nature portfolio

Corresponding author(s):  Dilja Krueger-Burg

Last updated by author(s): 12.07.2024

Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

>
Q
—
(e
(D
©
(@)
=
S
<
-
(D
©
O
=
>
(@)
w
[
3
=
Q
<

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
IZ 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
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

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

|X’ 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)

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 Gjve 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 O OO0 000F

|:| 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  No custom software used

Data analysis No custom software used

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.

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

A data availability statement is included in the manuscript.




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 No human research participants involved

Reporting on race, ethnicity, or No human research participants involved
other socially relevant

groupings

Population characteristics No human research participants involved

Recruitment

Ethics oversight

No human research participants involved

No human research participants involved

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 scien

ces study design

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

Sample size
Data exclusions
Replication
Randomization

Blinding

Behaviou

This information is provided in the figure legends and / or the section on Statistical Analysis in the Methods section.
This information is provided in the figure legends and / or the section on Statistical Analysis in the Methods section.
This information is provided in the section on Experimental Subjects in the Methods section.
This information is provided in the section on Experimental Subjects in the Methods section.

This information is provided in the section on Experimental Subjects in the Methods section.

ral & social sciences study design

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

Study description
Research sample
Sampling strategy
Data collection
Timing

Data exclusions
Non-participation

Randomization

Not applicable
Not applicable
Not applicable
Not applicable
Not applicable
Not applicable
Not applicable

Not applicable
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Ecological, evolutionary & environmental sciences study design

All studies must disclose on these points even when the disclosure is negative.
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Study description Not applicable
Research sample Not applicable
Sampling strategy Not applicable
Data collection Not applicable
2
Timing and spatial scale  Not applicable 3
3
Data exclusions Not applicable \%
Reproducibility Not applicable
Randomization Not applicable
Blinding Not applicable

Did the study involve field work? |:| Yes |Z| No

Field work, collection and transport

Field conditions Not applicable

Location Not applicable
Access & import/export  Not applicable

Disturbance Not applicable

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 |:| ChiIP-seq
Eukaryotic cell lines |Z |:| Flow cytometry
Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms
Clinical data

Dual use research of concern

XX XOXX O s
OO00XOOX

Plants
Antibodies
Antibodies used This information is available in the section on Immunohistochemistry in the Methods section.
Validation All antibodies were validated, either ihere or previously, using either knockout tissue (Nlgn2, MDGA1) or a no primary antibody

control.




Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) Not applicable.
Authentication Not applicable.
Mycoplasma contamination Not applicable.

Commonly misidentified lines  Not applicable.
(See ICLAC register)

Palaeontology and Archaeology
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Specimen provenance  Notapplicable.
Specimen deposition Not applicable.
Dating methods Not applicable.
|:| Tick this box to confirm that the raw and calibrated dates are available in the paper or in Supplementary Information.

Ethics oversight Not applicable.

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

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 This information is available in the section on Experimental Subjects in the Methods section.
Wild animals Not applicable.
Reporting on sex This information is available in the section on Experimental Subjects in the Methods section.

Field-collected samples  Not applicable.

Ethics oversight This information is available in the section on Experimental Subjects in the Methods section.

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

Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  Not applicable.

Study protocol Not applicable.
Data collection Not applicable.
Outcomes Not applicable.

Dual use research of concern

Policy information about dual use research of concern

Hazards

Could the accidental, deliberate or reckless misuse of agents or technologies generated in the work, or the application of information presented
in the manuscript, pose a threat to:




Yes
[ ] Public health
|:| National security

|:| Crops and/or livestock
|:| Ecosystems

XXX X X &

|:| Any other significant area

Experiments of concern

Does the work involve any of these experiments of concern:
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Demonstrate how to render a vaccine ineffective

Confer resistance to therapeutically useful antibiotics or antiviral agents
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Enhance the virulence of a pathogen or render a nonpathogen virulent
Increase transmissibility of a pathogen

Alter the host range of a pathogen

Enable evasion of diagnostic/detection modalities

Enable the weaponization of a biological agent or toxin

XXXNXXNXNXNX &
oo on

Any other potentially harmful combination of experiments and agents

Plants

Seed stocks Not applicable.

Novel plant genotypes  Not applicable.

Authentication Not applicable.

ChlIP-seq

Data deposition
|:| Confirm that both raw and final processed data have been deposited in a public database such as GEO.
|:| Confirm that you have deposited or provided access to graph files (e.g. BED files) for the called peaks.

Data access links Not applicable.
May remain private before publication.

Files in database submission Not applicable.

Genome browser session Not applicable.
(e.g. UCSC)

Methodology
Replicates Not applicable.
Sequencing depth Not applicable.
Antibodies Not applicable.

Peak calling parameters  Not applicable.
Data quality Not applicable.

Software Not applicable.




Flow Cytometry

Plots

Confirm that:
|:| The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

|:| The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).
|:| All plots are contour plots with outliers or pseudocolor plots.

|:| A numerical value for number of cells or percentage (with statistics) is provided.
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Methodology
Sample preparation Not applicable.
Instrument Not applicable.
Software Not applicable.
Cell population abundance Not applicable.
Gating strategy Not applicable.

|:| Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.

Magnetic resonance imaging

Experimental design

Design type Not applicable.
Design specifications Not applicable.

Behavioral performance measures  Not applicable.

Acquisition
Imaging type(s) Not applicable.
Field strength Not applicable.
Sequence & imaging parameters Not applicable.
Area of acquisition Not applicable.
Diffusion MRI [ ] Used ] Not used

Preprocessing

Preprocessing software Not applicable.
Normalization Not applicable.
Normalization template Not applicable.
Noise and artifact removal Not applicable.
Volume censoring Not applicable.

Statistical modeling & inference

Model type and settings Not applicable.
Effect(s) tested Not applicable.

Specify type of analysis: [ |wholebrain | | ROI-based || Both




Statistic type for inference Not applicable.

(See Eklund et al. 2016)
Correction Not applicable.

Models & analysis

n/a | Involved in the study
|Z| |:| Functional and/or effective connectivity

|:| & Graph analysis

|Z| |:| Multivariate modeling or predictive analysis
Functional and/or effective connectivity Not applicable.

Graph analysis All relevant parameters are reported in the statistical analysis section or the figure legends.
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Multivariate modeling and predictive analysis  Not applicable.




Description of Additional Supplementary Files

File name: Supplementary Data 1

Description: Source data for Figures 1-6

File name: Supplementary Data 2

Description: Source data for Supplementary Figures 1-5 and Supplementary Tables 1-6



SUPPLEMENTARY INFORMATION

Functional Neuroligin-2-MDGAL1 interactions differentially regulate
synaptic GABAARs and cytosolic gephyrin aggregation

Tommaso Zeppillo”, Heba Ali*, Sowbarnika Ravichandran$, Tamara C. Ritters, Sally
Wenger, Francisco J. LOpez-Murcia, Erinn Gideons, Janetti Signorelli, Michael J.
Schmeisser, Jens Wiltfang, JeongSeop Rhee, Nils Brose, Holger Taschenberger and
Dilja Krueger-Burg
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Supplementary Fig. 1: Validation of the specificity of antibodies against MDGA1 and Nign2, and
of the mouse models used in the study. (a-b) Photomicrographs showing an overview of the
hippocampus in WT (a) versus Nign2-MDGA1 dKO mice (b) labelled with DAPI (blue), and antibodies
against NIgn2 (red) and MDGAL1 (green). Scale bar 500 pum. (c-d) Photomicrographs showing an
overview of area CA1 labelled with DAPI, and with antibodies against Nign2 and MDGAL in WT (c)
versus Nign2 / MDGA1 dKO mice (d). Scale bar 50 um. (e-f) High magnification photomicrographs
showing Nign2 and MDGAL1 labeling within different hippocampal layers in WT (e) versus Nlgn2 /
MDGAL dKO mice (f). Scale bar 5 um. (g). Bar graph showing MDGA1 mRNA level in WT, MDGA1 KO
and MDGA1 Het mice, relative values normalized by the expression of the glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) and expressed as percentage of the WT mice. (i) Bar graph showing the
MDGA2 mRNA level in WT, MDGA1 KO and MDGAL1 Het mice. (j) Western blot membrane showing the
total protein stain and the result of the immunoblot against MDGAL in WT and MDGA2 Het mice. (k)
Bars graph showing the MDGAL protein level between WT and MDGA2 Het mice normalized by the
average sample value of all lanes on the same blot, and expressed as a percentage of the WT mice.
Statistically significant unpaired t-test: * p<0.05, ** p<0.01, *** p<0.001. Error bars represent SEM, and
each circle represents an experimental animal (n = 5-7), details listed in supplementary table 1.
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Supplementary Fig. 2. Colocalization of Nlgn2 and MDGAL in the amygdala of WT mice. (a-d)
Photomicrographs showing the amygdala in WT (a-c) and dKO (d) mice, labeled with antibodies against
Nlgn2 (a), MDGAL (b), or an overlay of both antibodies (c, d). (e) High magnification photomicrographs
showing representative images of NIgn2 (red) and MDGAL (green) staining, and their colocalization
(overlay) in subregions of the amygdala. LA, lateral amygdala; BA basal, amygdala; CeL, centrolateral
amygdala; CeM, centromedial amygdala; ITCvm, ventromedial intercalated cluster. (f) Histograms
showing the frequency distribution of MDGAL fluorescence (intensity in arbitrary units) within Nlgn2-
labeled puncta in subregions of the amygdala (LA, BA, CeL, CeM, ITCwn). Bars in blue represent Nign2-
labeled puncta with above-threshold MDGAL fluorescence intensity (see Methods section for threshold
determination). Doughnut chart insets display the percentage of Nign2-labelled puncta with an above-
threshold MDGAL1 fluorescence intensity (in blue, percentage in the center of the doughnut chart).
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Supplementary Fig. 3: Heterozygous MDGAZ2 deletion does not affect the formation of gephyrin
aggregates nor GABAergic transmission in CAl pyramidal cells. (a) High magnification
photomicrographs of gephyrin aggregates in the hippocampal CA1 area of WT, Nign2 KO, MDGA2 Het
and Nign2 KO / MDGA2 Het mice. Scale bar 5 um. (b-c) Quantification of the number (b) and the total
area (c) of gephyrin aggregates, expressed as percentage of WT. Statistically significant ANOVA
comparisons are marked in gray at the top of panels and listed in Supplementary Table 3. For all other
ANOVA comparisons, F<1. Post-hoc analysis (Tukey's comparison test): * p<0.05, ** p<0.01, ***
p<0.001. Error bars represent SEM, and each circle represents an experimental animal (n = 8-10). (d)
Frequency of action potentials (APS) in response to depolarizing current steps. (e) Quantification of the
maximal rate of AP rise in CA1 pyramidal neurons of WT, Nign2 KO, MDGA2 Het, Nign2 KO / MDGA2
Het mice. (f) Representative average sIPSC waveforms (left) obtained from individual sIPSCs (right)
recorded in the four genotypes. (g) Representative average mIPSC waveforms (right) obtained from
individual mIPSCs (right) recorded in the four genotypes. (h-k) Average cumulative distributions of
sIPSC amplitudes (h) and sIPSC inter-event intervals (j) shown together with the respective mean values
for sIPSC amplitudes (i) and sIPSC frequencies (k) for all genotypes. (I-0) Average cumulative
distributions of mIPSC amplitudes (m) and mIPSC inter-event intervals (n) shown together with the
respective mean values for mIPSC amplitudes (i) and mIPSC frequencies (0) for all genotypes.
Statistically significant ANOVA comparisons are marked in gray at the top of panels and listed in
Supplementary Table 8. For all other ANOVA comparisons, F<1. Post-hoc analysis (Tukey’s comparison
test): * p<0.05, ** p<0.01, *** p<0.001,. Error bars represent SEM, and each circle represents a single
cell (n = 14-19 cells for APs and rate of rise; 16-18 cells for sIPSC recordings; 15-19 cells for mIPSC
recordings; four animals per genotype).
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Supplementary Fig. 4: Loss of MDGAl expression perturbs spontaneous GABAergic
transmission in CAl pyramidal neurons. (a-b) Average cumulative amplitude distributions and
average waveforms of sIPSCs amplitude (a) and frequency (b) for all genotypes (WT, Nign2 KO,
MDGA1 KO, and Nign2-MDGAL1 double KO). (c-d). Average cumulative distributions of mIPSCs
amplitude (c) and frequency (d) for all analyzed genotypes.
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Supplementary Fig. 5. Heterozygous MDGAZ2 deletion does not influence abnormal anxiety-
related avoidance behavior in NIgn2 KO mice. (a-c) Schematics representing the OF arena (a), the
center (b), and the genotypes analyzed (c). (d) Representative tracks of OF exploration in MDGA1 male
mice. (e) OF scores of MDGAL male mice: Time spent in the anxiogenic region (top) of the OF arena,
distance traveled in the center of the OF expressed as percentage of total distance traveled (center),
total distance travelled in the OF (bottom). (f) Representative tracks of OF exploration in MDGAZ2 mice.
(g) OF scores of MDGA2 male mice: Time spent in the anxiogenic region (top) of the OF arena, distance
traveled in the center of the OF expressed as percentage of total distance traveled (center), total
distance travelled in the OF (bottom). (h) OF scores of MDGA2 female mice: Time spent in the
anxiogenic region (top) of the OF arena, distance traveled in the center of the OF expressed as
percentage of total distance traveled (center), total distance travelled in the OF (bottom). Statistically
significant ANOVA comparisons are marked in gray at the top of panels and listed in Supplementary
Table 8. For all other ANOVA comparisons, F<1. Post-hoc analysis (Tukey’s comparison test): * p<0.05,
** n<0.01, *** p<0.001. Error bars represent SEM, and each circle represents an experimental animal
(n =7-9 for male MDGAL set, n = 11-13 for female MDGA2 set, n = 10-12 for male MDGAZ set).
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Supplementary Table 1. Summary of MDGA1 and MDGA2 mRNA and protein levels. MDGA1 and
MDGA2 mRNA levels in hippocampal tissue of WT, MDGA1 KO and MDGA2 Het mice (unpaired t-test)
were normalized by the expression of the glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
MRNA, and expressed as percentage of the expression in WT mice. MDGAL1 protein level between WT
and MDGA2 Het mice were normalized by the average sample value of all lanes on the same blot, and
expressed as a percentage of WT mice. (Avg.Cq represent the cycle number at which the sample's
reaction curve intersects the threshold line).

WT MDGA1 KO
n Mean n Mean value
+ SEM + SEM P
100.0 0.6
MDGA1 mRNA | I (S1 .
m evel (S1g) 7 +21.3 5 +0.2 <0.001
. 100.0 91.6
MDGA2 mRNA level (S1i) 7 “110 7 i127 0.631
31.2 38.6
Avg.Cq MDGA1 <0.
vg.Cq 7 +03 5 104 0.001
30.6 30.9
Avg. MDGA2 .
vg.Cq G 7 +02 7 +03 0.515
23.2 23.1
Avg.Cq GAPDH .
vg.Cq 7 +03 5 +03 0.849
WT MDGAZ2 Het
Mean Mean
"l +sem | " | £sem poElie
. 100.0 91.6
MDGA1 mRNA level (S1i) 5 110 5 i 127 0.631
. 100.0 39.6
MDGA2 mRNA level (S1i) 5 +8.6 5 +3.8 <0.001
31.6 31.4
Avg.Cq MDGA1 5 02 5 t02 0.516
30.1 311
Avg.Cq MDGA2 5 00 5 to1 0.003
23.2 22.88
Avg.Cq GAPDH 5 +01 5 +017 0.166
MDGAL1 Protein expression 5 100.0 5 100.4 0.983
(Immunoblotting) — S1j-k +12.7 +10.1 '
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Supplementary Table 2. Analysis of the number and size of gephyrin, GABAARy2 and VIAAT puncta
in layers S.0., S.P., S.R. and S.L.M. of hippocampal area CA1 in WT, Nlgn2 KO, MDGAL1 KO and Nign2

/ MDGA1 dKO mice (all data expressed as percentage of WT).

Nign2 /
WT Nlgn2 KO MDGA1 KO MDGA1 Main source of variation
dKO
Mean n Mean n Mean Mean F-value value
+ SEM + SEM + SEM + SEM P
Gephyrin 1000 | o 79.0 8 86.6 76.6 Nign2: 0.04
(number) +6.4 +7.0 +5.7 +9.6 F(i.28 = 4.48 )
Gephyrin 1000 | ¢ 90.3 . 94.2 91.3 Nign2: 0.05
8 (size) +3.2 +3.3 +2.2 +34 Fa28 = 4.23 )
¥ | GABAARY2 100.0 8 90.3 9 93.1 3.0 / /
® (number) +53 +6.3 +7.8 +6.5
g Nlign2: Nign2:
© | GABAARY2 1000 | o | 8L5 | g 84.9 82.0 Fan = 8.38 0.01
g (size) +3.9 +4.1 +3.5 +3.3 Interaction Interaction
3 Faay = 4.48 0.04
D1 vIAAT 1000 | o | 1012 | 87.1 79.7 ) )
(number) +15.7 +12.1 +11.9 +14.1
VIAAT 100.0 99.0 89.0 87.6 MDGAL:
(size) w24 | 8| 132 | 8| 131 +19 | Fuzs=1840 | <0001
= Gephyrin 100.0 7 98.5 7 109.9 93.2 / /
7 (number) +7.9 +8.7 +4.4 +2.8
Z,’ Gephyrin 100.0 8 95.6 7 98.0 91.9 / /
T | (size) +3.8 +2.3 +1.8 +4.3
§ GABAARY2 100.0 8 94.6 8 107.7 102.6
oS | (number) +6.0 +4.1 +4.0 +4.4
IS
= Nign2: NIgn2:
2 GABAARY2 100.0 9 85.5 8 84.2 83.2 F(1,30=4.38 0.05
= (size) +4.3 +4.1 +2.7 +3.4 MDGAL: MDGAL1:
3 F(1,30) =5.94 0.02
= VIAAT 100.0 6 10.6 4 117.5 120.3 / /
E | (number) +26.4 +22.3 +23.8 +17.9
g VIAAT 100.0 6 100.8 5 85.2 94.0 MDGA1: MDGAL:
9 | (size) +3.3 +55 +3.0 +3.2 F@,19 =7.10 0.02
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Supplementary Table 3 (Part 1). Analysis of the number and size of gephyrin, GABAARYy2 and VIAAT
puncta in layers S.0., S.P., S.R. and S.L.M. of hippocampal area CA1 in WT, Nlgn2 KO, MDGA2 Het
and Nlgn2 KO / MDGA?2 Het mice (all data expressed as percentage of WT)

WT Nlgn2 KO MDGA2 Het h?llggi;ge/t Main source of variation
Mean Mean Mean Mean
"l tsem | " | +sem | " | +sem | " | £SEM eI PRI
Gephyrin 11 100.0 10 86.9 11 104.3 9 78.3 Nlgn2: Nlgn2:
(number) +8.9 +6.5 +8.6 +7.0 F@,37=6.0 0.02
Gephyrin 100.0 91.4 96.7 94.1 NIgn2: Nlgn2:
(size) 100 330 (10 424 |19 128 [ +23 | Fusm=45 0.04
8 Interaction: Interaction:
vi| GABAARY2 | ,, | 1000 | ., | 876 |, 117.9 1o | 603 Faa3 =51 0.03
& | (number) 7.7 +89 +13.8 +8.1 Nign2: Nign2:
§ Faa43 =123 0.001
S Nlgn2: Nlgn2:
E | GABARY2 10 | 10000 | o 862 |, 93.8 11| 768 F(.39) = 18.65 <0.001
T | (size) +25 +3.1 +5.0 +2.2 MDGA2: MDGAZ2:
n Fa,39) = 4.7 0.04
VIAAT 7 100.0 7 85.0 6 83.0 6 58.6 / /
(number) +17.7 +11.0 +18.4 +9.6
VIAAT 100.0 99.3 90.0 93.2
(size) T isa3 | 7| %31 | 8] 25 | 7| te1 / /
Gephyrin 9 100.0 9 88.7 9 79.6 9 70.1 MDGAZ2: MDGA?2:
(number) +10.7 +6.9 +7.1 +8.7 F@32 =5.3 0.03
Gephyrin 9 100.0 9 90.3 9 92.7 8 89.2 Nlgn2: Nlgn2:
- (size) +24 +3.6 +3.1 +1.3 Fas1y =55 0.03
) NIgn2: Nlgn2:
o | GABAARY2 9 100.0 10 81.3 10 84.8 9 59.5 Fa34 =104 0.003
S| (number) +4.0 +7.6 +8.7 +5.2 MDGA2: MDGAZ2:
IS Fasy=7.4 0.01
@
> Nign2: Nign2:
;’ GABAaRY2 10 100.0 10 88.9 10 87.3 10 70.8 Fa,36 = 10.0 0.003
S| (size) +54 +4.6 +3.9 +34 MDGAZ2: MDGAZ2:
g Fase =12.3 0.001
@ viaat g | 1000 | o | 914 | .| 713 | | 863 ) }
(number) +19.3 +10.9 +11.8 +125
VIAAT 100.0 98.1 109.3 103.7
(size) 8 +9.2 8 +3.0 ! +3.7 ! +4.7 / /
Gephyrin 100.0 85.6 94.9 92.6
(number) 11 +10.7 9 +8.2 11 +9.1 8 +3.6 / /
| Gephyrin * 100.0 95.7 94.9 93.6
0| (size) 10 +3.3 9 +1.8 9 +25 10 +2.3 / /
1S ; :
S | GABAARY2 11 100.0 11 75.0 12 90.9 12 56.0 Nign2: Nign2:
‘®| (number) +8.0 +9.2 +9.1 +8.7 Faa2 =11.48 0.002
8 GABAARY2 10 100.0 10 83.9 11 100.0 11 78.2 Nign2: Nign2:
e | (size) +3.4 +3.0 +5.2 £3.0 | Fusg=24.41 <0.001
= | viaaT 2| 1000 | .| 82 |, 68.7 5 | 904 } )
& | (number) +25.2 +13.2 +11.5 +7.1
VIAAT 100.0 101.76 92.5 99.5
(size) T a1 | 7] s28 | 7| +a6 | 7| 250 / /
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Supplementary Table 3 (Part 2). Analysis of the number and size of gephyrin, GABAARYy2 and VIAAT
puncta in layers S.0O., S.P., S.R. and S.L.M. of hippocampal area CAl in WT, Nign2 KO, MDGA2 Het
and Nign2 KO / MDGA2 Het mice (all data expressed as percentage of WT).

Nlgn2 KO/ . o
WT NIign2 KO MDGA2 Het MDGA2 Het Main source of variation
Mean Mean Mean Mean
Nl tsem | " | +sem | " | +sem | " | +SEM FETS PREIS
Gephyrin 100 .0 99.2 88.8 108.4
(number) 10 +11.2 9 +3.6 1 +54 8 +6.4 / /
S| Gephyrin 100.0 94.4 93.5 92.6
—i| (size) Ly 3.6 9 +1.3 1 +2.6 10 +1.9 / /
n
~| GABAaARY2 100.0 85.9 82.2 71.6
& (number) 91 489 | 7| +34 [19] 198 | 2| z100 / /
§ Nlgn2: NIgn2:
S| GABAARY2 10 100.0 9 84.3 9 88.3 9 78.0 Fas3 =145 <0.001
€| (size) +4.8 2.7 +3.2 +1.7 MDGAZ2: MDGAZ2:
g Fa,33 = 6.9 0.01
§ Interaction: Interaction:
3 F@22 =5.5 0.03
S| VIAAT 5 100.0 6 49.1 8 30.5 7 32.9 Nlgn2: NIgn2:
g (number) +20.6 +11.2 +8.5 +6.2 F22 =4.6 0.04
= MDGA2: MDGA2:
& Fazn=14.2 0.001
VIAAT 100.0 101.1 87.6 99.6
(size) 71 +78 | ® | +106 | 8 +7.3 ! +3.7 / /
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Supplementary Table 4. Passive and AP properties of CA1 pyramidal cells in WT, Nign2 KO, MDGA1
KO, Nign2 KO / MDGAL1 double KO, and MDGA2 Het and Nign2 KO / MDGAZ2 Het mice.

N EIns Y Main source of
WT Nlgn2 KO MDGA1 KO MDGA1 ..
variation
dKO
n Mean n Mean n Mean n Mean F.value p-
+ SEM + SEM + SEM + SEM value
Membrane 100.5 95.0 114.6 100.9
resistance (MQ) 37 +45 34 +5.6 41 +74 36 +7.7 \ \
Membrane
capacitance, 42.9 45.1 39.5 46.9 Nlgn2 KO:
proximal 37 +2.4 34 +2.7 4l +15 36 +1.8 Faa449 =5.1 0.03
compartments (pF)
Membrane o
capacitance, distal 37 12287 34 ilg g 41 113% j 36 1256 f llznterac_tlcgné 0.01
compartments (pF) =% =0 = = (1,144 = ©-
Resting membrane -58.3 -57.2 -55.4 -59.9
potential (mV) 2L 17 [18] 402 | B £13 |18 115 \ \
-44.4 -43.7 -45.4 -44.7
AP threshold (mV) 20| o8 |15] o7 |24] 07 |18 107 \ \
. 117.9 117.8 120.8 120.9
AP amplitude (mV) 20 112 15 +15 24 +18 19 114 \ \
Nlign
_ 582.4 591.9 648.6 733.8 I':\"Q“Z_Ksoé (')((Ojé
AP maximum rate of 21| £175 |16 | £349 | 19| £20.2 |24 | £215 (L.73) = . '
rise (mv/ms) Interaction: Intera
F,73 = 3.55 | ction:
0.004
Nign2 KO / Main source of
WT Nlgn2 KO MDGAZ2 Het MDGA2 Het R -
n Mean n Mean n Mean n Mean F_value p-
+ SEM + SEM + SEM + SEM value
Membrane 92.1 97.4 99.6 104.2
resistance (MQ) A1 144 |85 131 |36] 453 |3 ia6 \ \
Membrane
capacitance, 45.7 45.5 40.5 42.7 MDGAZ2:
proximal 41 +1.9 35 +20 36 +1.4 35 +23 Fai43 = 4.1 0.04
compartments (pF)
Membrane
- . 116.4 106.5 107.6 109.6
capacitance, distal 41 +50 35 +38 36 +56 35 + 4.9 \ \
compartments (pF)
Resting membrane -58.8 -60.4 -57.0 -55.9 MDGAZ2:
potential (mV) 200 12 | ] 215 [ 18 | Y| 109 Fe9 = 4.5 0.04
-45.6 -45.5 -45.6 -45.7
AP threshold (mV) 19 +10 18 +08 17 +08 17 +06 \ \
. 117.2 119.1 120.3 116.9 Interaction:
AP amplitude (mV) 19 +1.0 18 +15 17 +11 17 +15 Faon = 4.6 0.04
AP Maximum rate of 690.7 £ 654.4 734.2 £ 652.4 NIgn2:
fise (MV/ms) Bl 210 [ 18] 4240 |10 245 || 2250 | Fuen=63 | 202
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Supplementary Table 5. Analysis of the number and size of PSD95 and vGlut puncta in layers S.O.,
S.P., S.R. and S.L.M. of hippocampal area CA1 in WT and MDGA1 KO mice (all data expressed as

percentage of WT).

WT Mdgal KO
Mean Mean
L Sem +SgMm | Prvalue
— 100.0 + 82.5%
5 PSD95 (number) 79 7.9 0-15
<)
< . 100.0 100.1
2] PSD95 (size '
F (size) +2.9 +2.9 099
5 100.0 1237
vGIuT1 (number 0.18
T
g _ 100.0 1153
& VvGIuT1 (size) £4.2 +4.2 003
100.0 70.0 £
° PSD95 (number) +11.0 11.0 008
5}
©
e . 100.0 99.7 +
% - PSD95 (size) +33 3.3 0.94
o
) 100.0 160.8
g vGIuT1l (number) +21.8 +21.8 0.08
©
n VGIUT1 (size) 102'50 1053'52 068
100.0 100.4
~ PSD '
z SD95 (number) +15.2 +15.2 0.99
&)
PSD '
£ SD95 (size) +5.3 +53 047
8
E vGIuT1 (number) 1000 e 0.31
g +15.6 +15.6 '
2
T
N vGIuT1 (size) iogg 129788 0.07
100.0 89.2
PSD95 (number) 0.43
- +9.3 93
85 100.0 93.8
c . i ) .
S8 PSD95 (size) +29 +2.9 0-17
%o
3
5 100.0 85.0
= GIuT1 (number 41
23 vGIuT1 (nu ) £12.2 £12.2 0
=0
& 2 _ 100.0 93.2
vGIuT1 (size) +45 +45 031
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Supplementary Table 6. Comparison of: mean amplitudes and mean frequencies of spontaneous
MEPSCs, and passive properties of CA1 pyramidal cells in WT and MDGA1 KO mice (unpaired t-test).

WT MDGA1 KO
n Mean n Mean value
+ SEM + SEM P
0.12 0.13
mEPSC frequency 23 +001 22 £ 001 0.07
. 9.4 9.7
mEPSC amplitude 23 102 22 +03 0.52
Membrane resistance 164.8 149.8
(MOhm) 23 +6.4 23 +6.0 0.1
Membrane capacitance, 34.3 27.2
proximal compartments (pF) 23 +25 23 +0.8 0.02
Membrane capacitance, 135.8 117.4
distal compartments (pF) 23 +59 23 +4.6 0.01

Supplementary Table 7. Two-way ANOVA comparisons for Supplementary Fig. 3/5.

Nlgn2 x MDGA2

Main effect of Nlgn2

Main effect of MDGA2

Figure interaction
F-value p-value F-value p-value F-value p-value

S3b Fass<1 0.9 F,35 =215 <0.001 Fa,s<1 0.7
S3c Fasz <1 0.6 Fas3=11.7 0.002 Fass <1 0.6
S3e Faee) <1 0.3 Fa.66 = 6.3 0.02 Faes <1 0.4
S3i Fas9=1.1 0.3 F,509 = 78.98 <0.001 Fasg <1 0.8
S3m Faeo <1 0.4 F.e0)=51.1 <0.001 Fa.e0) = 4.7 0.04
S3k Fa.62)=1.66 0.2 Fae2) =171.6 <0.001 Fae <1 0.7
S3o0 Faes = 1.59 0.2 F,e3 = 26.1 <0.001 Fae3 =3.2 0.1
S5g Time in center Faan<1 0.8 F(1,42)=11.6 0.001 Fa44=1.8 0.2
S5¢g Center distance F@,44) = 5.68 0.02 F@,44) = 56.8 <0.001 Faae <1 0.4
S5g Total distance F(145 =7.95 0.01 F.45 = 8.5 0.01 Faas =2.3 0.1
S5h Time in center Faay=1.4 0.3 F1,41)=13.2 <0.001 Faay <1 0.7
S5h Center distance Faay <1 1.0 F(1,41=20.4 <0.001 Faay <1 0.8
S5h Total distance Fa.40 =5.19 0.03 Fa.40) = 20.7 <0.001 Faa <1 1.0

Figure Nl?:tze;(a?tﬁ)?lAl Main effect of NIgn2 Main effect of MDGA1

F-value p-value F-value p-value F-value p-value

S5e Time in center Fa2n =2.47 0.13 Fa2n=21.6 <0.001 Fa2n=3.3 0.1
S5e Center distance Fa,29 = 2.8 0.1 F(1,29) = 28.6 <0.001 Fa29 <1 0.8
S5e Total distance Fa.29) = 4.67 0.04 Fa,29 = 16.0 <0.001 Fa,29 = 1.2 0.3
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