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Abstract
Hemispheric brain asymmetry is a basic organizational principle of the human brain and has
been implicated in various psychiatric conditions, including autism spectrum disorder. Brain
asymmetry is not a uniquely human feature and is observed in other species such as the
mouse. Yet, asymmetry patterns are generally nuanced, and substantial sample sizes are
required to detect these patterns. In this pre-registered study, we use a mouse dataset from the
Province of Ontario Neurodevelopmental Network, which comprises structural MRI data from
over 2000 mice, including genetic models for autism spectrum disorder, to reveal the scope and
magnitude of hemispheric asymmetry in the mouse. Our findings demonstrate the presence of
robust hemispheric asymmetry in the mouse brain, such as larger right hemispheric volumes
towards the anterior pole and larger left hemispheric volumes toward the posterior pole,
opposite to what has been shown in humans. This suggests the existence of species-specific
traits. Further clustering analysis identified distinct asymmetry patterns in autism spectrum
disorder models, a phenomenon that is also seen in atypically developing participants. Our
study shows potential for the use of mouse models in studying the biological bases of typical
and atypical brain asymmetry but also warrants caution as asymmetry patterns seem to differ
between humans and mice.
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Main
Asymmetry is a basic human brain organizational principle, reflected in anatomical and
functional differences between the left and right hemispheres 1–3. Lateralized brain development
is already observed early on during fetal development 4, and perturbations in asymmetry have
been associated with several psychiatric conditions, such as autism spectrum disorder 5,6. This
suggests that specific asymmetry patterns are crucial for optimal brain functioning. Recently,
various genes have been implicated through large-scale genetic association mapping 7,8, but the
biological determinants of human brain asymmetry remain poorly understood.

Brain asymmetry is observed across the animal kingdom. There are however differences
between species. For instance, the brain torque observed in humans (i.e. a larger right
prefrontal lobe but larger left parietal-occipital lobe) has not been observed in non-human
primates 9–11. In rodents, several studies show functional asymmetries, for example for the left
vs. right hippocampus 12 and the left vs. right auditory cortex 13. Such functional asymmetries
have also been observed in humans 14,15, suggesting the existence of similarities in asymmetry
patterns across humans and rodents. Rodent literature on structural asymmetries is more
sparse but hippocampal asymmetries, in terms of volumes 16,17, synaptic plasticity 18, and
receptor distribution have been reported. Recent research suggests that structural asymmetry in
rodents also further develops postnatally, especially affecting the hippocampus and the
entorhinal cortex 17. As such, rodents appear to be suitable models for investigating the
mechanisms underlying brain asymmetry. However, previous studies have been performed in
rather small groups, ranging from 20 to a maximum of 100 animals 16,17,19–21, and as asymmetry
patterns are generally nuanced, even within human populations, substantial sample sizes are
required to describe this phenomenon accurately.

In this pre-registered study, we set out to examine hemispheric asymmetry in mice using the
Province of Ontario Neurodevelopmental Network (POND) dataset which comprises structural
MRI scans in both healthy controls (wild-type) and genetic models for autism spectrum disorders
22. We observe distributed asymmetry patterns in wild-type mice, albeit these corresponded to
small to very small effects that require large samples to discern. Moreover, the asymmetry
patterns only bear partial resemblance with those observed in humans, e.g. a rightward
volumetric bias in the isocortex toward the anterior pole, whereas a leftward cortical thickness
bias is reported in humans 23. In genetic models of autism spectrum disorder, we observe
distinct widespread patterns of asymmetry relative to wild-type controls. Most notably, we
observe clusters indicating more positive asymmetry indices across the isocortex in transgenic
animals relative to wild-type in a cluster, and the opposite in another cluster.

We obtained 2300 Jacobian maps derived from the non-linear deformations needed to fit a
template from the POND repository. First, we examined the asymmetry index from the relative
Jacobians in n = 878 wild-type animals (nfemale = 290, nmale = 533, nn/a = 55). The asymmetry
index was calculated using: (VolumeRight - VolumeLeft) / (VolumeRight + VolumeLeft). The asymmetry
index was derived from the region-of-interest volumes extracted from the DSURQE atlas
(Figure 1a) 24. The DSURQE template is symmetrical, however, the label atlas is not, which can
bias asymmetry index estimates. To account for this, we mirrored the right-hemisphere labels
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atlas onto the left hemisphere. Using the label atlas, we extracted the averaged Jacobians
within each region of interest and multiplied it with the atlas region of interest volumes to obtain
individual regional volumes. We then estimated Hedge’s g across the whole wild-type population
(Figure 1b). We found both positive and negative Hedge’s g values (Table S1), e.g. in the
striatum (gwt > 0 = 0.240 [0.146, 0.334]), cingulate cortex: area 24b’ (gwt > 0 = -0.194 [-0.288,
-0.100]), indicating a rightward and leftward bias respectively. In all instances, the effect sizes
were either very small (g < 0.2) or small (g ~ 0.2), i.e. effects barely discerned by the naked eye
25. Because the effects are barely visible, we sought to address how reproducible they were. We
resampled the wild-type groups into two groups over 500 iterations and estimated the
correlation of the averaged asymmetry indices between the two groups (Figure 1c). We
obtained a median correlation (r = 0.631) and therefore concluded that the asymmetry indices in
wild-type animals are robust. Intriguingly, the rightward bias observed in the striatum
(caudoputamen) is different from the observation in humans that reported a leftward bias in the
putamen 26,27.

Still in the wild-type group, we sought to establish the presence of an asymmetry index pattern
along the anterior-posterior axis. Indeed, this is one of the dominant features of hemispheric
asymmetry in the human brain 23. Here, we restricted the analysis to the isocortical region of
interest exclusively to compare with previous human studies. We found a small effect (Figure
1d, slope AI ~ Anterior-Posterior position = 1.64e-4 [-1.91e-6, 3.29e-4]). We concluded that there was a
plausible effect along the anterior-posterior axis, with larger right hemispheric volumes towards
the anterior pole and larger left hemispheric volumes toward the posterior pole. This is intriguing
as a left > right asymmetry for cortical surface and thickness was instead observed in humans
along the anterior-posterior axis 7,23,28.

Next, we describe the asymmetry index distribution in wild-type mice using the striatum as an
example. For reference, the average striatum volume across wild-type animals was 6.848 ±
0.196 mm3 on the right hemisphere and 6.837 ± 0.196 mm3 on the left, or a 0.16% volume
difference in the left hemisphere relative to the right. We could not conclude that there was an
age effect in either females (Figure 1e, SlopeAI ~ Age = -4.57e-5 [-1.01e-4, 9.25e-6]) or males
(SlopeAI ~ Age = -4.62e-6 [-4.46e-4, 3.54e-5]). There was a small bias towards positive (rightward)
asymmetry index in both sexes (Figure 1f, nfemales = 290, meanfemales = 0.00171 ± 0.0132, nmales =
533, meanmales = 0.00267 ± 0.0131), as well as in all sub-strains included in the dataset (Figure
1g, nC57BL/6J = 366, meanC57BL/6J = 0.00264 ± 0.0126, nC57BL/6N = 105, meanC57BL6N = 0.00322 ±
0.0150, nB6 crosses = 85, meanB6 crosses = 0.00347 ± 0.0150, nothers = 109, meanothers = 0.00117 ±
0.0115). Taken together, we observe an asymmetry index bias evenly distributed across sexes
and sub-strains. This brings added confidence beyond the confidence intervals of the effect size
and the sub-sampling correlations that we are facing a plausible and consistent, albeit small,
effect in wild-type animals.

remix, or adapt this material for any purpose without crediting the original authors. 
preprint (which was not certified by peer review) in the Public Domain. It is no longer restricted by copyright. Anyone can legally share, reuse, 

The copyright holder has placed thisthis version posted September 5, 2023. ; https://doi.org/10.1101/2023.09.01.555907doi: bioRxiv preprint 

https://doi.org/10.1101/2023.09.01.555907


Figure 1. Asymmetry index in wild-type. a) Graphical representation of the asymmetry index,
showing the anatomical template with region of interest labels for the striatum overlaid (top), an
example relative Jacobian map with labels overlaid (bottom). b) Hedge’s g plot overlaid on the
template for wild-type > 0 comparisons. The color code indicates thresholded Hedge’s g for both
confidence intervals > or < 0 for positive or negative g values respectively. c) Distribution of
Pearson’s correlation coefficients upon splitting the wild-type groups over 500 iterations. d)
Average asymmetry index in wild-type animals as a function of the region-of-interest center of
gravity along the Anterior-Posterior axis. The line and ribbon indicate the regression line and its
95% confidence intervals. The insert shows an outline of the brain with the origin position. e)
Striatum asymmetry index in wild-type animals as a function of age. Dots indicate individual
animals. The lines indicate the regression lines as a function of sex. f) Raincloud plots of the
striatum asymmetry index in wild-type animals as a function of sex. Dots indicate individual
animals. Black dots indicate the mean, thick and thin line intervals indicate the 66th and 95th

percentiles. g) Raincloud plots of the striatum asymmetry index in wild-type animals as a
function of sub-strains. h) Hedge’s g plot overlaid on the template for male > female
comparisons in wild-type. i) Average asymmetry index in males and females with the Allen Brain
Institute color code.

Finally, we sought sex effects in wild-type animals across the whole brain. In humans, sex
differences for asymmetry patterns are inconclusive and often show discrepancies in implicated
brain regions or direction of effects 1,26,29,30. We found limited effects (Table S2), all very small,
across the brain, notably in the bed nucleus of the stria terminalis (Figure 1h, nfemale = 290, nmale
= 533, gmale > female = 0.150 [0.00643, 0.293]). This is especially interesting as sex effects on
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functional activity of this region have been observed 31,32. When correlating the average
asymmetry index between sexes, we found a large correlation (r = 0.671). We conclude from
this analysis that hemispheric asymmetry sex differences are likely very small in mice and/or
restricted to few areas. This is in line with observations in humans (n = 17,141), at least with
regard to cortical thickness, where no regional sex effects were observed 23. There were instead
small sex effects in striatal regions, e.g. rightwards shift in putamen asymmetry in males relative
to females 26. In brief, our results do not fundamentally differ from the observations in humans
with regard to sex.

Figure 2. Selected model comparisons to
wild-type controls. a) Hedge’s g plot overlaid
on the template for wild-type > transgenic
comparisons in Chd8 mice from the “Nord”
dataset. The color code indicates
unthresholded Hedge’s g. b) Raincloud plots
of the striatum asymmetry index in wild-type
(Wt, n = 12) and transgenic (Chd8, n = 10)
Chd8 animals from the “Basson” dataset. Dots
indicate individual animals. Black dots indicate
the mean, thick and thin line intervals indicate
the 66th and 95th percentiles. c) Hedge’s g plot
overlaid on the template for wild-type >
transgenic comparisons in Chd8 mice from
the “Basson'' dataset. d) Raincloud plots of
the striatum asymmetry index in wild-type (Wt,
n = 12) and transgenic (Chd8, n =12) Chd8
animals from the “Basson” dataset. e) Hedge’s
g plot overlaid on the template for wild-type >
transgenic (df) comparisons in 16p11 mice
from the “Golzio” dataset. f) Raincloud plots of
the striatum asymmetry index in wild-type (Wt,
n = 18) and transgenic (df, n = 19) 16p11
animals from the “Golzio” dataset.

The POND dataset consists of 63 studies based on transgenic mouse models for autism
spectrum disorders, each containing wild-type and transgenic animals. We identified 87
plausible contrasts within these 63 studies, as some studies contain wild-type, heterozygotes,
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and homozygotes knock-outs, copy number variations such as microdeletion (df) or
microduplication (dp), or other genetic alterations. Sample size varied between studies (range n
= [3, 34]). We found a wide range of effects across the brain. For illustration purposes, we show
the contrast outcomes from two lines, Chd8 (Figure 2a-d) and 16p11 (Figure 2ef), with the
former coming from two datasets (“Nord” and “Basson”). To fully represent the contrast maps we
present them un-thresholded. We observe large effects (g > 1) in several regions of interest. We
find strikingly matching patterns in the wild-type > transgenic contrasts analysis of the Chd8
datasets and to a lesser extent in the 16p11 dataset, including positive g values across most of
the isocortex, and negative g values in the ventral striatum and adjacent areas, and the
retrohippocampal areas. This suggests that transgenic models of autism spectrum disorders
may cluster into a few distinct observable asymmetry phenotypes.

It is difficult to draw conclusions from individual contrasts as they are based on small samples
33,34. To overcome this, we hypothesized that, like brain volumes 22, the asymmetry index
contrasts would cluster in these models. We ran a k-mean clustering algorithm on the
asymmetry index contrasts x region-of-interest matrix across a range of k values (range = [1,
10]). We could not identify “elbows” in either the total within the sum of square or gap statistic
plots (Figure 3ab), a common heuristic for selecting k values. Without these, we relied on a
previous 3-cluster solution based on brain volumes as our heuristic for selecting k = 3 cluster
here 22. Using this solution, we find plausible asymmetry index contrast outcome clusters
(Figure 3c, Table S3). Firstly, the clusters show spatial organization. For instance, cluster #3
has generally positive g values in the isocortex regions of interest, while cluster #1 has negative
values, and cluster #2 displays mixed g values. Secondly, the clusters gather contrasts from
similar lines from different origins (e.g. Chd8 “Basson” and “Nord” in cluster #3). Thirdly, the
clusters solution partially overlaps with that from Ellegood et al. 2015, for instance, cluster #1
contains NRXN1a (heterozygotes and homozygotes), SHANK3 (heterozygotes and
homozygotes) similar to group #1 in Ellegood et al. To graphically represent the cluster
solutions, we aggregated all the wild-types and transgenic for each cluster and estimated the
cluster group differences. The spatial representations of the clusters recapitulate the
observations in the matrice, namely cluster #1 consisting chiefly of negative g values in the
isocortex, indicating more negative asymmetry index values in transgenic animals relative to
wild-type (Figure 3e). Conversely, clusters #2 and #3 display chiefly positive g values in the
lateral isocortex and in the striatum. Notably, the g value range in the clustered contrast analysis
is lower than with individual contrasts, with all effects reported being either very small (g < 0.2)
or small (g ~ 0.2). For instance, in the striatum (Figure 3d), we find very small positive g values
that pass our threshold criteria for cluster #2 (nWt = 738, nTg = 670, gWt > Tg = 0.115 [0.0421,
0.187]) and cluster #3 (nWt = 492, nTg = 365, gWt > Tg = 0.142 [0.0533, 0.231]), while cluster #1 did
not (nWt = 234, nTg = 199, gWt > Tg = 0.104 [-0.0249, 0.233]). In sum, we observe biologically
plausible clusters of asymmetry index contrasts in mouse models of autism spectrum disorder.
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Figure 3. Clustering wild-type > transgenic contrasts. a) Total Within Sum of Square for
different clustering solutions. b) Gap statistics for different clustering solutions. c) 3 cluster
solution for wild-type > transgenic contrasts (y-axis) as a function of region-of-interest (x-axis).
The region-of-interests are grouped and color-coded according to the Allen Brain Institute code.
d) Raincloud plots of the striatum asymmetry index in wild-type (Wt, ncluster#1 = 234, ncluster#2 =
738, ncluster#3 = 492) and transgenic (Tg, ncluster#1 = 199, ncluster#2 = 670, ncluster#3 = 492) animals as a
function of clusters. Dots indicate individual animals. Black dots indicate the mean, thick and
thin line intervals indicate the 66th and 95th percentiles. e) Hedge’s g plot overlaid on the
template for wild-type > transgenic comparisons as a function of clusters. The color code
indicates thresholded Hedge’s g for both confidence intervals > or < 0 for positive or negative g
values respectively.

These clusters consist of very small, but consistent effects. Notably, the observation in the
striatum contrasts with what was reported in autism spectrum disorder participants relative to
controls using the ENIGMA datasets 35, where an opposite very small effect size was observed
in putamen volume (ntypical ~ 800, natypical ~ 500, Cohen’s dtypical > atypical = -0.12), denoting greater
asymmetry index in atypical developing participants relative to typical developing participants 27.
This difference is further reflected in typical developing participants where a leftward asymmetry
bias was observed, relative to a rightward bias in mice here (Figure 1b). Further comparisons,
in particular of the cortical region of interest, are harder to interpret as the analysis in Postema
et al. relies on cortical surface and thickness rather than volumes as we do in this study. It
should also be noted that the POND datasets are enriched in studies modeling syndromic
autism, i.e. autism is accompanied by a host of other symptoms 36,37, while the ENIGMA
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contains both syndromic and idiopathic cases, i.e. autism is of unknown origin. This is expected
to yield considerable differences in the outcomes between the mouse and human studies and
should be considered a limitation when attempting to compare the two species. Nevertheless,
the clusters identified here have the potential to explain phenotypic differences associated with
syndromic autism and understand the biological context associated with the phenotype.

Our study demonstrates hemispheric asymmetry in mice and sets the stage to approach the
biological context leading to this phenotype. The major limitations therein lie in the large sample
size required to uncover the small to very small effects identified here. Indeed, small sample
sizes generally lead to falsely inflated effects 33,34. We also observe this to some extent, as
individual contrast maps display often large effects, while clustered contrast indicates very small
to small effects exclusively. This likely implies that further biological investigations will rely either
on large samples of wild-type animals or on genetic variations that may induce larger effects,
such as microtubule-related genes (e.g. TUBB3, TUBA1B, MAP2, MAPRE3) identified to be
associated with asymmetry outcomes in humans in the UK Biobank (n = 32,256) dataset 8.
Microtubules form an essential component of the cytoskeleton, and the cytoskeleton has been
shown to be involved in left-right axis determination of visceral organs in invertebrates and frogs
38–40. While the mechanisms of establishing brain asymmetry are currently unknown, mutations
in microtubule-related genes such as TUBB3 induce severe phenotypes, characterized by
cortical disorganization and axonal abnormalities 41. This suggests a role for microtubules in
driving cortical organization, including the formation of brain asymmetry.

Another notable departure from human studies is the parameters used to estimate asymmetry
indices. In cortical areas, studies in humans are commonly performed either on cortical
thickness or surface 23, while we relied on volumes for both cortical and sub-cortical areas. The
freesurfer toolbox allows for the seamless extraction of these parameters on human brains 42,
however, the same toolbox has not been applied to the mouse. Due to a lack of equivalent
toolkits in mice, cortical thickness analyses are rare 43. As cortical thickness and surface lead to
vastly different outcomes, it is plausible that cortical volumes lead to further different outcomes.
Hence, discrepancies between this study and studies in humans can be related to different
parameters. Still, this does not suffice to explain all the discrepancies. For instance, in the
striatum, we report a rightward bias in the caudoputamen volumes, while there is a leftward bias
for the putamen in humans. Beyond looking at structural markers, there is also evidence for
functional asymmetries, including in autism spectrum disorders, for instance using functional
gradients 44, that would be interesting to investigate in corresponding animal models 45,46. This
could unlock additional comparisons between species and help to bring an understanding of
functional asymmetries.

In conclusion, we observe robust, albeit small to very small, hemispheric brain asymmetry in
wild-type mice. These patterns present an anterior-posterior axis organization, with rightward
biases toward the anterior pole. When examining transgenic models of autism spectrum
disorders, we find biologically plausible clusters that relate to previous clustering solutions in
these models 22. While the observations we obtained appear robust along several criteria, the
outcomes depart from major observations in humans 23,26,27. This suggests that aspects of brain
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hemisphere asymmetry are distinctly found in humans. This is not fully inconsistent with the
known biology of brain asymmetry, as aspects of asymmetry could not be highlighted in
non-human primates either 9–11. Still, these observations in mice are crucial in understanding the
phenomena due to the many available transgenic lines that allow for the testing in experimental
conditions of relevant genetic variations, as well as the detailed description of the contribution of
early developmental stages to the formation of these patterns.

Method
Deviations from pre-registration
This study was pre-registered (https://osf.io/bufr9) 47. Our project deviated from the
pre-registration as we did not perform group variance testing. This is justified because the
sample size for individual study groups was too small and the variance test is prone to false
outcomes in small samples. We also updated the preregistration prior to the analysis onset to
simplify the statistical models to better reflect the structure of the data. This is justified because
sex and other co-variates are not distributed orthogonally from the studies and therefore cannot
be easily modeled using multiple regression models that encompass all studies together.

Data and code availability
The raw data is available from the POND repository
(https://portal.conp.ca/dataset?id=projects/braincode_Mouse_Image) following access requests
addressed to the data owners (JE, JPL). The processed data and all the steps to replicate the
analysis are available under the terms of the Apache-2 license
(www.github.com/grandjeanlab/mouse_asymmetry). To run the code in a similar environment as
the one used for the analysis, the recipe for the generation of a reproducible
Apptainer/Singularity container solution for GNU/Linux systems including all the analysis
dependencies is available on the same GitHub repository 48.

Preprocessing
Raw images were preprocessed in a previous work 22. Absolute and relative Jacobian images
obtained from the linear and non-linear registrations to the DSURQE mouse brain template
were imported into Python3 (3.10.11) using the Nibabel package (5.1.0) 38. The averaged
Jacobians were extracted using the DSURQE label atlas using the masker function
implemented in Nilearn (0.10.1) 39. The DSURQE label atlas right hemisphere region of interests
were mirrored onto the left hemisphere to ensure that paired region of interests have the same
nominal volumes in the template. The averaged Jacobians were multiplied with the region of
interest volumes to obtain individual region of interest volumes. The asymmetry index was
estimated with the formula below.

Asymmetry Index = (VolumeRight - VolumeLeft) / (VolumeRight + VolumeLeft).

Analysis and statistics
Asymmetry indices were imported into R (4.1.2) with the tidyverse package suit (1.3.1) 51.
Descriptive statistics are provided as group mean ± 1 standard deviation. In an effort to move
beyond p-value-based inferences 52, we rely on effect size and their 95% confidence intervals
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for inferences. Specifically, we thresholded effect size if both 2.5% and 97.5% confidence
intervals were either > 0 for positive effect size or < 0 for negative effect size. We opted for
Hedge’s g as the effect size. This is justified because i) we performed one or two group
comparisons in the absence of co-variates exclusively, and ii) because comparisons in
transgenic animal models rely on small samples for which the Hedge’s g effect size is a better
indicator. We use the Cohen 1988 rules for effect size interpretations, namely: very small, g <
0.2; small, g > 0.2; medium, g > 0.5, large, g > 0.8 25. Effect size and their 95% confidence
intervals were estimated using the effectsize package (0.6.0.1) 53 and reported as g values [2.5th

interval, 97.5th interval] for two sample comparisons. K-mean clusters are estimated using the
cluster (2.1.4) and factoextra (1.0.7) packages 54,55. Plots are generated using ggplot2 (3.4.2)
together with ggdist (3.3.0) for Raincloud plots 56,57. Brain maps are rendered using MRIcroGL
(v1.2.20220720). The color theme is “Cassatt2” from the MetBrewer package (0.2.0) 58.
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Supplementary material

Table S1. Contrast outcome for AIwild-type > 0

Region of interest Hedge’s g [2.5th CI, 97.5th CI]

striatum 0.240 [0.146, 0.334]

fastigial nucleus 0.176 [0.083, 0.270]

Cingulate cortex: area 24a' -0.108 [-0.201, -0.014]

Cingulate cortex: area 24b' -0.194 [-0.288, -.010]

Cingulate cortex: area 29b -0.140 [-0.234, -0.047]
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Cingulate cortex: area 29c -0.202 [-0.296, -0.109]

Cingulate cortex: area 30 -0.12 [-0.213, -0.260]

globus pallidus 0.205 [0.111, 0.298]

Primary auditory cortex -0.113 [-0.207, -0.020]

Secondary auditory cortex: ventral area -0.122 [-0.216, -0.029]

amygdala 0.095 [0.002, 0.189]

Claustrum: dorsal part 0.137 [0.044, 0.231]

Dorsal nucleus of the endopiriform 0.101 [0.008, 0.195]

Dorsolateral orbital cortex -0.188 [-0.281, -0.094]

Frontal cortex: area 3 0.137 [0.044, 0.231]

Secondary motor cortex -0.098 [-0.192, -0.005]

flocculus (FL) 0.200 [0.106, 0.293]

superior olivary complex 0.187 [0.094, 0.281]

Primary somatosensory cortex: hindlimb
region

-0.154 [-0.247, -0.06]

Primary somatosensory cortex: jaw region 0.175 [0.081, 0.269]

Claustrum: ventral part 0.122 [0.028, 0.215]

Ventral nucleus of the endopiriform claustrum 0.131 [0.037, 0.224]

Ventral tenia tecta -0.105 [-0.199, -0.012]

cuneate nucleus -0.169 [-0.263, -0.075]

crus 2: ansiform lobule (lobule 7) -0.103 [-0.197, -0.01]

lateral septum 0.097 [0.003, 0.190]

LMol -0.116 [-0.209, -0.022]

CA3Py Inner -0.115 [-0.208, -0.021]

CA30r -0.125 [-0.218, -0.031]

PoDG -0.110 [-0.203, -0.016]
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Olfactory bulb: internal plexiform layer 0.126 [0.033, 0.22]

Olfactory bulb: granule cell layer 0.172 [0.078, 0.265]

Accessory olfactory bulb: granule cell layer 0.272 [0.178, 0.366]

Table S2. Contrast outcome for AImale > female

Region of interest Hedge’s g [2.5th CI, 97.5th CI]

Fastigial nucleus -0.171 [-0.314, -0.0278]

Dorsolateral orbital cortex 0.159 [0.0158, 0.302]

Paramedian lobule (lobule 7) 0.166 [0.0225, 0.309]

Primary somatosensory cortex: jaw region -0.172 [-0.315, -0.0291]

Bed nucleus of stria terminalis 0.150 [0.00643, 0.293]

Table S3. Cluster allocation per contrast

cluster study Wt group Wt n Tg group Tg n

1 15q_wMat WT 8 MDp 9

1 22q11 WT 10 DEL 10

1 BTBR WT 12 BTBR 12

1 BTBR FVB 12 BTBR 12

1 CNTNAP2 WT 9 KO 9

1 FMR1_FVB WT 10 KO 10

1 Gtf2i WT 20 YT 20

1 Gtf2i WT 20 XS 18

1 MAR WT 23 MAR 22

1 NF1 WT 9 HET 10

1 NL3 WT 8 KO 8

1 NRXN1a WT 10 HET 13

1 NRXN1a WT 10 KO 9

1 SERT_KI WT 20 KI 20

1 SHANK3 WT 10 HET 11

remix, or adapt this material for any purpose without crediting the original authors. 
preprint (which was not certified by peer review) in the Public Domain. It is no longer restricted by copyright. Anyone can legally share, reuse, 

The copyright holder has placed thisthis version posted September 5, 2023. ; https://doi.org/10.1101/2023.09.01.555907doi: bioRxiv preprint 

https://doi.org/10.1101/2023.09.01.555907


1 SHANK3 WT 10 KO 9

1 Ube3a WT 17 HET 15

1 CHD7_En1Cre En1Cre 12 En1CreChd7f+ 10

1 16p11_Golzio WT 12 dp 9

1 Kctd13_Golzio WT 19 HET 21

1 Nphp1 WT 7 Tg 9

1 Lat_WT WT 9 HET 12

1 Lat_WT WT 9 HOM 9

1 Tbr1_WT WT 9 HET 9

1 CMMR_New WT 38 rab39b 14

1 CMMR_New WT 38 ranbp17 11

1 CMMR_New WT 38 upf3b 13

1 CMMR_New WT 38 ypel2 9

1 CMMR_New WT 38 l2hgdh 15

1 GSK3 WT 7 Beta 7

2 15q WT 10 pDp 10

2 16p11 WT 9 dp 11

2 AndR WT 22 12Q 17

2 AndR WT 22 48Q_Het 10

2 Arhgef6 WT 32 Arhgef6 16

2 BALBC WT 9 BALBC 12

2 Dpyd WT 11 HET 22

2 Dpyd WT 11 HOM 12

2 Dvl1 WT 21 KO 26

2 En2 WT 9 KO 9

2 ITGB3 WT 11 KO 11

2 Magel2 WT 6 MUT 6

2 NL1 WT 26 KO 27

2 SERT_KI_129 WT 21 KI 21

2 TSC1 WT 26 MUT 33

2 Turner WT 23 XO 10

2 CHD7_Het WT 13 Chd7gt+ 13
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2 CHD7_En1Cre En1Cre 12 En1CreChd7ff 10

2 Cacnb2 WT 11 Cacnb2 15

2 Scn1a WT 3 HET 10

2 Kctd13_Golzio WT 19 HOM 19

2 Chd8_Kim WT 30 Chd8 30

2 Kctd13 WT 23 HET 20

2 Kctd13 WT 23 KO 23

2 Ube3a_Dup WT 13 tTA 11

2 Ube3a_Dup WT 13 Dup15 12

2 Taok2 WT 16 HET 13

2 Taok2 WT 16 KO 23

2 Cul3 WT 18 HET 20

2 tcdd WT 21 TCDD 34

2 latXkctd13 WT 19 Kctd13Het_LatHet 22

2 VPA WT 24 VPA 30

2 Syngap1 WT 16 HET 18

2 CMMR_New WT 38 otc 10

2 CMMR_New WT 38 pah 15

2 CMMR_New WT 38 katnal2 14

2 CMMR_New WT 38 nexmif 19

2 GSK3 WT 7 Alpha 6

2 Itsn WT 10 itsn1 15

2 Itsn WT 10 itsn2 15

3 16p11 WT 9 df 11

3 AndR WT 22 12Q_Het 11

3 AndR WT 22 21Q_Het 7

3 AndR WT 22 21Q 12

3 AndR WT 22 48Q 15

3 Arid1b WT 1 Arid1b 13

3 Chd8_Basson WT 12 Chd8 12

3 Chd8_Nord WT 18 Chd8 19

3 FMR1 WT 8 KO 8
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3 SERT_KO WT 10 KO 20

3 16p11_Golzio WT 12 df 10

3 16p11_Golzio WT 12 dfdp 7

3 Ube3a_Dup WT 13 TRE 10

3 Setd5 WT 12 HET 11

3 Itsn WT 10 DKO 3

3 Mthfr WT 29 HET 30
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