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grand 
challenge 
in biology: 

understand genomic source 
of gene expression dynamics

skin

bone
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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

3

process
two year collaboration

two early prototype systems

feedback from six biologists
informal interviews, emails
one day a week in biology lab

tool deployed
currently used several times a week

4

data & tool & tasks

summaries & groups

encodings & interaction

conclusions
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gene expression is ...

... the measured level of how 
much a gene is on or off. 

... a single quantitative value.

collaborators measure it ...

... for multiple time points.

... for multiple genes.

... in many cells.
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measurements taken for 
every cell in a single fruit 
fly embryo.

correlate gene expression 
with spatial location.
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virtual embryo
several thousand cells 
[5,000 ± 1,000]

each cell has:
expression profile 
[6 time points x 50 genes]

spatial position 
[3D and 2D coordinates]

12 related species
one complete
three preliminary 
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spatial

embryo map

10

expression

curvemap[Meyer10]
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cells

expression profile
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summary
value
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summaries
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Characterize differences in gene 
expression patterns between species.

differences related to:
spatial position
gene expression profiles
complex combination

challenging to characterize manually

support mechanisms:
summaries, groups
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multiple genes 
single time point

single gene 
multiple time points

 a few genes for 
all of the cells

all the genes for a 
few cells

a single virtual 
embryo

multiple virtual 
embryos

selection:

encodes:

supports:

previous 
work
PointCloudXplore
[Rübel06][Weber09][Rübel10]
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data & tool & tasks

summaries & groups

encodings & interaction

conclusions
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distance to cell i
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compare embryos 
A and B
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a value for each cell that summarizes the underlying data
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creating a comparison summary
root-mean-square distance

similarity of each cell 
to its best match in the 
comparison embryo
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comparative summary
components

aggregation group:  100 spatially closest cells

metric:  root-mean-square distance

aggregation:  min operator

!"##$!%&'()"$*+,

-&"#$).

*+,$/01-&"#$).

-&"#$).

*+,$/01-'2"$)!3

-&"#$).

!"##$!%&'()"$*+,

-&"#$).

!"##$!%&'()"$*+,

-'2"$)!3

!"##$%&'(

)#*%+,-.$/

0435

64.5
64.5

0435

,7879:7;<9788=<6

7+>*?@=<-&"#$).

ABB*7BA:C@D=<&EF

+7:*C9=<*+,$/01-'2"$)!3

0"%1'#$/ABB*7BA:C@D<B*@GH 9*7A:7;<B*@GH

(##

)"&%I"

"I" JKL JMN OM LP LKP KFE Q) %-- ')-

-&"#$).
6

-'2"$)!3
.RSR

-'2"$)!3
R.

-'2"$)!3
3

-'2"$)!3
.//S

-'2"$)!3
R0

-'2"$)!3
./.T

-'2"$)!3
3T

-'2"$)!3
./.3

-'2"$)!3
.RTT

"I" JKL JMN OM LP LKP KFE Q) %-- ')-

640

040

0400 0405

0400

04.T 64ST

6406

&"M)E!<I(#U"
.40

640

24

!"#$%&'()*+$,-.

(/+0$-+00

!"#$%&'(/+0$-+00

(/+0$-+00

!"#$%&'(/+0$-+00

()*+$,-.

12$3

(/+0$-+00

/45-1+('(/+0$-+00

()*+$,-.

!"##$%&'(

)#*%+,-.$/

#676896:;8677<;=

6">!?@<;(/+0$-+00

ABB!6BA9C@D<;/EF

"69!C8<;!"#$%&'()*+$,-.

&G.H

=GIH
=GIH

&G.H

0"%1'#$/ABB!6BA9C@D;B!@JK 8!6A96:;B!@JK

400

,+/LM+

+M+ NO1 N5P Q5 12 1O2 OFE R, L((

(/+0$-+00
=

()*+$,-.
I3S3

()*+$,-.
3I

()*+$,-.
.

+M+ NO1 N5P Q5 12 1O2 OFE R, L((

=G&

&G&

&G&& &G&H

&G&&

&GIT =GST

=G&=

/+5,E-;M40U+
IG&

=G&

characterizing a summary

!"#$%&

'()*

!"#$%&

'+,)

!"#$%&$-*.$'+,)

'()*

./,0$0-$(1023

'()*

./,0$0-$(1023

'+,)

!"##$%&'(

)#*%+,-.$/

&4& &4% 54&

&4&

&4%

54&
#676896':8677;:<5=5

6">!?@;:'()*

ABB!6BA9C@D;:"CD

"69!C8;:!"#$%&

&4E&

54E%
54E%

&4E&

0"%1'#$/ABB!6BA9C@D:B!@FG 8!6A96':B!@FG

HI3 0** 3J IK/ 3IJ L0

!"#$

%&'&

'+,)
MNEO

'+,)
5O&

'+,)
M&=

'+,)
ME5P

'+,)
M%PP

'+,)
M%OP

'+,)
5&M

'+,)
M&E

'+,)
5&<

'+,)
MNM=

HI3 0** 3J IK/ 3IJ L0

54&

&4&

&4&N &45E

&4O&

&4E5 M4&O

54<&

()0Q/2:R1*S)
M45

54<

cell of 
interest

best m
atches w

ith R
M

S sum
m

ary

!"#$%&

'()*

!"#$%&

'+,)

!"#$%&$-*.$'+,)

'()*

./,0$0-$(1023

'()*

./,0$0-$(1023

'+,)

!"##$%&'(

)#*%+,-.$/

&4& &4% 54&

&4&

&4%

54&
#676896':8677;:<55=

6">!?@;:'()*

ABB!6BA9C@D;:"CD

"69!C8;:!"#$%&

&4E&

54E%
54E%

&4E&

0"%1'#$/ABB!6BA9C@D:B!@FG 8!6A96':B!@FG

)H) IJ3 I0K L0 3M 3JM JN/ OP -.. +P.

'()*
<55=

54&

&4&

&4QR &4<R

&4R<

&4S< =4<Q

54&5

()0P/2:H1*T)
=4%

54&

!"#$%&

'()*

!"#$%&

'+,)

!"#$%&$-*.$'+,)

'()*

./,0$0-$(1023

'()*

./,0$0-$(1023

'+,)

!"##$%&'(

)#*%+,-.$/

&4& &4% 54&

&4&

&4%

54&
#676896':8677;:%<==

6">!?@;:'()*

ABB!6BA9C@D;:"CD

"69!C8;:!"#$%&

&4E&

54E%
54E%

&4E&

0"%1'#$/ABB!6BA9C@D:B!@FG 8!6A96':B!@FG

)H) IJ3 I0K L0 3M 3JM JN/ OP -.. +P.

'()*
%<==

54&

&4&

&4=Q &4Q<

&4<=

&4Q5 R4=%

545S

()0P/2:H1*T)
R4Q

545

best matches

R
M

S value

case study one:

po
st

er
io

r

an
te

ri
or

comparative summary with RMS

25

!"#$%&'()*+$,-.

(/+0$-+00

!"#$%&'(/+0$-+00

(/+0$-+00

!"#$%&'(/+0$-+00

()*+$,-.

12$3

(/+0$-+00

/45-1+('(/+0$-+00

()*+$,-.

!"##$%&'(

)#*%+,-.$/

#676896:;8677<;=

6">!?@<;(/+0$-+00

ABB!6BA9C@D<;/EF

"69!C8<;!"#$%&'()*+$,-.

&G.H

=GIH
=GIH

&G.H

0"%1'#$/ABB!6BA9C@D;B!@JK 8!6A96:;B!@JK

400

,+/LM+

+M+ NO1 N5P Q5 12 1O2 OFE R, L((

(/+0$-+00
=

()*+$,-.
I3S3

()*+$,-.
3I

()*+$,-.
.

+M+ NO1 N5P Q5 12 1O2 OFE R, L((

=G&

&G&

&G&& &G&H

&G&&

&GIT =GST

=G&=

/+5,E-;M40U+
IG&

=G&

characterizing a summary

!"#$%&

'()*

!"#$%&

'+,)

!"#$%&$-*.$'+,)

'()*

./,0$0-$(1023

'()*

./,0$0-$(1023

'+,)

!"##$%&'(

)#*%+,-.$/

&4& &4% 54&

&4&

&4%

54&
#676896':8677;:<5=5

6">!?@;:'()*

ABB!6BA9C@D;:"CD

"69!C8;:!"#$%&

&4E&

54E%
54E%

&4E&

0"%1'#$/ABB!6BA9C@D:B!@FG 8!6A96':B!@FG

HI3 0** 3J IK/ 3IJ L0

!"#$

%&'&

'+,)
MNEO

'+,)
5O&

'+,)
M&=

'+,)
ME5P

'+,)
M%PP

'+,)
M%OP

'+,)
5&M

'+,)
M&E

'+,)
5&<

'+,)
MNM=

HI3 0** 3J IK/ 3IJ L0

54&

&4&

&4&N &45E

&4O&

&4E5 M4&O

54<&

()0Q/2:R1*S)
M45

54<

cell of 
interest

best m
atches w

ith R
M

S sum
m

ary

!"#$%&

'()*

!"#$%&

'+,)

!"#$%&$-*.$'+,)

'()*

./,0$0-$(1023

'()*

./,0$0-$(1023

'+,)

!"##$%&'(

)#*%+,-.$/

&4& &4% 54&

&4&

&4%

54&
#676896':8677;:<55=

6">!?@;:'()*

ABB!6BA9C@D;:"CD

"69!C8;:!"#$%&

&4E&

54E%
54E%

&4E&

0"%1'#$/ABB!6BA9C@D:B!@FG 8!6A96':B!@FG

)H) IJ3 I0K L0 3M 3JM JN/ OP -.. +P.

'()*
<55=

54&

&4&

&4QR &4<R

&4R<

&4S< =4<Q

54&5

()0P/2:H1*T)
=4%

54&

!"#$%&

'()*

!"#$%&

'+,)

!"#$%&$-*.$'+,)

'()*

./,0$0-$(1023

'()*

./,0$0-$(1023

'+,)

!"##$%&'(

)#*%+,-.$/

&4& &4% 54&

&4&

&4%

54&
#676896':8677;:%<==

6">!?@;:'()*

ABB!6BA9C@D;:"CD

"69!C8;:!"#$%&

&4E&

54E%
54E%

&4E&

0"%1'#$/ABB!6BA9C@D:B!@FG 8!6A96':B!@FG

)H) IJ3 I0K L0 3M 3JM JN/ OP -.. +P.

'()*
%<==

54&

&4&

&4=Q &4Q<

&4<=

&4Q5 R4=%

545S

()0P/2:H1*T)
R4Q

545

best matches

R
M

S value

case study one:
po

st
er

io
r

an
te

ri
or

comparative summary with RMS

26

group
a set of cells

aggregation group

!"#$

%&'(#)*

+'((#+,&-.)'#/01

%&'(#)*

/01#234%&'(#)*

%&'(#)*

!"##$%&'(

)#*%+,-.$/

3533

3566
3566

3533

17879:7;<9788=<>

70?/@A=<%&'(#)*

BCC/7CB:DAE=<F,F'

07:/D9=<!"#$

0"%1'#$/BCC/7CB:DAE<C/AGH 9/7B:7;<C/AGH

'I' JK! JLM NL !" !K" KFO P) ,%% -)%

%&'(#)*
>

>53

353

!"#$%$%&&'()*+$,-.

(/+0$,1

23$4

(/+0$,1

(+56708

()*+$,-.

!"##$%&'(

)#*%+,-.$/

&9& &9: %9&

&9&

&9:

%9&
#;<;=>;?@=;<<A@.BC:

;"D!EFA@(/+0$,1

GHH!;HG>IFJA@/KL

";>!I=A@!"#$%$%&&'()*+$,-.

&9.:

%9:%
%9:%

&9.:

0"%1'#$/GHH!;HG>IFJ@H!FMN =!;G>;?@H!FMN

600

,+/OP+

+P+ 5Q2 58R S8 23 2Q3 QLK T, O(( ),(

(/+0$,1
.BC:

()*+$,-.
.1UC

()*+$,-.
.1V%

()*+$,-.
.1.V

()*+$,-.
.1V&

()*+$,-.
.1.C

()*+$,-.
.1.4

()*+$,-.
.1.B

()*+$,-.
.1&U

()*+$,-.
.%V%

+P+ 5Q2 58R S8 23 2Q3 QLK T, O(( ),(

%9&

&9&

194:

&9B4

/+8,K-@P607+
19:

&9B

created group

!"#$

%&'(#)*

+'((#+,&-.)'#/01

%&'(#)*

/01#234%&'(#)*

%&'(#)*

!"##$%&'(

)#*%+,-.$/

3533

3566
3566

3533

17879:7;<9788=<>

70?/@A=<%&'(#)*

BCC/7CB:DAE=<F,F'

07:/D9=<!"#$

0"%1'#$/BCC/7CB:DAE<C/AGH 9/7B:7;<C/AGH

.((

)'&,I'

'I' JK! JLM NL !" !K" KFO P) ,%% -)%

%&'(#)*
>

%&'(#)*
Q3>>

%&'(#)*
2RQS

'I' JK! JLM NL !" !K" KFO P) ,%% -)%

>53

353

1.I'<9)'.L'%<C),T-

'FL')<F.&'

U.I'

8,.%<7VOULOFN<C),T-

(,.%

existing group

!"##$!%&'()"$*+,

-&"#$).

*+,$/01-&"#$).

-&"#$).

*+,$/01-'2"$)!3

-&"#$).

!"##$%&'(

)#*%+,-.$/

0400

045.

045.

0400

,676896:;8677<;=

6+>*?@<;-&"#$).

ABB*6BA9C@D<;E%E"

+69*C8<;!"##$!%&'()"$*+,

0"%1'#$/ABB*6BA9C@D;B*@FG 8*6A96:;B*@FG

(##

)"&%H"

"H" IJK ILM NL KO KJO JEP Q) %-- ')-

-&"#$).
=

-&"#$).
R0R/

-&"#$).
R03/

"H" IJK ILM NL KO KJO JEP Q) %-- ')-

=40

040

,(H";8)"(L"-;B)%S'

"EL");E(&"

2(H"

7%(-;6TP2LPEN;B)%S'

#%(-

27

!"#$

%&'(

!"##$%&'(

)#*%+,-.$/

)*+*,-*%.,*++/.0

*12345/.%&'(

6773*76-859/.:;:'

1*-38,/.!"#$

<=<<

<=>>
<=>>

<=<<

0"%1'#$/6773*76-859.735?@ ,3*6-*%.735?@

!" AB !C" C:D EF B((

%&'(
0

0=<

<=<

!"#$

%&'(

!"##$%&'(

)#*%+,-.$/

)*+*,-*%.,*++/.0012

*34567/.%&'(

8995*98-:7;/.<=<'

3*-5:,/.!"#$

2>22

2>??
2>??

2>22

0"%1'#$/8995*98-:7;.957@A ,5*8-*%.957@A

B((

C'&=D'

!" EF !G" G<H IC F((

%&'(
0012

%&'(
0J??
('KF

%&'(
010L
('KF

%&'(
01M1
('KF

!" EF !G" G<H IC F((

J>2

2>2

)BD'.,C'BF'N.9C=OP

'<F'C.<B&'

QBD'

+=BN.*RHQFH<E.9C=OP

(=BN
+=BN'N.9C=OPQ

('KF CHE!F

exploring groups

!"#$

%&'(

!"##$%&'(

)#*%+,-.$/

)*+*,-*%.,*++/.0012

*34567/.%&'(

8995*98-:7;/.<=<'

3*-5:,/.!"#$

2>22

2>??
2>??

2>22

0"%1'#$/8995*98-:7;.957@A ,5*8-*%.957@A

B((

C'&=D'

!" EF !G" G<H IC F((

!"#$

%%&'

%&'(
0J??
('KF

%&'(
010L
('KF

%&'(
01M1
('KF

%&'(
0LN?
('KF

%&'(
0$20
('KF

%&'(
0NLL
CHE!F

%&'(
0N?J
CHE!F

%&'(
0?2M
CHE!F

%&'(
0?J2
CHE!F

%&'(
0?$O
CHE!F

%&'(
0?ON
CHE!F

!" EF !G" G<H IC F((

J>2

2>2

)BD'.,C'BF'P.9C=QR

'<F'C.<B&'

SBD'

+=BP.*THSFH<E.9C=QR

(=BP
+=BP'P.9C=QRS

('KF CHE!F

hb gene, timepoint 4

case study two:

po
st

er
io

r

an
te

ri
or

28

!"#$

%&'(

!"##$%&'(

)#*%+,-.$/

)*+*,-*%.,*++/.0012

*34567/.%&'(

8995*98-:7;/.<=<'

3*-5:,/.!"#$

2>22

2>??
2>??

2>22

0"%1'#$/8995*98-:7;.957@A ,5*8-*%.957@A

B((

C'&=D'

!" EF !G" G<H IC F((

!"#$

%%&'

%&'(
0J??
('KF

%&'(
010L
('KF

%&'(
01M1
('KF

%&'(
0LN?
('KF

%&'(
0$20
('KF

%&'(
0NLL
CHE!F

%&'(
0N?J
CHE!F

%&'(
0?2M
CHE!F

%&'(
0?J2
CHE!F

%&'(
0?$O
CHE!F

%&'(
0?ON
CHE!F

!" EF !G" G<H IC F((

J>2

2>2

)BD'.,C'BF'P.9C=QR

'<F'C.<B&'

SBD'

+=BP.*THSFH<E.9C=QR

(=BP
+=BP'P.9C=QRS

('KF CHE!F

exploring groups

hb gene, timepoint 4

case study two:!"#$

%&'(

!"##$%&'(

)#*%+,-.$/

)*+*,-*%.,*++/.0012

*34567/.%&'(

8995*98-:7;/.<=<'

3*-5:,/.!"#$

2>22

2>??
2>??

2>22

0"%1'#$/8995*98-:7;.957@A ,5*8-*%.957@A

B((

C'&=D'

!" EF !G" G<H IC F((

%&'(
0012

%&'(
0J??
('KF

%&'(
010L
('KF

%&'(
01M1
('KF

!" EF !G" G<H IC F((

J>2

2>2

)BD'.,C'BF'N.9C=OP

'<F'C.<B&'

QBD'

+=BN.*RHQFH<E.9C=OP

(=BN
+=BN'N.9C=OPQ

('KF CHE!F

po
st

er
io

r

an
te

ri
or

29

data & tool & tasks

summaries & groups

encodings & interaction

conclusions

30

initially: biologists relied on 
computational methods to explore data

goal: link underlying data with 
computational results

visualize: triad of data
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interaction demo
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contributions
MulteeSum

spatial and temporal gene 
expression data from multiple species

workflow
visualization supports upstream computation via summaries

validation
case studies, deployment
Cellular resolution comparison of gene expression in Drosophila 
reveals coordinated shifts in the segmentation network.

DePace et. al, in preparation.
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future work

design is broadly applicable
consider : scalability of curvemap
consider : mapping of other spatial data to 2D

continuing to support collaborators
additional features in MulteeSum
new summary designs
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