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(A) Linear re-synchronisation of MRl and Arduino temporal drift
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(B) Overlapped average muscle activity, events and corrected event time series
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Figure S6 - Linear temporal drift correction 2

(A) The average of the absolute value of the muscle activity in time (blue time series)
is highly correlated with the event detection performed via an Arduino board. The
time series of events detected by the Arduino board is depicted as the orange time
series. The temporal drift between the two clocks is corrected by maximising the
correlation between the two signals and consequently linearly warping the event time
series (green). (B) as (A). (C) The loss function between the muscle time series Il

and the candidate warped event time series s computed as

, where is the operator outputting the
correlation at time O between the two time series. The value realising the
minimum of in the interval is the warping coefficient applied to

correct the temporal drift.
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Figure S7 - Analysis pipeline: processing of raw images and behavioural data.
(A) Image preprocessing. Slice timing and motion correction are performed using
SPM. Signal is linearly detrended in time and centered with custom Matlab scripts.

(B) Task-agnostic artifact correction. Masks associated to brain Bi and muscles /i
respectively are manually generated for each slice . Thereafter, images are spatially
normalised (2D standardisation). A multivariate LASSO regression is used
independently on each slice i, to compute the contribution of each voxel belonging
to Mi to the voxels in Bi . Images are then de-normalised and smoothed spatially
with a Gaussian filter. (C) Task-related behaviours and epochs are first mapped to the
volume acquisition frame rate as boolean vectors or histograms (event occurrences per
frame). These vectors are then used as regressor and nuisance regressor in the general
linear model used to compute the statistical maps in (D). For every slice, the intensity
time course of the brightest pixels corresponding to the ventricles are also used as
nuisance regressors.
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Figure S8 - L1 regularisation for voxel selection

(A) Different norms induce balls with different shapes. We consider the 1,2 and co—
and norms and show the geometries they induce for coefficients in R2 (left) and R
(right), respectively. In symbols we have:

By (8,r) ={BER?s.t. [Bi]+ |G| <7}
By (B,r) ={BeR*st. Bf+ 55 <r}
By (8,r) ={Be€R?s.t. max{B, B} <7}

It is important to notice how the ball corresponding to the 1-norm corresponds to a
cube whose corners lie exactly on the axes. In (B), the red ellipses represent the
contours of the least square error function (loss term in eq. 1). The green and blue
shapes correspond to different balls in norms 1 and 2 respectively, as modulated by
the parameter a of the regularisation term in eq. 1.
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Single voxel LASSO coefficients in muscle tissue
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Figure S9 - LASSO artifact correction: contribution of each voxel to the
predicted intensity of the brain’s voxels.

(Top) 5 coronal sections (Middle, bottom) Single voxel LASSO coefficients in the
corresponding sections for two example sessions in the lever operant conditioning
task (mouse #1). Note that these reflect voxels that were most uniquely predictive, not
necessarily all the voxels where muscle movement occurred. This is because LASSO
pushes to zero voxels that are redundant or least predictive.
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Figure S10 - Decoding protocols and algorithms

(A) Decoding preprocessing flow diagram. (B) Logistic regression. (C) Maximal
margin hyperplane for separating samples belonging to two classes, as computed by a
support vector machine.
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Abbreviation Full name

Abbreviation Full name

ACA
ACB
Al
AMG
CAMG
dISt
dmST
dsST
ENT
GENTHA
HIP
HYP
HYP
IL

LH
LHA
LM
LPO
LS
MDTHA
MOp
MOs
MPN
MPO
MRN
NDB
NLL
0B
oT
PAG
PAL

Anterior cingulate area
Nucleus Accumbens
Agranular insula area
Amygdala

Central amygdala
Dorsalateral stnatum
Dorsomedial stnatum
Dorsal striatum

Entorhinal cortex
Geniculate group of the thalamus
Hippocampus
Hypothalamus
Hypothalamus

Infralimbic cortex

Lateral habenula

Lateral hypothalamic area
Mamillary nucleus

Lateral preoptic area
Lateral septum
Mediodorsal thalamus
Primary motor cortex
Secondary motor cortex
Medial Preoptic nucleus
Medial/median preoptic area
Midbrain reticular nucleus
Diagonal band nucleus
Nucleus of the lateral lemniscus
Olfactory bulb

Olfactory tubercle
Perniagueductal gray
Pallidum

PH

PIR

PL

PO

PPC
PRN
PVH

RN

RSP

SC
SCm
SCs

SN

SSp
SSp(M)
SSp(UL)
SSp(UL)L
SSp(UL)R
S5Ss
SUB
THA
TRN

T
VALTHA
VIS
VISp
VISpL
VISpR
VMTHA
VTA

Postenor hypothalamus

Piriform cortex

Prelimbic cortex

Preoptic areas (including MPN and MPO)
Posterior parietal cortex

Pontine reficular nucleus

Paraventricular hypothalamic nucleus

Red nucleus

Retrosplenial cortex

Superio Colliculus

Superior Colliculus, motor related

Superior colliculus, sensory related

Substantia Nigra

Primary somatosensory cortex

Primary somatosensory cortex, mouth region
Primary somatosensory cortex, upper imb region
Primary somatosensory cortex, upper-limb, left
Primary somatosensory cortex, upperlimb, nght
Supplemental somatosensory cortex
Subiculum

Thalamus

Tegmental reticular nucleus

Taenia Tecta

Wentral anterior-lateral complex of the thalamus
Visual areas

Primary visual area

Primary visual area, left side

Primary visual area, right side

Wentromedial thalamus

Wentral tegmental area

Table S1 - Brain regions mentioned in the text
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