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Figure 1. Experimental design and calcium transient properties after stroke. (A) Timeline of the 

experiment (B) Left image: showing a head-restrained mouse on the floating ball under two-photon 

microscopy. Right image: cranial window of 5 mm through the microscope at 10X covering the green 

area in C (left image). (C) Left image: schema of GAD2Cre/Ai9Tomato mouse expressing GCaMP6s in 

motor and premotor cortical neurons, red circle shows the induced stroke (PT) area in motor region. 

Right image: high magnification of C-left image, indicating recorded regions in motor and premotor 

cortex. Each gray squares represents a field of view.   (D) Average of 8000 frames showing cortical 

neurons from one field of view indicated in C-right image. These motor cortical neurons expressing 

GCaMP6s (green) in GAD-65 transgenic mice (GAD positive neurons indicating GABAergic inhibitory 

neurons in red)  (E) Images of mouse under 2-photon recording and on the floating ball before and after 

stroke. Right image shows the affected path locating on the ball after inducing a stroke whereas left 

image demonstrates animal’s forelimb on the ball before stroke. (F) Total number of frames during 

motion on the experimental setup before stroke and at different time points after stroke (10, 20 and 30 

days). For each session, 8000 frames were recorded. n=6 mice, data are presented as mean ± s.e.m. 

Multiple comparison One-Way ANOVA was applied to compare number of frames with motion at 

different time points before stoke and with values after stroke. *P < 0.05; **P < 0.01; ***P < 0.001; ns, 

not significant (P > 0.05). (G) Two examples of neuronal firing traces (dF) from 80 neurons in one 

recording session before (left panel) and after stroke (right panel) in motor cortical neurons. Each row 

represents the neuron’s estimated dF during a session. Lower panels demonstrate the motion signals 

(mV) on floating ball during trial and black rectangles indicate the threshold for detection of motion 

(signals below the rectangle are considered as motion) and red rectangles indicate an example of 

synchronized dF during motion (blue traces indicate moving forward-backward and orange trances 

indicate moving right-left). 
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Figure 2. Functional connectome map before and after stroke. (A) Left panel: an example of 

functional connectivity of motor cortical neurons from one mouse before stroke during motion. Right 

panel: Representing a decrease in number of functional connectivity after stroke for the same neuronal 

ensemble in A-left panel. (B) Left panel: an example of functional connectivity in premotor cortical 

neurons before stroke during motion. Right panel: showing functional disconnectivity of B-left network 

after stroke, only the nodes (neurons with connections) were included in the functional connectome 

maps, and neurons without connections were exclude here.  The green represents excitatory neurons 

expressing GCaMP6s and the orange circles indicate inhibitory neurons expressing GCaMP6s.  The lines 

connecting the circles (nodes) show the presence of significant functional connectivity between the 

neurons. Size of circle represents neuron’s degree of connectivity (the larger the circle, the more 

connected neuron are). (C) Evolution of functional connectivity before stroke and at day 10, 20 and 30 

after stroke from non-motion state data.  

 



 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 

Figure 3. Statistical analysis of functional connectivity before and after stroke. (A) Significant 

decrease of connections demonstrates decrease of correlated activity after stroke during motion. In motor 

cortex, decrease in number of connections after stroke was higher among inhibitory neurons while in 

premotor cortex number of connections did not decrease 30 days after stroke. (B) Changes in functional 

connectivity at different time course during non-motion state. n=5 mice, data are presented as mean ± 

s.e.m. Mann-Whitney U test (for A) and Repeated Measures ANOVA and multiple comparisons (for B) 

were used to compare number of connections before stroke with values after stroke. . *P < 0.05; **P < 

0.01; ***P < 0.001; ns, not significant (P > 0.05). 
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Fig. 4 
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Fig. 4: Functional connection distance of inhibitory and excitatory neurons in motor and premotor 

cortical networks. (A&B) Distribution of functional connection length for excitatory (A) and inhibitory 

(B) neurons in motor (left panel) and premotor (right panel) cortex. n= 5 mice, data are presented as 

mean ± s.e.m. Two-way ANOVA and multiple comparisons were used to compare functional connection 

length distribution values, before and after stroke. *P < 0.05; **P < 0.01.  
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Figure 5.  Functional clustering of motor and premotor cortical neurons before and after stroke. 

(A) Heatmap of pairwise cross correlation between neuronal activities in motor and premotor cortex for 

before and after (day 30) stroke periods at motion state. Neurons are ordered by hierarchical clustering 

as indicate by the dendrogram. Unique colors are assigned to clusters with maximum Euclidean distance 

<1.2. (B-C) Mean distances between pair of neurons within cluster in motor (B-left, *P= 0.0128) and 

premotor (C-right, ***P= 0.0002) cortical neurons. Size of cluster in motor (B-right, P= 0.7689) and in 

premotor (C-right, *P= 0.0240) cortical neurons before and after stroke. Size of clusters was calculated 

in pixels (total size of field of view in pixel: 520*520=270400). (D) Examples for the locations in images 

of indicated regions of clusters identified by dendrogram colors (panel A). Border color indicates cluster 

membership; the shaded region indicating the total area covered by neurons within each cluster. Red 

circles indicate inhibitory neurons and green circles correspond to excitatory neurons. (E) The ratio of 

excitatory neurons vs inhibitory neurons in motor (left) and premotor (right) cortex before and after 

inducing stroke. Data are extracted from motion state experiments. n=5 mice, Error bars indicate s.e.m. 

Mann Whitney U test was used to compare before stroke data with values after stroke. ns, not significant, 

P > 0.05 and P= 0.1336 for premotor cortex, and *P= 0.0287 for motor cortex.  
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