
●
●
●
●

●●●●●●●●●
●●●●●●●●●●●

●●●
●
●●●

●

●●
●●●●●●●●●●
●
●

●
●
●●●●●●●●●●●●

●●
●●●●●

●●●

●●●●●●●

●
●●●

●●●
●

●●
●●●●

●●●●●●
●
●
●
●●●
●
●●●●●●●●●●●
●●●●●●

●●●●●●●

●●
●●
●●
●
●●●●●
●

●●●●●
●●●●●●●●

●
●●●

●●●●●●
●
●●●●●●●●●●●●●●● ●●●●●●●

●●●●●●
●●●●●●●●●●

●●●
●
●●●●●

●

●●●●●●
●●●●●●

●
●●●●●●
●●●●●●●●●●●●●●●●

●
●●●●
●●
●
●
●

●

●●●

●

●●
●

●●
●
●
●●
●
●
●●●●●●●●●●●
●
●●●●●●●

●

●
●●●
●
●
●
●●
●

●
●●●
●●●●●

●●●●●●●
●●●●●
●●●●●●●

●

●●

●
●●●●

●●●●
●
●
●
●●
●●

●●●●

●●●●●●

●●●●●
●

●

●●●
●

● ●●●●●
●
●●●●●●●
●●
●●●●●●●

●●●
●
●
●
●

●●●●

●
●●
●●
●

●●●●
●
●●●
●
●
●
●●●●

●
●●●●●●●
●●

●●

●
●
●
●●●●●●●●●

●●●●●●
●

● ●
●●●

●
●●●●●●●●

●●●●●
●●
●
●
●●●
●
●●●●●
●●
●●●

●●●●●●●●●●
●●

●●●
●
●
●
●
●
●●●
●●●●●
●
●●●●●●●●●
●

●
●●●●●
●●●
●●●●●●
●●●

●

●●●●●
●●●●●●●●●●●●●
●●●●
●●●●●●

●●●●●●●●●●
●●●●●
●
●●
●

●●●●

●●●●●●
●●●●
●●

●
●●●●●
●●●●●●●●●●●●

●●●

●●●●

●●●●●●●●●
●●●●●●●●●
●●●●

●●●●●●
●
●●●●●●●
●●●●●●
●●●●●
●●●●

●●●
●●●●● ●●●●●●

●●●●●●●●●●●●●

●●
●
●
●
●
●●●●●●

●
●●●●

●●●●
●
●●●●●

●●●●

●
●
●●

●

●●

●●●●

●●●●●
●●
●
●●
●
●
●
●
●
●
●
●
●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●
●●●●

●●

●
●●●●●●
●●
●
●

●
●●
●

●●●●●●●
●

●●●●●●●●

●●
●

●
●●●●●●
● ●●●●●

●
●●●●●●●●
●
●
●
●●
●●

●●●
●
●

●

●●

●●●●●●●●●
●●●●
●●

●●●●●●●●
●●●
●
●
●●●●●●●●●●

●
●●

●●●●●
●●●
●●●●
●● ●●●●●●●

●●
●
●●●
●●●●
●●●●
●
●●●

● ●●●●●●●●●
●●●●
●●●●●●
●

●
●

●

●●●●●●●●●●●●●●●
●●●●

●●
●●●●●●●●●●●●●●
●●●●
●●●●●●●
●
●
●●●●

●●●

●●●
●●●●●
●●●●●●●●●●●
●
●●●
●

●
●
●●●●●●●
●
●

●●●
●●●●●●●●

●●●●●●
●

●●●●●
●●●

●●●●●●●
●●

●
●●●●

●●
●●●●●●

●
●●●●●●●●
●
●●
●●●●●
●●●●
●●
●●●●
●

●●●●●●●●●●●●●●●
●●●
●●●
●●●
●
●●●●●●●●●
●●●
●●●●●

●●●●●●●●
●●
●●●●●
●●
●
●
●●●

●
●●
●
●●●●●
●●●
●●●

●●
●
●●●●●
●

●●●●●●●●●●●●
●●●●●
●●
●
●●●●●●●
●●●
●
●●●
●●
●●
●●●●●●●●

●●
●●●
●●●●●●●

●●●●
●●●●●
●
●●
●
●
●
●●
●
●●●
●
●
●
●
●●●
●●●
●●●●
●●●●
●●●
●●
●●●●
●
●
●●

●
●●●●●●●●●●
●
●●●●●
●
●●●●
●●●

●
●●●●●●●●●●●●●●●
●●●●●●●
●
●●●●●●
●●●●●●
●
●●●
●
●
●●
●
●●
●
●●
●●
●

●●● ●●●●●

●
●●
●●●●●●●●
●●●●●
●●●●●●●
●●●●●
●●●●●●
●●●
●●●

●
●●●●●●●●●●

●
●
●●
●●●●●●
●●

●●
●
●
●
●
●
●●●●●

●●●●●●●●●●●●●
●●●●
●●●●●●●●

●●●●●
●
●●
●
●●●●●●●
●●●●●●
●
●

●●●●●●

●
●●●
●●●●●●
●●●
●●●●

●●●●●●●
●●●●

●●

●●
●
●
●●

●
●
●●●●●
●

●
●●
●●
●
●
●
●

●●

●

●
●●
●●●●●●
●●

●●

●
●●●
●●●●●
●
●
●●●●●●●
●●●●

●●●
●
●
●●●●●●

●
●●●
●
●●
●●●●●●
●
●●
●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●
●●●●●●●●
●●●●●
●●●●●●●●●●

●●●
●●●●
●
●●●●●●
●●●●●●
●
●
●
●●

●●
●
●●
●
●●
●●●
●
●
●●●●
●●

●
●
●
●●
●
●●
●
●
●

●

●●●●●●●●●●
●●●●●●●●
●
●

●●●●●●●●●
●●
●●
●●●●●●●
●
●●●
●●●●●●●●

●

●●●●●
●●●●●●●●
●●●●●●●●●
●

●●●●●●●
●●●
●
●●●●●●●
●●●

●
●●●

●
●●●
●●
●●●
●●
●●●●
●
●●●●●●
●●●
●

●●
●
●●●●●●●
●●●

●●●●●●●
●●●
●
●●

●●●●●●●●●●●●
●
●
●●

●
●

●●●●
●●●
●●
●●
●●●●●●
●
●●●●●●●●

●●●●●●●●●

●●
●●●
●
●

●●●
●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●
●●
●●●●●●●

●
●●●
●
●●●●
●●●
●●●●
●
●●●
●
●●●
●
●
●
●●
●
●●
●●
●●
●●
●●
●
●
●
●
●
●
●●
●●●●

●●
●●●●●●●●●●●●●●●●

●●●●●●
●
●●●●●●

●●●●●●●●
●
●

●●
●●●●

●●●●●●●●●●●●●●●●●●
●
●●
●

●●●●●●●●●●●
●●●●●●●●●

●●●●●●
●●●●●●●
●

●●●●●●
●
●●●●
●●●●●
●●
●
●●

●●●●

●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●
●
●●●●●●

●

●●●●●●●●●●●●●●
●●●●●●●●●

●●●●
●●●●
●
●
●●●●●●●●
●
●

●
●●●●
●●●
●

●

●
●●●●●●●●
●●●●

●●

●
●●●●

●●●
●
●●●●●●●●
●●●●●●

●●●
●
●●●●●●●●
●●●●●●●

●●●●●●●●●●

●●●
● ●

2000

4000

6000

8000

10000

0.0

2.5

5.0

7.5

10.0

20

40

60

0 1 2 3 4 5 6 7 8
0e+00

1e+05

2e+05

0 1 2 3 4 5 6 7 8

GrowingRS 

RS 

0
7

●

●3
● 4

● 5

● 1
● 2

●8

6 ●

●
●●

●

RS

RS
RS

● ●

● ●

●

RS

RSRS

● ●

● ●
●

RS

RS

RS

● ●

● ●

●

RS

RS

RS

● ●

● ●

●

Number of Genes Expressed Number of UMI

% Mitochondria Reads% Ribosomal Reads

A.

B.

●●●
●●●●●●●●●●
●
●●●
●●●●
●●●●●

●●●●
●●

●●●●●●●●●●●●●
●

●●
●●●
●●●●●●

●●
●●
●
●●●●●

●
●●
●●●●●●
●●●
●●●●
●●●
●
●●●●
●●●●●
●
●●
●●●●●●

●●
●
●●
●
●●
●●●●●
●●●●
●
●●●●
●●●●●●
●
●●●
●
●
●●
●●
●
●
●
●●
●
●

●●

●●●● ●●●●●●

●●
●
●
●●●
●●●

●
●
●●

●

●●
●
●●

●
●
●
●●●●●●●
●
●
●●
●●●●●●●
●
●
●●●●●
●
●●
●
●●●
●
●●●
●
●●
●●●
●
●
●
●●●
●●●

●●●●●●●●●
●
●●●●●●●●
●
●
●
●●●
●●●●●●●●●●●●●●●●

●●
● ●●●●

●
●●●●
●
●●●●●●●
●●●
●
●●●●

●●●●●
●
●●●●●●
●●●
●
●
●●●
●●●

●

●

●●●

●
●

●
●●●
●●
●
●

●

●●

●●
●

●
●●●●

●

●●

●

●●
●
●●

●

●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●
●
●●
●●
●
●●
●
●●●●
●●●●
●●●
●●●●●●●●●●●●●●●●●

●
●
●●

●●
●●
●●●●●●
●
●●●●●●●●
●

●

●●●●

●

●

●

●●

●●●●

●

●

●
●

●
●●
●●●●

●●
●
●
●

●●●●●●
●●
●●●
●

●
●

●●●●

●

●●●

●●●●●
●●●
●●●●●
●●●●●
●
●
●●
●●

●●●●
●●
●●
●
●
●●
●●●●●
●
●●●
●
●●
●●●
●●
●
●
●●●●

●●
●●●●●●

●
●●●●
●
●
●
●●●●●
●
●●●
●●

●●
●●
●●

●●●●●
●●●●
●●●
●●●●●
●●●

●●●●●●
●
●●●●●
●
●●●
●●●●●●●●
●●
●●●
●
●●
●
●
●
●
●●●●
●●●

●●●●

●
●●
●●

●●
●
●●●
●
●

●
●
●●●●

●

●

●●
●●

●●

●
●●●
●

●

●

●●●

●●●●●●●
●●●●●●●

●●●●●●●
●●●●●●●●
●
●
●
●
●
●●●
●●
●
●●●●●●●
●●●
●
●
●

●
●●●●
●
●●●●
●
●●
●●
●●●●●
●●●●●●●●●●●●●

●●●
●
●
●●●●●●
●
●
●●●●●●●
●●
●

●●
●●●●●●
●●●●●
●
●●
●●
●●● ●●●●●●

●●●●●●●●●●●●●●●●●●
●●
●●●
●●●●●●●●●
●

●●
●
●●
●
●●●●●●●●●●●●●●●
●
●●●●

●●
●●
●
●
●●●
●
●
●
●
●●●
●●●●
●●●
●●●
●
●●●●●
●●●

●●●●●●●●●●●●
●
●
●
●●●
●●●●●●●●●●●

●●
●●●
●●●●●●●●●●

●●●●●●●●●●●●●●
●●
●
●●●

●●●●●●●●●●
●●
●●●
●●●
●
●●●
●
●
●●
●●

●●●●●●●

●●●●●●●●
●●●●●●

●
●●●●●●●●●●●●●

●●●●●●
●●●●●

●●●●

●●●●●●●●●●●●
●
●●●●●●●
●●●
●
●●

●●
●●●●●●●●●

●
●●●●
●
●●
●
●●
●
●●●
●●●●●●

●●●●●
●●●●●

●

●

●

●●●●
●
●●
●

●●●●●●●●
●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●

●
●●●●●●

0.0
0.2
0.4

●●●●
●●

●●●●●
●●

●●
●●
●
●●●●●

●●
●
●●
●
●●
●●●●●
●●●●
●●
●●●●
●●●●●●
●●
●●●
●
●

●●●●●●
●●●
●●
●●●●●●
●●
●●●

●

●●

●

●●

●●●●●●●●●
●●●●●●
●●●●●

●●●●●●●
●●●
●
●
●●●●●●●●●
●

●

● ●●●●●●●

●●●●
●
●
●
●●●
●
●●●
●●●●●●●
●●●●
●
●
●●●●●●
●
●
●
●
●●●●●
●●●
●
●●●●●
●
●
●●
●●●
●●●●●●
●●●●●●

●●●
●●●
●
●●
●
●●
●
●●
●●
●
●●●●
●●●●●
●●●●●●●●●●
●●
●
●
●●●

●●●●●●●●●●●●●●●●●
●
●
●●●●
●●

●●●
●
●●
●
●
●●●
●
●●●●●●
●●●●●●●

●●●●●
●●●●●● ●●●

●
●
●●●●●●
●
●
●●●●
●

●●●●●
●
●●●●●●
●●●
●
●
●●●
●●●

●

●

●●●

●
●

●
●●●
●●
●
●

●

●●

●●
●

●
●●●●

●

●●

●

●●
●
●●

●

●●●●

●
●

●●●●●●●●●
●●●●●●●●
●●●●●
●
●●●●●

●●●●●●●●

●
●●●●●
●●
●
●●
●
●●●●●●
●●●●

●●●●●●●●●●●●●●●●●●●●●●

●●●●●
●●●
●●●●●
●●●●●
●
●
●●
●●

●●●●
●●
●●
●
●
●●
●●●●●
●
●●●
●
●●
●●●
●●

●●●●●
●●●
●●●●●
●●●●●
●●
●●
●●
●●
●●
●●
●●●●●●●●

●●●●●

●
●
●●●
●●
●
●
●●●●
●
●●●
●
●●
●●
●

●

●●●●

●
●●●●●●●●

●●●●●

●●●●
●●●●
●
●●●●●

●●

●●●●●●●●
●●●●
●●
●●

●
●
●●
●
●
●
●●●
●

●
●●
●●
●
●●●●●●●●●●●
●●●●●●●
●●

●●
●●●●

●
●●
●●

●●●●●●●●●●●●●●●

●●

●●●●

●●●
●
●●●●●●
●●●
●●●

●●●●●
●●●

●●●●●●●●●

●●
●
●●●●●●●●●

●●●●●●
●
●●●●●
●
●●
●●●

●●●●●●●●
●
●
●
●
●●●
●●
●

●
●●●●●●●●●●
●●●
●●●
●●●●●

●●●●●●●●●●●●
●
●
●
●●●●

●

●

●

●

●
●
●
●
●

●●
●
●●

●●
●
●●

●
●

●●●●●●

●●●●●●●●●●●

●●●●●●●●
●
●●●●

●●
●●●●●

●●
●●●●
●
●●●
●●●●
●●●●●●●
●●
●●
●
●●
●
●

●●●●●●●
●●●
●
●●
●●●●
●
●●
●

●●●

●●●●●
●●●●
●●●●●

●●●●●●●
●●
●●●●●●●
●
●●
●●●●●●
●
●●
●
●●
●
●
● ●

●●●●●●●●●

●

●

●
●
●
●●●●●

●

●
●●
●●●
●●
●
●
●●●●
●●
●●

●●●●
●●●●●

●●●●●
●●●●●
●●●●●●
●

●●●●●●●●●●●
●●●

●
●●●●●●●●●●●●●

●●
●●●●●●●●●●●●

●
●●
●
●●
●
●●●
●●●

●● ●●

●●●●●
●●●
●
●●●●●
●

●●●●●●●●●●●●
●
●●●●●
●●
●●●●
●●●●
●
●
●●●
●

●●●●●●●●

●
●●
●●●●●●
●
●●
●
●
●
●●●●●●●●●

0.0
0.3
0.6

U
M

A
P 

2

UMAP 1

S ScoreG2 Score

Renormalize 
Rescale 

Recluster 

C.




