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Extended DataFig.9|Aggression experience diminishes the dopamine- cells (difference between 2-3 min and -2-0 min of drug perfusion) after bath
induced hyperpolarization of dLS cells. a, Experimental timeline and application of various drugsin novice and expert aggressors. e, Theresting
schematics showing current-clamp recording of dLS cellsinresponse to membrane potential (RMP) of dLS"" cells in novice and expert aggressors. Each
dopamineapplicationand arepresentative image of the recorded lateral dotrepresentsonecell. Barsand error barsrepresent mean + SEM. Numbers
septumslice and arecording glass pipette. b, Left: Representative current- inside the parentheses or bars indicate the number of recorded cells. ¢, Fisher’s
clamprecording traces of dLS"" cells of novice aggressors after bathapplication  exacttest; d, Ordinary one-way ANOVA followed by multiple comparison tests
of dopamine, sumanirole (SUM), sulpiride (Sul), and sulpiride+dopamine. with Tukey’s correction and Mann-Whitney test between novice and expert
Right: Arepresentative trace of adLS"" cell of an expert aggressor after aggressors; e, Mann-Whitney test. All tests are two-sided. All p values < 0.05
applying dopamine. ¢, Distribution of dLS¥" cell responses to dopamine in areindicated. See Supplementary Table1for statistical details.

noviceand expertaggressors. d, The membrane potential change of dLS"'



a b saseine C d 20
AAV-nEF-DIO-ChRmine-oScarlet —~ —
< N
\/TADAT:ChRmine 6wk s 15
U ECINg g g
e SH: single housing < w 1.0
~ o] Q
5min 30Hz 1ms 589nm Post-Stim g_) 2 05
WT .
ds ENTTHNIHIPY 8 g g
DAT-cre Male sEPSC -70mV sgPSC > 0
70 mV = Base\'\r\e ARS g g Base\“\e AR g
Post-Stim Post-Stim
e f g e, <0001 h 4 i j 60 kK 4
SEPSC mEPSC  w/TTX 1M
EF1a-DIO- < N < N
AAV-EF1a-DIO-EYFP SH: single housing 540 < &40 z 8
" o Q o
AR 3wk e O () 8 &)
Expert >/ P20 % a 20 o
. _ Expert & o o &y
ups Agg. Training » ®» [S S
Drd2-cre Male 2wk 8-dayRITs % 0 |-.§ 0 M EEm

-70 mvV 5s

Extended DataFig.10 | Effects of VTAT terminal activationand aggression
experience on excitatory synaptic transmission of dLS cells. a, Schematics
showing voltage-clamp recording of dLS"" cell responses to VTAPATinputs and
thelight stimulation protocol. b, Representative sEPSC traces of adLS cell
before (top) and after (bottom) the 5-minlight stimulation. c,d, The amplitude
(c) and frequency (d) of sSEPSCs before and after light stimulation. e, Schematics
and experimental timeline showing voltage-clamp recording of dLS" cells.

f, Representative SEPSC traces of example dLS®*? cells from novice (top) and
expert (bottom) aggressors. g,h, Theamplitude (g) and frequency (h) of SEPSCs
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innovice and expert aggressors. i, Representative mEPSC traces of dLS*" cells
fromnovice (top) and expert (bottom) aggressors. j, k, Theamplitude (j) and
frequency (k) of mEPSCsinnovice and expertaggressors. Eachline or circle
represents onecell. Barsand error barsrepresent mean + SEM. Numbers inside
the parentheses indicate the number of recorded cells. ¢,d, Friedman test
followed by multiple comparison tests with Dunn’s correction. g-h,j-k, Mann-
Whitney test. All tests are two-sided. All p values < 0.05 are indicated. See
Supplementary Table1for statistical details.
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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.
Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

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.

[ ] Adescription of all covariates tested
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)
2~ AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Give P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

XXX [0 O OX O O0Os

|:| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

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 8). Fiber photometry recording data was recorded using RZ5 real-time processor (Tucker-Davis
Technologies). The envelope of 400 Hz 470-nm LED-induced signals and 317 Hz 405-nm LED-induced signals from the photoreceiver were
extracted in real time using a custom-written program (Tucker-Davis Technologies) as the readout of GRAB DA3h 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). Behavior and fiber photometry data were analyzed using custom code written in MATLAB 2023a (Mathworks). Statistical
analyses were done using Prism 10 (GraphPad).

Data analysis Animal behaviors were automatically annotated using SimBA (v1.3) and then refined by experienced annotators.

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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Data

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

Raw values associated with each figure panel can be found in the source data files. Behavioral annotations, tracking, fiber photometry, slice electrophysiology, raw
representative histology images can be downloaded from Zenodo (10.5281/zenodo.13937311). Behavior videos and additional histology images are available from
the corresponding authors upon reasonable request. They are not deposited to a public database owing to their large size and size limitation of the online
depositories. Illustrations of the coronal brain sections in Figs. 1a, |, and 2a and Extended Data Figs. 1a, 23, 33, 4a, and 5a,e were adapted from the Allen Brain
Reference Atlas (https://atlas.brain-map.org). Source data are provided with this paper.

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 N/A

Reporting on race, ethnicity, or N/A
other socially relevant

groupings

Population characteristics N/A
Recruitment N/A
Ethics oversight N/A

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

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

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 based on comparable n-values from the literature published previously, as shown below.
Wong, L.C., Wang, L., D'Amour, J.A,, Yumita, T., Chen, G., Yamaguchi, T., Chang, B.C., Bernstein, H., You, X., Feng, J.E., et al. (2016). Effective
Modulation of Male Aggression through Lateral Septum to Medial Hypothalamus Projection. Current biology : CB 26, 593-604. 10.1016/
j.cub.2015.12.065.
Yin, L., Hashikawa, K., Hashikawa, Y., Osakada, T., Lischinsky, J.E., Diaz, V., and Lin, D. (2022). VMHuvlICckar cells dynamically control female
sexual behaviors over the reproductive cycle. Neuron 110, 3000-3017.e3008. https://doi.org/10.1016/j.neuron.2022.06.026.
Yamaguchi, T., Wei, D., Song, S.C., Lim, B., Tritsch, N.X., and Lin, D. (2020). Posterior amygdala regulates sexual and aggressive behaviors in
male mice. Nat Neurosci 23, 1111-1124. 10.1038/s41593-020-0675-x.
Falkner, A.L., Wei, D., Song, A., Watsek, L.W., Chen, I., Chen, P., Feng, J.E., and Lin, D. (2020). Hierarchical Representations of Aggression in a
Hypothalamic-Midbrain Circuit. Neuron 106, 637-648 e636. 10.1016/j.neuron.2020.02.014.
Fang, Y.Y., Yamaguchi, T., Song, S.C., Tritsch, N.X., and Lin, D. (2018). A Hypothalamic Midbrain Pathway Essential for Driving Maternal
Behaviors. Neuron 98, 192-207 e110. 10.1016/j.neuron.2018.02.019.

Data exclusions  Mice failing to display aggression within three days (one Rl test/day) were excluded in most of experiments, except experiments in Figure 1I-
w, Figure 2a-e, Extended Data Figure 4, Extended Data Figure 5, Extended Data Figure 6b,e, f-i, Extended Data Figure 7, Extended Data Figure
8i-k.

In Figure 1, 6 DAT-cre male mice with hM4Di have been excluded from the experiments due to the different experiment design.
In Figure 2f-n, 2 mouse was excluded due to the misplacement of optic fibers.

During slice recording, cells were excluded if the access resistance was higher than 20 MQ at the end of recording. For current-clamp
recording, cells were excluded if the holding current was lower than -50 pA at -70 mV. For voltage-clamp recording, cells were excluded if the
holding current was lower than -200 pA at -70 mV.

In Figure 3h-m, 8 cells from 3 mice in ACSF group and 9 cells from 3 mice in Sul group were excluded because we did not record sIPSC for long
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enough time after terminal stimulation.
In Figure 3g-t, 20 cells from 3 mice in novice and 25 cells from 5 mice in expert condition were excluded due to lack of SUM application.
In Figure 3u-w, 17 cells from 3 mice in novice and 28 cells from 4 mice in expert condition were excluded due to lack of SUM application.

Replication All functional and fiber photometry recording experiments started with a small batch of test (and control) animals (2-4 animals per group) and
then gradually added more animals for each group as transgenic mice became available. We made sure that control and test mice were added
around the same time. The final analysis for each experiment combined all animals from different cohorts. Chemogenetic activation of VMH
Esrl cells in ExFig 2, RNA scope data in Fig 3bb-dd, DA3h recording in social interaction group in ExFig 7a-g, c-fos induction in ExFig 8k, DA
terminal activation at NAc in ExFig 8k-s, was collected at once for all the animals.

Randomization  Mice were randomly assigned to experimental groups (such as mCherry, hM4Di, or hM3Dq group in Figla-k, sgRosa26 vs sgTH in Figll-w, 6-
OHDA vs vehicle injection in NAcs or dLS, in Fig 2a-e, EYFP vs ChR2 in Fig 20-y). For chemogenetic experiments, half of the animals were
randomly assigned to receive C21 first, the other half received saline first.

Blinding The c-Fos quantification and histology analysis were completed by experienced researchers who are blind to the treatment. Other
experiments were performed by experimenters who are not blind to the group allocation during data acquisition or analysis. We make sure
that control and experiments group were test in the same condition, and data were analyzed with the same criteria. Aggressive behaviors
were analyzed primarily using automated behavior recognition software, Simba, followed by manual checking by researchers either blind or
not blind to the treatment conditions.
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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 [] chip-seq
Eukaryotic cell lines g D Flow cytometry
Palaeontology and archaeology g D MRI-based neuroimaging

Animals and other organisms
Clinical data
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Plants

Antibodies

Antibodies used Primary antibodies used were: chicken anti-GFP antibody (1:1000, Abcam, ab13970), rabbit anti-dsRed antibody (1:1000, Takara,
632496), sheep anti-TH primary antibody (1:750, Pel Freeze, P60101-0), rabbit anti-TH primary antibody (1:500, EMD Millipore,
AB152), guinea pig anti-c-fos antibody (1:1000, SYSY, 226308). Secondary antibodies used were: Alexa 488-conjugated donkey anti-
chicken secondary antibody (1:1000, Jackson ImmunoResearch, 703-545-155), Cy3-conjugated donkey anti-rabbit secondary
antibody (1:1000, Jackson ImmunoResearch, 711-165-152), Alexa 488-conjugated donkey anti-sheep secondary antibody (1:1000,
Jackson ImmunoResearch, 713-545-147), Cy3-conjugated donkey anti-rabbit secondary antibody (1:1,000), Cy3-conjugated donkey
anti-guinea pig secondary antibody (1:1000, Jackson ImmunoResearch, 706-165-148) .

Validation 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,
chicken anti-GFP antibody (1:1000, Abcam, ab13970): Dai, B., et al., Cell Reprots 2022.
rabbit anti-dsRed antibody (1:1000, Takara, 632496): Grippo, R., et al. Current Biology 2017; Nicolai, L., et al. PNAS 2010.
sheep anti-TH primary antibody (1:750, Pel Freeze, P60101-0): Dai, B., et al., Cell Reprots 2022.
rabbit anti-TH primary antibody (1:500, EMD Millipore, AB152): McNamara, C., et al. Nature neuroscience 2014.
guinea pig anti-c-fos antibody (1:1000, SYSY, 226308): Osakada, T., et al. Nature 2024.

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 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. 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
DAT-cre (Jackson, 006660), Drd2-cre (MMRRC_032108-UCD), Esr1-2A-cre (Jackson, 017911), and WT C57BL6/N (Charles River, 027)
mice. They were between 8 and 20 weeks old at the time of behavior testing or recording. Intruder animals in the inter-male Rl tests
were adult Balb/C (>8 weeks) male mice. During each Rl test, the intruder was randomly picked from a group of 20-30 mice, housed




Wild animals

Reporting on sex

Field-collected samples

Ethics oversight

4-5 mice/cage. For the male-female Rl test, adult C57BL/6N or Balb/C (>8 weeks) female mice were used. For the female aggression
test, juvenile C57BL/6N (approximately 21-28 days old) male mice were used. All intruder mice were originally purchased from
Charles River and then bred in-house. They were group-housed until adulthood. Females were considered receptive if an
experienced male could mount and intromit the female within three attempts. 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) and Balb/C (>8 weeks) male and female mice originally purchased
from Charles River and then bred in-house. Both male and female DAT-cre C57BL/6N mice were used as test animals for the initial
validation of the VTA dopamine cells' role in aggression, but only male Drd2-cre, Esr1-2A-cre, and WT C57BL/6N mice were used in
later experiments.

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.
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Novel plant genotypes
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