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Supplementary Figure 1a: 
 

Size distribution of 369 biological groups. Each bar represents the number of 
samples in the biological group. The bars are colored by 4 meta-groups (see 
legend). 
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Supplementary Figure 1b: 

 

Size distribution of the 96 larger biological groups, each containing at least 10 
replicates representing the total of 4608 samples. The bars are colored by 4 
meta-groups (see legend). 
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Supplementary Figure 1c: 

 

The number of samples in each of the 4 meta-groups – cell line based samples, 
neoplastic primary tissue samples, non-neoplastic primary tissue samples, and 
‘normal’ primary tissue samples. 
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Supplementary Figure 1d: 

 

The number of samples in each of the 15 meta-groups.!
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Supplementary Figure 1e: 

 

The number of samples by different tissues of origin including both cell line and 
primary tissue samples. The meta-group 'other' contains samples for which tissue 
of origin including both cell line and primary tissues could not be constructed.!
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Supplementary Figure 2: 

 

Pearson correlation coefficients between samples. Distribution of all pairwise 
correlations between the samples in the dataset (black), distribution of average 
similarities between the sample subgroups from different laboratories within the 
same biological group (green), distribution of average similarities between the 
sample subgroups from different biological groups within the same laboratory 
(red).!
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Supplementary Figure 3a: 

 

Principal component analysis. Each dot represents one of the 5372 samples in a 
multidimensional gene expression space projected on the ‘principal’ plane formed 
by pairs of first principal components. The dots are colored (semi-transparently) 
according to the biological group the sample belongs to. 

Samples of blood (orange), connective tissues (magenta), incompletely 
differentiated cells (green) and the rest (cyan) colored on the 1st and 2nd 
principal component plane.!
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Supplementary Figure 3a23: 

 

Principal component analysis. Each dot represents one of the 5372 samples in a 
multidimensional gene expression space projected on the ‘principal’ plane formed 
by pairs of first principal components. The dots are colored (semi-transparently) 
according to the biological group the sample belongs to. 

Samples of blood (orange), connective tissues (magenta), incompletely 
differentiated cells (green) and the rest (cyan) colored on the 2nd and 3rd 
principal component plane.!
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Supplementary Figure 3b: 

 

Principal component analysis. Each dot represents one of the 5372 samples in a 
multidimensional gene expression space projected on the ‘principal’ plane formed 
by pairs of first principal components. The dots are colored (semi-transparently) 
according to the biological group the sample belongs to. 

Samples colored by 4 meta-groups (see legend) on the 1st and 2nd principal 
component plane. 
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Supplementary Figure 3b23: 

 

Principal component analysis. Each dot represents one of the 5372 samples in a 
multidimensional gene expression space projected on the ‘principal’ plane formed 
by pairs of first principal components. The dots are colored (semi-transparently) 
according to the biological group the sample belongs to. 

Samples colored by 4 meta-groups (see legend) on the 2nd and 3rd principal 
component plane.!
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Supplementary Figure 3c: 

 

Principal component analysis. Each dot represents one of the 5372 samples in a 
multidimensional gene expression space projected on the ‘principal’ plane formed 
by pairs of first principal components. The dots are colored (semi-transparently) 
according to the biological group the sample belongs to. 

Samples colored by 15 meta-groups (see legend) on the 1st and 2nd principal 
component plane.!
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Supplementary Figure 3c23: 

 

Principal component analysis. Each dot represents one of the 5372 samples in a 
multidimensional gene expression space projected on the ‘principal’ plane formed 
by pairs of first principal components. The dots are colored (semi-transparently) 
according to the biological group the sample belongs to. 

Samples colored by 15 meta-groups (see legend) on the 2nd and 3rd principal 
component plane. 
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Supplementary Figure 3d: 

 

Principal component analysis. Each dot represents one of the 5372 samples in a 
multidimensional gene expression space projected on the ‘principal’ plane formed 
by pairs of first principal components. The dots are colored (semi-transparently) 
according to the biological group the sample belongs to. 

Samples colored by 15 groups of tissues of origin (see legend) on the 1st and 2nd 
principal component plane.!
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Supplementary Figure 3d34: 

 

Principal component analysis. Each dot represents one of the 5372 samples in a 
multidimensional gene expression space projected on the ‘principal’ plane formed 
by pairs of first principal components. The dots are colored (semi-transparently) 
according to the biological group the sample belongs to. 

Samples colored by 15 groups of tissues of origin (see legend) on the 3rd and 4th 
principal component plane.!
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Supplementary Figure 3d45: 

 

Principal component analysis. Each dot represents one of the 5372 samples in a 
multidimensional gene expression space projected on the ‘principal’ plane formed 
by pairs of first principal components. The dots are colored (semi-transparently) 
according to the biological group the sample belongs to. 

Samples colored by 15 groups of tissues of origin (see legend) on the 4th and 5th 
principal component plane. One can observe, that the 5th component mammary 
gland cell line and primary tissue samples seem to be brought closer together. 
This is true also for several other tissue types, however we were not able to 
prove this statistically.!
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Supplementary Figure 3e: 

 

Principal component analysis. Each dot represents one of the 5372 samples in a 
multidimensional gene expression space projected on the ‘principal’ plane formed 
by pairs of first principal components. The dots are colored (semi-transparently) 
according to the biological group the sample belongs to. 

Samples colored by 6 clusters (see legend) identified on self-vs-self heat-map of 
96 biological groups. The samples are visualized on the 1st and 2nd principal 
component plane.!
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Supplementary Figure 3e23: 

 

Principal component analysis. Each dot represents one of the 5372 samples in a 
multidimensional gene expression space projected on the ‘principal’ plane formed 
by pairs of first principal components. The dots are colored (semi-transparently) 
according to the biological group the sample belongs to. 

Samples colored by 6 clusters (see legend) identified on self-vs-self heat-map of 
96 biological groups. The samples are visualized on the 2nd and 3rd principal 
component plane. 
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Supplementary Figure 3f: 

 

The variances captured by first 50 principal components. The first 3 principal 
components explain ~37% of variability.!
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Supplementary Figure 4a: 

 

Heat map of hierarchical clustering of the 96 larger biological groups compared to 
each other. Each group consists of 10 or more biological replicates. Similarity 
between groups is defined as the mean correlation coefficient between the 
sample expression profiles. Clustering is applied to sample groups. The diagonal 
represents the mean similarity between the elements within a particular group 
(thus, the more compact the group, the higher the value of its diagonal element). 
The heatmap uses a false color assigning dark red to maximum similarity and 
white to minimum. The legend top left indicates which major class of samples the 
particular group belongs to. Six major clusters can be observed: (1) solid tissue 
cell lines, (2) incompletely differentiated cell type and connective tissue cluster, 
(3) solid normal and neoplastic tissues, (4) hematopoietic system, (5) brain, (6) 
muscle and heart. Additionally there are 4 outliers - INCaP prostate cancer, lung 
small cell cancer, placenta basal plate, and hepatocellular carcinoma.!
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Supplementary Figure 4b: 

 

Heat map comparison of 51 biological groups of at least 10 samples and 2 
laboratories where the biological subgroups of laboratories are kept separate. 
Information about the laboratory is given in parenthesis. The colors at the left 
and top of the heat map depict the biological groups.!
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liver
skeletal muscle
hepatocellular carcinoma
cirrhosis
small intestine
leukocyte multiple organ failure
leukocyte
blood transplant rejection
chronic myeloid leukemia
blood
caudate nucleus Huntingtons
hypothalamus
caudate nucleus
hippocampus CA1
hippocampus CA1 Alzheimers
prefrontal cortex
amygdala
cerebellum
cerebellum Huntingtons
frontal cortex
frontal cortex Huntingtons
brain
brain bipolar disorder
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Supplementary Figure 4c: 

 

Heat map comparison of all 369 biological groups. The four colors at the left and 
top of the heat map depict which major class of samples the particular group 
belongs to (see legend).!
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Supplementary Figure 4d: 

 
Heat map comparison of the 96 larger biological groups with the 273 smaller 
ones.!
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hypothalamus
caudate nucleus Huntingtons
brain bipolar disorder
frontal cortex
frontal cortex Huntingtons
caudate nucleus
brain
cerebellum
cerebellum Huntingtons
unknown lung small cell cancer
INCaP prostate cancer 
brain tumor
neuroblastoma
heart disease
heart
skeletal muscle
skeletal muscle muscular dystrophy
skeletal muscle diseased
MOLT4 T cell acute lymphoblastic leukemia
k562 myelogenous leukaemia
ts anaplastic large cell lymphoma
lymph node
B−cell lymphoma
tonsil
T cell
T cell diseased
chronic myeloid leukemia
leukocyte
blood
mononuclear cell
mononuclear cell infection
hI60 promyelocytic leukemia
lymphocyte
thymocyte
precursor T lymphoblastic leukemia
macrophage
acute myeloid leukemia
acute promyelocytic leukemia
monocyte
bronchoalveolar lavage cell
CD138+ plasma cell myeloma
B cell
acute lymphoblastic leukemia
myelogenous leukemia
hematopoietic stem cell
primary intervertebral disc
preadipocytes
smooth muscle
mesenchymal stem cell
FM9514 human embryonic myoblast
embryonic lung fibroblast
fetal lung fibroblast
embryonic skin fibroblast
umbilical vein endothelial cell
embryonal rhabdomyosarcoma
ewings sarcoma
placenta basal plate
Kaposi sarcoma
uterine tumor
myometrium
thyroid adenocarcinoma
prostate gland
prostate cancer
bronchial epithelia
bladder cancer
ovarian tumor
colorectal cancer
hepatocellular carcinoma
germ cell tumor
kidney
renal cell carcinoma
oral squamous cell carcinoma
epidermis dermatitis
breast cancer
lung cancer
MDA468 breast cancer
ht−29 colorectal adenocarcinoma
Calu−3 lung adenocarcinoma
caco2 colon adenocarcinoma
unknown lung adenocarcinoma
BT474 breast cancer
T47D breast ductal carcinoma
MCF7 breast epithelial adenocarcinoma 
mcf−7aro breast epithelial adenocarcinoma 
ssMCF7 breast cancer
RKO colon carcinoma
HEK293 embryonic kidney
skmel5 melanoma
universal reference
Hep−2 larynx sqamous cell carcinoma
HeLa cervical adenocarcinoma
HeLa cervical adenocarcinoma transfected
pc3 prostate cancer
A549 lung adenocarcinoma
MDA−MB−231 breast cancer
IB3−1 adenovirus transformed bronchial epithelia

1000 most variable genes

blood normal and diseased
brain normal and diseased
cardiac and skeletal muscle normal and diseased
cell line normal and diseased
solid tissue normal and neoplastic
other
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caudate nucleus Huntingtons
caudate nucleus
brain bipolar disorder
frontal cortex
frontal cortex Huntingtons
brain
cerebellum
cerebellum Huntingtons
brain tumor
neuroblastoma
heart disease
heart
skeletal muscle
skeletal muscle muscular dystrophy
skeletal muscle diseased
MOLT4 T cell acute lymphoblastic leukemia
k562 myelogenous leukaemia
ts anaplastic large cell lymphoma
lymph node
CD138+ plasma cell myeloma
B−cell lymphoma
tonsil
bronchoalveolar lavage cell
monocyte
macrophage
T cell
T cell diseased
chronic myeloid leukemia
leukocyte
blood
mononuclear cell
mononuclear cell infection
hI60 promyelocytic leukemia
lymphocyte
B cell
thymocyte
precursor T lymphoblastic leukemia
myelogenous leukemia
hematopoietic stem cell
acute lymphoblastic leukemia
acute myeloid leukemia
acute promyelocytic leukemia
uterine tumor
myometrium
umbilical vein endothelial cell
embryonal rhabdomyosarcoma
ewings sarcoma
placenta basal plate
Kaposi sarcoma
primary intervertebral disc
preadipocytes
smooth muscle
mesenchymal stem cell
FM9514 human embryonic myoblast
embryonic lung fibroblast
fetal lung fibroblast
embryonic skin fibroblast
bronchial epithelia
thyroid adenocarcinoma
prostate gland
prostate cancer
oral squamous cell carcinoma
epidermis dermatitis
breast cancer
hepatocellular carcinoma
lung cancer
bladder cancer
germ cell tumor
kidney
renal cell carcinoma
unknown lung small cell cancer
INCaP prostate cancer 
MDA468 breast cancer
ht−29 colorectal adenocarcinoma
Calu−3 lung adenocarcinoma
caco2 colon adenocarcinoma
unknown lung adenocarcinoma
BT474 breast cancer
T47D breast ductal carcinoma
MCF7 breast epithelial adenocarcinoma 
mcf−7aro breast epithelial adenocarcinoma 
ssMCF7 breast cancer
universal reference
ovarian tumor
colorectal cancer
RKO colon carcinoma
HEK293 embryonic kidney
skmel5 melanoma
Hep−2 larynx sqamous cell carcinoma
HeLa cervical adenocarcinoma
HeLa cervical adenocarcinoma transfected
A549 lung adenocarcinoma
pc3 prostate cancer
MDA−MB−231 breast cancer
IB3−1 adenovirus transformed bronchial epithelia

950 most variable genes

blood normal and diseased
brain normal and diseased
cardiac and skeletal muscle normal and diseased
cell line normal and diseased
solid tissue normal and neoplastic
other
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universal reference
IB3−1 adenovirus transformed bronchial epithelia
pc3 prostate cancer
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800 most variable genes

blood normal and diseased
brain normal and diseased
cardiac and skeletal muscle normal and diseased
cell line normal and diseased
solid tissue normal and neoplastic
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ts anaplastic large cell lymphoma
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hematopoietic stem cell
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precursor T lymphoblastic leukemia
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macrophage
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T cell diseased
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blood
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uterine tumor
myometrium
umbilical vein endothelial cell
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embryonal rhabdomyosarcoma
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primary intervertebral disc
mesenchymal stem cell
smooth muscle
preadipocytes
FM9514 human embryonic myoblast
embryonic lung fibroblast
fetal lung fibroblast
embryonic skin fibroblast
bronchial epithelia
colorectal cancer
ovarian tumor
prostate gland
prostate cancer
hepatocellular carcinoma
thyroid adenocarcinoma
placenta basal plate
oral squamous cell carcinoma
epidermis dermatitis
breast cancer
bladder cancer
lung cancer
germ cell tumor
kidney
renal cell carcinoma
unknown lung small cell cancer
INCaP prostate cancer 
MDA468 breast cancer
ht−29 colorectal adenocarcinoma
Calu−3 lung adenocarcinoma
caco2 colon adenocarcinoma
unknown lung adenocarcinoma
BT474 breast cancer
T47D breast ductal carcinoma
MCF7 breast epithelial adenocarcinoma 
mcf−7aro breast epithelial adenocarcinoma 
ssMCF7 breast cancer
RKO colon carcinoma
HEK293 embryonic kidney
skmel5 melanoma
IB3−1 adenovirus transformed bronchial epithelia
universal reference
MDA−MB−231 breast cancer
pc3 prostate cancer
A549 lung adenocarcinoma
Hep−2 larynx sqamous cell carcinoma
HeLa cervical adenocarcinoma
HeLa cervical adenocarcinoma transfected
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caudate nucleus Huntingtons
brain
caudate nucleus
cerebellum
cerebellum Huntingtons
frontal cortex
brain bipolar disorder
frontal cortex Huntingtons
lymph node
B−cell lymphoma
tonsil
CD138+ plasma cell myeloma
myelogenous leukemia
hematopoietic stem cell
hI60 promyelocytic leukemia
lymphocyte
B cell
thymocyte
precursor T lymphoblastic leukemia
chronic myeloid leukemia
leukocyte
blood
mononuclear cell
mononuclear cell infection
monocyte
bronchoalveolar lavage cell
T cell diseased
T cell
macrophage
acute lymphoblastic leukemia
acute myeloid leukemia
acute promyelocytic leukemia
brain tumor
neuroblastoma
heart disease
heart
skeletal muscle
skeletal muscle muscular dystrophy
skeletal muscle diseased
primary intervertebral disc
mesenchymal stem cell
smooth muscle
preadipocytes
FM9514 human embryonic myoblast
embryonic lung fibroblast
fetal lung fibroblast
embryonic skin fibroblast
uterine tumor
myometrium
prostate gland
prostate cancer
placenta basal plate
oral squamous cell carcinoma
umbilical vein endothelial cell
Kaposi sarcoma
embryonal rhabdomyosarcoma
ewings sarcoma
MOLT4 T cell acute lymphoblastic leukemia
k562 myelogenous leukaemia
ts anaplastic large cell lymphoma
unknown lung small cell cancer
INCaP prostate cancer 
MDA468 breast cancer
ht−29 colorectal adenocarcinoma
Calu−3 lung adenocarcinoma
caco2 colon adenocarcinoma
unknown lung adenocarcinoma
BT474 breast cancer
T47D breast ductal carcinoma
MCF7 breast epithelial adenocarcinoma 
mcf−7aro breast epithelial adenocarcinoma 
ssMCF7 breast cancer
RKO colon carcinoma
HEK293 embryonic kidney
skmel5 melanoma
IB3−1 adenovirus transformed bronchial epithelia
universal reference
pc3 prostate cancer
MDA−MB−231 breast cancer
Hep−2 larynx sqamous cell carcinoma
A549 lung adenocarcinoma
HeLa cervical adenocarcinoma
HeLa cervical adenocarcinoma transfected
bronchial epithelia
colorectal cancer
ovarian tumor
hepatocellular carcinoma
thyroid adenocarcinoma
germ cell tumor
kidney
renal cell carcinoma
epidermis dermatitis
breast cancer
bladder cancer
lung cancer

550 most variable genes

blood normal and diseased
brain normal and diseased
cardiac and skeletal muscle normal and diseased
cell line normal and diseased
solid tissue normal and neoplastic
other
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bronchoalveolar lavage cell
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chronic myeloid leukemia
leukocyte
blood
mononuclear cell
mononuclear cell infection
CD138+ plasma cell myeloma
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hematopoietic stem cell
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acute lymphoblastic leukemia
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ovarian tumor
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MDA468 breast cancer
ht−29 colorectal adenocarcinoma
BT474 breast cancer
T47D breast ductal carcinoma
MCF7 breast epithelial adenocarcinoma 
mcf−7aro breast epithelial adenocarcinoma 
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RKO colon carcinoma
HEK293 embryonic kidney
skmel5 melanoma
universal reference
Hep−2 larynx sqamous cell carcinoma
MDA−MB−231 breast cancer
pc3 prostate cancer
HeLa cervical adenocarcinoma transfected
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IB3−1 adenovirus transformed bronchial epithelia
unknown lung small cell cancer
INCaP prostate cancer 
neuroblastoma
brain tumor
heart disease
heart
skeletal muscle
skeletal muscle muscular dystrophy
skeletal muscle diseased
primary intervertebral disc
smooth muscle
preadipocytes
mesenchymal stem cell
FM9514 human embryonic myoblast
embryonic lung fibroblast
fetal lung fibroblast
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uterine tumor
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unknown lung small cell cancer
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MDA468 breast cancer
ht−29 colorectal adenocarcinoma
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bronchial epithelia
colorectal cancer
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HEK293 embryonic kidney
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pc3 prostate cancer
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Hep−2 larynx sqamous cell carcinoma
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primary intervertebral disc
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mesenchymal stem cell
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FM9514 human embryonic myoblast
embryonic lung fibroblast
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brain tumor
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250 most variable genes

blood normal and diseased
brain normal and diseased
cardiac and skeletal muscle normal and diseased
cell line normal and diseased
solid tissue normal and neoplastic
other



un
kn

ow
n 

lu
ng

 s
m

al
l c

el
l c

an
ce

r
IN

Ca
P 

pr
os

ta
te

 c
an

ce
r

M
DA

46
8 

br
ea

st
 c

an
ce

r
T4

7D
 b

re
as

t d
uc

ta
l c

ar
cin

om
a

ca
co

2 
co

lo
n 

ad
en

oc
ar

cin
om

a
Ca

lu
−3

 lu
ng

 a
de

no
ca

rc
in

om
a

ht
−2

9 
co

lo
re

ct
al

 a
de

no
ca

rc
in

om
a

un
kn

ow
n 

lu
ng

 a
de

no
ca

rc
in

om
a

BT
47

4 
br

ea
st

 c
an

ce
r

m
cf
−7

ar
o 

br
ea

st
 e

pi
th

el
ia

l a
de

no
ca

rc
in

om
a

M
CF

7 
br

ea
st

 e
pi

th
el

ia
l a

de
no

ca
rc

in
om

a
ss

M
CF

7 
br

ea
st

 c
an

ce
r

br
on

ch
ia

l e
pi

th
el

ia
co

lo
re

ct
al

 c
an

ce
r

bl
ad

de
r c

an
ce

r
ov

ar
ia

n 
tu

m
or

RK
O

 c
ol

on
 c

ar
cin

om
a

pc
3 

pr
os

ta
te

 c
an

ce
r

sk
m

el
5 

m
el

an
om

a
HE

K2
93

 e
m

br
yo

ni
c 

kid
ne

y
un

ive
rs

al
 re

fe
re

nc
e

He
p−

2 
la

ry
nx

 s
qa

m
ou

s 
ce

ll c
ar

cin
om

a
M

DA
−M

B−
23

1 
br

ea
st

 c
an

ce
r

A5
49

 lu
ng

 a
de

no
ca

rc
in

om
a

IB
3−

1 
ad

en
ov

iru
s 

tra
ns

fo
rm

ed
 b

ro
nc

hi
al

 e
pi

th
el

ia
He

La
 c

er
vic

al
 a

de
no

ca
rc

in
om

a
He

La
 c

er
vic

al
 a

de
no

ca
rc

in
om

a 
tra

ns
fe

ct
ed

um
bi

lic
al

 v
ei

n 
en

do
th

el
ia

l c
el

l
Ka

po
si 

sa
rc

om
a

pr
im

ar
y 

in
te

rv
er

te
br

al
 d

isc
pr

ea
di

po
cy

te
s

m
es

en
ch

ym
al

 s
te

m
 c

el
l

sm
oo

th
 m

us
cle

em
br

yo
ni

c 
lu

ng
 fi

br
ob

la
st

FM
95

14
 h

um
an

 e
m

br
yo

ni
c 

m
yo

bl
as

t
em

br
yo

ni
c 

sk
in

 fi
br

ob
la

st
fe

ta
l lu

ng
 fi

br
ob

la
st

ut
er

in
e 

tu
m

or
m

yo
m

et
riu

m
he

ar
t d

ise
as

e
he

ar
t

sk
el

et
al

 m
us

cle
sk

el
et

al
 m

us
cle

 m
us

cu
la

r d
ys

tro
ph

y
sk

el
et

al
 m

us
cle

 d
ise

as
ed

pl
ac

en
ta

 b
as

al
 p

la
te

ep
id

er
m

is 
de

rm
at

itis
or

al
 s

qu
am

ou
s 

ce
ll c

ar
cin

om
a

br
ea

st
 c

an
ce

r
lu

ng
 c

an
ce

r
pr

os
ta

te
 g

la
nd

pr
os

ta
te

 c
an

ce
r

th
yr

oi
d 

ad
en

oc
ar

cin
om

a
he

pa
to

ce
llu

la
r c

ar
cin

om
a

re
na

l c
el

l c
ar

cin
om

a
kid

ne
y

hy
po

th
al

am
us

ca
ud

at
e 

nu
cle

us
 H

un
tin

gt
on

s
br

ai
n

ca
ud

at
e 

nu
cle

us
ce

re
be

llu
m

ce
re

be
llu

m
 H

un
tin

gt
on

s
br

ai
n 

bi
po

la
r d

iso
rd

er
fro

nt
al

 c
or

te
x

fro
nt

al
 c

or
te

x 
Hu

nt
in

gt
on

s
lym

ph
 n

od
e

B−
ce

ll l
ym

ph
om

a
to

ns
il

ne
ur

ob
la

st
om

a
br

ai
n 

tu
m

or
em

br
yo

na
l r

ha
bd

om
yo

sa
rc

om
a

ge
rm

 c
el

l t
um

or
ew

in
gs

 s
ar

co
m

a
k5

62
 m

ye
lo

ge
no

us
 le

uk
ae

m
ia

ts
 a

na
pl

as
tic

 la
rg

e 
ce

ll l
ym

ph
om

a
M

O
LT

4 
T 

ce
ll a

cu
te

 ly
m

ph
ob

la
st

ic 
le

uk
em

ia
lym

ph
oc

yt
e

hI
60

 p
ro

m
ye

lo
cy

tic
 le

uk
em

ia
B 

ce
ll

th
ym

oc
yt

e
pr

ec
ur

so
r T

 ly
m

ph
ob

la
st

ic 
le

uk
em

ia
T 

ce
ll

T 
ce

ll d
ise

as
ed

ch
ro

ni
c 

m
ye

lo
id

 le
uk

em
ia

le
uk

oc
yt

e
bl

oo
d

m
on

on
uc

le
ar

 c
el

l
m

on
on

uc
le

ar
 c

el
l in

fe
ct

io
n

m
ac

ro
ph

ag
e

m
on

oc
yt

e
br

on
ch

oa
lve

ol
ar

 la
va

ge
 c

el
l

CD
13

8+
 p

la
sm

a 
ce

ll m
ye

lo
m

a
ac

ut
e 

pr
om

ye
lo

cy
tic

 le
uk

em
ia

ac
ut

e 
lym

ph
ob

la
st

ic 
le

uk
em

ia
ac

ut
e 

m
ye

lo
id

 le
uk

em
ia

m
ye

lo
ge

no
us

 le
uk

em
ia

he
m

at
op

oi
et

ic 
st

em
 c

el
l

unknown lung small cell cancer
INCaP prostate cancer 
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unknown lung adenocarcinoma
BT474 breast cancer
mcf−7aro breast epithelial adenocarcinoma 
MCF7 breast epithelial adenocarcinoma 
ssMCF7 breast cancer
bronchial epithelia
colorectal cancer
bladder cancer
ovarian tumor
RKO colon carcinoma
pc3 prostate cancer
skmel5 melanoma
HEK293 embryonic kidney
universal reference
Hep−2 larynx sqamous cell carcinoma
MDA−MB−231 breast cancer
A549 lung adenocarcinoma
IB3−1 adenovirus transformed bronchial epithelia
HeLa cervical adenocarcinoma
HeLa cervical adenocarcinoma transfected
umbilical vein endothelial cell
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primary intervertebral disc
preadipocytes
mesenchymal stem cell
smooth muscle
embryonic lung fibroblast
FM9514 human embryonic myoblast
embryonic skin fibroblast
fetal lung fibroblast
uterine tumor
myometrium
heart disease
heart
skeletal muscle
skeletal muscle muscular dystrophy
skeletal muscle diseased
placenta basal plate
epidermis dermatitis
oral squamous cell carcinoma
breast cancer
lung cancer
prostate gland
prostate cancer
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hepatocellular carcinoma
renal cell carcinoma
kidney
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hI60 promyelocytic leukemia
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precursor T lymphoblastic leukemia
T cell
T cell diseased
chronic myeloid leukemia
leukocyte
blood
mononuclear cell
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macrophage
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bronchoalveolar lavage cell
CD138+ plasma cell myeloma
acute promyelocytic leukemia
acute lymphoblastic leukemia
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myelogenous leukemia
hematopoietic stem cell

200 most variable genes

blood normal and diseased
brain normal and diseased
cardiac and skeletal muscle normal and diseased
cell line normal and diseased
solid tissue normal and neoplastic
other
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unknown lung small cell cancer
INCaP prostate cancer 
caco2 colon adenocarcinoma
MDA468 breast cancer
T47D breast ductal carcinoma
Calu−3 lung adenocarcinoma
ht−29 colorectal adenocarcinoma
BT474 breast cancer
mcf−7aro breast epithelial adenocarcinoma 
MCF7 breast epithelial adenocarcinoma 
ssMCF7 breast cancer
bronchial epithelia
colorectal cancer
bladder cancer
ovarian tumor
HEK293 embryonic kidney
unknown lung adenocarcinoma
RKO colon carcinoma
pc3 prostate cancer
universal reference
skmel5 melanoma
Hep−2 larynx sqamous cell carcinoma
HeLa cervical adenocarcinoma
HeLa cervical adenocarcinoma transfected
IB3−1 adenovirus transformed bronchial epithelia
MDA−MB−231 breast cancer
A549 lung adenocarcinoma
umbilical vein endothelial cell
Kaposi sarcoma
primary intervertebral disc
preadipocytes
mesenchymal stem cell
smooth muscle
FM9514 human embryonic myoblast
fetal lung fibroblast
embryonic lung fibroblast
embryonic skin fibroblast
prostate gland
prostate cancer
hepatocellular carcinoma
thyroid adenocarcinoma
placenta basal plate
epidermis dermatitis
oral squamous cell carcinoma
breast cancer
lung cancer
uterine tumor
myometrium
heart disease
heart
skeletal muscle
skeletal muscle muscular dystrophy
skeletal muscle diseased
brain tumor
neuroblastoma
embryonal rhabdomyosarcoma
renal cell carcinoma
kidney
germ cell tumor
ewings sarcoma
caudate nucleus Huntingtons
hypothalamus
caudate nucleus
brain
cerebellum
cerebellum Huntingtons
brain bipolar disorder
frontal cortex
frontal cortex Huntingtons
lymph node
tonsil
k562 myelogenous leukaemia
ts anaplastic large cell lymphoma
MOLT4 T cell acute lymphoblastic leukemia
CD138+ plasma cell myeloma
hI60 promyelocytic leukemia
lymphocyte
B cell
thymocyte
precursor T lymphoblastic leukemia
T cell diseased
T cell
chronic myeloid leukemia
leukocyte
blood
mononuclear cell
mononuclear cell infection
macrophage
bronchoalveolar lavage cell
monocyte
B−cell lymphoma
acute lymphoblastic leukemia
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acute promyelocytic leukemia
myelogenous leukemia
hematopoietic stem cell

150 most variable genes

blood normal and diseased
brain normal and diseased
cardiac and skeletal muscle normal and diseased
cell line normal and diseased
solid tissue normal and neoplastic
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macrophage
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blood normal and diseased
brain normal and diseased
cardiac and skeletal muscle normal and diseased
cell line normal and diseased
solid tissue normal and neoplastic
other
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brain tumor
hypothalamus
caudate nucleus Huntingtons
caudate nucleus
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cerebellum
cerebellum Huntingtons
frontal cortex
frontal cortex Huntingtons
lymph node
B−cell lymphoma
ewings sarcoma
myometrium
uterine tumor
heart
heart disease
neuroblastoma
embryonal rhabdomyosarcoma
skeletal muscle
skeletal muscle diseased
skeletal muscle muscular dystrophy
tonsil
bronchial epithelia
colorectal cancer
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prostate cancer
prostate gland
thyroid adenocarcinoma
hepatocellular carcinoma
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kidney
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epidermis dermatitis
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bladder cancer
ovarian tumor
INCaP prostate cancer 
unknown lung small cell cancer
BT474 breast cancer
caco2 colon adenocarcinoma
T47D breast ductal carcinoma
mcf−7aro breast epithelial adenocarcinoma 
MCF7 breast epithelial adenocarcinoma 
ssMCF7 breast cancer
Kaposi sarcoma
primary intervertebral disc
preadipocytes
umbilical vein endothelial cell
smooth muscle
fetal lung fibroblast
FM9514 human embryonic myoblast
mesenchymal stem cell
embryonic lung fibroblast
embryonic skin fibroblast
HEK293 embryonic kidney
MDA468 breast cancer
Calu−3 lung adenocarcinoma
pc3 prostate cancer
unknown lung adenocarcinoma
ht−29 colorectal adenocarcinoma
universal reference
skmel5 melanoma
IB3−1 adenovirus transformed bronchial epithelia
HeLa cervical adenocarcinoma transfected
A549 lung adenocarcinoma
MDA−MB−231 breast cancer
HeLa cervical adenocarcinoma
Hep−2 larynx sqamous cell carcinoma
MOLT4 T cell acute lymphoblastic leukemia
RKO colon carcinoma
lymphocyte
hI60 promyelocytic leukemia
k562 myelogenous leukaemia
ts anaplastic large cell lymphoma
monocyte
acute promyelocytic leukemia
bronchoalveolar lavage cell
macrophage
T cell diseased
T cell
chronic myeloid leukemia
mononuclear cell
mononuclear cell infection
blood
leukocyte
CD138+ plasma cell myeloma
thymocyte
precursor T lymphoblastic leukemia
B cell
hematopoietic stem cell
acute lymphoblastic leukemia
acute myeloid leukemia
myelogenous leukemia

50 most variable genes

blood normal and diseased
brain normal and diseased
cardiac and skeletal muscle normal and diseased
cell line normal and diseased
solid tissue normal and neoplastic
other
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caudate nucleus
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tonsil
bronchial epithelia
colorectal cancer
bladder cancer
ovarian tumor
oral squamous cell carcinoma
breast cancer
lung cancer
epidermis dermatitis
thyroid adenocarcinoma
hepatocellular carcinoma
renal cell carcinoma
kidney
germ cell tumor
placenta basal plate
prostate gland
prostate cancer
B−cell lymphoma
lymph node
uterine tumor
myometrium
heart
heart disease
brain tumor
neuroblastoma
embryonal rhabdomyosarcoma
ewings sarcoma
skeletal muscle
skeletal muscle diseased
skeletal muscle muscular dystrophy
MDA468 breast cancer
Calu−3 lung adenocarcinoma
unknown lung adenocarcinoma
ht−29 colorectal adenocarcinoma
INCaP prostate cancer 
unknown lung small cell cancer
BT474 breast cancer
T47D breast ductal carcinoma
caco2 colon adenocarcinoma
mcf−7aro breast epithelial adenocarcinoma 
MCF7 breast epithelial adenocarcinoma 
ssMCF7 breast cancer
Kaposi sarcoma
primary intervertebral disc
preadipocytes
umbilical vein endothelial cell
smooth muscle
fetal lung fibroblast
FM9514 human embryonic myoblast
mesenchymal stem cell
embryonic lung fibroblast
embryonic skin fibroblast
HEK293 embryonic kidney
ts anaplastic large cell lymphoma
universal reference
skmel5 melanoma
IB3−1 adenovirus transformed bronchial epithelia
MDA−MB−231 breast cancer
HeLa cervical adenocarcinoma
Hep−2 larynx sqamous cell carcinoma
pc3 prostate cancer
HeLa cervical adenocarcinoma transfected
A549 lung adenocarcinoma
MOLT4 T cell acute lymphoblastic leukemia
RKO colon carcinoma
lymphocyte
hI60 promyelocytic leukemia
k562 myelogenous leukaemia
bronchoalveolar lavage cell
macrophage
acute promyelocytic leukemia
CD138+ plasma cell myeloma
monocyte
B cell
T cell diseased
T cell
mononuclear cell infection
mononuclear cell
blood
leukocyte
thymocyte
precursor T lymphoblastic leukemia
acute lymphoblastic leukemia
hematopoietic stem cell
chronic myeloid leukemia
acute myeloid leukemia
myelogenous leukemia

45 most variable genes

blood normal and diseased
brain normal and diseased
cardiac and skeletal muscle normal and diseased
cell line normal and diseased
solid tissue normal and neoplastic
other
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caudate nucleus Huntingtons
hypothalamus
caudate nucleus
brain bipolar disorder
brain
cerebellum
cerebellum Huntingtons
frontal cortex
frontal cortex Huntingtons
prostate cancer
prostate gland
hepatocellular carcinoma
thyroid adenocarcinoma
myometrium
uterine tumor
heart disease
heart
brain tumor
neuroblastoma
embryonal rhabdomyosarcoma
ewings sarcoma
lymph node
skeletal muscle
skeletal muscle diseased
skeletal muscle muscular dystrophy
INCaP prostate cancer 
unknown lung small cell cancer
T47D breast ductal carcinoma
BT474 breast cancer
caco2 colon adenocarcinoma
mcf−7aro breast epithelial adenocarcinoma 
MCF7 breast epithelial adenocarcinoma 
ssMCF7 breast cancer
Kaposi sarcoma
primary intervertebral disc
umbilical vein endothelial cell
preadipocytes
FM9514 human embryonic myoblast
mesenchymal stem cell
embryonic lung fibroblast
embryonic skin fibroblast
smooth muscle
fetal lung fibroblast
ht−29 colorectal adenocarcinoma
Calu−3 lung adenocarcinoma
MDA468 breast cancer
unknown lung adenocarcinoma
HEK293 embryonic kidney
universal reference
ts anaplastic large cell lymphoma
IB3−1 adenovirus transformed bronchial epithelia
skmel5 melanoma
pc3 prostate cancer
HeLa cervical adenocarcinoma transfected
A549 lung adenocarcinoma
MDA−MB−231 breast cancer
HeLa cervical adenocarcinoma
Hep−2 larynx sqamous cell carcinoma
tonsil
renal cell carcinoma
kidney
germ cell tumor
bronchial epithelia
colorectal cancer
placenta basal plate
oral squamous cell carcinoma
bladder cancer
ovarian tumor
breast cancer
lung cancer
epidermis dermatitis
MOLT4 T cell acute lymphoblastic leukemia
RKO colon carcinoma
lymphocyte
hI60 promyelocytic leukemia
k562 myelogenous leukaemia
bronchoalveolar lavage cell
monocyte
acute promyelocytic leukemia
macrophage
acute myeloid leukemia
myelogenous leukemia
B−cell lymphoma
CD138+ plasma cell myeloma
B cell
thymocyte
precursor T lymphoblastic leukemia
acute lymphoblastic leukemia
hematopoietic stem cell
T cell
T cell diseased
mononuclear cell
mononuclear cell infection
chronic myeloid leukemia
blood
leukocyte

40 most variable genes

blood normal and diseased
brain normal and diseased
cardiac and skeletal muscle normal and diseased
cell line normal and diseased
solid tissue normal and neoplastic
other



br
on

ch
ia

l e
pi

th
el

ia
to

ns
il

he
pa

to
ce

llu
la

r c
ar

cin
om

a
co

lo
re

ct
al

 c
an

ce
r

or
al

 s
qu

am
ou

s 
ce

ll c
ar

cin
om

a
bl

ad
de

r c
an

ce
r

ov
ar

ia
n 

tu
m

or
lu

ng
 c

an
ce

r
br

ea
st

 c
an

ce
r

ep
id

er
m

is 
de

rm
at

itis
ca

ud
at

e 
nu

cle
us

ca
ud

at
e 

nu
cle

us
 H

un
tin

gt
on

s
hy

po
th

al
am

us
ce

re
be

llu
m

ce
re

be
llu

m
 H

un
tin

gt
on

s
fro

nt
al

 c
or

te
x

fro
nt

al
 c

or
te

x 
Hu

nt
in

gt
on

s
br

ai
n 

bi
po

la
r d

iso
rd

er
br

ai
n

pl
ac

en
ta

 b
as

al
 p

la
te

pr
os

ta
te

 g
la

nd
pr

os
ta

te
 c

an
ce

r
he

ar
t d

ise
as

e
he

ar
t

ut
er

in
e 

tu
m

or
m

yo
m

et
riu

m
lym

ph
 n

od
e

sk
el

et
al

 m
us

cle
sk

el
et

al
 m

us
cle

 d
ise

as
ed

sk
el

et
al

 m
us

cle
 m

us
cu

la
r d

ys
tro

ph
y

em
br

yo
na

l r
ha

bd
om

yo
sa

rc
om

a
ew

in
gs

 s
ar

co
m

a
br

ai
n 

tu
m

or
ne

ur
ob

la
st

om
a

re
na

l c
el

l c
ar

cin
om

a
th

yr
oi

d 
ad

en
oc

ar
cin

om
a

ge
rm

 c
el

l t
um

or
kid

ne
y

M
O

LT
4 

T 
ce

ll a
cu

te
 ly

m
ph

ob
la

st
ic 

le
uk

em
ia

RK
O

 c
ol

on
 c

ar
cin

om
a

k5
62

 m
ye

lo
ge

no
us

 le
uk

ae
m

ia
hI

60
 p

ro
m

ye
lo

cy
tic

 le
uk

em
ia

lym
ph

oc
yt

e
m

ac
ro

ph
ag

e
ac

ut
e 

pr
om

ye
lo

cy
tic

 le
uk

em
ia

br
on

ch
oa

lve
ol

ar
 la

va
ge

 c
el

l
m

on
oc

yt
e

B−
ce

ll l
ym

ph
om

a
B 

ce
ll

th
ym

oc
yt

e
CD

13
8+

 p
la

sm
a 

ce
ll m

ye
lo

m
a

pr
ec

ur
so

r T
 ly

m
ph

ob
la

st
ic 

le
uk

em
ia

ac
ut

e 
lym

ph
ob

la
st

ic 
le

uk
em

ia
he

m
at

op
oi

et
ic 

st
em

 c
el

l
m

ye
lo

ge
no

us
 le

uk
em

ia
T 

ce
ll d

ise
as

ed
T 

ce
ll

bl
oo

d
m

on
on

uc
le

ar
 c

el
l

m
on

on
uc

le
ar

 c
el

l in
fe

ct
io

n
ac

ut
e 

m
ye

lo
id

 le
uk

em
ia

le
uk

oc
yt

e
ch

ro
ni

c 
m

ye
lo

id
 le

uk
em

ia
Ka

po
si 

sa
rc

om
a

pr
im

ar
y 

in
te

rv
er

te
br

al
 d

isc
FM

95
14

 h
um

an
 e

m
br

yo
ni

c 
m

yo
bl

as
t

pr
ea

di
po

cy
te

s
m

es
en

ch
ym

al
 s

te
m

 c
el

l
um

bi
lic

al
 v

ei
n 

en
do

th
el

ia
l c

el
l

em
br

yo
ni

c 
sk

in
 fi

br
ob

la
st

em
br

yo
ni

c 
lu

ng
 fi

br
ob

la
st

sm
oo

th
 m

us
cle

fe
ta

l lu
ng

 fi
br

ob
la

st
IN

Ca
P 

pr
os

ta
te

 c
an

ce
r

T4
7D

 b
re

as
t d

uc
ta

l c
ar

cin
om

a
M

DA
46

8 
br

ea
st

 c
an

ce
r

Ca
lu
−3

 lu
ng

 a
de

no
ca

rc
in

om
a

un
kn

ow
n 

lu
ng

 s
m

al
l c

el
l c

an
ce

r
HE

K2
93

 e
m

br
yo

ni
c 

kid
ne

y
BT

47
4 

br
ea

st
 c

an
ce

r
ca

co
2 

co
lo

n 
ad

en
oc

ar
cin

om
a

M
CF

7 
br

ea
st

 e
pi

th
el

ia
l a

de
no

ca
rc

in
om

a
m

cf
−7

ar
o 

br
ea

st
 e

pi
th

el
ia

l a
de

no
ca

rc
in

om
a

ss
M

CF
7 

br
ea

st
 c

an
ce

r
ts

 a
na

pl
as

tic
 la

rg
e 

ce
ll l

ym
ph

om
a

un
ive

rs
al

 re
fe

re
nc

e
IB

3−
1 

ad
en

ov
iru

s 
tra

ns
fo

rm
ed

 b
ro

nc
hi

al
 e

pi
th

el
ia

sk
m

el
5 

m
el

an
om

a
un

kn
ow

n 
lu

ng
 a

de
no

ca
rc

in
om

a
ht
−2

9 
co

lo
re

ct
al

 a
de

no
ca

rc
in

om
a

M
DA

−M
B−

23
1 

br
ea

st
 c

an
ce

r
pc

3 
pr

os
ta

te
 c

an
ce

r
A5

49
 lu

ng
 a

de
no

ca
rc

in
om

a
He

La
 c

er
vic

al
 a

de
no

ca
rc

in
om

a 
tra

ns
fe

ct
ed

He
La

 c
er

vic
al

 a
de

no
ca

rc
in

om
a

He
p−

2 
la

ry
nx

 s
qa

m
ou

s 
ce

ll c
ar

cin
om

a
bronchial epithelia
tonsil
hepatocellular carcinoma
colorectal cancer
oral squamous cell carcinoma
bladder cancer
ovarian tumor
lung cancer
breast cancer
epidermis dermatitis
caudate nucleus
caudate nucleus Huntingtons
hypothalamus
cerebellum
cerebellum Huntingtons
frontal cortex
frontal cortex Huntingtons
brain bipolar disorder
brain
placenta basal plate
prostate gland
prostate cancer
heart disease
heart
uterine tumor
myometrium
lymph node
skeletal muscle
skeletal muscle diseased
skeletal muscle muscular dystrophy
embryonal rhabdomyosarcoma
ewings sarcoma
brain tumor
neuroblastoma
renal cell carcinoma
thyroid adenocarcinoma
germ cell tumor
kidney
MOLT4 T cell acute lymphoblastic leukemia
RKO colon carcinoma
k562 myelogenous leukaemia
hI60 promyelocytic leukemia
lymphocyte
macrophage
acute promyelocytic leukemia
bronchoalveolar lavage cell
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B−cell lymphoma
B cell
thymocyte
CD138+ plasma cell myeloma
precursor T lymphoblastic leukemia
acute lymphoblastic leukemia
hematopoietic stem cell
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T cell diseased
T cell
blood
mononuclear cell
mononuclear cell infection
acute myeloid leukemia
leukocyte
chronic myeloid leukemia
Kaposi sarcoma
primary intervertebral disc
FM9514 human embryonic myoblast
preadipocytes
mesenchymal stem cell
umbilical vein endothelial cell
embryonic skin fibroblast
embryonic lung fibroblast
smooth muscle
fetal lung fibroblast
INCaP prostate cancer 
T47D breast ductal carcinoma
MDA468 breast cancer
Calu−3 lung adenocarcinoma
unknown lung small cell cancer
HEK293 embryonic kidney
BT474 breast cancer
caco2 colon adenocarcinoma
MCF7 breast epithelial adenocarcinoma 
mcf−7aro breast epithelial adenocarcinoma 
ssMCF7 breast cancer
ts anaplastic large cell lymphoma
universal reference
IB3−1 adenovirus transformed bronchial epithelia
skmel5 melanoma
unknown lung adenocarcinoma
ht−29 colorectal adenocarcinoma
MDA−MB−231 breast cancer
pc3 prostate cancer
A549 lung adenocarcinoma
HeLa cervical adenocarcinoma transfected
HeLa cervical adenocarcinoma
Hep−2 larynx sqamous cell carcinoma

35 most variable genes

blood normal and diseased
brain normal and diseased
cardiac and skeletal muscle normal and diseased
cell line normal and diseased
solid tissue normal and neoplastic
other
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caudate nucleus Huntingtons
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frontal cortex
frontal cortex Huntingtons
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ewings sarcoma
brain tumor
neuroblastoma
heart
heart disease
uterine tumor
myometrium
lymph node
skeletal muscle
skeletal muscle diseased
skeletal muscle muscular dystrophy
B−cell lymphoma
tonsil
Kaposi sarcoma
kidney
renal cell carcinoma
bronchial epithelia
colorectal cancer
ovarian tumor
bladder cancer
oral squamous cell carcinoma
lung cancer
breast cancer
epidermis dermatitis
hepatocellular carcinoma
germ cell tumor
thyroid adenocarcinoma
placenta basal plate
prostate gland
prostate cancer
monocyte
bronchoalveolar lavage cell
macrophage
acute promyelocytic leukemia
leukocyte
chronic myeloid leukemia
acute myeloid leukemia
myelogenous leukemia
k562 myelogenous leukaemia
lymphocyte
hI60 promyelocytic leukemia
T cell diseased
T cell
blood
mononuclear cell
mononuclear cell infection
CD138+ plasma cell myeloma
B cell
thymocyte
precursor T lymphoblastic leukemia
acute lymphoblastic leukemia
hematopoietic stem cell
Calu−3 lung adenocarcinoma
MDA468 breast cancer
RKO colon carcinoma
caco2 colon adenocarcinoma
HEK293 embryonic kidney
INCaP prostate cancer 
unknown lung small cell cancer
T47D breast ductal carcinoma
BT474 breast cancer
MCF7 breast epithelial adenocarcinoma 
mcf−7aro breast epithelial adenocarcinoma 
ssMCF7 breast cancer
FM9514 human embryonic myoblast
umbilical vein endothelial cell
primary intervertebral disc
preadipocytes
mesenchymal stem cell
embryonic skin fibroblast
smooth muscle
embryonic lung fibroblast
fetal lung fibroblast
MOLT4 T cell acute lymphoblastic leukemia
ts anaplastic large cell lymphoma
universal reference
skmel5 melanoma
IB3−1 adenovirus transformed bronchial epithelia
ht−29 colorectal adenocarcinoma
pc3 prostate cancer
MDA−MB−231 breast cancer
A549 lung adenocarcinoma
unknown lung adenocarcinoma
HeLa cervical adenocarcinoma transfected
Hep−2 larynx sqamous cell carcinoma
HeLa cervical adenocarcinoma

30 most variable genes

blood normal and diseased
brain normal and diseased
cardiac and skeletal muscle normal and diseased
cell line normal and diseased
solid tissue normal and neoplastic
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hypothalamus
caudate nucleus
caudate nucleus Huntingtons
cerebellum
cerebellum Huntingtons
brain
brain bipolar disorder
frontal cortex
frontal cortex Huntingtons
placenta basal plate
prostate gland
prostate cancer
hepatocellular carcinoma
breast cancer
epidermis dermatitis
oral squamous cell carcinoma
ovarian tumor
bladder cancer
B−cell lymphoma
Kaposi sarcoma
tonsil
germ cell tumor
renal cell carcinoma
kidney
lung cancer
lymph node
embryonal rhabdomyosarcoma
ewings sarcoma
brain tumor
neuroblastoma
thyroid adenocarcinoma
heart
heart disease
myometrium
uterine tumor
skeletal muscle
skeletal muscle diseased
skeletal muscle muscular dystrophy
lymphocyte
T cell diseased
T cell
mononuclear cell
mononuclear cell infection
blood
leukocyte
k562 myelogenous leukaemia
hI60 promyelocytic leukemia
CD138+ plasma cell myeloma
monocyte
bronchoalveolar lavage cell
acute lymphoblastic leukemia
B cell
precursor T lymphoblastic leukemia
thymocyte
acute promyelocytic leukemia
macrophage
chronic myeloid leukemia
acute myeloid leukemia
hematopoietic stem cell
myelogenous leukemia
bronchial epithelia
unknown lung small cell cancer
INCaP prostate cancer 
RKO colon carcinoma
Calu−3 lung adenocarcinoma
HeLa cervical adenocarcinoma transfected
Hep−2 larynx sqamous cell carcinoma
T47D breast ductal carcinoma
BT474 breast cancer
mcf−7aro breast epithelial adenocarcinoma 
ssMCF7 breast cancer
MCF7 breast epithelial adenocarcinoma 
ht−29 colorectal adenocarcinoma
caco2 colon adenocarcinoma
MDA468 breast cancer
unknown lung adenocarcinoma
HEK293 embryonic kidney
universal reference
HeLa cervical adenocarcinoma
A549 lung adenocarcinoma
MDA−MB−231 breast cancer
pc3 prostate cancer
MOLT4 T cell acute lymphoblastic leukemia
ts anaplastic large cell lymphoma
colorectal cancer
IB3−1 adenovirus transformed bronchial epithelia
skmel5 melanoma
primary intervertebral disc
umbilical vein endothelial cell
FM9514 human embryonic myoblast
preadipocytes
mesenchymal stem cell
smooth muscle
embryonic skin fibroblast
embryonic lung fibroblast
fetal lung fibroblast

25 most variable genes

blood normal and diseased
brain normal and diseased
cardiac and skeletal muscle normal and diseased
cell line normal and diseased
solid tissue normal and neoplastic
other
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caudate nucleus Huntingtons
hypothalamus
frontal cortex
frontal cortex Huntingtons
brain bipolar disorder
brain
caudate nucleus
cerebellum
cerebellum Huntingtons
myometrium
uterine tumor
skeletal muscle
skeletal muscle diseased
skeletal muscle muscular dystrophy
lymph node
ewings sarcoma
embryonal rhabdomyosarcoma
brain tumor
neuroblastoma
thyroid adenocarcinoma
heart
heart disease
placenta basal plate
prostate gland
prostate cancer
tonsil
germ cell tumor
renal cell carcinoma
kidney
lung cancer
hepatocellular carcinoma
colorectal cancer
breast cancer
epidermis dermatitis
oral squamous cell carcinoma
bladder cancer
ovarian tumor
lymphocyte
T cell diseased
T cell
macrophage
chronic myeloid leukemia
acute myeloid leukemia
mononuclear cell
mononuclear cell infection
blood
leukocyte
MOLT4 T cell acute lymphoblastic leukemia
hI60 promyelocytic leukemia
k562 myelogenous leukaemia
B−cell lymphoma
Kaposi sarcoma
bronchoalveolar lavage cell
CD138+ plasma cell myeloma
acute promyelocytic leukemia
monocyte
thymocyte
precursor T lymphoblastic leukemia
acute lymphoblastic leukemia
B cell
myelogenous leukemia
hematopoietic stem cell
INCaP prostate cancer 
RKO colon carcinoma
unknown lung small cell cancer
bronchial epithelia
Calu−3 lung adenocarcinoma
HeLa cervical adenocarcinoma transfected
Hep−2 larynx sqamous cell carcinoma
HeLa cervical adenocarcinoma
caco2 colon adenocarcinoma
MDA468 breast cancer
unknown lung adenocarcinoma
BT474 breast cancer
T47D breast ductal carcinoma
mcf−7aro breast epithelial adenocarcinoma 
ssMCF7 breast cancer
MCF7 breast epithelial adenocarcinoma 
HEK293 embryonic kidney
universal reference
A549 lung adenocarcinoma
MDA−MB−231 breast cancer
ts anaplastic large cell lymphoma
pc3 prostate cancer
ht−29 colorectal adenocarcinoma
IB3−1 adenovirus transformed bronchial epithelia
skmel5 melanoma
umbilical vein endothelial cell
smooth muscle
primary intervertebral disc
FM9514 human embryonic myoblast
preadipocytes
mesenchymal stem cell
embryonic skin fibroblast
embryonic lung fibroblast
fetal lung fibroblast

20 most variable genes

blood normal and diseased
brain normal and diseased
cardiac and skeletal muscle normal and diseased
cell line normal and diseased
solid tissue normal and neoplastic
other
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caudate nucleus Huntingtons
hypothalamus
frontal cortex
frontal cortex Huntingtons
brain bipolar disorder
cerebellum
cerebellum Huntingtons
brain
caudate nucleus
B−cell lymphoma
Kaposi sarcoma
umbilical vein endothelial cell
renal cell carcinoma
kidney
germ cell tumor
lung cancer
placenta basal plate
epidermis dermatitis
breast cancer
prostate cancer
prostate gland
thyroid adenocarcinoma
heart
heart disease
ewings sarcoma
embryonal rhabdomyosarcoma
neuroblastoma
brain tumor
myometrium
uterine tumor
lymph node
skeletal muscle
skeletal muscle diseased
skeletal muscle muscular dystrophy
unknown lung small cell cancer
INCaP prostate cancer 
RKO colon carcinoma
Calu−3 lung adenocarcinoma
caco2 colon adenocarcinoma
MDA468 breast cancer
unknown lung adenocarcinoma
BT474 breast cancer
mcf−7aro breast epithelial adenocarcinoma 
T47D breast ductal carcinoma
ssMCF7 breast cancer
MCF7 breast epithelial adenocarcinoma 
lymphocyte
T cell diseased
T cell
mononuclear cell
mononuclear cell infection
blood
leukocyte
macrophage
chronic myeloid leukemia
acute myeloid leukemia
monocyte
hI60 promyelocytic leukemia
MOLT4 T cell acute lymphoblastic leukemia
k562 myelogenous leukaemia
CD138+ plasma cell myeloma
ts anaplastic large cell lymphoma
acute lymphoblastic leukemia
B cell
precursor T lymphoblastic leukemia
thymocyte
acute promyelocytic leukemia
bronchoalveolar lavage cell
myelogenous leukemia
hematopoietic stem cell
bronchial epithelia
hepatocellular carcinoma
tonsil
oral squamous cell carcinoma
bladder cancer
ovarian tumor
HeLa cervical adenocarcinoma transfected
Hep−2 larynx sqamous cell carcinoma
MDA−MB−231 breast cancer
A549 lung adenocarcinoma
ht−29 colorectal adenocarcinoma
HeLa cervical adenocarcinoma
pc3 prostate cancer
colorectal cancer
HEK293 embryonic kidney
universal reference
IB3−1 adenovirus transformed bronchial epithelia
skmel5 melanoma
FM9514 human embryonic myoblast
preadipocytes
mesenchymal stem cell
primary intervertebral disc
embryonic skin fibroblast
fetal lung fibroblast
smooth muscle
embryonic lung fibroblast

15 most variable genes

blood normal and diseased
brain normal and diseased
cardiac and skeletal muscle normal and diseased
cell line normal and diseased
solid tissue normal and neoplastic
other
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unknown lung small cell cancer
mcf−7aro breast epithelial adenocarcinoma 
T47D breast ductal carcinoma
ssMCF7 breast cancer
MCF7 breast epithelial adenocarcinoma 
BT474 breast cancer
bronchial epithelia
caco2 colon adenocarcinoma
INCaP prostate cancer 
MDA468 breast cancer
HEK293 embryonic kidney
tonsil
A549 lung adenocarcinoma
MDA−MB−231 breast cancer
HeLa cervical adenocarcinoma transfected
RKO colon carcinoma
unknown lung adenocarcinoma
pc3 prostate cancer
HeLa cervical adenocarcinoma
ht−29 colorectal adenocarcinoma
Hep−2 larynx sqamous cell carcinoma
Calu−3 lung adenocarcinoma
hepatocellular carcinoma
placenta basal plate
epidermis dermatitis
oral squamous cell carcinoma
colorectal cancer
bladder cancer
ovarian tumor
heart disease
heart
breast cancer
prostate cancer
prostate gland
FM9514 human embryonic myoblast
universal reference
thyroid adenocarcinoma
germ cell tumor
lung cancer
kidney
T cell diseased
blood
lymphocyte
T cell
mononuclear cell
mononuclear cell infection
leukocyte
macrophage
k562 myelogenous leukaemia
CD138+ plasma cell myeloma
hI60 promyelocytic leukemia
ts anaplastic large cell lymphoma
chronic myeloid leukemia
acute myeloid leukemia
monocyte
precursor T lymphoblastic leukemia
thymocyte
MOLT4 T cell acute lymphoblastic leukemia
B cell
acute lymphoblastic leukemia
B−cell lymphoma
lymph node
myelogenous leukemia
hematopoietic stem cell
acute promyelocytic leukemia
bronchoalveolar lavage cell
neuroblastoma
caudate nucleus Huntingtons
hypothalamus
caudate nucleus
cerebellum
cerebellum Huntingtons
frontal cortex
frontal cortex Huntingtons
brain bipolar disorder
brain
IB3−1 adenovirus transformed bronchial epithelia
skmel5 melanoma
primary intervertebral disc
preadipocytes
mesenchymal stem cell
fetal lung fibroblast
smooth muscle
embryonic lung fibroblast
Kaposi sarcoma
skeletal muscle diseased
skeletal muscle
skeletal muscle muscular dystrophy
umbilical vein endothelial cell
renal cell carcinoma
embryonic skin fibroblast
myometrium
uterine tumor
embryonal rhabdomyosarcoma
brain tumor
ewings sarcoma

10 most variable genes

blood normal and diseased
brain normal and diseased
cardiac and skeletal muscle normal and diseased
cell line normal and diseased
solid tissue normal and neoplastic
other
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Supplementary Figure 4e: 

 
Sample clustering based on 1000, 950, 900, …,  50, 45, … ,5 most variable 
probesets in the 96 biological groups. The four colors at the left and top of the 
heat map depict 6 clusters identified on self-vs-self heat-map of 96 biological 
groups in supplementary Figure 4a.!



ai
rw

ay
 e

pi
th

el
ia

l c
el

l

CA
L2

7 
he

ad
 n

ec
k 

sq
ua

m
ou

s 
ce

ll c
ar

cin
om

a

HC
C8

27
 lu

ng
 a

de
no

ca
rc

in
om

a

HM
EC

18
4 

br
ea

st
 c

an
ce

r

HC
C2

93
5 

lu
ng

 n
on
−s

m
al

l c
el

l lu
ng

 c
an

ce
r l

in
e

HC
C2

27
 lu

ng
 a

de
no

ca
rc

in
om

a

HC
C9

5 
lu

ng
 n

on
−s

m
al

l c
el

l c
ar

cin
om

a

un
kn

ow
n 

lu
ng

 c
an

ce
r

pr
im

ar
y 

in
te

rv
er

te
br

al
 d

isc

ad
ip

os
e−

de
riv

ed
 a

du
lt 

st
em

 c
el

ls 
cu

ltu
re

d

sk
in

 b
as

al
 c

el
l U

V 
tre

at
ed

um
bi

lic
al

 v
ei

n 
en

do
th

el
ia

l c
el

l

H9
 m

es
en

ch
ym

al
 p

re
cu

rs
or

pr
og

er
ia

 s
yn

dr
om

e 
fib

ro
bl

as
t

pr
im

ar
y 

fib
ro

bl
as

t

M
RC

5 
fe

ta
l f

ib
ro

bl
as

t

lig
am

en
t c

el
l p

er
io

do
nt

itis

gi
ng

iva
 c

el
l p

er
io

do
nt

itis

re
ge

ne
ra

tin
g 

ce
ll p

er
io

do
nt

itis

un
kn

ow
n 

sm
al

l c
el

l lu
ng

 c
an

ce
r

un
kn

ow
n 

lu
ng

 s
m

al
l c

el
l c

an
ce

r

Lu
13

0 
lu

ng
 s

m
al

l c
el

l c
an

ce
r

NC
U−

M
M

1 
m

ul
tip

le
 m

ye
lo

m
a

un
kn

ow
n 

lu
ng

 n
eu

ro
en

do
cr

in
e

B−
ce

ll l
ym

ph
om

a 
ce

ll l
in

e

NC
−N

C 
lym

ph
ob

la
st

oi
d 

B 
ce

ll

M
O

LT
4 

T 
ce

ll a
cu

te
 ly

m
ph

ob
la

st
ic 

le
uk

em
ia

RJ
2.

2.
5 

Bu
rk

itt
s 

lym
ph

om
a

U9
37

 ly
m

ph
om

a

k5
62

 m
ye

lo
ge

no
us

 le
uk

ae
m

ia

CM
K 

m
eg

ak
ar

yo
bl

as
tic

M
70

e 
he

m
at

op
oi

et
ic

pc
6 

lu
ng

 s
m

al
l c

el
l c

an
ce

r

SB
C3

 lu
ng

 s
m

al
l c

el
l c

an
ce

r

LU
16

5 
lu

ng
 s

m
al

l c
el

l c
an

ce
r

pc
7 

lu
ng

 n
on
−s

m
al

l c
el

l a
de

no
ca

rc
in

om
a

LU
13

9 
lu

ng
 s

m
al

l c
el

l c
an

ce
r

LU
13

4 
lu

ng
 s

m
al

l c
el

l c
an

ce
r

M
S−

1 
lu

ng
 s

m
al

l c
el

l lu
ng

 c
an

ce
r

IN
Ca

P 
pr

os
ta

te
 c

an
ce

r

SB
C−

5 
lu

ng
 s

m
al

l c
el

l c
an

ce
r

PC
−1

 lu
ng

 s
qu

am
ou

s 
ce

ll c
an

ce
r

I−
6 

em
br

yo
ni

c 
st

em
 c

el
l

KE
LL

Y 
ne

ur
ob

la
st

om
a

SK
−N

−S
H 

ne
ur

ob
la

st
om

a 
ce

ll

SK
M

M
1 

m
ul

tip
le

 m
ye

lo
m

a

FR
4 

m
ul

tip
le

 m
ye

lo
m

a

Lu
65

 lu
ng

 n
on
−s

m
al

l c
el

l a
de

no
ca

rc
in

om
a

SR
 ly

m
ph

om
a

ts
 a

na
pl

as
tic

 la
rg

e 
ce

ll l
ym

ph
om

a

Su
−d

hl
1 

an
ap

la
st

ic 
la

rg
e 

ce
ll l

ym
ph

om
a

cc
rf−

ce
m

 T
−A

LL

Ju
rk

at
 T

 ly
m

ph
oc

yt
e

rp
m

i−
82

26
 m

ye
lo

m
a

hI
60

 p
ro

m
ye

lo
cy

tic
 le

uk
em

ia

NC
I−

H9
29

 m
ye

lo
m

a

AM
O
−1

 m
ye

lo
m

a

KM
4 

m
ul

tip
le

 m
ye

lo
m

a

RK
O

 c
ol

on
 c

ar
cin

om
a

SW
48

0 
co

lo
n 

ca
nc

er
 p

rim
ar

y 
tu

m
or

 d
er

ive
d

Ca
lu
−3

 lu
ng

 a
de

no
ca

rc
in

om
a

LK
−2

 lu
ng

 s
qu

am
ou

s 
ce

ll

EW
24

 E
wi

ng
 s

ar
co

m
a 

ce
ll l

in
e

SK
−N

−M
C 

ne
ur

ob
la

st
om

a

NC
I−

H5
22

 lu
ng

 a
de

no
ca

rc
in

om
a

HE
K2

93
 e

m
br

yo
ni

c 
kid

ne
y

29
3t
−t

va

HE
K2

93
T 

em
br

yo
ni

c 
kid

ne
y

ai
rw

ay
 e

pi
th

el
ia

l c
el

l c
ys

tic
 fi

br
os

is

M
DA

−M
B−

23
1 

br
ea

st
 c

an
ce

r

HO
P−

62
 lu

ng
 a

de
no

ca
rc

in
om

a

DU
 1

45
 p

ro
st

at
e 

ca
rc

in
om

a

O
VC

AR
−8

 o
va

ria
n 

ca
nc

er

SN
12

C 
re

na
l c

el
l c

ar
cin

om
a

NC
I−

AD
R−

RE
S 

ov
ar

ia
n 

ca
nc

er

SU
M

15
9P

T 
br

ea
st

 c
an

ce
r

IB
3−

1 
ad

en
ov

iru
s 

tra
ns

fo
rm

ed
 b

ro
nc

hi
al

 e
pi

th
el

ia

KS
 Y
−1

 K
ap

os
i's

 s
ar

co
m

a 
AI

DS
 a

ss
oc

ia
te

d

HC
C 

lu
ng

 a
de

no
ca

rc
in

om
a

SU
M

14
9P

T 
br

ea
st

 c
an

ce
r

a4
98

 re
na

l c
el

l c
ar

cin
om

a

UO
−3

1 
re

na
l c

el
l c

ar
cin

om
a

ca
ki−

1 
re

na
l c

el
l c

ar
cin

om
a

HC
C3

8 
br

ea
st

 c
an

ce
r

HB
L 

10
0 

br
ea

st
 c

an
ce

r

TK
−1

0

HO
P 

92
 n

on
−s

m
al

l c
el

l lu
ng

 c
ar

cin
om

a

pc
3 

pr
os

ta
te

 c
an

ce
r

M
DA

−M
B−

43
6 

br
ea

st
 c

an
ce

r

O
VC

AR
−5

 o
va

ria
n 

ca
nc

er

A5
49

 lu
ng

 a
de

no
ca

rc
in

om
a

EK
VX

 lu
ng

 n
on

 s
m

al
l c

el
l c

ar
cin

om
a

T4
7D

 b
re

as
t d

uc
ta

l c
ar

cin
om

a

ZR
75

B 
br

ea
st

 c
an

ce
r

M
CF

7 
br

ea
st

 e
pi

th
el

ia
l a

de
no

ca
rc

in
om

a

ss
M

CF
7 

br
ea

st
 c

an
ce

r

m
cf
−7

ar
o 

br
ea

st
 e

pi
th

el
ia

l a
de

no
ca

rc
in

om
a

IG
RO

V1
 o

va
ria

n 
ca

nc
er

NC
I−

H4
60

 lu
ng

 la
rg

e 
ce

ll c
ar

cin
om

a

O
VC

AR
−3

 o
va

ria
n 

ca
nc

er

O
VC

AR
−4

 o
va

ria
n 

ca
nc

er

KM
12

 c
ol

on
 c

an
ce

r

HC
C−

29
98

 c
ol

on
 c

an
ce

r

HC
T1

16
 c

ol
or

ec
ta

l c
ar

cin
om

a

HC
T−

15
 c

ol
or

ec
ta

l a
de

no
ca

rc
in

om
a

NC
I−

H3
22

M
 lu

ng
 s

m
al

l c
el

l b
ro

nc
hi

oa
lve

ol
ar

 c
ar

cin
om

a

LC
2/

AD
 n

on
−s

m
al

l c
el

l lu
ng

 a
de

no
ca

rc
in

om
a

PC
9 

lu
ng

 n
on
−s

m
al

l c
el

l a
de

no
ca

rc
in

om
a

Q
G
−5

6 
lu

ng
 s

qu
am

ou
s 

ce
ll c

an
ce

r

HC
C1

93
7 

br
ea

st
 c

an
ce

r

SU
M

19
0P

T 
br

ea
st

 c
an

ce
r

BT
20

 b
re

as
t c

an
ce

r

HC
C3

15
3 

br
ea

st
 c

an
ce

r

Ca
lu
−6

 lu
ng

 a
na

pl
as

tic
 c

ar
cin

om
a

SQ
−5

 lu
ng

 s
qa

m
ou

s 
ce

ll c
an

ce
r

He
La

 c
er

vic
al

 a
de

no
ca

rc
in

om
a 

tra
ns

fe
ct

ed

He
La

 c
er

vic
al

 a
de

no
ca

rc
in

om
a

HM
T3

52
2S

1 
br

ea
st

 e
pi

th
el

iu
m

M
CF

12
A 

br
ea

st
 e

pi
th

el
ia

l+
M

82
4

HC
C1

50
0 

br
ea

st
 c

an
ce

r

He
p−

2 
la

ry
nx

 s
qa

m
ou

s 
ce

ll c
ar

cin
om

a

HC
C3

66
 n

on
−s

m
al

l c
el

l lu
ng

 c
ar

cin
om

a

hu
m

an
 b

ro
nc

hi
al

 e
pi

th
el

ia
l c

el
l li

ne

M
CF

10
A 

br
ea

st
 e

pi
th

el
ia

l f
ib

ro
cy

st
ic 

di
se

as
e

un
kn

ow
n 

gl
io

ba
st

om
a

gl
io

bl
as

to
m

a 
ce

ll l
in

e

RE
RF

−L
C−

M
S 

lu
ng

 n
on
−s

m
al

l c
el

l a
de

no
ca

rc
in

om
a

Ca
lu
−1

 lu
ng

 e
pi

de
rm

oi
d 

ca
rc

in
om

a

SN
B−

75
 a

st
ro

cy
to

m
a

SK
M

C 
fe

ta
l s

ke
le

ta
l m

us
cle

 m
yo

bl
as

t

FM
95

14
 h

um
an

 e
m

br
yo

ni
c 

m
yo

bl
as

t

W
I3

8 
fe

ta
l f

ib
ro

bl
as

t

C2
C1

2 
m

ou
se

 m
us

cle
 m

yo
bl

as
t

un
kn

ow
n 

lu
ng

 m
es

ot
he

lio
m

a

fib
ro

bl
as

t C
oc

ka
yn

e 
sy

nd
ro

m
e

co
ro

na
ry

 a
rte

ry
 s

m
oo

th
 m

us
cle

 c
el

l

fe
ta

l lu
ng

 fi
br

ob
la

st

HS
57

8T
 b

re
as

t c
an

ce
r c

el
l li

ne

H1
 m

es
en

ch
ym

al
 p

re
cu

rs
or

CC
L−

15
3 

fe
ta

l p
ul

m
on

ar
y 

fib
ro

bl
as

t

em
br

yo
ni

c 
sk

in
 fi

br
ob

la
st

ea
.h

y9
26

 c
el

l im
or

ta
liz

ed
 e

nd
ot

he
lia

l

HC
C1

35
9 

lu
ng

 la
rg

e 
ce

ll c
ar

cin
om

a

SU
M

13
15

M
O

2 
br

ea
st

 c
an

ce
r

BT
54

9 
br

ea
st

 c
an

ce
r

M
CF

10
A−

m
yc

 b
re

as
t e

pi
th

el
ia

l f
ib

ro
cy

st
ic 

di
se

as
e

NC
I−

H2
26

 lu
ng

 s
qu

am
ou

s 
ce

ll c
ar

cin
om

a

RX
F−

39
3 

re
na

l c
el

l c
ar

cin
om

a

SF
−5

39
 g

lio
m

a

KS
−I

M
M

  K
ap

os
i's

 s
ar

co
m

a 
no

n 
AI

DS
 a

ss
oc

ia
te

d

LO
XI

M
VI

 m
al

ig
na

nt
 a

m
el

an
ot

ic 
m

el
an

om
a

U2
51

 g
lio

bl
as

to
m

a

SN
B−

19
 g

lio
bl

as
to

m
a

m
icr

ov
as

cu
la

r e
nd

ot
he

lia
l

RE
RF

−L
C−

AI
 lu

ng
 s

qa
m

ou
s 

ce
ll c

an
ce

r

u−
20

s 
os

te
os

ar
co

m
a

SF
−2

68
 g

lio
bl

as
to

m
a

te
85

 o
st

eo
sa

rc
om

a

SU
M

44
PE

 b
re

as
t c

an
ce

r

SU
M

18
5P

E 
br

ea
st

 c
an

ce
r

SU
M

22
5C

W
N 

br
ea

st
 c

an
ce

r

HC
C7

0 
br

ea
st

 c
an

ce
r

M
DA

46
8 

br
ea

st
 c

an
ce

r

HC
C1

18
7 

br
ea

st
 c

an
ce

r

HC
C1

19
5 

lu
ng

 a
de

no
ca

rc
in

om
a

un
kn

ow
n 

lu
ng

 n
on

 s
m

al
l c

el
l c

an
ce

r

un
kn

ow
n 

lu
ng

 a
de

no
ca

rc
in

om
a

HC
C2

15
7 

br
ea

st
 c

an
ce

r

HC
C1

42
8 

br
ea

st
 c

an
ce

r

M
DA

−M
B−

13
4V

I b
re

as
t c

an
ce

r

M
DA

−M
B−

45
3 

br
ea

st
 c

an
ce

r

CA
M

A1
 b

re
as

t c
an

ce
r

60
0M

PE
 b

re
as

t c
an

ce
r

ZR
75

30
 b

re
as

t c
an

ce
r

M
DA

−M
B−

17
5V

II 
br

ea
st

 c
an

ce
r

HC
C1

00
7 

br
ea

st
 c

an
ce

r

SU
M

52
PE

 b
re

as
t c

an
ce

r

M
DA

−M
B−

41
5 

br
ea

st
 c

an
ce

r

HC
C2

18
5 

br
ea

st
 c

an
ce

r

ZR
75

1 
br

ea
st

 c
an

ce
r

BT
47

4 
br

ea
st

 c
an

ce
r

SK
BR

3 
br

ea
st

 a
de

no
ca

rc
in

om
a

AU
56

5 
br

ea
st

 c
ar

cin
om

a

UA
CC

81
2 

br
ea

st
 c

an
ce

r

BT
48

3 
br

ea
st

 c
an

ce
r

M
DA

−M
B−

36
1 

br
ea

st
 c

an
ce

r

un
kn

ow
n 

lu
ng

 c
el

l c
ar

cin
om

a

TE
RV

HC
C4

4 
no

n−
sm

al
l c

el
l lu

ng
 c

ar
cin

om
a

un
kn

ow
n 

lu
ng

 s
qu

am
ou

s 
ce

ll c
ar

cin
om

a

SK
−N

−A
S 

ne
ur

ob
la

st
om

a

em
br

yo
ni

c 
st

em
 c

el
l

A6
73

 E
wi

ng
 tu

m
or

UA
CC

−6
2 

m
el

an
om

a

M
DA

−M
B−

43
5 

m
el

an
om

a

M
14

 m
al

ig
na

nt
 m

el
an

om
a

sk
−m

el
−2

8 
m

el
an

om
a

UA
CC

−2
57

 m
el

an
om

a

M
AL

M
E−

3M
 m

al
ig

na
nt

 m
el

an
om

a

sk
m

el
5 

m
el

an
om

a

RE
RF

−L
C−

KJ
 lu

ng
 n

on
−s

m
al

l c
el

l a
de

no
ca

rc
in

om
a

HC
C1

5 
lu

ng
 s

qu
am

ou
s 

ce
ll c

ar
cin

om
a

un
kn

ow
n 

lu
ng

 la
rg

e 
ce

ll c
ar

cin
om

a

AB
C−

1 
lu

ng
 a

de
no

ca
rc

in
om

a

ca
co

2 
co

lo
n 

ad
en

oc
ar

cin
om

a

JE
G

3 
pl

ac
en

ta
l c

ho
rio

ca
rc

in
om

a

Be
W

o 
ch

or
io

ca
rc

in
om

a

co
lo

20
5 

co
lo

re
ct

al
 a

de
no

ca
rc

in
om

a

ht
−2

9 
co

lo
re

ct
al

 a
de

no
ca

rc
in

om
a

pc
−1

0 
lu

ng
 s

qa
m

ou
s 

ce
ll c

an
ce

r

LC
−1

F 
lu

ng
 s

qu
am

ou
s 

ce
ll

LC
1/

SQ
 lu

ng
 s

qu
am

ou
s 

ce
ll

EB
C−

1 
lu

ng
 s

qu
am

ou
s 

ce
ll c

ar
cin

om
a

HC
C1

17
1 

lu
ng

 n
on

 s
m

al
l c

el
l lu

ng
 c

ar
cin

om
a

HC
C7

8 
lu

ng
 n

on
−s

m
al

l c
el

l c
ar

cin
om

a

HM
EC

 S
1

HM
T3

52
2S

1 
br

ea
st

 c
an

ce
r

Sk
gt

4 
es

op
ha

ge
al

 c
an

ce
r

HC
C5

15
 lu

ng
 a

de
no

ca
rc

in
om

a
airway epithelial cell

CAL27 head neck squamous cell carcinoma

HCC827 lung adenocarcinoma

HMEC184 breast cancer

HCC2935 lung non−small cell lung cancer line

HCC227 lung adenocarcinoma

HCC95 lung non−small cell carcinoma

unknown lung cancer

primary intervertebral disc

adipose−derived adult stem cells cultured

skin basal cell UV treated

umbilical vein endothelial cell

H9 mesenchymal precursor

progeria syndrome fibroblast

primary fibroblast

MRC5 fetal fibroblast 

ligament cell periodontitis

gingiva cell periodontitis

regenerating cell periodontitis

unknown small cell lung cancer

unknown lung small cell cancer

Lu130 lung small cell cancer

NCU−MM1 multiple myeloma

unknown lung neuroendocrine

B−cell lymphoma cell line

NC−NC lymphoblastoid B cell

MOLT4 T cell acute lymphoblastic leukemia

RJ2.2.5 Burkitts lymphoma

U937 lymphoma

k562 myelogenous leukaemia

CMK megakaryoblastic

M70e hematopoietic

pc6 lung small cell cancer

SBC3 lung small cell cancer

LU165 lung small cell cancer

pc7 lung non−small cell adenocarcinoma

LU139 lung small cell cancer

LU134 lung small cell cancer

MS−1 lung small cell lung cancer

INCaP prostate cancer 

SBC−5 lung small cell cancer

PC−1 lung squamous cell cancer

I−6 embryonic stem cell

KELLY neuroblastoma

SK−N−SH neuroblastoma cell

SKMM1 multiple myeloma

FR4 multiple myeloma

Lu65 lung non−small cell adenocarcinoma

SR lymphoma

ts anaplastic large cell lymphoma

Su−dhl1 anaplastic large cell lymphoma

ccrf−cem T−ALL

Jurkat T lymphocyte

rpmi−8226 myeloma

hI60 promyelocytic leukemia

NCI−H929 myeloma

AMO−1 myeloma

KM4 multiple myeloma

RKO colon carcinoma

SW480 colon cancer primary tumor derived

Calu−3 lung adenocarcinoma

LK−2 lung squamous cell

EW24 Ewing sarcoma cell line

SK−N−MC neuroblastoma

NCI−H522 lung adenocarcinoma

HEK293 embryonic kidney

293t−tva

HEK293T embryonic kidney

airway epithelial cell cystic fibrosis

MDA−MB−231 breast cancer

HOP−62 lung adenocarcinoma

DU 145 prostate carcinoma

OVCAR−8 ovarian cancer

SN12C renal cell carcinoma

NCI−ADR−RES ovarian cancer

SUM159PT breast cancer

IB3−1 adenovirus transformed bronchial epithelia

KS Y−1 Kaposi's sarcoma AIDS associated

HCC lung adenocarcinoma

SUM149PT breast cancer

a498 renal cell carcinoma

UO−31 renal cell carcinoma

caki−1 renal cell carcinoma

HCC38 breast cancer

HBL 100 breast cancer

TK−10

HOP 92 non−small cell lung carcinoma

pc3 prostate cancer

MDA−MB−436 breast cancer

OVCAR−5 ovarian cancer

A549 lung adenocarcinoma

EKVX lung non small cell carcinoma

T47D breast ductal carcinoma

ZR75B breast cancer

MCF7 breast epithelial adenocarcinoma 

ssMCF7 breast cancer

mcf−7aro breast epithelial adenocarcinoma 

IGROV1 ovarian cancer 

NCI−H460 lung large cell carcinoma

OVCAR−3 ovarian cancer

OVCAR−4 ovarian cancer

KM12 colon cancer

HCC−2998 colon cancer

HCT116 colorectal carcinoma

HCT−15 colorectal adenocarcinoma

NCI−H322M lung small cell bronchioalveolar carcinoma

LC2/AD non−small cell lung adenocarcinoma

PC9 lung non−small cell adenocarcinoma

QG−56 lung squamous cell cancer

HCC1937 breast cancer

SUM190PT breast cancer

BT20 breast cancer

HCC3153 breast cancer

Calu−6 lung anaplastic carcinoma

SQ−5 lung sqamous cell cancer

HeLa cervical adenocarcinoma transfected

HeLa cervical adenocarcinoma

HMT3522S1 breast epithelium

MCF12A breast epithelial+M824

HCC1500 breast cancer

Hep−2 larynx sqamous cell carcinoma

HCC366 non−small cell lung carcinoma

human bronchial epithelial cell line

MCF10A breast epithelial fibrocystic disease

unknown gliobastoma

glioblastoma cell line

RERF−LC−MS lung non−small cell adenocarcinoma

Calu−1 lung epidermoid carcinoma

SNB−75 astrocytoma

SKMC fetal skeletal muscle myoblast

FM9514 human embryonic myoblast

WI38 fetal fibroblast

C2C12 mouse muscle myoblast

unknown lung mesothelioma 

fibroblast Cockayne syndrome

coronary artery smooth muscle cell

fetal lung fibroblast

HS578T breast cancer cell line

H1 mesenchymal precursor

CCL−153 fetal pulmonary fibroblast

embryonic skin fibroblast

ea.hy926 cell imortalized endothelial

HCC1359 lung large cell carcinoma

SUM1315MO2 breast cancer

BT549 breast cancer

MCF10A−myc breast epithelial fibrocystic disease

NCI−H226 lung squamous cell carcinoma

RXF−393 renal cell carcinoma

SF−539 glioma

KS−IMM  Kaposi's sarcoma non AIDS associated

LOXIMVI malignant amelanotic melanoma

U251 glioblastoma

SNB−19 glioblastoma

microvascular endothelial

RERF−LC−AI lung sqamous cell cancer

u−20s osteosarcoma

SF−268 glioblastoma

te85 osteosarcoma

SUM44PE breast cancer

SUM185PE breast cancer

SUM225CWN breast cancer

HCC70 breast cancer

MDA468 breast cancer

HCC1187 breast cancer

HCC1195 lung adenocarcinoma

unknown lung non small cell cancer

unknown lung adenocarcinoma

HCC2157 breast cancer

HCC1428 breast cancer

MDA−MB−134VI breast cancer

MDA−MB−453 breast cancer

CAMA1 breast cancer

600MPE breast cancer

ZR7530 breast cancer

MDA−MB−175VII breast cancer

HCC1007 breast cancer

SUM52PE breast cancer

MDA−MB−415 breast cancer

HCC2185 breast cancer

ZR751 breast cancer

BT474 breast cancer

SKBR3 breast adenocarcinoma

AU565 breast carcinoma

UACC812 breast cancer

BT483 breast cancer

MDA−MB−361 breast cancer

unknown lung cell carcinoma

TERV

HCC44 non−small cell lung carcinoma

unknown lung squamous cell carcinoma

SK−N−AS neuroblastoma

embryonic stem cell

A673 Ewing tumor

UACC−62 melanoma

MDA−MB−435 melanoma

M14 malignant melanoma

sk−mel−28 melanoma

UACC−257 melanoma

MALME−3M malignant melanoma

skmel5 melanoma

RERF−LC−KJ lung non−small cell adenocarcinoma

HCC15 lung squamous cell carcinoma

unknown lung large cell carcinoma

ABC−1 lung adenocarcinoma

caco2 colon adenocarcinoma

JEG3 placental choriocarcinoma 

BeWo choriocarcinoma

colo205 colorectal adenocarcinoma

ht−29 colorectal adenocarcinoma

pc−10 lung sqamous cell cancer

LC−1F lung squamous cell

LC1/SQ lung squamous cell

EBC−1 lung squamous cell carcinoma

HCC1171 lung non small cell lung carcinoma

HCC78 lung non−small cell carcinoma

HMEC S1

HMT3522S1 breast cancer

Skgt4 esophageal cancer

HCC515 lung adenocarcinoma

Cell Line
Disease
Neoplasm
Normal



Supplementary Figure 4f: 

 

Heat map comparison of biological groups of cell lines.!
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Supplementary Figure 4g: 

 

Heat map comparison of biological groups of hematopoietic system. 
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liver
skeletal muscle
hepatocellular carcinoma
cirrhosis
small intestine
caudate nucleus Huntingtons
hypothalamus
caudate nucleus
hippocampus CA1
hippocampus CA1 Alzheimers
prefrontal cortex
amygdala
cerebellum
cerebellum Huntingtons
frontal cortex
frontal cortex Huntingtons
brain
brain bipolar disorder
brain tumor
ganglioneuroblastoma
neuroblastoma
uterine tumor
myometrium
chondromyxoid fibroma
fibromatosis
schwannoma
neurofibroma
adipose tissue polycystic ovarian syndrome
adipose tissue normal
lipoma
liposarcoma
lung emphysema
kidney epithelium
fetal lung
thyroid gland
placenta basal plate
bronchoalveolar lavage cell transplant rejection
bronchoalveolar lavage cell
bone hyperparathyroidis
bone
lung
adipose−derived adult stem cells
ganglioneuroma
acute quadriplegic myopathy
skeletal muscle diseased
skeletal muscle muscular dystrophy
heart
heart disease
unknown lung mesothelioma 
endothelial cell
RERF−LC−MS lung non−small cell adenocarcinoma
Calu−1 lung epidermoid carcinoma
SNB−75 astrocytoma
MCF10A−myc breast epithelial fibrocystic disease
NCI−H226 lung squamous cell carcinoma
RXF−393 renal cell carcinoma
SF−539 glioma
spindle cell tumor
coronary artery smooth muscle cell
fetal lung fibroblast
SKMC fetal skeletal muscle myoblast
FM9514 human embryonic myoblast
WI38 fetal fibroblast
C2C12 mouse muscle myoblast
primary fibroblast
fibroblast Cockayne syndrome
embryonic lung fibroblast
CCL−153 fetal pulmonary fibroblast
multipotent adult progenitor cell
H1 mesenchymal precursor
HS578T breast cancer cell line
embryonic skin fibroblast
airway epithelial cell cystic fibrosis
LOXIMVI malignant amelanotic melanoma
HeLa cervical adenocarcinoma
MDA−MB−231 breast cancer
HOP−62 lung adenocarcinoma
RERF−LC−AI lung sqamous cell cancer
microvascular endothelial
ea.hy926 cell imortalized endothelial
HCC1359 lung large cell carcinoma
u−20s osteosarcoma
SF−268 glioblastoma
te85 osteosarcoma
KS−IMM  Kaposi's sarcoma non AIDS associated
U251 glioblastoma
SNB−19 glioblastoma
Calu−6 lung anaplastic carcinoma
universal reference
HCC38 breast cancer
SUM1315MO2 breast cancer
HBL 100 breast cancer
HOP 92 non−small cell lung carcinoma
NCI−H460 lung large cell carcinoma
MDA−MB−436 breast cancer
pc3 prostate cancer
A549 lung adenocarcinoma
OVCAR−4 ovarian cancer
EKVX lung non small cell carcinoma
OVCAR−5 ovarian cancer
DU 145 prostate carcinoma
OVCAR−8 ovarian cancer
BT549 breast cancer
UO−31 renal cell carcinoma
caki−1 renal cell carcinoma
SN12C renal cell carcinoma
NCI−ADR−RES ovarian cancer
SUM159PT breast cancer
IB3−1 adenovirus transformed bronchial epithelia
TERV
HCC44 non−small cell lung carcinoma
TK−10
a498 renal cell carcinoma
KS Y−1 Kaposi's sarcoma AIDS associated
unknown lung squamous cell carcinoma
HCC lung adenocarcinoma
SK−N−AS neuroblastoma
embryonic stem cell
A673 Ewing tumor
M14 malignant melanoma
skmel5 melanoma
MALME−3M malignant melanoma
sk−mel−28 melanoma
UACC−257 melanoma
MDA−MB−435 melanoma
UACC−62 melanoma
human bronchial epithelial cell line
HMT3522S1 breast epithelium
HMEC S1
HMT3522S1 breast cancer
Skgt4 esophageal cancer
LC2/AD non−small cell lung adenocarcinoma
HCC515 lung adenocarcinoma
HCC1171 lung non small cell lung carcinoma
HCC78 lung non−small cell carcinoma
Hep−2 larynx sqamous cell carcinoma
HCC366 non−small cell lung carcinoma
HeLa cervical adenocarcinoma transfected
SQ−5 lung sqamous cell cancer
PC9 lung non−small cell adenocarcinoma
QG−56 lung squamous cell cancer
MCF10A breast epithelial fibrocystic disease
MCF12A breast epithelial+M824
HCC1500 breast cancer
IGROV1 ovarian cancer 
OVCAR−3 ovarian cancer
HCT116 colorectal carcinoma
HCT−15 colorectal adenocarcinoma
SUM149PT breast cancer
HCC3153 breast cancer
SUM190PT breast cancer
HCC1937 breast cancer
BT20 breast cancer
NCI−H322M lung small cell bronchioalveolar carcinoma
KM12 colon cancer
HCC−2998 colon cancer
skin basal cell UV treated
primary intervertebral disc
adipose−derived adult stem cells cultured
connective tissue fibroblast
malignant peripheral nerve sheath tumor
ovary
myxoid liposarcoma
embryonal rhabdomyosarcoma
alveolar rhabdomyosarcoma
monophasic synovial sarcoma
ewings sarcoma
airway epithelial cell
Kaposi sarcoma
umbilical vein endothelial cell
trabecular meshwork cell
MRC5 fetal fibroblast 
theca
theca polycystic ovarian syndrome
dedifferentiated chondrosarcoma
glioblastoma
unknown gliobastoma
glioblastoma cell line
gingiva cell periodontitis
regenerating cell periodontitis
ligament cell periodontitis
mesangial cell
preadipocytes
smooth muscle
progeria syndrome fibroblast
mesenchymal stem cell
thyrocyte
H9 mesenchymal precursor
colon mucosa bowel disease
bronchial epithelia
skin
chordoma
chondroblastoma
sarcoma
leiomyosarcoma
chondrosarcoma
osteosarcoma
bladder mucosa
lymph node
prostate gland
prostate cancer
kidney
renal cell carcinoma
kidney carcinoma
head and neck squamous cell carcinoma
oral squamous cell carcinoma
squamous cell carcinoma of the oral cavity
esophagus epithelium
esophagus Barretts
oropharynx
hypopharynx
colorectal cancer
ovarian tumor
thyroid adenocarcinoma
germ cell tumor
breast cancer
tonsil
lung cancer
esophageal adenocarcinoma
bladder cancer
epidermis
epidermis dermatitis
bladder
conjunctiva
pterygium
testis
thymocyte
CD34+ blood cell thymus
unknown small cell lung cancer
unknown lung small cell cancer
Lu130 lung small cell cancer
SBC3 lung small cell cancer
LU165 lung small cell cancer
pc6 lung small cell cancer
pc7 lung non−small cell adenocarcinoma
LU139 lung small cell cancer
LU134 lung small cell cancer
MS−1 lung small cell lung cancer
HCC15 lung squamous cell carcinoma
RERF−LC−KJ lung non−small cell adenocarcinoma
Lu65 lung non−small cell adenocarcinoma
caco2 colon adenocarcinoma
unknown lung large cell carcinoma
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Supplementary Figure 4h: 

 

Heat map comparison of biological groups of non-hematopoietic system.!
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Supplementary Figure 4i: 

 

15 Tissues of origin (as in Supplementary Figure 1e) each containing both cell 
lines and the respective tissues of origin, cell lines samples are binned separately 
from non cell line based samples. Except for the incompletely 
differentiated/connective tissue cluster consisting of fibroblasts, smooth muscle 
and adipose tissue, the solid tissue based cell lines are distinct in their gene 
expression from the primary tissue bases sample groups.!
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Supplementary Figure 4j: 

 

15 meta-groups (as in Supplementary Figure 1d). Note that although the two 
largest clusters are blood based samples vs. the rest, the two solid cell line 
groups cluster together and they exhibit high similarity to blood based cell lines. 

!
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Supplementary Figure 5a: 

 

Gene cluster heat-map. Mean gene expression in the 96 larger groups for the 
1000 most variable probesets. By visual inspection we identified 50 gene clusters. 
Each cluster typically contains genes that are expressed in one or more of the 6 
sample clusters in Supplementary Figure 4a.!
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Supplementary Figure 5b: 

 

The clustering of the 96 larger groups based on 30 most variable probesets. The 
samples are colored according to the 6 original sample clusters based on all data. 
We can observe that the samples from the 6 original clusters as defined by 
expression profiles of all genes are still closely together, in particular the brain 
and the incompletely differentiated cell clusters are intact. The 30 most variable 
genes include some well-known marker genes such as FN1 (fibronectin), SPARC, 
several collagen genes, PLS3 (actin-binding protein), CALD1 (calmodium), several 
HLA genes, HBA (human alpha globin), LYZ (lysozyme), CDH1 (cadherin), and 
KRT18 (keratin).!
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Supplementary Figure 5c: 

 

Gene cluster heat-map. Mean gene expression in the 96 larger groups for the 
1000 most variable probesets. By visual inspection we identified 50 gene clusters. 
Each cluster typically contains genes that are expressed in one or more of the 6 
sample clusters in Supplementary Figure 4a. We zoom into the two gene clusters 
that map onto the incompletely differentiated cell type and connective tissue 
sample cluster. These genes are overrepresented for GO terms related to cell 
adhesion, developmental processes and sub-cellular location - extracellular 
region.!
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Supplementary Figure 6a: 

 

Distribution of the mean expressions of the probesets across samples.!
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Supplementary Figure 6b: 

 

Distribution of variations in the probeset expression across samples. The red line 
indicates the cutoff for the 1000 most variable probesets.!
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Supplementary Figure 7: 

 

Heat map comparison of 15 tissues of origin after removal of 1410 cell line 
specific probesets.!
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Supplementary Figure 8a: 

 

Principal component analysis on sampled data. Each dot represents one of the 
5372 samples in a multidimensional gene expression space projected on the 
‘principal’ plane formed by pairs of first 5 principal components. The dots are 
colored (semi-transparently) according to the biological group the sample belongs 
to (see figure legends). 

Samples of blood (orange), connective tissues (magenta), incompletely 
differentiated cells (green) and the rest (cyan) colored on the 1st and 2nd 
principal component plane.!
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Supplementary Figure 8a23: 

 

Principal component analysis on sampled data. Each dot represents one of the 
5372 samples in a multidimensional gene expression space projected on the 
‘principal’ plane formed by pairs of first 5 principal components. The dots are 
colored (semi-transparently) according to the biological group the sample belongs 
to (see figure legends). 

Samples of blood (orange), connective tissues (magenta), incompletely 
differentiated cells (green) and the rest (cyan) colored on the 2nd and 3rd 
principal component plane.!
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Supplementary Figure 8b: 

 

Principal component analysis on sampled data. Each dot represents one of the 
5372 samples in a multidimensional gene expression space projected on the 
‘principal’ plane formed by pairs of first 5 principal components. The dots are 
colored (semi-transparently) according to the biological group the sample belongs 
to (see figure legends). 

Samples colored by 4 meta-groups (see legend) on the 1st and 2nd principal 
component plane.!
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Supplementary Figure 8b23: 

 

Principal component analysis on sampled data. Each dot represents one of the 
5372 samples in a multidimensional gene expression space projected on the 
‘principal’ plane formed by pairs of first 5 principal components. The dots are 
colored (semi-transparently) according to the biological group the sample belongs 
to (see figure legends). 

Samples colored by 4 meta-groups (see legend) on the 2nd and 3rd principal 
component plane.!
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blood neoplasm cell line
blood non neoplastic disease
breast cancer
germ cell neoplasm
leukemia
nervous system neoplasm
non breast carcinoma
non leukemic blood neoplasm
non neoplastic cell line
normal blood
normal solid tissue
other neoplasm
sarcoma
solid tissue neoplasm cell line
solid tissue non neoplastic disease



Supplementary Figure 8c: 

 

Principal component analysis on sampled data. Each dot represents one of the 
5372 samples in a multidimensional gene expression space projected on the 
‘principal’ plane formed by pairs of first 5 principal components. The dots are 
colored (semi-transparently) according to the biological group the sample belongs 
to (see figure legends). 

Samples colored by 15 meta-groups (see legend) on the 1st and 2nd principal 
component plane.!



!

!!

!!
!

!

!
!

!!
!!

! !
!

!

! !

!!

!
!
!

!!

!

!

!

!

!

!

! !

! !!!! !
!

!! !

!

!

!

!

!

!

!

!!

!

!

!

!

!!

!
!

!

!!!
!

!!

!

!

!
!

!
!

!

!

!

!

!

!

! !
!

!

!
!

!

!

!
!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!
!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!!

!!

!

!

!

!

!

!
!

!

!

!

!

!

!

!!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!
!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

!

!

!

!

!

!

!

!!

!

!

! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!!

!

! !

!
!

!
!!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!
! !

!
!

!

!

!

!

!!
!

!
!

!! !

!

!

!!

!

!

!

!
!!

!

!
!

!

!

!

!

!

!

!

!!

! !

!

!

!

!

!

!!

!

!

!

!

!

!

!!

!!

!
! !

! !

!!

!

!

!
!

!

!

!

!

!

!
!

!
!

!!

!
!

!

!
!

!

!

!

!

!

!

!

!
!

!
!

!

!

!

!
!

!

!

!

!

!
!

!

!

!

!

!

!!!
!

!
!

!

!

!

!
!

!

!
!

!
!

!

!

!!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!
!

!
!!!

!

!

!

!

!

!

!

!
!

!

!

!

!

!
!

!
!

!

!

!

!

!

! !

!

!

!!

!

!

!

!

!

!

!
!

!

!

!
!

!!

!

!
!

!
!

!

!
!

!

!

!
!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

! !

!!

!
!

!
! !

!

!
!

!

!
!

!

!

!

!

!

!

!

!

!

!
!

! !

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!!
!!

!

!
!

!

!
!

!

!

!
!

!

!

!

!

!

!

!!

!
!

!

!

!!!!! !
! !

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!
!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!!

!

!
! !

!
!

!

!

!

!

!

!

!

!

!!

!!

!
!

!

!

!

!

!

!

!

!
!

!

!
!

!
!

!

!

!

!

!

!

!

!

!

!!
!

!
!

!

!

!

!

!

!

!

!

! !!

!

!

! !

!

!

!
!

!

!

!
!

!
!

!

!

!
!

!

!

!!

!

!

!

!

!

!

!

!

!

!
!

!!

!

!
!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!
!

!

!
!

!

!

!

!

!
!

!
!

!
!!!

!

!
!!

!

!

!

!

!

!

!

!

!

! !

!

!

!

!

!

!
!

!
!

! !

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!!

!

! !

!

!

!!

!
!

!

!!

!

! !

!

!
!

! !
!

!

!

!

!

!

!

!!

!

!
!

!!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!!

!!

!

!

!

!

!

!

!

!!

!
!

!

! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

!

!

!

!

!

!
!

!

!

!

!
!

!

!

!
!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!!

!
!

!

!
!

!
!

!

!

!

!

!

!

!

! !

!
!

!

!
!!

!
!

!

!

!

!

!

!

! !

!

!

!
!

!
!

!! !
!

!

!

!
!

!

! !

!

!!

!!

!

!

!

!

!

!

!

!

!
!

!

!
!

!

!

!

!

!

!

!
! !

!

!

!
!

!

!

!

! !
! !

!

!

!

!

!
!

!
! !

!

!
!

!

!

!

!

!

!

!

!

!!!

!

!

!

!!

!!

!

!

!

!

!! !!!
!

! !
!

!

!

!

!
!

! !
!

!
! !! !

!

!

!

!
! !

!

!

! !

!
!

!

!
!
!
! !
!

!

!

!

!

!
!!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

!

!

!

!!

!

!

!

! !
!

!

!

!

!

!

!

!

!

!

!

! !

!

!

!!

!

!

!

!

!
!!
!

!

!

!

!

!

!
!

!!

!

!

!

! !!!
!

!

!
!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!!!

!

!

!

!

!

!! !

!!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!
!

!

!

!

!

!

!

!

!!

! !

!!

! !!

!

!

!
!

!
!!

!

!

!

!

!

!

!
!

!!

!

!

!

!!

!

!

!

!

!

! !!

!!

!

!

!

!

!

!

!

!
!

!

!!

!

!

!
!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!
!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!
!

!

!!

!

!

!
!

!
!

!

!

!

!!

!
!

!

!

!

!
!

!

!

!

!

!

! !

!

!

!

!

!

!

!
!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!!

!

!
!

!

!

!
!

!

!

!

!

!blood neoplasm cell line
blood non neoplastic disease
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non leukemic blood neoplasm
non neoplastic cell line
normal blood
normal solid tissue
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solid tissue neoplasm cell line
solid tissue non neoplastic disease



Supplementary Figure 8c23: 

 

Principal component analysis on sampled data. Each dot represents one of the 
5372 samples in a multidimensional gene expression space projected on the 
‘principal’ plane formed by pairs of first 5 principal components. The dots are 
colored (semi-transparently) according to the biological group the sample belongs 
to (see figure legends). 

Samples colored by 15 meta-groups (see legend) on the 2nd and 3rd principal 
component plane.!
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adipose tissue
bone
brain
colon
esophagus
fibroblast
hematopoietic system
kidney
lung
mammary gland
muscle
ovary
prostate
skin
smooth muscle



Supplementary Figure 8d: 

 

Principal component analysis on sampled data. Each dot represents one of the 
5372 samples in a multidimensional gene expression space projected on the 
‘principal’ plane formed by pairs of first 5 principal components. The dots are 
colored (semi-transparently) according to the biological group the sample belongs 
to (see figure legends). 

Samples colored by 15 groups of tissues of origin (see legend) on the 1st and 2nd 
principal component plane.!
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Supplementary Figure 8d23: 

 

Principal component analysis on sampled data. Each dot represents one of the 
5372 samples in a multidimensional gene expression space projected on the 
‘principal’ plane formed by pairs of first 5 principal components. The dots are 
colored (semi-transparently) according to the biological group the sample belongs 
to (see figure legends). 

Samples colored by 15 groups of tissues of origin (see legend) on the 2nd and 
3rd principal component plane.!
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Supplementary Figure 8d34: 

 

Principal component analysis on sampled data. Each dot represents one of the 
5372 samples in a multidimensional gene expression space projected on the 
‘principal’ plane formed by pairs of first 5 principal components. The dots are 
colored (semi-transparently) according to the biological group the sample belongs 
to (see figure legends). 

Samples colored by 15 groups of tissues of origin (see legend) on the 3rd and 4th 
principal component plane.!
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Supplementary Figure 8d45: 

 

Principal component analysis on sampled data. Each dot represents one of the 
5372 samples in a multidimensional gene expression space projected on the 
‘principal’ plane formed by pairs of first 5 principal components. The dots are 
colored (semi-transparently) according to the biological group the sample belongs 
to (see figure legends). 

Samples colored by 15 groups of tissues of origin (see legend) on the 4th and 5th 
principal component plane. One can observe, that the 5th component mammary 
gland cell line and primary tissue samples seem to be brought closer together. 
This is true also for several other tissue types, however we were not able to 
prove this statistically.!
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Supplementary Figure 8e: 

 

Principal component analysis on sampled data. Each dot represents one of the 
5372 samples in a multidimensional gene expression space projected on the 
‘principal’ plane formed by pairs of first 5 principal components. The dots are 
colored (semi-transparently) according to the biological group the sample belongs 
to (see figure legends). 

Samples colored by 6 clusters (see legend) identified on self-vs-self heat-map of 
96 biological groups. The samples are visualized on the 1st and 2nd principal 
component plane.!
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Supplementary Figure 8e23: 

 

Principal component analysis on sampled data. Each dot represents one of the 
5372 samples in a multidimensional gene expression space projected on the 
‘principal’ plane formed by pairs of first 5 principal components. The dots are 
colored (semi-transparently) according to the biological group the sample belongs 
to (see figure legends). 

Samples colored by 6 clusters (see legend) identified on self-vs-self heat-map of 
96 biological groups. The samples are visualized on the 2nd and 3rd principal 
component plane.!
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Supplementary Figure 8f: 

 
Principal component analysis on sampled data. The variances captured by first 50 
principal components.!





Supplementary Figure 9: 

 

Principal component analysis. Centroids of the 369 biological groups. 



Methods 

 

1. Data collection 

We collected the data from ArrayExpress 1 and GEO 2 using Perl scripts to find and 
download Affymetrix HG-U133A array based experiments, including CEL files, in both 
databases. Files from two of the experiments with wrong array designs and corrupted 
files were rejected while the rest – 1925 from ArrayExpress and 7079 from GEO were 
retained for further analysis. GEO SOFT format files were processed automatically as 
described below. Annotations for the ArrayExpress experiments were used as submitted. 

 

2. Duplicate files and data quality checks 

We identified and removed 736 duplicate CEL files in the dataset. The remaining 8268 
CEL files were subject to quality control using Bioconductor 3. For all CEL files we used 
following quality measures: scaling factor (sfs), average background (avBg), percentage 
of present calls (pps), RNA degradation from whole array (RNAdeg), Normalized 
Unscaled Standard Errors (NUSE), and Relative Log Expression (RLE). We computed the 
last two measures in randomly selected subsets of ~1800 CEL files as the whole set was 
too big to be processed in R at once. Given the size of the random subsets, the probe 
level models and their parameters in each subset approximate the probe level models 
and their parameters computed from the whole set reasonably. We based the cut-offs for 
the quality control on recommendations of Bolstad et al 4 by adjusting these for the 
distribution of the values for each of the quality measures over the CEL files. The final 
cut-offs chosen for the acceptable quality CEL files were: -2 < sfs < 2, 5.2 < avBg < 7.2, 
RNAdeg < 4.5, Pps > 35, NUSE < 1.025, and -0.15< RLE < -0.15. Low quality indicates 
a CEL file is non-compatible with the other CEL files in the tested set, not necessarily 
that it is of low quality in an absolute sense. After the application of quality checks we 
removed further 2896 arrays, leaving 5372 unique comparable CEL files. 

 

3. Array annotation 

The HG-U133A array probesets were annotated via probeset sequence mapping on 
Ensembl (5) release 52 using the biomarRt Bioconductor package 5. Of the 22283 
Affymetrix probesets, 18,609 map to 14245 Ensembl genes. 

 

4. Sample annotation 

The data in ArrayExpress were annotated during submissions using the MGED Ontology 
(MO) 6 categories: cell line, cell type, organism part, disease sate, and developmental 
stage; these annotations were retained. Typically each sample has annotations for one 
or two of these categories. The free text annotations in GEO were converted to the MO 
categories using the text mining tool Whatizit 7, with a custom dictionary developed for 
this purpose; this step was followed by manual curation. For each sample a compound 
annotation was created by combining all available annotation values. The combining was 
done manually on case by case basis, generally following a simple set of rules: 

a) If the sample source was a cell line, the cell line annotation was used together 
with the annotation of disease state, or if not available, with the annotation of 
organism part or cell type. In this study we do not include sample treatment in 
the annotation. 

b) If the sample source was not a cell line, the sample group was defined by disease 
state annotation, or if not available, by cell type or organism part annotation. 

c) In many cases the disease state annotation described the organism part or cell 
type (e.g., terms like ‘muscular dystrophy’ defines the ‘organism part’ along with 



the ‘disease state’). In these cases no organism part or cell type annotation was 
used. Unless the disease state was explicitly annotated, the samples were 
assumed to be normal. 

d) Cell type if given was used in preference over organism part annotation. 

The combination of these annotations produced 369 different terms of compound 
annotations, each defining a biologically similar group of samples. Each set of samples 
annotated by one of these 369 terms is referred to as a biological group. 

Of the 369 biological groups, 96 contain 10 or more samples each, representing a total 
of 4634 samples, 738 samples were represented in 263 smaller groups. We re-grouped 
the biological groups into 4 and 15 different meta-classes, 15 classes of ‘tissues of origin’ 
and into several data driven meta-classes. The 'tissues of origin' meta-class was 
composed manually by first identifying for each sample its tissue of origin. Only these 
tissues of origin classes (15) were selected which contained samples from cell lines and 
non-cell lines. 

 

5. Data normalization 

The 5372 CEL files were RMA normalized using the Bioconductor package affy 8. The 
resulting expression matrix contained 22283 probeset rows and 5372 columns. We call 
the rows in the normalized gene expression matrix gene expression profiles, and 
columns sample expression profiles.  

 

6. Expression profiles and similarity computations and clustering 

The Pearson correlation coefficient was used as the similarity measure between 
expression profiles. All correlation coefficients between sample expression profiles turned 
out to be positive. Average linkage distance 9 was used to define similarity between 
groups as follows. For each pair of samples from the two biological groups the 
correlation was calculated and averaged across all pairs. Thus each sample group was 
represented by a vector of 96 mean correlations to all the groups. 

For clustering and heat map visualization we used the heatmap.2 function in R. The 
clustering of the input correlation distance matrices was carried out internally by the 
heatmap.2 function with the default parameters. These included usage of Euclidean 
distance as a distance measure and complete linkage for the agglomeration method. 

 

7. Principal Component Analysis and dataset reduction by re-sampling 

The Principal Component Analysis (PCA) analysis was performed in R. PCA was applied to 
the normalized data matrix in three different ways – first, using the complete dataset, 
second, using randomly sampled data, where the biological groups that had more than 
10 samples were each represented by 10 randomly selected samples, and, third, 
representing each of the 369 groups by its centroid (i.e., for each gene replacing its 
expression value by the mean across all the samples in the group). The re-sampled 
dataset was constructed by limiting the number of replicates in all biological groups with 
more than 10 replicates to 10 by sampling without replacement. All three different PCA 
variations yielded the same result except that first and second principal components 
were swapped between the first and the last two analysis versions.  

 

8. Computation of differentially expressed genes 

To identify genes differentially expressed in specific biological groups we performed 
supervised analysis using the Bioconductor package limma 10 with a bootstrapping 
procedure in R. We identified genes specific to cell lines, neoplasms, non-neoplastic 



diseases and more specific groups such as leukemia, breast cancer, tissues of origin, as 
well as to the six clusters revealed by unsupervised analysis. For each grouping one-way 
ANOVA were set up in limma with multiple group-wise comparisons to the global mean. 
The sample numbers in different group are imbalanced with, for instance, some diseases 
and tissues highly over-represented. To account for this, we used a re-sampling 
strategy, generating 50 sampled datasets, stratified by group membership and applying 
the differential expression analysis to each dataset. Probesets with Benjamini-Hochberg 
adjusted p-values of less than 0.01, with log fold change greater than 0.5, and identified 
consistently in each of the 50 trials were considered to be significant and were tested for 
Gene Ontology enrichment. All groups of genes identified for each of the sample groups 
together with the GO terms enriched in these groups are reported in supplementary 
Table 1. 

 

9. GO over-representation analysis 

We computed the Gene Ontology (GO) class over-representations using Fisher's exact 
test for whether a certain GO class appears unexpectedly often in a given gene list, 
compared to a random subset of the same size. q-values (9) were generated from the 
resulting p-values. 

 

10. Investigation of the effect of cell line specific genes 

To investigate if the sample expression profiles of cell lines could be brought closer to 
the profiles of the corresponding non cell line samples, we used the list of cell line 
specific genes (see above) and sample expression profiles with labels in the 'tissues of 
origin' meta-class. We created a similarity heatmap for the tissues of origin meta-class 
where cell line and non-cell line samples of each tissue of origin were split into separate 
groups and the cell line specific probesets from all samples were removed 
(supplementary Figure 7). 
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