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Distinction between human vs other primates

hTps://news.janegoodall.org/2018/06/27/chimps-humans-monkeys-whats-difference/ 

Jorstad, et al., BioRxiv, 2022
Bakken, et al., Nature, 2021

Ardesch, et al., Na\onal Acad Sciences, 2019
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Specialised brain region

hTps://radiopaedia.org/ar\cles/middle-temporal-gyrus
Middle Temporal Gyrus Jorstad, et al., BioRxiv, 2022

Comparative transcriptomics reveals human-specific cortical features 
Jorstad, Song, Exposito-Alonso, et al.
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Transcriptomic data
• Information about the RNA molecules 

  

•Which genes are expressed 

• How gene expression varies

hTps://www.azolifesciences.com/ar\cle/A-Guide-to-
Understanding-Gene-Expression.aspx

DNA

mRNA

Protein

Transcription

Translation
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Omics visualisation tools
Cytosplore

MulteeSum

Single Cell Explorer

Höllt, et al., Computer Graphics Forum, 2016

Feng, et al., BMC Genomics, 2019

Meyer, et al., IEEE TVCG, 2010

5



Comparative analysis
•Comparative analysis of multi-species 

single-cell transcriptomic datasets 

•Understanding of cell type and gene 
expression variations
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Collaboration and study setup
• Long-term collaboration 

Jorstad, et al., BioRxiv, 2022

Bakken, et al., Nature, 2021

Long, et al., arXiv, 2023

Tasic, et al., Nature, 2018 Hodge, et al., Nature, 2019
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Collaboration and study setup
• Long-term collaboration  
•Data generation

Jorstad, et al., BioRxiv, 2022

Comparative transcriptomics reveals human-specific cortical features 
Jorstad, Song, Exposito-Alonso, et al.
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Collaboration and study setup
• Long-term collaboration  
•Data generation 

•Data complexity 151 in-species

86 cross-species

15 subclass

5 neighbourhood

3 class

Cluster hierarchy

Jorstad, et al., BioRxiv, 2022
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Collaboration and study setup
• Long-term collaboration  
•Data generation 

•Data complexity 

•Domain specific goals

High level goals

How do cell type characteristics, such as layer distribution or 
gene expression, differ across species?
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Collaboration and study setup
• Long-term collaboration  
•Data generation 

•Data complexity 

•Domain specific goals

How do cell type characteristics, such as layer distribution or 
gene expression, differ across species? 

Are there genes that have comparable expression patterns 
across multiple species?

High level goals
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Collaboration and study setup
• Long-term collaboration  
•Data generation 

•Data complexity 

•Domain specific goals

How do cell type characteristics, such as layer distribution or 
gene expression, differ across species? 

Are there genes that have comparable expression patterns 
across multiple species? 

Are there genes that have highly variable expression patterns 
across multiple species?

High level goals
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Collaboration and study setup
• Long-term collaboration  
•Data generation 

•Data complexity 

•Domain specific goals 

• Task abstraction

Tasks

1. Identify cross-species clusters of interest by exploring in-
species cell cluster attributes 
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Collaboration and study setup
• Long-term collaboration  
•Data generation 

•Data complexity 

•Domain specific goals 

• Task abstraction

Tasks

1. Identify cross-species clusters of interest by exploring in-
species cell cluster attributes 

2. Identify genes of interest for the identified cross-species 
clusters according to their attached meta information 
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Collaboration and study setup
• Long-term collaboration  
•Data generation 

•Data complexity 

•Domain specific goals 

• Task abstraction

Tasks

1. Identify cross-species clusters of interest by exploring in-
species cell cluster attributes 

2. Identify genes of interest for the identified cross-species 
clusters according to their attached meta information  

3. Compare gene expression values between species
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Subtask: Attribute exploration 

•Distance

Task 1: Cluster identification
Heat map

Details on distance measure  
by Jorstad et al., BioRxiv, 2022
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Subtask: Attribute exploration 

•Distance

Task 1: Cluster identification
In-species clusters
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•Distance

Task 1: Cluster identification
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Subtask: Attribute exploration 

•Distance

Task 1: Cluster identification
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Subtask: Attribute exploration 

•Distance 

• Size

Task 1: Cluster identification
Cluster size
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Subtask: Attribute exploration 

•Distance 

• Size

Task 1: Cluster identification
Cluster size
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Subtask: Attribute exploration 

•Distance 

• Size 

•Additional metadata

Task 1: Cluster identification
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Subtask: Attribute exploration 

•Distance 

• Size 

•Additional metadata

Task 1: Cluster identification
Info panel

23



As
tro

_1

As
tro

_2

O
lig
o_

1

O
lig
o_

2

VL
M
C
_1

En
do

_1

M
ic
ro
-P
VM

_1

M
ic
ro
-P
VM

_2

O
PC

_1

O
PC

_2

Astro_1

Astro_2

Astro_3

Astro_4

Astro_5

Oligo_1

Oligo_2

Oligo_3

Oligo_4

VLMC_1

VLMC_2

Endo_1

Micro-PVM_1

Micro-PVM_2

Micro-PVM_3

OPC_1

OPC_2

Class NNon-neuronalon-neuronal

Subclass OOPCPC

Cross-species OOPC_2PC_2

In-species OOPC_2PC_2 OOPC_2PC_2

Cell count 11474474 22107107

Distance 2.2.99

Layer disection count 5522 222929

Layer distribution

6

5

4

3

2

1

0.20.2 0.20.2

Info panel
Subtask: Attribute exploration 

•Distance 

• Size 

•Additional metadata

Task 1: Cluster identification

24



As
tro

_1

As
tro

_2

O
lig
o_

1

O
lig
o_

2

VL
M
C
_1

En
do

_1

M
ic
ro
-P
VM

_1

M
ic
ro
-P
VM

_2

O
PC

_1

O
PC

_2

Astro_1

Astro_2

Astro_3

Astro_4

Astro_5

Oligo_1

Oligo_2

Oligo_3

Oligo_4

VLMC_1

VLMC_2

Endo_1

Micro-PVM_1

Micro-PVM_2

Micro-PVM_3

OPC_1

OPC_2

Class NNon-neuronalon-neuronal

Subclass OOPCPC

Cross-species OOPC_2PC_2

In-species OOPC_2PC_2 OOPC_2PC_2

Cell count 11474474 22107107

Distance 2.2.99

Layer disection count 5522 222929

Layer distribution

6

5

4

3

2

1

0.20.2 0.20.2

Subtask: Attribute exploration 

•Distance 

• Size 

•Additional metadata

Task 1: Cluster identification
Info panel

25



As
tro

_1

As
tro

_2

As
tro

_3

As
tro

_4

O
lig
o_

1

VL
M
C
_1

VL
M
C
_2

VL
M
C
_3

VL
M
C
_4

En
do

_1

En
do

_2

M
ic
ro
-P
VM

_1

M
ic
ro
-P
VM

_2

M
ic
ro
-P
VM

_3

O
PC

_2

O
PC

_1

O
PC

_3

Astro_1

Astro_2

Astro_3

Astro_4

Astro_5

Oligo_1

Oligo_2

Oligo_3

Oligo_4

VLMC_1

VLMC_2

Endo_1

Micro-PVM_1

Micro-PVM_2

Micro-PVM_3

OPC_1

OPC_2

Class NNon-neuronalon-neuronal

Subclass OOPCPC

Cross-species OOPC_1PC_1

In-species OOPC_2PC_2 OOPC_1PC_1

Cell count 337777 5544

Distance 441.81.8

Layer disection count 1111 22

Layer distribution

6
5
4
3
2
1

0.20.20.40.4 0.20.2 0.40.4

Task 1 cluster identification: Example

As
tro

_1

As
tro

_2

O
lig
o_

1

O
lig
o_

2

VL
M
C
_1

En
do

_1

M
ic
ro
-P
VM

_1

M
ic
ro
-P
VM

_2

O
PC

_1

O
PC

_2

Astro_1

Astro_2

Astro_3

Astro_4

Astro_5

Oligo_1

Oligo_2

Oligo_3

Oligo_4

VLMC_1

VLMC_2

Endo_1

Micro-PVM_1

Micro-PVM_2

Micro-PVM_3

OPC_1

OPC_2

Class NNon-neuronalon-neuronal

Subclass OOPCPC

Cross-species OOPC_1PC_1

In-species OOPC_1PC_1 OOPC_1PC_1

Cell count 3322 5544

Distance 4.4.22

Layer disection count 22 22

Layer distribution

6
5
4
3
2
1

0.20.20.40.4 0.20.2 0.40.4

26



As
tro

_1

As
tro

_2

As
tro

_3

As
tro

_4

O
lig
o_

1

VL
M
C
_1

VL
M
C
_2

VL
M
C
_3

VL
M
C
_4

En
do

_1

En
do

_2

M
ic
ro
-P
VM

_1

M
ic
ro
-P
VM

_2

M
ic
ro
-P
VM

_3

O
PC

_2

O
PC

_1

O
PC

_3

Astro_1

Astro_2

Astro_3

Astro_4

Astro_5

Oligo_1

Oligo_2

Oligo_3

Oligo_4

VLMC_1

VLMC_2

Endo_1

Micro-PVM_1

Micro-PVM_2

Micro-PVM_3

OPC_1

OPC_2

Class NNon-neuronalon-neuronal

Subclass OOPCPC

Cross-species OOPC_1PC_1

In-species OOPC_2PC_2 OOPC_1PC_1

Cell count 337777 5544

Distance 441.81.8

Layer disection count 1111 22

Layer distribution

6
5
4
3
2
1

0.20.20.40.4 0.20.2 0.40.4

Task 1 cluster identification: Example

Cells in layer1 in 
chimpanzee but 
not humans

Cells in layer1 in 
gorilla but not 
humans

As
tro

_1

As
tro

_2

O
lig
o_

1

O
lig
o_

2

VL
M
C
_1

En
do

_1

M
ic
ro
-P
VM

_1

M
ic
ro
-P
VM

_2

O
PC

_1

O
PC

_2

Astro_1

Astro_2

Astro_3

Astro_4

Astro_5

Oligo_1

Oligo_2

Oligo_3

Oligo_4

VLMC_1

VLMC_2

Endo_1

Micro-PVM_1

Micro-PVM_2

Micro-PVM_3

OPC_1

OPC_2

Class NNon-neuronalon-neuronal

Subclass OOPCPC

Cross-species OOPC_1PC_1

In-species OOPC_1PC_1 OOPC_1PC_1

Cell count 3322 5544

Distance 4.4.22

Layer disection count 22 22

Layer distribution

6
5
4
3
2
1

0.20.20.40.4 0.20.2 0.40.4

As
tro

_1

As
tro

_2

O
lig
o_

1

O
lig
o_

2

VL
M
C
_1

En
do

_1

M
ic
ro
-P
VM

_1

M
ic
ro
-P
VM

_2

O
PC

_1

O
PC

_2

Astro_1

Astro_2

Astro_3

Astro_4

Astro_5

Oligo_1

Oligo_2

Oligo_3

Oligo_4

VLMC_1

VLMC_2

Endo_1

Micro-PVM_1

Micro-PVM_2

Micro-PVM_3

OPC_1

OPC_2

Class NNon-neuronalon-neuronal

Subclass OOPCPC

Cross-species OOPC_1PC_1

In-species OOPC_1PC_1 OOPC_1PC_1

Cell count 3322 5544

Distance 4.4.22

Layer disection count 22 22

Layer distribution

6
5
4
3
2
1

0.20.20.40.4 0.20.2 0.40.4

A
st
ro
_1

A
st
ro
_2

A
st
ro
_3

A
st
ro
_4

O
lig
o_

1

V
LM

C
_1

V
LM

C
_2

V
LM

C
_3

V
LM

C
_4

E
nd

o_
1

E
nd

o_
2

M
ic
ro
-P
V
M
_1

M
ic
ro
-P
V
M
_2

M
ic
ro
-P
V
M
_3

O
P
C
_2

O
P
C
_1

O
P
C
_3

Astro_1

Astro_2

Astro_3

Astro_4

Astro_5

Oligo_1

Oligo_2

Oligo_3

Oligo_4

VLMC_1

VLMC_2

Endo_1

Micro-PVM_1

Micro-PVM_2

Micro-PVM_3

OPC_1

OPC_2

Class NNon-neuronalon-neuronal

Subclass OOPCPC

Cross-species OOPC_1PC_1

In-species OOPC_2PC_2 OOPC_1PC_1

Cell count 337777 5544

Distance 441.81.8

Layer disection count 1111 22

Layer distribution

6
5
4
3
2
1

0.20.20.40.4 0.20.2 0.40.4
27



Subtask: Attribute exploration 

•Distance 

• Size 

•Additional metadata

Task 1: Cluster identification

Low dimensional UMAP embeddings
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Subtask: Attribute exploration 

•Distance 

• Size 

•Additional metadata

Task 1: Cluster identification

Low dimensional UMAP embeddings
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Subtask: Attribute exploration 

•Distance 

• Size 

•Additional metadata

Task 1: Cluster identification
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Task switching: Cluster to gene level

Move from 
cluster to gene 
level
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Subtask: Attribute exploration 

• Expression differences

Task 2: Gene identification

Average 12000 genes (rows)
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Subtask: Attribute exploration 

• Expression differences

Task 2: Gene identification

Sort columns
Filter rows
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Subtask: Attribute exploration 

• Expression differences 

•Accelerated genomic regions

Task 2: Gene identification
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Subtask: Attribute exploration 

• Expression differences 

•Accelerated genomic regions

Task 2: Gene identification

Hunt, et al., Cambridge University Press, 2020

Foot comparison human vs chimpanzee

35



Subtask: Attribute exploration 

• Expression differences 

•Accelerated genomic regions

Task 2: Gene identification

Hunt, et al., Cambridge University Press, 2020

Foot comparison human vs chimpanzee
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Subtask: Attribute exploration 

• Expression differences 

•Accelerated genomic regions

Task 2: Gene identification
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Subtask: Attribute exploration 

• Expression differences 

•Accelerated genomic regions

Task 2: Gene identification

Genes associated with 
accelerated regions

PLCB4 3.764

38



Subtask: Attribute exploration 

• Expression differences 

•Accelerated genomic regions

Task 2: Gene identification
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•Multi-species expression 
comparison

Task 3: Expression comparison

Comparing expression values across species for a gene
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•Multi-species expression 
comparison

Task 3: Expression comparison

Compared across species

41



•Multi-species expression 
comparison

Task 3: Expression comparison

Human has high expression compared to the other primates
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•Multi-species expression 
comparison

Task 3: Expression comparison

Human has high expression compared to the other primates

Oligo_1

human chimp gorilla rhesus marmoset
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•Multi-species expression 
comparison 

•Neighbourhood overview

Task 3: Expression comparison

Compared across neighbourhood
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•Multi-species expression 
comparison 

•Neighbourhood overview 

•Circular workflow

Task 3: Expression comparison

Task 1: 
Identify cluster

Task 3: 
Compare expression

Task 2:  
Identify gene
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Conclusion
•Comprehensive user study 

• Examples indicate potential 

•Accommodate more species 

•Go beyond pairwise comparison

Friedrich, et al., Elsevier, 2021
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