Zsgreen (>8 weeks, Young Xu’ lab at Baylor college), Esr1-2A-FIpo (>8 weeks, Jackson, 037009), Oxtrflox/flox (>8 weeks,
Jackson, 008471) and Oxy-ires cre (>8 weeks, Jackson, 024234).Test mice were between 8 to 20 weeks at the time of behavior testing
or recording. Stimulus animals in the Rl tests were juvenile (3-4 weeks) and adult (>8 weeks) C57BL/6N male and female mice
originally purchased from Charles River and then bred in-house. Females were considered receptive if an experienced male could
mount and intromit the female within three attempts. All mice were group-housed until adulthood. After surgery, all male test mice
were single-housed, while female test mice were paired with adult male mice until the females became visibly pregnant. Animals
were randomly assigned to control and test groups. All experiments were performed during the dark cycle of the animals.

The study did not involve wild animals.

Stimulus animals in the Rl tests were adult C57BL/6N (>8 weeks) male and female mice originally purchased from Charles River and
then bred in-house. Only mix background female Esr1-2A-Cre, Npy2r-ires-Cre, Esr1-2A-Flpo, Oxtrflox/flox, Oxy-ires-Cre and female
C57BL/6N Esrl-Zsgreen mice were used in experiments due to nature of research.

The study did not involve field collected samples

All procedures were approved by the NYULMC Institutional Animal Care and Use Committee (IACUC) in compliance with the National
Institutes of Health (NIH) Guidelines for the Care and Use of Laboratory Animals.

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

Plants

Seed stocks

Novel plant genotypes

Authentication

N/A

N/A

N/A

>
Q
Q
c
@
O
]
=
o
=
—
®
©O
]
=
S
(e}
wv
c
3
3
Q
<






