
ba

Non-injured

Floor

2 DPO

Non-injured 2 DPO injured

1. Raw 
image data

0 7000 0 1200 0 1 0 100 0 40

2. Compute 3. Find ROI 4. Substract 5. Apply ROI

6. Detect mouse (keypoints, masks, boxes)
Mask R-CNN detection

and segmentation

7. Post-process 8. Extracted dataset

Height
above
floor (mm)

512
424

0

0 512
424

0

0 512
424

0

0 245
244

0

0

50

0

Visible

Filtered

Original
pipeline

With our 
custom

segmentation

Distance from
camera

Distance from
camera

ROI membership
(1 = ROI)

Distance above
floor (mm)

Distance above
floor (mm)

512
424

0

0

Time

Time

• Tracking across frames
• Kalman filter keypoints
• Detect and correct flips
• Compute scalars 

(speed, etc.)
• Crop and rotate frames

Backbone Network
(ResNet)

Region Proposal Network (RPN)

ROI Heads (Box Heads)
Feature Pyramid Network (FPN)

P2 P3 P4 P5 ROIPooler
Box head

Mask head
Keypoint head

Mask
Bbox
Class

P6

Keypt

RPN Output

1000 box proposals

Custom Segmentation

Supplemental Fig 1. Custom segmentation and syllable analysis for SCI recovery in mice. a, 
Illustrative example of the original MoSeq pipeline and our custom segmentation algorithms. The 
original MoSeq data extraction tools could not support SCI mice as dragging trunks and limbs of injured 
mice were classified as noise and filtered out due to their significantly lower positioning compared to 
uninjured mice. We custom adapted the data processing step by leveraging the Detectron2 
implementation of multi-task RCNN for appropriate full body segmentation of SCI mice. b, Schematic of 
the extraction pipeline, including the addition of our custom segmentation algorithms. DPO, days post 
operation; MoSeq, motion sequencing; ROI, region of interest; RCNN, region convolutional neural 
network. Custom segmentation code can be found on our GitHub: https://github.com/tischfieldlab.
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Supplemental Fig 2. Pose dynamics and sequence structure underlying behavioral composition 
identification. a, Heatmap plots for each group of the Jensen Shannon distance to preinjury timepoint 
over time for the male model, denoting how similar timepoints post operation are to the preinjury 
timepoint. b, Same as a, but for the female model. c, The top 10 PCs, used by the AR-HMM model to 
capture pose dynamics and segment syllables, illustrate distinct pixel weight distributions. For 
example, PC1 primarily reflects variations in head height. d, Same as c, but for the female model. e, 
UMAP plots of weighted syllable sequences, colored by all syllable categories (except for locomotion 
syllables) across different mobilities for the male model, demonstrate that structural patterns vary 
distinctly between syllables associated with different mobility states. f, Same as c, but for the 
female model. Mod, moderate; Tx, transection; PC, principal component; AR-HMM, autoregressive 
hidden Markov model; UMAP, Uniform Manifold Approximation and Projection.



a b

c d

e f

Male Female

Male Female

Male Female

0.006

0.018

Usage 
change (%)

Real data Shuffle data Real data Shuffle data

Naive

Sham

Mild

Mod

Tx

Naive

Sham

Mild

Mod

Tx

70 DPO2 DPO 70 DPO2 DPO 70 DPO2 DPO 70 DPO2 DPO

Usage 
change (%)

0.004

0.018

02 DPO
07 DPO
14 DPO
21 DPO
28 DPO
35 DPO
42 DPO
49 DPO
56 DPO
63 DPO
70 DPO4 6 8 10 12 144 6 8 10 12 14

6
8

10
12
14
16

Mouse 1 Mouse n Mouse 1 Mouse n

2 4 6 8 10 12 14
6
8

10
12
14

Injury Timepoint Injury TimepointMouse Timepoint

Normal Injured Paralyzed Normal Injured Paralyzed

Featured
weights (AU)

Featured
weights (AU)

Featured
weights (AU)

n1

N
ai

ve
Sh

am M
ild

M
od Tx 70 DPOPreinj 70 DPOPreinj

0.0 1.0 0 1
Featured
weights (AU) 0.0 1.0

U
M

AP
 2

UMAP 1

U
M

AP
 2

UMAP 1

Naive
Sham
Mild
Mod
Tx

02 DPO
07 DPO
14 DPO
21 DPO
28 DPO
35 DPO
42 DPO
49 DPO
56 DPO
63 DPO
70 DPO

Naive
Sham
Mild
Mod
Tx

4 6 8 10 12 14 4 6 8 10 12 14 2 4 6 8 10 12 142 4 6 8 10 12 14
14

Dart

Groom

Locomotion

Pause 
freeze

Rear

Scrunch
Turn

N
ai

ve
Sh

am M
ild

M
od Tx 70 DPOPreinj

Dart

Groom

Locomotion

Pause 
freeze

Rear

Scrunch
Turn

Dart

Groom

Locomotion

Pause 
freeze

Rear

Scrunch
Turn

Mouse Timepoint

n1 70 DPOPreinj

Dart

Groom

Locomotion

Pause 
freeze

Rear

Scrunch
Turn

0.0 1.0

Supplemental Fig 3. Temporal dynamics and variability in syllable usage differences across 
groups and timepoints. a, Average absolute syllable usage differences of 17 syllable categories 
heatmap over time using real (left) and shuffle (right) data. b, Same as c, but for the female 
model. c, UMAP of average absolute syllable usage differences of 17 syllable categories for the 
male model, colored by mouse (left), group (middle), and timepoint (right) (see methods). d, Same 
as e, but for the female model. e, Weights from generalized linear models for the male model with 
average absolute syllable usage differences as a function of two factor types: injury types and 
timepoints (left) and mouse and timepoints (right). f, Same as g, but for the female model. Mod, 
moderate; Tx, transection; UMAP, Uniform Manifold Approximation and Projection.
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Supplemental Fig 4. Correlations with injury-induced demyelination across injury axes. a, 
Illustrative schematic  of manual BMS scoring conducted by two trained evaluators. b, Pearson’s 
correlations for injury-induced demyelination along the dorsoventral axis and syllable usages (top) 
and BMS criteria (bottom)  for the male model. c, Same as a, but for the female model. d, 
Pearson’s correlations for injury-induced demyelination along the rostrocaudal axis and BMS criteria 
(top) and syllable usages (bottom) for the male model. e, Same as c, but for the female model. Mod, 
moderate; Tx, transection; BMS, Basso Mouse Scale;  MBP, myelin basic protein.



a c d

e

f

g h

H
ei

gh
t

5
10
15
20
25
30

Ve
lo

ci
ty

0.5

1.0

1.5

2.0

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5

U
sa

ge

0.00

0.01

0.02

0.03

0.04

Cluster 5Cluster 1 Cluster 4Cluster 3Cluster 2

Cluster 5Cluster 1 Cluster 4Cluster 3Cluster 2

H
ei

gh
t

Ve
lo

ci
ty

U
sa

ge

Naive Sham Mild Mod Tx Naive Sham Mild Mod Tx

Sy
lla

bl
es

Scaled
usage
(AU)

0

1

Scaled
usage
(AU)

0

1

Cluster 5

Cluster 1

Cluster 4

Cluster 3

Cluster 2

Sessions sorted by recovery score
(low to high)

Sy
lla

bl
es

b
C

ou
nt

4 3 2 1 0 1 2 3
0

20

40

60

80

100

120

Residual

Male Female

Male Female

Male Female

0 2 4 6 8 10

0.00

0.01

0.02

0.03

5
10
15
20
25
30

0.5
0.0

1.0
1.5
2.0
2.5
3.0

Cluster 1

70 DPOPre 70 DPOPre 70 DPOPre 70 DPOPre 70 DPOPre

70 DPOPre 70 DPOPre 70 DPOPre 70 DPOPre 70 DPOPre

70 DPOPre 70 DPOPre 70 DPOPre 70 DPOPre 70 DPOPre

70 DPOPre 70 DPOPre 70 DPOPre 70 DPOPre 70 DPOPre

70 DPOPre 70 DPOPre 70 DPOPre 70 DPOPre 70 DPOPre

70 DPOPre 70 DPOPre 70 DPOPre 70 DPOPre 70 DPOPre

Cluster 2 Cluster 3 Cluster 4 Cluster 5

4 2 0 2 4
0

25

50

75

100

125

150

175

C
ou

nt

Sessions sorted by recovery score
(low to high)

Cluster 5

Cluster 1

Cluster 4

Cluster 3

Cluster 2

Male

Female

0

100

200

300

400

500

600

700

800

0 2 4 6 8 10

0.0 5.0 10.0 15.0

100

200

300

400

500

600

700

0
Cluster 1

0 2 4 6 8 10

0 2 4 6 8 10 12

Cluster 2

0 2 4 6 8 10

0 2 4 6 8 10 12

Cluster 3

0 2 4 6 8 10

0 5 10 15 20

Cluster 4

0 5 10 15 20

Cluster 5

0.00

0.01

0.02

0.03

0.04

0.05

Usage (%)

0.00

0.02

0.04

0.06

0.08

Usage (%)

0.00

0.01

0.02

0.03

0.04

0.05

0.06
Usage (%)

0.00

0.02

0.04

0.06

0.08

Usage (%)

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

Usage (%)

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08
Usage (%)

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08
Usage (%)

0.00

0.01

0.02

0.03

0.04

0.05

Usage (%)

0.00

0.02

0.04

0.06

0.08

0.10

0.12
Usage (%)

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07
Usage (%)

Supplemental Fig 5. Trends of syllable usages across Recovery Scores and syllable clusters. 
a, Residual values histogram for the correlation of BMS average scores and recovery scores for the 
male model. b, Same as a, but for the female model. c, Heatmap of raw syllable usage trends 
calculated using the recovery score model (see methods) for the male model. d, Same as c, but for 
the female model. e, Heatmap plots of the normalized usage of syllables within each cluster for the 
male model. f, Same as e, but for the female model. g, Line plots of usages (top), velocity (middle), 
and height (bottom) by group over time for each cluster for the male model (n = 71; ANOVA with 
Dunnett’s multiple comparison test here and below; P values can be found in Source Data 11). h, 
Same as g, but for the female model (n = 68, Source Data 11).
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