
Immunological Genome Project:

Does the big immunological/hematological
database support good little science?

Yasuyuki Saito, M.D. , Ph.D.

Exp. Hematology, USZ

Thursday, February 6, 14



Overview

1.	  Immunological	  Genome	  Project
2.	  Workflow	  and	  data	  analysis
3.	  Recent	  findings	  using	  ImmGen	  database
4.	  ImmGen	  data	  browsers

Thursday, February 6, 14



Introduction

-‐	  Classical	  immunology	  studies	  are	  mainly	  focused	  on	  a	  particular	  protein	  or	  
biological	  process	  of	  a	  particular	  type	  of	  the	  cells/organs.

-‐	  With	  technological	  advances	  many	  type	  of	  the	  immune/hematopoietic	  
cells	  as	  well	  as	  their	  progenitors	  have	  been	  identified.

-‐	  It	  is	  feasible	  for	  individual	  laboratories	  to	  understand	  which	  signals	  /	  
molecules	  are	  regulated	  in	  a	  particular	  cell	  lineage,	  whereas	  it’s	  difficult	  to	  
understand	  how	  molecular	  networks	  operate	  immune	  system	  for	  individual	  
laboratories.

-‐	  ImmGen	  is	  a	  consortium	  aiming	  to	  generate	  gene	  expression	  profiles	  for	  
primary	  immune	  /	  hematopoietic	  cells	  from	  different	  anatomical	  locations	  
that	  were	  analyzed	  directly	  ex	  vivo	  at	  finely	  defined	  stages	  of	  
differentiation.
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The pros and cons of consortium biology
The	  pros

1.	  The	  only	  way	  of	  getting	  to	  the	  result	  for	  
some	  large	  questions	  

2.	  Promotes	  a	  culture	  of	  openness,	  through	  
data	  and	  material	  sharing

3.	  Promotes	  uniform	  standards,	  data	  and	  
data	  formats	  that	  are	  compatible	  between	  
labs,	  as	  well	  as	  the	  use	  of	  common	  
nomenclature	  and	  shared	  reagents.

4.	  Results	  can	  diffuse	  broadly,	  extend,	  
enrich	  the	  “little	  science”	  that	  follows

5.	  High-‐thoughputout	  approaches	  can	  be	  
more	  “economical”	  than	  repetitive	  
conventional	  approaches

The	  cons

1.	  Need	  to	  compete	  for	  limited	  funding	  

2.	  suppress	  scientific	  creativity	  by	  
promoting	  “science	  by	  committee”

3.	  establishes	  self-‐perpetuating	  structures	  
that	  tend	  to	  create	  projects	  to	  ensure	  their	  
own	  survival,	  rather	  than	  for	  clear	  scientific	  
need.

4.	  Results	  can	  diffuse	  broadly,	  extend,	  
enrich	  the	  “little	  science”	  that	  follows

5.	  It	  is	  wasteful;	  ”Spending	  money	  instead	  
of	  thought”

Modified from Benoist et al., Nature Rev. Immunol, 2012 vol.12 734
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ImmGen consortium is 
made up of 
immunologists with 
expertise in specific 
immune cell subsets.

They are working 
together with 
computational biologists 
in pursuit of network 
models to determine gene 
circuit architectures 

Immunological Genome Project (ImmGen Project)

Heng TSP et al., Nature Immunol, 2008 vol.9 1091-1094

The immune system is a ‘cat’s cradle’ of 
networks operating at various levels, com-

prising a network of genetic and signaling 
pathways subtending a network of interact-
ing cells. Hence, understanding the role of a 
given molecule or pathway in immune system 
function requires deciphering its effect in 
the context of these many networks. As two 
thirds of the genome is active in one or more 
immune cell type(s), with less than 1% of genes 
expressed exclusively in a given type of cell1, the 
phenomena and molecules studied should be 
considered in the framework of the system as 
a whole. In addition, any given molecule can 
have opposite or paradoxical effects on func-
tional outcome depending on its location or 
the other genes or gene products it interacts 
with. Fixating studies on classical immunity-
related genes limits the understanding of a 
cell’s function to what is already known at the 
risk of missing other genes that may function 
in immune responses. Narrowing the frame of 
cellular reference to one or a few characteris-
tics or applying facile but misleading labels can 
lead to dangerously simplified paradigms. In 
this context, the discovery-driven approach of 
genomics is a key complement to hypothesis-
driven experimentation. Conversely, immu-

The Immunological Genome Project: 
networks of gene expression in immune 
cells
Tracy S P Heng, Michio W Painter & The Immunological Genome Project Consortium

The Immunological Genome Project combines immunology and computational biology laboratories in an effort to 
establish a complete ‘road map’ of gene-expression and regulatory networks in all immune cells

nology is an ideal field for the application of 
systems approaches, with its detailed descrip-
tions of cell types (over 200 immune cell types 
are defined in the scope of the Immunological 
Genome Project (ImmGen)), wealth of 
reagents and easy access to cells.

Thanks to the broad and robust approaches 
allowed by gene-expression microarrays and 
related techniques, the transcriptome is prob-
ably the only ‘-ome’ that can be reliably tackled 
in its entirety. Generating a complete perspec-
tive of gene expression in the immune system 

Tracy S.P. Heng and Michio W. Painter are in the 
Section on Immunology and Immunogenetics, 
Joslin Diabetes Center & Department of Medicine, 
Brigham and Women’s Hospital, Harvard Medical 
School, Boston, Massachusetts 02215, USA.  
A complete list of authors and affiliations appears  
at the end of this paper. 
e-mail: immgen@joslin.harvard.edu
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Figure 1  ImmGen consortium organization and project workflow. Cells purified by the immunology 
labs are sent to a central sample processing site for RNA extraction and checking and then are sent 
to a second site for amplification, labeling and hybridization. Quality-control tests are done on the 
raw data at a central data processing site, and confirmed data are then accessed by the immunology 
and computational biology labs for network analysis and development of ‘visualization metaphors’. 
All data and metadata are accessible to the public through an Internet interface. DFCI, Dana-
Farber Cancer Institute; Fox Chase, Fox Chase Cancer Center; Joslin, Joslin Diabetes Center; UCSD, 
University of California, San Diego; UCSF, University of California, San Francisco; UMass, University of 
Massachusetts; BU, Boston University; Stanford, Stanford University; Brown, Brown University,

C O M M E N TA RY

•	  Initiated	  in	  2007,	  released	  April	  2012
•	  Aim:	  to	  establish	  a	  comprehensive,	  
public	  compendium	  of	  gene	  networks
•a	  collaborative	  group	  of	  15	  immunology	  
and	  5	  computational	  biology	  laboratories
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Project workflow

•	  All	  the	  mice	  used	  were	  genetically	  
identical	  and	  sourced	  from	  single	  location	  
(C57BL/6J	  from	  Jackson	  lab.)

•At	  least	  3	  mice	  were	  pooled,	  and	  tissue	  
was	  harvested	  at	  a	  fixed	  time	  (between	  
8:30	  and	  9:30)	  to	  avoid	  circadian	  
variation.

•The	  cells	  were	  double-‐sorted	  and	  1-‐5x104	  
cells	  were	  collected.	  	  

•Homogeneity,	  RNA	  preparation,	  probe	  
labeling	  and	  hybridization	  are	  done	  in	  a	  
central	  processing	  site.
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mouse hematopoietic/immune cell lineage tree profiled 
by ImmGen consortium (244 cell types)
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offers the potential for deciphering patterns 
that mirror responses at several levels. At the 
level of the gene, such data can give insight into 
how individual genes act along differentiation 
profiles and cellular responses. It is then possi-
ble to define modules or groups of genes whose 
expression is interdependent and is coordinated 
by shared regulatory controls. Computational 
methods for reverse engineering can then be 
applied to infer a model of the cells’ underlying 
control system. Finally, genome-wide expres-
sion data at the highest level of integration pro-
vides an objective definition of the relations 
and distinctions between cells. For example, 
analyses of relative ‘distances’ in genomic space 
have shown that natural killer T cells are actu-
ally a subset of conventional CD4+ T cells and 
not an ‘intermediate’ between CD4+ T cells and 
natural killer cells, as is often believed1. Thus, 
insights from genomic profiling may ‘fine tune’ 
or revise the classifications and mental repre-
sentations of immune cells.

Such goals require a coordinated effort on 
a large scale beyond the scope of any single 
laboratory. Many focused microarray studies 
have been done in the context of immunology, 
addressing the development and differentiation 
of various immunological lineages2–4, charac-
teristics of functional states5,6 and perturbations 
associated with autoimmunity, immunopa-
thology or malignancies7–9. However, there is a 
paucity of studies addressing gene-expression 
data across a substantial range of lineages. 
Microarray explorations can be robust but 
are very sensitive to experimental ‘noise’10, 
and the high degree of variation between plat-
forms or laboratories undermines any direct 
comparison between data sets deposited into 
data warehouses such as the National Institutes 
of Health’s GEO database or the European 
Molecular Biology Laboratory’s ArrayExpress 
database. Some bioinformatic techniques have 
been proposed to overcome such variations in 
pairwise comparisons, but the remaining ‘noise’ 
renders any large-scale integration dubious11. 
Some compendia do exist, such as Symatlas12, 
Immune Response In Silico13, Genopolis14 and 
the Reference Database of Immune Cells15, but 
these sources are either too broadly or too nar-
rowly focused, are incomplete or may not have 
sufficiently robust data to allow a comprehen-
sive analysis of the immune system.

The broader goal of estimating a global 
regulatory network in a mammalian genome 
requires vast quantities of data with discrete 
perturbations that help unmask fine regulatory 
effects that would otherwise be hidden in data 
sets focusing on certain immune cell types16,17. 
Such analyses in the much smaller genome of 
yeast have required over 500 microarrays, and 
we estimate that over 2,000 data sets will be 

needed for analysis of the mouse genome. In 
addition, the quality of the data sets must be 
carefully controlled so that the biological signal 
is not overshadowed by ‘noise’ from lab and/
or batch variability. Thus, a comprehensive 
genomic perspective of the immune system 
is not yet available. This is what the ImmGen 
group aims to address, robustly and compre-
hensively.

Overall goals and organization of ImmGen
This project will generate, with rigorously stan-
dardized conditions, a complete compendium 
of genome-wide data sets showing the expres-
sion of protein-coding genes for all defined cell 
populations of the mouse immune system. The 
project will focus on primary cells isolated ex 
vivo in steady-state conditions or in response 
to genetic or environmental perturbations. 
Integrative computational tools will be applied 
to the expression profiles to reverse-engineer or 
predict the regulatory network in immune cells. 
Variation will be introduced into the analysis, 
through natural genetic polymorphism, knock-
out of genes, knockdown by RNA-mediated 
interference, or drug treatment, to drive and 
refine the computational network construction. 
For practical considerations, only the mouse 
genome will be studied at present, although 
future research may include human samples. 
All data and metadata (such as modules, ‘sig-
natures’ and networks) will be made accessible 
to the public and the project will explore new 

visualization tools to support the display and 
browsing of genes, modules and connectivity.

The core group of the project comprises 
seven immunology and three computational 
biology laboratories (Fig. 1). Over 200 cell 
populations have been parsed by the immu-
nology labs, each in charge of identifying and 
purifying all populations and subpopulations 
of its own cell grouping (under the umbrella 
of building the general compendium, each lab 
is also seeking to answer a series of focused 
questions related to their cells of interest). To 
minimize ‘noise’ from lab-specific variation, 
contamination, circadian effects, cell stress 
and so on, a common and strictly defined stan-
dard operating protocol is followed by all, with 
mice that originate from the same source (the 
Jackson Laboratory). For homogeneity, RNA 
preparation, probe labeling and hybridization 
are done in a centralized way. Quality checks 
and robust normalization are done on the raw 
data, which are then used by the computational 
biologists to analyze genetic modules and ‘sig-
natures’ and to reverse-engineer underlying 
gene-regulatory networks, thus identifying 
genetic mediators for various immunologi-
cal processes. In addition, ImmGen has ties 
with ‘systems immunology’ efforts in Europe 
and Asia. A collaboration with the European 
Union–supported Systems Biology on T-cell 
Activation consortium is focused on the fine-
grained analysis of events occurring at various 
stages of T cell activation, and discussions are 
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Figure 2  Heat-map 
representation of 
‘problem transcripts’ 
from replicate spleen 
CD4+ T cell samples 
(1 or 2) purified 
by each laboratory 
of the consortium 
(A–F) during the 
validation phase of 
the ImmGen profiling 
project. Results 
represent expression 
differences among 
data sets, presented 
on a spectrum ranging 
from low variability 
(black) to high 
variability (red). Some 
transcripts correspond 
to contamination by B 
cells (IgK, Igh-6 and 
H2-Aa), erythrocytes 
(Hba and Hbb) or cells 
of unknown origin 
(Amy2) or indicate 
stress (Hsp).

Am y2
C1qb

Slc4a1
Alas2
Igl-V1

A330102K04Rik
A330102K04Rik

Fscn1
Eraf
—

Lzp-s
Lzp-s

Hspa1b
Cd79b

1810037B05Rik
2010309G21Rik

M s4a1
—

Pkig
LOC207685

H2-Eb1
H2-Aa

Hspa1b /// Hspa1a
Ly6d

Hspa1b
Hspa1a
M s4a1
Igh-6

—
—

H2-Aa
H2-Ab1 /// Rm cs1

Igk-C
Igk-C
Igk-C
Cxcr6
Cxcr6
Cd24a
Snca

1110063G11Rik
Igj

Cd24a
Cd24a
Rex3

2810441O16Rik
AI448102

Aurkb
Hist1h2ad

Hist1h2bl /// Hist1h2
Ocil
—

2210010C04Rik
Ela3b
C1qa

—
Slc40a1

—
C1qb

Vcam 1
Hba-a1
Snca

Hba-a1
Hbb-b1 ///Hbb-b2

Hba-a1

A1 A2 B1 B2 C1 C2 D1 D2 E1 E2 F2

COMM ENTARYData Processing

•	  Micoarray-‐based	  technique	  is	  applied	  
to	  the	  initial	  analysis	  (phase	  I)	  

•The	  Affymetrix	  Mouse	  Gene	  ST1.0	  Array	  
(covered	  26,166	  transcripts	  in	  total)	  
was	  used

•The	  Dynamic	  range	  was	  normalized,	  
and	  if	  the	  DR	  was	  <40,	  sample	  was	  
systemically	  dropped.
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Data analysis

1.	  Lineage	  focused	  studies
Lineage	  focused	  studies	  have	  described	  the	  
relation	  between	  lineages	  and	  assigned	  cell	  
types	  of	  to	  the	  lineage	  tree.
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Gene expression profile across hematopoietic subsets
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R E S O U R C E

The Immunological Genome (ImmGen) Project is a consortium of 
laboratories aimed at establishing a comprehensive database of gene 
expression in the mouse immune system1. As part of this collabora-
tion, we have identified the gene-expression programs of natural killer 
cells (NK cells) and have analyzed this in the steady state and during 
the response to a viral infection to generate a resource for investi-
gating NK cell biology. The immune system of vertebrates is classi-
cally divided into innate and adaptive branches. The innate immune 
system responds rapidly to infectious agents, whereas the adaptive 
response requires cell division and the differentiation of effector cells.  
NK cells and innate-like lymphocytes, which include  T cells, 
invariant NKT cells (iNKT cells), intestinal epithelial lymphocytes, 
B-1 cells and marginal-zone B cells, have both adaptive and innate 
features2,3. These innate B cells and T cells use receptors encoded by 
somatically rearranged genes to recognize specific structures from 
microbes and self antigens2. Functionally, innate-like lymphocytes 
mount quick effector responses such as cytolysis and the rapid secre-
tion of cytokines, chemokines and antibodies.

Since the first description of NK cells4,5, their relationship to 
lymphoid and myeloid cells has been a topic of debate. The ability 
of certain T cell populations, such as  T cells and some activated  
T cells bearing  T cell antigen receptors (TCRs), to mediate ‘NK 
cell–like’ cytolysis, as well as the shared expression by NK cells and 
T cells of many cell-surface antigens and effector molecules (such as 
CD2, CD7, CD90, perforin, granzyme A and interferon-  (IFN- )),  
have led to the proposal that NK cells might simply represent a 

developmental or differentiation stage of T cells. However, the lack 
of productive rearrangement of TCR genes in mature NK cells and 
the development of NK cells in mice lacking a thymus or the recom-
binases required for TCR rearrangement unambiguously distinguish 
NK cells as a third, distinct lineage of lymphoid cells6. A relationship 
between NK cells and myeloid cells has been proposed on the basis of 
shared expression of cell-surface markers, such as CD11b and CD11c. 
However, subsequent studies defining the properties of hematopoietic 
progenitor populations have demonstrated that most NK cells are 
derived from progenitors shared with lymphocytes rather than with 
myeloid cells7.

Global transcriptional analysis is a powerful approach that has yielded 
new insights into the biology of specific cellular subsets8,9. Early studies 
using this approach to analyze human and mouse NK cells identified 
sets of genes specifically expressed in NK cells, as well as transcriptional 
changes that occur during the activation of NK cells in vitro10–12. In this 
study, we have systematically defined the transcriptome of mouse NK 
cells in several contexts, including activation states and relative to all 
other lymphocyte and myeloid populations profiled by the ImmGen 
consortium. Our transcriptional profiling technique was multidi-
mensional, which makes this study different from previous analyses 
because of the large number of data sets (such as conditions and cell 
types) compared simultaneously. The findings presented here provide 
molecular definitions of NK cell identity and function and provide both 
new insights into the nature of NK cells and a publicly available resource 
that documents the transcriptome of NK cells in various states.

1Department of Microbiology and Immunology and the Cancer Research Institute, University of California, San Francisco, San Francisco, California, USA. 2Division 
of Experimental Medicine, University of California, San Francisco, San Francisco, California, USA. 3Immunology Program, Memorial Sloan-Kettering Cancer Center, 
New York, New York, USA. 4Division of Biological Sciences, University of California San Diego, La Jolla, California, USA. 5These authors contributed equally to  
this work. 6Full list of members and affiliations appears at the end of the paper. Correspondence should be addressed to L.L.L. (lewis.lanier@ucsf.edu).

Molecular definition of the identity and activation of 
natural killer cells
Natalie A Bezman1,5, Charles C Kim2,5, Joseph C Sun3,5, Gundula Min-Oo1, Deborah W Hendricks1,  
Yosuke Kamimura1, J Adam Best4, Ananda W Goldrath4, Lewis L Lanier1 & The Immunological Genome  
Project Consortium6

Received 9 April; accepted 12 July; published online 19 August 2012; doi:10.1038/ni.2395

Using whole-genome microarray data sets of the Immunological Genome Project, we demonstrate a closer transcriptional 
relationship between NK cells and T cells than between any other leukocytes, distinguished by their shared expression of genes 
encoding molecules with similar signaling functions. Whereas resting NK cells are known to share expression of a few genes  
with cytotoxic CD8+ T cells, our transcriptome-wide analysis demonstrates that the commonalities extend to hundreds of genes, 
many encoding molecules with unknown functions. Resting NK cells demonstrate a ‘preprimed’ state compared with naive  
T cells, which allows NK cells to respond more rapidly to viral infection. Collectively, our data provide a global context for known 
and previously unknown molecular aspects of NK cell identity and function by delineating the genome-wide repertoire of gene 
expression of NK cells in various states.
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the development of NK cells in mice lacking a thymus or the recom-
binases required for TCR rearrangement unambiguously distinguish 
NK cells as a third, distinct lineage of lymphoid cells6. A relationship 
between NK cells and myeloid cells has been proposed on the basis of 
shared expression of cell-surface markers, such as CD11b and CD11c. 
However, subsequent studies defining the properties of hematopoietic 
progenitor populations have demonstrated that most NK cells are 
derived from progenitors shared with lymphocytes rather than with 
myeloid cells7.

Global transcriptional analysis is a powerful approach that has yielded 
new insights into the biology of specific cellular subsets8,9. Early studies 
using this approach to analyze human and mouse NK cells identified 
sets of genes specifically expressed in NK cells, as well as transcriptional 
changes that occur during the activation of NK cells in vitro10–12. In this 
study, we have systematically defined the transcriptome of mouse NK 
cells in several contexts, including activation states and relative to all 
other lymphocyte and myeloid populations profiled by the ImmGen 
consortium. Our transcriptional profiling technique was multidi-
mensional, which makes this study different from previous analyses 
because of the large number of data sets (such as conditions and cell 
types) compared simultaneously. The findings presented here provide 
molecular definitions of NK cell identity and function and provide both 
new insights into the nature of NK cells and a publicly available resource 
that documents the transcriptome of NK cells in various states.
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Using whole-genome microarray data sets of the Immunological Genome Project, we demonstrate a closer transcriptional 
relationship between NK cells and T cells than between any other leukocytes, distinguished by their shared expression of genes 
encoding molecules with similar signaling functions. Whereas resting NK cells are known to share expression of a few genes  
with cytotoxic CD8+ T cells, our transcriptome-wide analysis demonstrates that the commonalities extend to hundreds of genes, 
many encoding molecules with unknown functions. Resting NK cells demonstrate a ‘preprimed’ state compared with naive  
T cells, which allows NK cells to respond more rapidly to viral infection. Collectively, our data provide a global context for known 
and previously unknown molecular aspects of NK cell identity and function by delineating the genome-wide repertoire of gene 
expression of NK cells in various states.
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findings

Identify	  Macrophage	  specific	  TF	  (TCEF3,	  CEBPa,	  
Bach1	  and	  CREG-‐1)	  together	  with	  specific	  marker	  
(MerTK	  ,	  CD64)

Show	  gene	  signature	  of	  DC	  lienage	  cells	  and	  
difference	  with	  macrophages	  at	  progenitor	  cell	  
level

Identify	  three	  genetically	  distinct	  γδT	  cell	  subtypes	  
(naive,	  IL-‐17+	  effector,	  IFNg+	  effector)	  in	  thymus

Invariant	  NKT	  cells	  shared	  genetical	  feature	  of	  NK,	  
αβT	  cells

Lymph	  node	  stromal	  cells,	  especially	  FRCs	  express	  
genes	  relevant	  to	  cytokine	  signaling.	  
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Data analysis

1.	  Lineage	  focused	  studies
Lineage	  focused	  studies	  have	  described	  the	  
relation	  between	  lineages	  and	  assigned	  cell	  
types	  of	  to	  the	  lineage	  tree.

2.	  Systems	  immunology	  study
System	  studies	  that	  have	  defined	  
modules	  of	  coexpressed	  genes	  across	  
the	  entire	  dataset	  and	  reconstructed	  
the	  regulatory	  program	  of	  the	  
modules	  using	  Ontogenet
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Ontogenet: reconstructing lineage-sensitive regulation

Jojic, V., et al. (2013). Nature Immunology, 14(6), 633–643.

Ontogenet:	  a	  new	  ALGORITHM	  to	  delineate	  the	  regulatory	  circuits	  
that	  drive	  hematopoietic	  cell	  differentiation

Criterion	  1:	  the	  expression	  of	  each	  module	  of	  genes	  is	  determined	  by	  a	  
combination	  of	  activating	  and	  repressing	  transcription	  factors

Criterion	  2:	  the	  activity	  of	  those	  transcription	  factors	  may	  change	  in	  
different	  cell	  types

Criterion	  3:	  the	  identity	  and	  activity	  of	  the	  transcription	  factors	  that	  
regulate	  one	  module	  are	  more	  similar	  in	  cells	  that	  are	  close	  to	  each	  
other	  in	  the	  lineage	  tree

Criterion4:	  master	  regulators	  of	  a	  lineage	  are	  active	  across	  the	  
sublineages,	  nut	  the	  subtypes	  can	  also	  have	  additional,	  more	  specific	  
regulators	  (GATA-‐3	  for	  whole	  T	  cells	  vs	  Foxp3	  for	  Treg	  cells)
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mouse hematopoietic/immune cell lineage tree profiled 
by ImmGen consortium (244 cell types)
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Coarse-‐	  and	  fine-‐	  grained	  module

Coarse	  grained	  module:	  total	  81
Fine	  grained	  module:	  total	  334
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Module	  C33:	  early	  B	  molecule,	  relevant	  to	  B	  cell	  development

Regulator	  of	  C33	  module	  calculated	  by	  ontoget	  algorithm
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Integrating ImmGen with other datasets

Lineage-‐specific	  regulation	  of
TF	  expression

Signature	  genes	  characterizing
the	  lineages

-‐38	  type	  of	  dis[nct	  cell	  popula[ons	  from	  4	  to	  7	  donors	  (CB	  or	  PB)
-‐Affymetrix	  HG_U133AAofAv2	  microarrays	  (22,944	  probes)
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Using	  the	  Ensembl	  COMPARA	  database,
10,248	  one-‐to-‐one	  orthologs	  between	  the	  two
species	  are	  measured.

ImmGen D-‐MAP

38	  cells244	  cells

7	  broad	  cell	  
groups
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human hematopoietic/immune cell lineage tree profiled 
by DMAP consortium (38 cell types)
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mouse hematopoietic/immune cell lineage tree profiled 
by ImmGen consortium (244 cell types)
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-‐The	  global	  expression	  profiles	  of	  matching	  lineages	  
are	  similar	  between	  the	  two	  species	  for	  both	  individual	  cell	  
types	  and	  average	  group	  profiles

(B) Global correlation matrix of the Pearson coefficients (yellow/purple color 

The grobal expression profiles of matching lineages 
between human and mouse

Correla[on	  matrix

-Mean-centered expression values  of the genes 
shared between matching lineage signatures are 
also similar between two species. 
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Differentially expressed genes between
human and mouse (previously reported)
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Differentially expressed genes between
human and mouse (unreported so far)
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Conserved and Divergent lineage-specific expression of 
regulators

Conserved

Divergent
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ImmGen data browser

hXp://www.immgen.org
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ImmGen App

1. Start by entering a gene name 
in the search bar.

2. Searching will display a 
“heatmap barcode” that 
shows how cold or hot 
your gene of interest 
expressed in different 
samples.

0. Main immune cell 
categories

4. Use modes FRIENDS, 
FAMILY and NEIGHBORS 
to explore which genes 
are most similar to 
your gene of interest.

5. Press down on a category to 
see a histogram view of gene 
expression in various samples 
for that category
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Summary
1.	  Immunological	  Genome	  Project,	  is	  a	  part	  of	  consortium	  biology	  in	  immunology	  aiming	  
to	  achieve	  comprehensive	  gene	  network	  in	  mouse	  immune/hematopoietic	  system

2.	  The	  powerful	  dataset	  have	  provided	  many	  evidences	  regarding	  i)	  gene	  expression	  
profiles	  across	  hematopoietic	  subsets,	  ii)	  developmental	  intermediates,	  and	  iii)	  subset-‐
specific	  perturbations

3.	  Ontogenet	  program	  developed	  from	  the	  ImmGen	  dataset	  will	  predict	  a	  set	  of	  
transcriptional	  regulators	  which	  are	  unknown	  so	  far

4.	  The	  power	  of	  immGen	  dataset	  is	  not	  only	  in	  the	  analysis	  of	  the	  data	  within	  it,	  but	  in	  
the	  integration	  with	  external	  systemic	  datasets,	  which	  can	  amplify	  informational	  
outputs.

5.	  ImmGen	  software	  and	  App	  can	  be	  easy	  to	  analyze	  such	  a	  big	  database	  and	  will	  apply	  to	  
our	  good	  little	  science.

Thank you very much!
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