
Visual Computing in 
Biology

Hanspeter Pfister, Harvard University
pfister@seas.harvard.edu



Data Explosion in Biology
Microscopy

Bio-Chemistry

Genomics

Systems Biology



Data 
Acquisition

Challenges

Scale

Heterogeneity

Data Reduction 
& Abstraction

source: Human

destination: Lizard
chr1

ch
r2

c
h
r
3

c
h
r
4

c
h
r
5

c
h
r6

ch
r7

chr8

chr9

chr10

chr11

c
h
r1

2

c
h
r
1
3

c
h
r
1
4

c
h
r
1
5

c
h
r
1
6

c
h
r
1
7

c
h
r
1
8

c
h
r1

9

ch
r2

0

c
h
r2

1

c
h
r
2
2

chrX

chrY

chr3

c
h
r
1

ch
r2

chr3

c
h
r
4

c
h
r
5

ch
r6

c
h
r
a

c
h
r
b

c
h
r
c

c
h
r
d

c
h
r
f

c
h
r
g

c
h
r
h

saturation
line

- +

10Mb

chr3

go to: 

237164

386455

orientation:

out

Visualization & 
Human Analysis



Data 
Acquisition

Data Reduction 
& Abstraction

source: Human

destination: Lizard
chr1

ch
r2

c
h
r
3

c
h
r
4

c
h
r
5

c
h
r6

ch
r7

chr8

chr9

chr10

chr11

c
h
r1

2

c
h
r
1
3

c
h
r
1
4

c
h
r
1
5

c
h
r
1
6

c
h
r
1
7

c
h
r
1
8

c
h
r1

9

ch
r2

0

c
h
r2

1

c
h
r
2
2

chrX

chrY

chr3

c
h
r
1

ch
r2

chr3

c
h
r
4

c
h
r
5

ch
r6

c
h
r
a

c
h
r
b

c
h
r
c

c
h
r
d

c
h
r
f

c
h
r
g

c
h
r
h

saturation
line

- +

10Mb

chr3

go to: 

237164

386455

orientation:

out

Visualization & 
Human Analysis

Visual Computing



Visual Computing

Data 
Acquisition

Data Reduction 
& Abstraction

Visualization & 
Human Analysis

Computer 
Vision

GPU 
Computing

Computer 
Graphics

Visualization



Visual Computing Group
Dr. Nicolas Bonneel
Dr. Verena Kaynig
Dr. Bjoern Andres
Moritz Baecher
Michelle Borkin

Kevin Dale
Amanda Peters
Mike Roberts

Kalyan Sunkavalli
Amelio Vazquez



Genomics and Systems 
Biology

Miriah Meyer
University of Utah



Pathline
A Tool for Comparative Functional Genomics Data

Pathline: A Tool for Comparative Functional Genomics
M. Meyer et al., IEEE/Eurographics EuroVis 2010.

Miriah Meyer, Bang Wong, Mark Styczynski, Tamara Munzner, Hanspeter Pfister
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functional genomics

how do genes work together to perform 
different functions in a cell?



functional genomics data

gene expression
molecular pathways



pathways

gl
yc
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ys

is

tca cycle

www.genome.jp/kegg/



functional genomics

how do genes work together to perform 
different functions in a cell?

comparative functional genomics

how do the gene interactions vary across 
different species?



data: multiple genes
          multiple time points
          multiple related species
          multiple pathways

collaborators: Regev Lab at the Broad Institute

biology: metabolism in yeast

problem: existing tools can only look at a subset of this data

comparative functional genomics

how do the gene interactions vary across 
different species?



metabolic pathways



similarity scores



gene expression
phylogeny



linearized pathway 
representation

- bars and circles
- visual layers for selective attention
- color-code gene direction
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representation
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- bars and circles
- visual layers for selective attention
- color-code gene direction

- multiple similarity scores



linearized pathway 
representation

common axes to compare 
similarity scores

!"
!#
!$

%&'

%&(

%&

%&'

)&

%&')*

%*

%++

)+
%&+

%+,

)-

.

/

%$

%&,

0

1

%*

%&,

2&

!+,

%*'

3,4", &4,,

3,4", &4,,

!"# !"#"$
567807/ 79:97;9 1</<79.=<6>0?

%"&'()*+&"$ %"&,+-$
)907;6>@A1!76AB&
)907;6>@A1!76AB*
)907;6>CDD

$%

3+4*

E*4#

$&

3-4+

E-4+

$'

3*4+

E(4"

()*

3*4$

E*4+

()+

3+4,

E*4#

3*4"

E$4"

3*4$

E(4+

3+4*

E*4*

3&4(

E(4"

3*4-

E+4,

3*4&

E*4-

3*4'

E$4'

3+4*

E#4,

3*4,

E'4"

3+4&

E#4#

3-4+

E"4"

3*4'

E&4'

3&4(

E,4*

3&4$

E(4&

,)

,-

,.

,/

,%

,&

,'

,*

,+

,)0

,))

,)-

,).

,)/

1234567" 2839958:9;8<9=12;236>"8:?7<3697258@"79=6<A
1234B2# ="3;6<89>";>6"B A1"<6"A <?;>"=21 9>";52#A

- bars and circles
- visual layers for selective attention
- color-code gene direction

- multiple similarity scores

- multiple pathways
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linearized pathway 
representation
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- use spatial position for similarity scores 

- topology is secondary

putting it together . . .
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curvemap
inspired by heatmaps
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- base visual unit is a curve

- filled, framed line charts to 
enhance shape perception

- rows are species

- columns are genes/metabolites

- overlays to enhance trends
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www.pathline.org



MizBee
A Browser for Comparative Genomics Data

MizBee: A Multiscale Synteny Browser.
M. Meyer et al., IEEE InfoVis 2009.

Miriah Meyer, Tamara Munzner, Hanspeter Pfister

source: Human
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-comparative genomics

-compare regions of similar 
genomic sequences between 
genomes

-at multiple scales, from 
genomes to genes



source: Human
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source: Human
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“The first time I saw my data in [MizBee] I was totally disappointed. 
The data was very noisy, and there were many small blocks that went 
to different chromosomes.”

“Honestly, I don't know. 
I don't think I would ever have gotten here. The noise was very hard 

see in the scatter plots while [MizBee] is much more unforgiving.”
Genome-wide Synteny Through Highly Sensitive Sequence Alignment: Satsuma

M. Grabherr et al., Bioinformatics 2010.



MulteeSum
A Tool for Exploring Space-Time Expression Data

MulteeSum: A Tool for Comparative Spatial and Temporal Gene Expression Data
M. Meyer et al., IEEE InfoVis 2010.

Miriah Meyer, Tamara Munzner, Angela DePace, Hanspeter Pfister
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collaborators: DePace lab at Harvard 
Medical School

model species: fruit fly

scientific goal: link changes in the regulatory 
part of the genome to species variation

requires: characterize differences in gene 
expression patterns between species

MulteeSum
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The Connectome
Discovering	
  the	
  Wiring	
  Diagram	
  of	
  the	
  Brain
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Collaborators
Harvard Center for Brain Science

• Prof. Jeff Lichtman & Prof. Clay Reid

KAUST

• Prof. Markus Hadwiger, Dr. Johanna Beyer

SEAS

• Dr. Won-Ki Jeong
Dr. Verena Kaynig-Fittkau
Amelio Vazquez
Mike Roberts



The Scientific Challenge
How is the mammalian brain wired?

Ramón y Cajal, 1905 Harvard Center for Brain Science



Brainbow



Connectome Workflow



Microtome Cutting

Ken	
  Hayworth



Automatic Tape 
Collection Mechanism

Submerged	
  
conveyor	
  	
  belt	
  

Carbon-­‐coated	
  Kapton	
  tape

Final	
  take-­‐up	
  reel

Ken	
  Hayworth







Electron Microscopy



The Data Challenge

• Pixel resolution:     3-5 nm

• Slice thickness:       30-50 nm

• 1 mm3:                  200k x 200k pixels x 20k slices 

                                40 Gpixels x 20k = 800 TB

Josh	
  Morgan



CS Challenges

• Stitching and alignment of overlapping tiles

• 3D registration of sections

• Visualization

• 3D reconstruction

• Feature detection (e.g., synapses)

• Network analysis



CS Challenges

• Stitching and alignment of overlapping tiles

• 3D registration of sections 

• Visualization

• 3D reconstruction

• Feature detection (e.g., synapses)

• Network analysis

This	
  Talk



Neurotrace

[Jeong et al., TVCG 2009]



Volume Visualization
• 21,494	
  X	
  25,790	
  X	
  1850	
  =	
  955	
  GB



Manual Reconstruction

[Reconstruct]



[Vazquez et al., CVPR 09]

Active Ribbons



User-Guided Reconstruction

[Jeong et al., TVCG 09]



Automatic 
Reconstruction

[Kaynig et al., CVPR 10]
[Vazquez et al., ICCV 2011]

2D Segmentation Combine Multiple 2D 
Segmentations 3D Reconstruction



Automatic 
Reconstruction

Enumerate and 
evaluate combinations 

Membrane 
probability maps

Globally consistent 
3D reconstruction

[Kaynig et al., CVPR 10]
[Vazquez et al., ICCV 2011]



Jeff ’s Challenge
Automatic 3D reconstruction for largest EM stack ever







Proof Reading



All objects containing at least 100 sections





1,024 x 1,024 x 100

10,240 x 10,240 x 1,000



33,000 x 33,000 x 10,000



Future Work



C. Elegans
Neural Network

Network Analysis



Data Store Processing

Human
Analysis

Distributed Image 
Analysis & Visualization

source: Human

destination: Lizard
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Data = Opportunities



Thank you!
http://gvi.seas.harvard.edu/pfister 


