




Extended Data Fig. 6 | See next page for caption.
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Extended Data Fig. 6 | PA to VMHvlNpy2r-Esr1+ cell connectivity in virgin and 
lactating females. a, Representative images showing terminals from PAEsr1 cells 
expressing ChR2-EYFP in the medial (VMHvlm) and lateral (VMHvll) subdivisions 
of the VMHvl in dioestrus and lactating females. b, Normalized PAEsr1 terminal 
density in VMHvlm and VMHvll of dioestrus and lactating females. Fraw: average 
pixel intensity in fibre-containing subregions; Fbackground: dorsal medial VMH 
lacking terminals; Fsignal = Fraw – Fbackground. Fsignal was normalized to the maximum 
per animal and used to calculate average terminal field density across animals.  
c, Experimental schematic for optogenetic-assisted circuit mapping. Top: 
Chronos-GFP expression in PA. Bottom: mCherry (red), Npy2r (green), and Esr1 
(cyan) mRNA in VMHvl and their overlap. d, Percentage of Npy2r+ and Npy2r-
Esr1+ cells expressing mCherry. Bars and error bars represent mean ± s.e.m. 
Numbers in parentheses indicate the number of animals. e, Experimental 
timeline. f, Example voltage clamp recording trace of a VMHvlNpy2r-Esr1+ cell in 
response to 5-ms blue-light pulses (blue vertical lines). g, The percentage of 
VMHvlNpy2r-Esr1+ cells that showed PA terminal stimulation-evoked spiking in 
oestrus females. (n = 18 cells from 3 females).h, i, Example voltage-clamp 

recording traces of VMHvlNpy2r-Esr1+ cells in oestrus females following 5-ms blue-
light pulses (cyan) (h) and spontaneous activity (i). j, Pie charts showing light-
evoked synaptic response patterns of VMHvlNpy2r-Esr1+ cells in oestrus (n = 3) 
females. k, l, Example voltage-clamp recording traces of VMHvlNpy2r-Esr1+ cells in 
lactating females following 5-ms blue-light pulses (cyan) (k) and spontaneous 
activity (l). m, Pie charts showing light-evoked synaptic response patterns of 
VMHvlNpy2r-Esr1+ cells in lactating (n = 6) females. n, o, Amplitude (n) and latency  
(o) of oEPSCs and oIPSCs of VMHvlNpy2r-Esr1+ cells in oestrus (n = 3) and lactating 
(n = 6) females. p, q, Amplitude (p) and frequency (q) of sEPSCs and sIPSCs of 
VMHvlNpy2r-Esr1+ cells in oestrus (n = 3) and lactating (n = 6) females. Only 6/15 
recorded cells in oestrus females showed sEPSC. All bars and error bars represent 
mean ± s.e.m. Numbers in parentheses indicate the number of subject animals 
(d) or recorded cells (g, n-q). Statistical significance was determined using  
(b, n, o) Mixed-effects analysis with repeated measure followed by Bonferroni’s 
multiple-comparison test, (d) unpaired t-test, and (p, q) Mann-Whiteney test.  
All tests are two-sided. All p values < 0.05 are indicated. See Supplementary 
Table 1 for more detailed statistics.



Extended Data Fig. 7 | Female PAEsr1→VMHvl cells show enhanced responses to 
social cues during lactation. a, Schematic of head-fixed recording setup and 
experimental timeline. b-d, Peri-event time histograms (top) and heatmaps 
(bottom) of PAEsr1→VMHvl cell Ca2+ signals aligned to the onset of adult male,  
adult female, juvenile, and object presentations in females during dioestrus 
(b), oestrus (c), and lactation (d). e, Peak ΔF/F during presentation of various 

stimuli in females during dioestrus, oestrus, and lactation. All data are 
presented as the mean ± s.e.m. Numbers in parentheses indicate the number of 
recording mice. Statistical significance was determined using Mixed-effects 
analysis with repeated-measure followed by Bonferroni’s multiple-comparison 
test. All tests are two-sided. All p values < 0.05 are indicated. See Supplementary 
Table 1 for more detailed statistics.
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Extended Data Fig. 8 | Antagonizing OXTR in the PA impairs maternal 
aggression in SW females. a, Experimental schematic and timeline. Brain 
illustrations are adapted from the Allen Brain Reference Atlas (https://atlas.
brain-map.org). b, c, d, Latency to attack (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. 
OXTRA reduced attack duration but did not affect attack latency. All bars and 
error bars represent mean ± s.e.m. Numbers in parentheses indicate the 
number of subject animals. Statistical significance was determined using  
(b, c) paired t-test and (d) Wilcoxon matched-pairs signed rank test. All tests  
are two-sided. All p values < 0.05 are indicated. See Supplementary Table 1 for 
more detailed statistics.

https://atlas.brain-map.org
https://atlas.brain-map.org


Extended Data Fig. 9 | VMHvl OXTR signalling is not essential for maternal 
aggression. a, Representative images showing Oxtr (magenta) and Npy2r 
(green) mRNA in the VMHvl of oestrus and lactating females. Right panels show 
enlarged views of the boxed areas. b, Number of Oxtr, Npy2r and Esr1 mRNA 
puncta per corresponding Oxtr-, Npy2r- and Esr1-expressing cell in the VMHvl 
of oestrus and lactating females. c, Venn diagrams showing the percentage of 
Npy2r+, Oxtr+ and Oxtr+Npy2r+ cells in the VMHvl in 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 
VMHvl 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 s if no 

attack occurred. i, Schematic and timeline of experiments testing the impact of 
VMHvl Oxtr knockout on maternal aggression. j-l, Conditional Oxtr knockout 
in the VMHvl did not change attack latency ( j), attack duration (k), and  
juvenile investigation duration (l). Bars and error bars represent mean ± s.e.m. 
Numbers in parentheses indicate the number of subject mice. Statistical 
significance was determined using (b, d: Npy2r+Oxtr+/Npy2r+, k) unpaired  
t-test, (d: Npy2r+Oxtr+/Oxtr+, j, l) 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 
are indicated. See Supplementary Table 1 for more detailed statistics.  
Brain illustrations are adapted from the Allen Brain Reference Atlas (https://
atlas.brain-map.org).
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Extended Data Fig. 10 | Optogenetic activation of PAEsr1→VMHvl cells is effective 
in promoting attack in lactating females following 24-hour pup separation. 
a, Experimental schematics. Brain illustrations are adapted from the Allen Brain 
Reference Atlas (https://atlas.brain-map.org). b, Experimental timeline used  
to examine the effect of PAEsr1→VMHvl stimulation on maternal aggression towards 
juvenile intruders following pup separation. c, Total attack duration of ChR2 and 
GFP lactating females. d-f, Following 24-hour pup separation, light stimulation 
in lactating ChR2 animals, but not GFP animals, (d) increased attack probability, 

(e) decreased attack latency, (f) and increased the average attack duration per 
trial. Bars and error bars represent mean ± s.e.m. Numbers in 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 < 0.05 are indicated. See Supplementary Table 1 for more 
detailed statistics.

https://atlas.brain-map.org




   
   



 

   

   

   

   

   
   

   
   



 




