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I- Abstract

Macrophages are the first line of defense against microbial pathogens; they
recognize microbial structures and products via surface receptors (Fc, C3b, SR,
TLR) and intracellular antigen sensors (NLR family). Engagement of surface
receptors results in phagocytosis of the microbe into a specialized vacuole, the
phagosome. Through a series of fusogenic events, the phagosome matures into a
fully microbicidal phagolysosome that is highly acidic and contains a number of
degradative enzymes and toxic molecules that cause destruction of the microbe.
Salmonella typhimurium (S. typhimurium) and Legionella pneumophila (L.
pneumophila) are two pathogenic Gram-negative bacteria that are able to block
phagosome maturation. Our hypothesis is that the macrophages’ response to these
pathogens contains a core response, which is induced by both pathogens, as well
as a pathogen-specific response. We used a genome-wide transcription profiling
approach to compare macrophage responses to phagocytosis of S. typhimurium or
L. pneumophila at early time points, 2h (T2) and 4h (T4) post-infection (p.i.). The
infections were performed on the macrophage-like cell line J774, and RNA
isolated from infected and non-infected cells was hybridized to Mouse WG6
[Mlumina microarrays. Pairwise analysis led to the identification of 159 genes
differently regulated compared to Non Infected (NI) samples in response to L.
pneumophila infection at T2, 148 genes at T4 and 192 genes differently regulated
in response to S. typhimurium at T2, and 402 genes at T4. Comparative analysis
identified three groups of genes: 164 (T2) and 347 (T4) “Salmonella
typhimurium-specific” genes, 131 (T2) and 99 (T4) “Legionella pneumophila-
specific” genes. This analysis also revealed that 28 (T2) and 49 (T4) genes were
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differentially expressed in response to both pathogens. A list of 27 genes was
validated using quantitative RT-PCR. Networking programs, including STRING
or Pathvisio were used to generate 3 interaction networks illustrative of these
three groups of genes. Our results clearly show that TNF-a is associated with the
macrophage response to both infections, with this gene playing a central role in
this pathway. The Legionella specific pathway is centered on Egrl, Fos and Jun
whereas the Salmonella specific pathway has 3 nodes centered on 1710, Il6 and

Cendl.



II- Résumé

Les macrophages représentent la premiére ligne de défense contre les pathogeénes
intracellulaires. Ils sont capables d’identifier des structures et protéines
spécifiques aux bactéries grace a des récepteurs membranaires, (Fc, C3b, SR and
TLR) et a des molécules cytosoliques capables de reconnaitre des antigénes sur la
surface des bactéries. Le contact entre les récepteurs a la surface des deux
protagonistes entraine la phagocytose du microbe dans un compartiment
spécialisé appelé le phagosome. A la suite d’une série d’événements de
maturation, le phagosome se développe en un phago-lysosome capable de
détruire les microbes phagocités grace a leur environement trés acide et la
présence d’enzymes dégradatives et de molécules toxiques pour les pathogenes.
Salmonella typhimurium (S. typhimurium) et Legionella pneumophila (L.
pneumophila) sont deux bactéries Gram-négatives capables d’éviter la réponse
immunitaire innée. Notre hypothése défend I’idée que la réponse du macrophage
a ces deux pathogénes comprend une réponse commune, ¢licitée par les deux
bactéries et une réponse spécifique a chacun de ces pathogenes. Nous avons
utilisé une étude transcriptionnelle, a 1’échelle du génome, pour comparer les
premiéres réponses a 2h (T2) et 4h (T4) suivant I’infection du macrophage par S.
typhimurium a celle par L. pneumophila. Les infections ont été faites sur des
cellules immortalisées, J774 et I’ARN a ét¢ isolé puis hybridé sur des micropuces
(Illumina MouseWG6). Une comparaison par paire nous a permis d’identifier 159
genes régulés de maniere différente entre les groupes non infectés et ceux infectés
par L. pneumophila a T2, 148 geénes a T4; similairement 192 génes a T2 et 402 a

T4 ¢étaient différemment régulé par I’infection de S. typhimurium. Une analyse
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comparative des résultats de micropuces entre les infections avec ces deux
pathogénes nous a permis de générer trois groupes de geénes : 164 (T2) et 347
(T4) genes sont impliqués dans la réponse du macrophage a 1’infection de S.
typhimurium tandis que 131 (T2) et 99 (T4) geénes sont associés a la réponse a
I’infection de L. pneumophila. Cette analyse a aussi révélé 28 (T2) and 49 (T4)
genes appartenant a une réponse commune du macrophage a ces deux infections.
Une liste de 27 genes a été¢ validé par amplification en chaine par polymérase
(PCR) et I'utilisation de programmes tels que STRING et Pathvisio nous a permis
de créer 3 schémas d’interactions entre les genes de nos trois groupes. Nos
résultats montrent que TNF-a est clairement associé a la réponse du macrophage
aux deux bactéries et semble étre au centre de la réponse aux infections. La
réponse spécifique a Legionnella est centrée autour de 3 génes, Egri, Fos et Jun
tandis que la réponse spécifique a Salmonella est, elle, centrée sur IL10, 116 et

Cendl.



III- Introduction

Infectious diseases are still a major public health problem and a major cause of
death worldwide; it is an economic burden in particular for developing countries
where access to health care is limited [1]. Infectious diseases are caused by
pathogenic microorganisms, such as bacteria, viruses, parasites or fungi.
Transmission of infections happens by contact with an infected individual, by
ingestion of contaminated food or water or by inhalation of contaminated air [2].
Among all microorganisms, only few can lead to a disease in an otherwise
healthy person. Infectious diseases result from the interplay between those few
pathogens and circumvention of defense systems of the host they infect. The
appearance and severity of diseases resulting from any pathogen depend upon the
ability of that pathogen to damage the host as well as the ability of the host to
resist the pathogen assault. Pathogens are classified in two categories: primary or
opportunistic [3]. Infectious microorganisms are classified as primary pathogens
when the infection of a host is a necessary consequence of their needs to
reproduce and spread. Opportunistic pathogens are ordinarily in contact with the
host and require impairment of host defenses to establish an infection, which may
occur as a result of genetic defects or exposure to immunosuppressive drugs [3].
Defining the means of transmission plays an important part in understanding the
biology of an infectious agent, and in addressing the disease it causes.
Transmission may occur through several different mechanisms. Respiratory tract
infections and meningitis are commonly acquired by contact with aerosolized
droplets, spread by sneezing, coughing, talking, kissing or even singing [2].
Gastrointestinal tract infections are often acquired by ingesting contaminated
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food and water. Sexually transmitted diseases are acquired through contact with
bodily fluids, generally as a result of sexual activities [2]. One of the ways to
prevent or slow down the transmission of infectious diseases is to understand the
different characteristics of various diseases and the molecular and biochemical

consequences of the encounter between the pathogen and the host [3].

1- Macrophage innate immune response to bacterial infection

A- Response to bacterial infection

The mechanisms regulating host-pathogen interactions and ultimate appearance
of pathology are poorly understood. Cells of the innate immune system use
several receptors to detect and signal the presence of unwanted visitors. These
signals lead to the initiation of an inflammatory response, which allows the host
to contain the infection, and to the activation of the adaptive immune response,
the second arm of the immune system [4]. The adaptive immune response has a
role in response to an infection and is able to generate unlimited pathogen-
specific receptors, but it leads to a delayed response upon pathogen-recognition
compared to innate immunity [5]. It usually generates long-lasting immunological
memory in contrast with the innate immune system [6]. A strong inflammatory
response is usually enough to control bacterial replication while adaptive immune
response helps clearing the infection and protects against re-infection with the
same or related microbes [7]. The main purpose of an immune response is to
resolve the infection and then return to homeostasis; if regulated improperly, the
inflammation process can be very detrimental to the host itself. The destructive

potential of this response is vital for survival during infection but can also be the
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source of collateral damage. Some pathogens have acquired virulence
mechanisms and evolved the ability to manipulate the host immune system to

their favor.

B- Role of the immune system

The immune system is the first line of defense against invading pathogens and it
has evolved different ways for their recognition and destruction. Tissue-resident
macrophages and dendritic cells are the primary detectors of invading pathogens.
Early detection of these intruders is dependent on molecules called pathogen
recognition receptors (PRRs) which are able to sense conserved microbial
elements called pathogen associated molecular patterns (PAMPs) such as
lipopolysaccharide (LPS; a major component of the outer membrane of Gram-
negative bacteria), peptidoglycan (PGN; the main component of the cell wall of
Gram-positive bacteria), flagellin, and microbial nucleic acids. Two important
PRRs families are the Toll-Like Receptors (TLRs) which are the mammalian
homologues of Toll, the first Toll receptor identified in fruit fly, and the
nucleotide-binding oligomerization domain (NOD) like receptors (NLRs)

proteins [8].

C- TLR and NLR

TLRs are type I transmembrane proteins characterized by a cytoplasmic domain
called TIR domain, due to its homology to interleukin-1 receptor (IL-1R), and an
extracellular leucine-rich domain (LRR). The LRR domains are responsible for
the recognition of the pathogens through their PAMPs. Thirteen mammalian

TLRs have been identified, 10 in humans and 12 in mice with some homologs in
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both species [8]. TLRs expression differs with cell types and cellular localization.
They can be expressed at the cell surface or intracellularly on different myeloid
cells (macrophages, dendritic cells, neutrophils) and on non-myeloid cells
(epithelial cells, fibroblast). Their ability to recognize specific ligands confers to
the innate immune system some level of specificity. 7LR4 is known as the LPS
receptor [9], TLR2 recognizes different ligands such as bacterial lipopeptides and
lipoteichoic acid (LTA) from Gram-positive bacteria, 7LR5 detects a conserved
domain on flagellin monomers, the main structural proteins forming the flagella
on Gram-negative bacteria, important for their virulence [10]. Ligand binding
induces two signaling pathways, one is MyD88 dependent and the other one is
MyD88 independent [11]. These two responses are mediated by the usage of
specific adaptor molecules recruited to the TIR domains after ligand recognition.
Four adaptors have been described: MyD88, TIR-associated protein (TIRAP),
TIR domain-containing molecule 1 (TICAM-1) and TIR domain containing
molecule 2 (TICAM-2). MyD88 and TIRAP are responsible for the induction of
pro-inflammatory genes and TICAM-1 and TICAM-2 for the induction of the

interferons (IFNs) [8].

NLRs are intracellular molecules that are involved in the recognition of
intracellular PAMPs. NLRs are a family of regulatory cytosolic proteins with a
conserved structure: LRRs at the C-terminal, a central NOD (or NACHT)
dimerization domain and an effector binding domain at the N-terminal. That last
domain is specific to different family members and can be a pyrin domain (PYD),

a caspase activation and recruitment domain (CARD) or a baculovirus inhibitor
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of apoptosis protein repeat (BIR). This domain classifies NLRs into NALPs,
NODs or NAIPs, respectively. NODI and NOD2 are known to detect PAMPs
shared by many pathogens. Their LRRs domains interact with small peptides
derived from peptidoglycan (PGN), a major component of bacterial cell wall
[12]. Other NLRs have been implicated in the activation of immune response in
reaction to pathogens, for example IPAF and NAIPS5 are associated with host

resistance to L. pneumophila [13].

In response to a bacterial infection, cells of the innate immune system, like
macrophages, are recruited to the site of infection; they phagocytose the bacteria
detected through the TLRs and initiate a conserved signaling cascade resulting in
the release of pro-inflammatory cytokines. TLRs engagement by microbial
products leads to the activation of NF-xkB and IFN-regulatory factor (IRF)
transcription factors[14]. NLRs detection of the pathogen leads to the activation
of the inflammasome, a multiprotein complex involved in the activation of
caspase-1, a protease that processes pro-IL-1 into mature active form [15].
Macrophages are also able to kill the bacteria using proteases, antimicrobial
peptides, reactive oxygen species (ROS) and reactive nitrogen species (RNS)
which denature proteins, disrupt lipids and damage DNA [16]. The functions of
TLRs and NLRs reinforce each other at multiple points; for example TLR
activation regulates the activity of the inflammasome through induction of the

expression of pro-IL-1 and other components [15].

Many bacteria are able to infect macrophages and replicate inside them. These

intracellular pathogens, such as S. #phimurium, L. pneumophila and
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Mycobacterium tuberculosis elicit a cascade of host defense mechanisms. Many
scientists have used these bacteria as a tool to study in more details the
mechanisms of the immune response [7, 17]. The availability of excellent models
of experimental infection in mouse, and the ability to generate mutant mice for a
gene of interest has enabled the discovery of specific genes and pathways playing

critical roles in macrophage interactions with intracellular microbes.

2- Intracellular pathogens

A- Legionella pneumophila

a- Legionnaires’ disease

Legionnaire’s disease was first described as a large outbreak of severe pneumonia
amongst attendees at an American Legion convention in Philadelphia in 1976
[18]. The causative agent was a Gram-negative bacterium that was named
Legionella pneumophila. This bacterium is usually acquired by inhaling
contaminated aerosol droplets. L. pneumophila is an opportunistic and accidental
pathogen of humans. Many disease outbreaks are linked to air-conditioning
cooling towers and evaporative condensers which can produce contaminated
water droplets that are inhaled by passersby [19]. Legionnaire’s disease is a rare
but severe infection: in 1976, 182 persons were affected and 29 died [18]. It
usually affects immune-deficient persons, smokers and people with pre-existing
pulmonary diseases. It rarely affects young people aged 20 or less [20]. In the
United States approximately 12000 cases are reported annually [21]. In Europe
the number of cases is evaluated around 10000 to 20000 annually [21]. Fifty

species of Legionella have been described, with 24 being associated with human
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diseases. At least 15 serogroups have been identified but close to 90% of
Legionnaires’ disease cases worldwide are caused by L. pneumophila serogroup 1
[22], L. bozemanae, L. micdadei, and L. longbeachae are the next most common
etiological agents of Legionnaires’ disease and together account for 2-7% of the
infection worldwide [22]. In the past 5 years, four L. pneumophila serogroup 1
genomes have been sequenced. It has allowed researchers to gain insight into
fundamental mechanisms of pathogenesis and pathogen evolution. The different
sequenced strains are: Philadelphia-1 derived from the original Philadelphia
outbreak; the Paris strain, an endemic strain responsible for around 12% of the
cases of Legionnaires’ disease in France; the Lens strain, the causative agent of a
large outbreak in France and the Corby strain, a human isolate [7]. The strains
share 80% of genes, which constitute the core genome, while around 10% of the
genome is strain specific [23]. The core genome contains many of the factors
associated with the ability of the bacteria to infect eukaryotic cells and replicate
intracellularly and there is a high degree of conservation among virulence-
associated genes [24]. Interestingly in L. pneumophila genome, there are a great
number of genes predicted to encode proteins with amino acid sequences similar
to eukaryotic proteins or containing eukaryotic domains [25]. Some of these were
found to play a role in host-pathogen interactions and many are translocated into
the eukaryotic cells, where they can interfere with pathways through functional

mimicry.
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b- Manipulation of the host processes by L. pneumophila

L. pneumophila is found in natural and human-made water systems where it
infects and multiplies in phagocytic protozoa [26]. The increase use of human-
made water systems, such as air-conditioning, has led to a greater exposure of
humans to Legionella and therefore an increase in the incidence of infection. The
evolution of virulence traits in L. pneumophila is thought to be the result of the

pathogen replication in environmental protozoa.

In humans, the bacteria are able to colonize and replicate in alveolar
macrophages. In the murine model, researchers have used macrophage cell lines
or bone marrow-derived macrophages to study the host-pathogen interaction

involved in the infection process.

Different mechanisms have been suggested for the internalization of the pathogen
by macrophages. The first one and the more conventional one is phagocytosis,
another one, less common is a coiling phagocytosis, but due to its infrequency
researchers have questioned its significance [27]. Finally micropinocytosis, which
has been observed in bone marrow derived macrophages (BMDMs) also appears
to be a less frequent mechanism for L. pneumophila uptake [28]. Following
internalization by the host cell, bacteria are found in a phagosome that usually
matures into a digestive vacuole by associating with the endocytic pathways
leading to the acidification of the vacuole and the degradation of the pathogen
[29]. The L. pneumophila containing vacuole (LCV) avoids fusion with the
endocytic pathways and acquires characteristics of the endoplasmic reticulum

(ER) [30]. Following phagocytosis, some proteins from the secretory vesicles that
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cycle between the ER and Golgi apparatus are recruited to the LCV. Rabl, a
small GTPase that recruits factors necessary for the fusion of ER-derived vesicles
with the Golgi apparatus, is recruited before any remodeling of the vacuole.
Inhibition of Rabl activity prevents the intracellular replication of L.
pneumophila [31]. Other molecules like the SNARE Sec22b[31], GTPases Sarl
and Arfl[32] have also been implicated in the regulation of intracellular
replication of L. pneumophila. The recruitment of GTPases and the control of
GTP cyclin have been shown to be dependent on the Dot/Icm system of L.
pneumophila, which will be described in the next section.[33][34] In addition to
cell trafficking, the pathogen is also able to manipulate autophagy, which is an
important process for cellular homeostasis in which double-membrane vesicles
(autophagosomes) derived from the engulfment of cytoplasmic components and
organelles, traffic to lysosomes for degradation [33]. Within permissive BMDMs,
L. pneumophila seems to activate the autophagy process upon infection; it is
thought that the interaction with the autophagic pathway provides the bacteria
with a source of nutrients and avoidance of detection by the immune system [34].
However it has been observed that defects in autophagy in Dictyostelium does not
impair LCV development or L. pneumophila replication which leads to the

conclusion that it is not a core element of LCV formation [7].

An essential step in the development of infection and disease progression is the
ability of intracellular pathogens to exit the host cell once replication has ceased,
allowing infection of new host cells. The ability of the bacteria to escape from the

replicative vacuole is mediated by the ability to form pores and lyse membranes
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[35]. This escape appears to be a regulated process since in the post-exponential
phase, the bacteria undergo many phenotypic changes converting it to a more
transmissive and motile phenotype [36-37]. In these conditions, L. pneumophila
is able to induce contact-dependent cell cytotoxicity mediated by the
development of pores less than 3 nm in diameter in the host cell membrane [38-
39]. On the other hand, two Dot/Icm effectors, LepA and LepB promote non-lytic
release from protozoa [40]. Any strains lacking these proteins remain trapped

within the replicative vacuole, unable to disseminate and infect new cells [41].

c- Virulence factors of L. pneumophila

Like other intracellular pathogens, L. pneumophila possesses virulence
determinants important for pathogenicity: LPS, flagella, pili, a type 2 secretion
systems (T2SS) and outer membrane proteins [7]. The most important virulence
factor, necessary for manipulation of the host cells processes from within an
intracellular vacuole, is a type IV secretion system (T4SS) named Dot/Icm, which
translocates around 150 proteins, called effectors, into the host cell where they
modify different cellular pathways [7]. The Dot/Icm system is required for
intracellular replication and the formation of the LCV. It is also involved in
invasion [42], inhibition of host cell apoptosis [43] and exit of L. pneumophila
from host cells [44]. Others pathogens use T4SSs to secrete virulence factors as
well, including Bordetella pertussis, Helicobacter pylori and Coxiella burnetti.
There are two categories of T4SSs: T4SSa includes the systems that resemble the
prototypic Agrobacterium tumefaciens Vir system and T4SSb includes the

systems with homology to the Transfer (Tra) system of the Incl Collb-P9
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plasmids of Shigella flexneri [45]. The Dot/Icm system is a member of the T4SSb
category. Recent work has suggested that Dot/lcm components form a
multiprotein apparatus that spans the inner and outer membranes of the bacterial
cell wall [46]. Cytoplasmic chaperones like IcmS and IcmW bind to effector
proteins and facilitate their translocation [47]. Effectors represent close to 10% of
the proteome of L. prneumophila but functional redundancy has been observed
since inactivation of genes encoding for these proteins usually leads only to a
modest defect in intracellular replication compare to a mutation in the Dot/Icm
apparatus itself [32]. The Dot/lcm effectors target many host cell processes
including the regulation of host GTPases, which is controlled through
competition with endogenous guanine exchange factors (GEFs), to enable rapid
recruitment, redirection and activation of Arfl and Rabl to the LCV. These two
molecules are involved in the interaction between the ER-derived molecule and
the Golgi compartment [48]. RalF is one effector that acts as a specific GEF for
Arfl, which normally regulates COPI-coated vesicle formation and thus
manipulates vesicular trafficking [49]. Phosphoinositide binding of the LCV has
also been shown to be targeted by Dot/Icm effectors. The surface of the LCV is
rich in phosphatidylinositol 4-phosphate [PtdIns(4)P] which are usually found on
the frans-Golgi network and mediate the export of early secretory vesicles from
the ER [50]. SidC and SidM are examples of phosphoinositide binding proteins
that play a role in regulating the maturation of the LCV [50-51]. Other processes
like host proteins translation, induction of stress responses, inhibition of apoptosis

and vesicular trafficking are also affected [7].
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d- The host response to L. pneumophila infection

Different animal models of L. preumophila infection have been used to
characterize the parameters of host-pathogen interaction, including inbred mice
and guinea pigs. The mouse model has been favored by researchers due to the
availability of transgenic mutant and transgenic animals to study immune
responses and pathogenesis. Inbred strains of mice are resistant to L.
pneumophila infection, with the exception of the A/J strain which develops acute
lung inflammation [52]. Researchers have been able to identify elements of the
immune response that are important for the control of bacterial replication in
macrophages ex vivo and in the lung in vivo. The susceptibility of A/J mice has
been mapped to the Lgnl locus on chromosome 13 [53]. More precisely, the gene
involved has been identified as the neuronal apoptosis-inhibitory protein 5

(Naip5) also named baculoviral IAP 1 (Bircl) [54] [55].

Naip5 is an intracellular sensor of flagellin that belongs to the NLR family [56].
In macrophages from resistant mouse strains, Naip5 has been shown to activate
caspase-1 upon phagocytosis of L. prneumophila, leading to mature [/1-f
production and an increased fusion of the LCV to the endosomes, leading to
bacterial degradation [15]. Ipaf, another intracellular flagellin recognition
molecule, has been shown to be essential to restrict L. pneumophila replication
[57]. Various studies have identified key components of the innate immune
response to L. pneumophila challenges, including interferon gamma (Ifn-y) [52],
Tumor necrosis factor alpha (Tnf-a) [58], 1I-12 [59], 1I-18 [60] and the cells that

produce these cytokines, including macrophages, neutrophils and natural killer
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(NK) cells [61]. More recently, the focus has been placed on TLRs, more
precisely on the adaptor molecule myeloid differentiation primary response gene
88 (MyD88). It was demonstrated that MyD88 deficient mice infected with L.
pneumophila have an increased bacterial burden in the lung and decreased
survival rates, they develop more severe lung pathology and suffer disseminated
bacterial infection in the spleen compared to wild-type (WT) animals [62]. Apart
from activation of the inflammasome, L. pneumophila infection of macrophages
stimulates cytokine activity in a Dot/Icm-dependent manner; mitogen activated
protein kinase (MAPK) signaling is induced in response to the Dot/Icm system in
infected macrophages [63]. Flagellin has also been shown to be important for
virulence since the host is more susceptible to infection by flagellin-deficient L.
pneumophila. Indeed a flagellin deficient strain is able to survive longer in
macrophages and after 24h of infection, the CFUs are higher for the mutant

compared to a WT L. pneumophila strain [64].

It has been suggested that an impairment in the /F'N-y response may also increase
susceptibility to the disease [65]. Clearly an early and robust inflammatory
response appears to be critical to limit the infection. Correlation of human TLR
polymorphisms with the development of disease has been observed, for example,
a polymorphism in the 7LR5 gene leading to a premature stop codon, occurs in
10% of the population, and is associated with a significant increased risk of
Legionnaires’ disease [66]. These results support the finding that, in the mouse

model, recognition of flagellin is important for restriction of the infection [57].
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B- Salmonella Typhimurium

a- Salmonellosis

Salmonella can cause typhoid fever and gastroenteritis in humans and is a major
threat to human health. It is a serious public health problem in developing
countries with 17-21 million cases of typhoid fever annually resulting in 600,000
deaths in endemic areas [67]. Salmonella is a Gram negative facultative
intracellular bacterium and is divided in two distinct species: Sa/monella bongori,
a commensal of cold blooded animals rarely involved in human infections and
Salmonella enterica, a major human pathogen, which contains over 2000 serovars
[68]. Salmonella enterica serovar Typhi and Paratyphi cause typhoid fever, a
systemic disease characterized by fever, intestinal perforation and hemorrhage,
enlargement of the mesenteric lymph node, spleen and liver [69]. The disease is
endemic in Asia, Africa and South America [67]. The infection is usually cleared
after 4 months in the absence of complication although asymptomatic carriage
and shedding of the bacteria can continue in some individuals for a year or longer
[70]. Salmonella enterica serovars Enteritidis (S. enteritidis) and Typhimurium
(S. typhimurium) belong to the serogroup B, they are capable of infecting a broad
range of warm and cold blooded hosts. In humans, S. typhimurium and S.
enteritidis usually cause a localized infection, gastroenteritis, characterized by
diarrhea, abdominal pain, nausea, vomiting and fever. The acute enteritis is
characterized by mucosal edema and inflammation mostly in the large intestine
with recruitment of polymorphonuclear leukocytes (PMN) [71]. S. enteritidis is

the most frequent cause of bacterial food-borne infection in North America. An
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estimated 1.3 billion cases of intestinal disease have been reported with 3 million
deaths worldwide [72]. Since S. typhi is restricted to humans, S. typhimurium has
been used as a murine model of typhoid fever pathogenesis, in which it mimics
the systemic infection and the long-term persistence observed in human S.typhi

infection [73].

b- Manipulation of the host by S. typhimurium

Different models have been used to study typhoid fever and gastroenteritis. The
most widely used animal is the mouse because it offers genetic mutants that
permit the study of specific genes or pathways [17]. The pathology associated
with S. typhimurium infection in mice closely resembles that of S. #yphi in
humans even though it is not a perfect model since it is known that some of the
virulence determinants are not conserved in both strains. Mice infected with S.
typhimurium show a disseminated infection and bacterial replication in the liver
and spleen where large granulomatous lesions develop around infected

macrophages [17].

Orally ingested S. typhimurium cross the intestinal barrier by 3 mechanisms: 1)
invasion of specialized cells, termed M-cells, situated in the Peyer’s patches (PP),
i1) active invasion of enterocytes and iii) uptake by intestinal dendritic cells (DCs)
[17]. Once the bacteria cross the mucosal epithelia, they encounter cells of the
gut-associated lymphoid tissue including DCs, macrophages, B and T cells [74].
The bacteria enter the host circulation and then reach the Mesenteric Lymph

Nodes (MLNs), spleen and liver where they can replicate within phagocytic cells.
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High level of replication and subsequent release in the blood stream ultimately

leads to sepsis in susceptible mice.

S. typhimurium can also infect livestock leading to gastroenteritis with similar
clinical manifestations to those observed in human infection. A mouse model for
enterocolitis has been developed, which displays a mix of the typhoid fever and

colitis symptoms [75].

c- Virulence factors of S. typhimurium

S. typhimurium possesses virulence determinants that enable it to invade, persist,
and replicate within eukaryotic cells by subverting host cell processes. A
significant number of virulence factors are clustered on the virulence plasmid or
within large regions (15 to 40 kb) of the chromosome called Salmonella
pathogenicity islands (SPI). The two larger SPIs in S. syphimurium, SPI-1 and
SPI-2, each encode a type III secretion system (T3SS) with structural homology
to each other and to the T3SSs of other known pathogens. The two T3SSs are
differentially expressed and have distinct roles during infection. Similarly to
T4SS, they are used by the bacteria to inject proteins inside the host cells that will
act as mediators of cell invasion and modifications contributing to intracellular
growth [73]. SPI-1 mediates invasion of host cells and pro-inflammatory
response whereas SPI-2 is required for survival and replication inside
macrophages and is therefore responsible for systemic progression of the

infection [76].

SPI-1 is present in all serovars of both S. enterica and S. bongori [77] and seems

to be important for the intestinal phase of Sa/monella infection, mostly the initial
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steps of active invasion of epithelial cells and the inflammatory cascade that
ensues. The majority of the SPI-1 genes are expressed under conditions that are
similar to the intestinal environment and are repressed once Sal/monella colonizes
an intracellular compartment [78]. These genes are controlled by 5 regulators,
HilA, HilC, HilD, InvF and SprB [17]. HilA play an essential role and its deletion
is phenotypically similar to a SPI-1 deletion. A two components system, PhoP/Q
plays a major role in SPI-1 and also SPI-2 regulation and regulates genes in

response to extracellular cation levels [79].

SPI-2 is only present in S. enterica. It is extremely important for intracellular
replication and is able to translocate effectors involved in the modification of the
Salmonella containing vacuole (SCV), and inhibition of lysosome fusion,
allowing intracellular growth of the bacteria [80]. SPI-2 mutants are severely
attenuated for virulence in the mouse typhoid model and fail to proliferate in
internal organs [81]. They also have a reduced survival in macrophages, probably
due to the failure to form the SCV [82]. SPI-2 is also known to mediate inhibition
of the recruitment of oxidase-containing vesicles and iINOS to the SCV, thus
preventing oxidative degradation of the pathogen [83-84]. The two-component
regulatory system SsrA/B is responsible for the regulation of SPI-2 genes. The
proteins translocated by the T3SS apparatus are called the effectors proteins.
Several effectors proteins have been identified; one of the most studied is SifA,
which is essential for SCV integrity and Salmonella replication [85]. Recently,
another SPI-2 effector, Ssel, was identified and was implicated in modulation of

the host inflammatory response in vivo [86].
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Other important virulence factors include the fimbriae, which are structures
present on the bacterial cell wall allowing interaction with the cells, and the
flagella, a tail-like structure of the bacteria that enables its motility, necessary for
the bacteria to actively infect new cells [73]. Salmonella’s flagellin is comprised
of 494 amino acids and distinct domains have been described. Both the amino-
and carboxy-terminus are well conserved among Sa/monella serovars, while the
central portion displays more diversity, one particular region being termed the
“hypervariable region” [87]. That central region is exposed on the outside of the
filament, which explains why the antibody responses tend to be targeted to this
region [88]. Infection with Sal/monella strains lacking a functional flagellin have
demonstrated an obligatory role for the flagella in bacterial adhesion to epithelial

surfaces, colonization, biofilm formation, and invasion of host tissues [87].

d- The host response to S. typhimurium infection

Susceptibility to S. typhimurium in mice is determined by virulence factors
expressed by bacteria as well as by the host genetic determinants [89]. The host
response is complex and under the influence of many genetic loci. Many genes
conferring susceptibility to the infection have been characterized, such as TLR4,
which detect LPS and is responsible for most of the mouse response after
infection with Salmonella [90] and pyruvate kinase, which affects RBC turnover
and iron homeostasis [91]. The most important susceptibility determinant is the
Natural resistance-associated macrophage protein 1 (Nramp1) also known as
Slcllal [92]. The susceptibility of many inbred mice strains has been associated

to a single mutation of amino acid 169 in the protein, which substitutes a glycine
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by an aspartic acid leading to impaired folding [93]. Nrampl is a hydrophobic
protein that possesses 12 transmembrane domains and acts as a divalent cation
transporter [94]. The protein is expressed in the spleen, the liver and macrophages
[95]. The mechanism by which Nramp1 controls intracellular replication of the
bacteria is still controversial, but it may have a role in the modulation of the
divalent cations content of the phagosome either by depriving intracellular
bacteria from essential cations leading to reduced growth and virulence or by
increasing the intracellular Fe*" to generate, with oxidative molecules, hydroxyl
radicals that kill the bacteria [96]. Nramp1 seems to have a role in the maturation
of the SCV since in Nramp1 deficient macrophages, the SCV fails to acquire
mannose 6 phosphate receptor (M6PR) a protein that regulates the delivery of a
subset of lysosomal enzymes from the trans-Golgi network to the prelysosomal
compartment [97]. A role for Nramp1 in priming the immune system has also
been suggested, as it has been shown that Nrampl is able to facilitate the innate
host defense mechanisms in macrophages, such as the synthesis of ROS and

NOS, as well as that of proinflammatory cytokines [98].

The course of the Salmonella infection in the mouse typhoid model has been
divided into 4 phases: the first one is the rapid clearance of the bacteria from the
bloodstream, followed by an exponential replication of the surviving intracellular
bacteria that has reached phagocytic cells like macrophages or dendritic cells.
The second phase is influenced by the Nramp1 status of the host as well as ROS
production levels [99]. The third phase is initiated by the activation of the innate

immune system and is characterized by the production of several pro-
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inflammatory cytokines such as TNFa, IFNy and IL-12 which leads to the
suppression of the bacterial growth and a plateau phase in systemic bacterial
burden. This phase ends with activation of the adaptive immune system, which
clears the bacteria and resolves the infection. In some cases, the bacteria can stay
dormant in the host cells and a change or a deficiency in the immune status can

lead to a relapse of the infection [99].

3- Aim and hypothesis of the project

A- Similitude and differences between Salmonella and Legionella infections
The diseases caused by Salmonella and Legionella and the routes of infection
they use are not similar. Salmonellosis usually leads to a systemic infection
beginning in the gastrointestinal track and disseminating to the rest of the organs
via the bloodstream whereas Legionellosis leads to a mucosal infection restricted
to the area of the lungs. However, L. pneumophila and S. typhimurium are both
intracellular pathogens that colonize phagocytic cells like macrophages and
replicate in a modified vacuole (LCV or SCV). As previously explained, they are
able to subvert macrophage defenses and dampen the innate immune response by
reducing cytokine production. For both pathogens, extracellular recognition is
possible through interaction with the TLRs; as mentioned earlier, LPS is
recognized extracellularly by TLR4 and leads to the activation of a cascade of
innate immune responses; at the intracellular level, both infections lead to the
activation of the inflammasome, leading again to the activation of many innate

immune pathways and the regulation of pro-inflammatory and anti-inflammatory
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cytokines in order to assure a timely destruction of pathogens. In both infection

models, genomic determinants play a role in the outcome of the infection.

These similarities led us to hypothesize that there might be a common “core”
response of the macrophages to these pathogens but also a pathogen-specific
response. To obtain a global view of the macrophages’ responses to S.
typhimuirum and L. pneumophila infections, we decided to monitor gene

transcription in these cells under different conditions and following infection.

B- Technological approaches

Extensive amount of work has been done on theses 2 pathogens; many groups
have used different approaches to better understand the effect of these bacteria on
their host and the immune responses elicited by macrophages and other immune
cells to control the infections. But the exact mechanism underlying the host-
pathogen relationship is still not completely understood. In our case, we were
interested in studying the effects of the infection at a genome wide level. This is
feasible using two different techniques: the sequence based approach, RNA

sequencing (RNA-seq) or the hybridization approach, using microarrays.

Hybridization to microarrays containing a complete compendium of all genes
transcripts can be used to study transcriptional responses of a given animal or cell
type. It allows rapid comprehensive transcriptome analysis of any cell type,
including response to external stimuli such as infections in the case of

macrophages [100].
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RNA-seq is still under development but has many advantages over the other
techniques; unlike hybridization-based approaches, RNA-Seq is not limited to
detecting transcripts that correspond to known genomic sequences; it has very
low, if any, background signal because DNA sequences can be unambiguously
mapped to unique regions of the genome. Also, RNA-Seq has been shown to be
highly accurate for quantifying expression levels. RNA-seq has some important
challenges: it involves several manipulations of the RNA during the production
of cDNA libraries, which can complicate its use in profiling transcripts. Larger
RNA molecules must be fragmented into smaller pieces (200-500 bp) to be
compatible with most deep-sequencing technologies. Common fragmentation
methods include RNA fragmentation (RNA hydrolysis or nebulization) and
cDNA fragmentation (DNase I treatment or sonication). Each of these methods
creates a different bias in the outcome. Another important issue is the sequence
coverage, or the percentage of transcripts surveyed, which has implications for
costs. Greater coverage requires more sequencing depth and is more expensive

[101].

We used a microarray approach to monitor gene expression in the macrophage
cell line J774 in response to L. pneumophila and S. typhimurium infections, early
after infection (at 2h and 4h). We have been able to identify a common response

of the cells to both infections and a specific response to each bacterium.
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IV- Materials and Methods

1- Cell line culture

The J774 cell line was cultured in Dulbecco's modified Eagle's medium (DMEM)
(Sigma) containing 10% heat-inactivated fetal bovine serum (HI-FBS) at 37 °C in
a humidified atmosphere containing 5% CO,. Cells were cultured to confluence
and were then passaged to expand the culture. Cells were harvested by scraping
and were plated at 107 cells per 150 mm cell cultures dishes (for RNA extraction)
or at 10° cells per well in 12-well plates (for CFU determination) in DMEM
containing 10% HI-FBS and 100 pg/ml of thymidine (Sigma) for L.
pneumophilla infection and in DMEM containing 10% HI-FBS for S.

typhimurium infection. J774 cells were cultured for 16hrs prior to infection.
2- Salmonella and Legionella infections

A- L. pneumophila infection

L. pneumophila Philadelphia-1 strain Lp02, a thymidine auxotroph derivative of
strain LpO1, was a kind gift from Craig Roy (Yale University School of
Medicine, New Haven, CT). The Lp02 strain was cultured to stationary phase in
N-(2-acetamido)-2-aminoethanesulfonic acid (ACES) (Sigma)-buffered yeast
extract broth supplemented with 100 pg/ml of thymidine. The culture was
centrifuged and the pellet re-suspended in DMEM supplemented with 10% FBS
and 100 pg/ml of thymidine to infect J774 macrophages. J774 cells were exposed
to L. pneumophila at a multiplicity of infection (MOI) of 10:1 (bacteria to

macrophages) for 1 h at 37°C to allow phagocytosis. The cells were then washed
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with warm DMEM, the time point 0 was collected and the remaining cells were
incubated for an additional 2 and 4 hours in DMEM supplemented with 10% HI-
FBS and 100 pg/ml of thymidine. Bacterial replication is expressed as the log
increase in the number of CFU determined by lysis of macrophages with distilled

water and plating of the cell lysates onto BCYE agar plates.

B- S. typhimurium infection

Salmonella enterica serovar Typhimurium 14028 was provided by Dr Danielle
Malo (Complex trait group, McGill University, Montreal). S. typhimurium was
grown overnight in 5 ml Tryptic Soy Broth (TSB). The next day 50 ml TSB was
inoculated with 2 ml of overnight culture and grown at 37 °C until stationary
phase. The inoculum was centrifuged and the pellet was re-suspended in DMEM
supplemented with 10% FBS to infect J774 macrophages at an MOI of 10:1 for
1h at 37°C to allow phagocytosis. The cells were then washed with warm 1X
PBS, the time 0 was then collected and the remaining cells were incubated for an
additional 2 and 4 hours in DMEM supplemented with 10% FBS and 100 pg/ml
gentamicin to prevent extracellular replication. After one hour, the gentamicin
concentration was decreased to 10 pg/ml gentamicin. Bacterial replication is
expressed as the log increase in the number of CFU determined by lysis of
macrophages with PBS-1%Triton X-100 and plating of the cell lysates onto TSB

agar plates.
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3- RNA extraction

Total cellular RNA was extracted from J774 cells using TRIzol reagent
(Invitrogen) according to the manufacturer's recommendations. Macrophages
were harvested in 5Sml of TRIzol reagent. The samples were incubated for 5 min
at 20°C, followed by chloroform extraction. The aqueous phase was removed and
nucleic acids were precipitated with isopropanol. The pellet was washed with
75% ethanol and dissolved in RNase-free water treated with 0.1%
diethlypyrocarbamate (DEPC water). The integrity of each of the RNA
preparations was verified by electrophoresis on 1% formaldehyde-containing

agarose gel.

4- Microarray analysis

Total cellular RNA from uninfected macrophage controls and L. pneumophilla
and S. typhimurium infected macrophages, at 2 hours post infection and 4 hours
post infection, were used for transcriptional profiling. The RNA samples were
hybridized to [llumina expression Beads Array (Mouse-6 v2), according to the
manufacturer’s recommendations. Four arrays were hybridized for the uninfected
and 2 hours post infection samples and 3 arrays for the 4 hours post infection
samples. The data were log transformed and normalized to the mean. Data
analysis was performed using the GeneSifter microarray data analysis program

(www.genesifter.net). Differential expression was tested by performing pairwise

analysis with a t-test, P value < 0.05, fold change > 2, and Benjamini and
Hochsberg correction. The Heat Maps were generated using the program

Multiple Experiment Viewer (MeV 4.6) [102]. The Venn diagrams were
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generated using 3Venn applet software [103]. Interaction network maps were
generated with STRING and were then re-drawn in Pathvisio in order to associate
each gene with their appropriate expression value. STRING is a data base of
predicted and known interactions that are derived from four different sources:
genomic context, previous knowledge obtained by high throughput experiments,
co expression results or literature derived information. All the interaction data
obtained from these sources are quantitatively integrated allowing the creation of
an interaction map/network. STRING was used to analyze our 3 lists of genes (S.
typhimurium or L. pneumophila specific and the common response lists of gene)
to determine the possible interactions and create networks. T2 and T4 lists were
pooled for this analysis. The analysis was performed within the Mus musculus
organisms’ category, using the interactive view and the default parameters except

for the require confidence which was increased to the highest confidence.

5- Semi-quantitative and quantitative RT-PCR

For semi-quantitative reverse transcription (RT)-PCR, 3 pg of each RNA sample
was converted to cDNA with reverse transcriptase (Moloney murine leukemia
virus reverse transcriptase; Invitrogen) in a 20-ul reverse transcription reaction
mixture, as previously described [104]. The reaction was then diluted in DEPC
water in a 1:5 ratio. 3 pl of the reverse transcription reaction mixture was used for
Taq DNA polymerase (Invitrogen)-mediated PCR amplification. Amplicons were
resolved on 1% agarose gel analyzed under UV light and were transferred to
GeneScreen Plus membranes (Dupont, NEN Research Products). After transfer,

DNA was UV cross-linked and pre-hybridized for at least 4 h at 65°C in a
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solution containing 10% dextran sulfate, 1% sodium dodecyl sulfate (SDS), and 1
M NaCl with 200 pg ml™" of salmon sperm DNA. Hybridization was then
performed overnight at 65°C with an [a->*P]dATP-labeled specific DNA
fragment (100,000 cpm/ml of buffer) corresponding to each target gene. After
incubation, the membrane was washed twice with 2x SSC-0.1% SDS (15 min per
wash, 42°C), once with 2x SSC-0.5% SDS (30 min, 65°C), and once with 0.5%
SSC-0.5% SDS (30 min, 65°C) (1% SSC is 0.15 M NaCl plus 0.015 M sodium

citrate). The signal was quantified using a phosphorimager.

For the quantitative RT-PCR (qPCR), independent RNA samples (n = 3) from the
same experimental group were pooled and the reverse transcription was
performed as described above. The reaction was then diluted in DEPC water in a
1:10 ratio. 2 microliters of the reverse transcription reaction mixture was used for
SYBR Green (Quiagen) PCR amplification in a 7500 Real time PCR system from
Applied Biosystem. The amplification plots were then analyzed using the
software 7500 system SDS from Applied Biosystems. The quantification method
used is the comparative C; method, which involves comparing the C; values of the
samples of interest to the control (NI) [105]. The C; values of both the control and
the samples of interest are normalized to an appropriate endogenous

housekeeping gene (L32).
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V- Figures and Tables

1-Figurel: Characterization of the infections: bacterial load

Legionella pneumophila Salmonella typhimurium
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J774 macrophages were infected at an MOI of 10:1 with S. typhimurium (A) or L.
pneumophila (B). The CFU were determined at 0, 2 and 4 hours post infection
(TO, T2 and T4) as described in the previous chapter. This experiment was

performed in triplicate and the results represent the average of the three replicates
for each time points and for each bacterial infection.
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2- Figure 2: Characterization of the infections: semi quantitative PCR
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Figure 2 (continued)
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Semi quantitative PCR was performed to monitor the expression of genes
expected to be induced in response to infection. The PCR was performed for each
sample at 3 different cycles in the logarithmic phase of amplification for both
pathogens infections. f-actin was use as an internal control (A). Tnf-a (B), Il-1§
(C), 1I-6 (D) and 1I-12p40 (E) are genes known to be regulated by both L.
pneumophila and S. typhimurium infections. The expression level of our genes of
interest was quantified by phosphoimager and the radioactive hybridization scans
are shown for each gene.
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3-Figure 3: Real time quantitative PCR validation for L. pneumophila
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The microarray expression data of the 27 genes chosen for validation (Table 2)
and the q-PCR expression results are plotted alongside for L. pneumophila at T2
(A) and T4 (B). Shown is the mean of 3 replicates. MA: Microarray expression
results; QPCR: quantitative PCR expression results.
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4-Figure 4: Real time q-PCR validation for S. ¢yyphimurium.
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The microarray expression data of the 27 genes chosen for validation (Table 2)

and the q-PCR expression results are plotted alongside for S. typhimurium at T2
(A) and T4 (B). Shown is the mean of 3 replicates. MA: Microarray expression

results; QPCR: quantitative PCR expression results.
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5-Figure 5: Microarray data analysis
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A pool of 3 RNA replicates from L. pneumophila and S. typhimurium infections
at T2 and T4 time point were hybridized on Illumina MouseWG-6 v2.0
expression beadchip. A pairwise analysis was performed to compare T2 and T4
of each infection to the NI sample. A Venn diagram was made to compare the
results of the S. #yphimurium infection to the L. pneumophila infection; the
diameter of the circles is proportional to the number of genes differently
regulated in each categories. The comparison was made with the results at T2 (A)
and the results at T4 (B). Lp, L. pneumophila; St, S. typhimurium.
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6-Figure 6: Heat maps representing the list of differently regulated genes in
the 3 groups
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The genes were classified in 3 groups: the Salmonella specific genes, the
Legionella specific genes and the genes affected by both infection. These genes
are classified according to their expression data at T2 (A) and at T4 (B). The

boxes identify the samples and time point of interest. Lp, L. pneumophila; St, S.
typhimurium
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7- Figure 7: pathways involved in the innate immune response of the
macrophages to Salmonella typhimurium

Using STRING network program, a pathway was generated with the list of genes
modulated in response to Salmonella infection. The pathways obtained in
STRING were redrawn in PathVisio2 and the appropriate expression data were
superimposed on the pathways.

Pathway and expression data of the common response and the Salmonella
specific response at T2 (A) and at T4 (B) are illustrated. Generally, the
expression data is similar for both time points, but when a box displays two
different colors, it signifies that the expression data was different between T2
(bottom of the box) and T4 (top of the box). The arrows correspond to actions
such as activation or inhibition and simple lines correspond to interaction
according to STRING database results.

With respect to uninfected expression levels, genes that are down-regulated (<
0.4-fold) are shown in green, up-regulated genes (> 2 to 15-fold) are coloured in a
range of yellow to orange, and genes that are highly up-regulated (> 15-fold) are
displayed in red.
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8- Figure 8: pathways involved in the innate immune response of the
macrophages to L. pneumophila

Using STRING network program, a pathway was generated with the list of genes
modulated in response to Legionella infection. The pathways obtained in
STRING were redrawn in PathViso2 and the appropriate expression data were
superimposed on the pathways.

Generally, the expression data is similar for both time points, but when a box
displays two different colors, it signifies that the expression data was different
between T2 (bottom of the box) and T4 (top of the box). The arrows correspond
to actions such as activation or inhibition and simple lines correspond to
interaction according to STRING database results.

With respect to uninfected expression levels, genes that are down-regulated (<
0.4-fold) are shown in green, up-regulated genes (> 2 to 15-fold) are coloured in a
range of yellow to orange, and genes that are highly up-regulated (> 15-fold) are
displayed in red.
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9-Figure 9: Macrophage response to S. typhimurium and L. pneumophila

Qualitative representation of the macrophage response to both infections, where
each group was assigned a number and a corresponding colour: genes in common
(-1, green), Legionella specific genes (0, yellow) and Salmonella specific genes
(1, red) and these numbers were associated to a color code that allows
visualization of all the genes on a same pathway. The arrows correspond to
actions such as activation or inhibition and simple lines correspond to interaction
according to STRING database results. When a box displays two different colors,
it signifies that there is a difference in the classification of the gene depending on
the time point (T2 (bottom of the box) and T4 (top of the box)).
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10- Table 1: Number of genes differently regulated by S. typhimurium and L.

pneumophila infections

Comparison

# of genes

Nl vs Lp2h
NI vs Lp4dh
NI vs St2h

NI vs St4h

159

148

192

396
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11- Table 2: Microarray expression data of the 27 genes validated

Gene ID Chr St2h®  St4h? Lp2h® Lp4dh®  validation b
11b 2 73.28 59.61 7.71 14.12 *
Saa3 7 62.14  149.93 3.25 5.01 *
Cxcl10 5 33.75 102.31 3.29 3.81 *
Ccl5 11  39.06 99.57 1.72 3.17 *
Socs3 11  21.43 2874 4.42 2.88 *
Hist1h4f 13 1.36 2.82 6.03 5.58 *
ler3 17 1.75 2.59 4.60 3.03 *
Cenll 3 1.21 1.02 6.74 5.09 *
PIk3 4 1.15 1.96 3.76 3.20 *
Nfkbiz 16 12.57 8.09 5.92 4.78 *
Zfp36 7 3.20 5.22 11.06 8.04 *
Junb 8 2.53 2.97 6.74 4.73 *
Osm 11 1.10 2.67 9.98 8.13 ~
Fos 12 1.16 2.96 6.18 4.19 ~
Histlhlc 13 2.09 2.85 3.55 3.50 *
6430548MO08Rik 8 -3.84 -4.00 -1.46 -1.04 *
Icaml 9 2.89 2.33 1.69 1.65 ~
Slc7al11 3 5.10 3.50 1.12 0.81 ~
Ccrndl 3 3.87 2.20 1.29 1.43 *
Atf3 1 1.47 1.71 2.84 2.13 *
Bcl6 16 1.38 1.11 2.79 2.51 *
Txnip 3 -1.41 1.10 2.74 2.22 *
Ccndl 7 -1.92 -2.33 -1.20 1.08 *
Oasll 5 6.47 19.10 1.61 1.90 *
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Ifnbl 4 8.18 6.84 1.60 3.42 ~
Egra 6 2.63 2.54 5.60 5.91 ~

Gbp3 3 5.15 16.34 1.39 1.66 *

® microarray expression data of the 27 genes validated by qPCR
(Fold change I/NI).

® Each gene was tested in NI, T2 and T4 conditions for both
bacterial infections and validation was confirmed if the trend in all
conditions were respected. (*) corresponds to a gene validated in all
condition, (~) corresponds to a gene that has not been validated in a least

one condition. Validation was performed in triplicate. (See Figures 3 and
4).
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12- Table 3: Top 10 differently regulated genes following L. pneumophila and
S. typhimurium infections
A

Gene ID St2h Stdh Lp2h Lpdh

Legionella specific genes at 2h

Egrl 1.26 5.7952.3734.04
Osm 1.10 2.67 9.98 8.13
Histlhle 1.21 4.47 9.45 7.04
Histlh4a 131 3.17 6.87 6.14
Cenll 1.21 1.02 6.74 5.09
Hist1h4i 134 2.79 6.65 5.63
Hist1h4k 1.07 3.46 6.63 7.00
Histlhdm 1.24 2.67 6.45 5.50
Hist1h4j 1.16 2.87 6.37 5.83
Chacl -1.57 -1.01 -2.23 -1.27

Salmonella specific genes at 2h

Ccl5 39.06 99.57 1.72 3.17

immunoresponsive

gene 1 16.62 22.47 193 1.78
Gbpl 9.50 42.11 1.45 1.72
Lcn2 8.94 18.97 1.04 0.76
Ifnb1 8.18 6.84 1.60 3.42
Olfm1 -2.35 -1.92 -1.08 -1.14
Cend1l -2.36 -2.54 0.77 1.15
Dusp6 -2.51 1.71 154 1.62
Zfp710 -2.59 1.06 1.04 1.28
Pigt -2.59 -1.76 1.02 -1.26
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Genes in common at 2h

l11b

Saa3

Cxcl10

Socs3

Ccrl2

Nfkbiz

Cxcl2

Tnf

Zc3h12a

Cd40

73.28 59.61 7.7114.12

62.14149.93

33.75102.31

21.43 28.74

14.87 10.95

12,57 8.09

11.03 7.84

9.60 9.55

6.46 5.61

5.51 11.46

3.25

3.29

4.42

2.18

5.92

8.96

9.31

3.12

2.66

5.01

3.81

2.88

1.93

4.78

7.42

9.24

3.05

1.86
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GenelD  St2h  Stdh  Lp2h Lp4h
Legionella specific genes at 4h

Osm 1.05 1.64 547 5.18
Cenll 1.21 102 6.74 5.09
Rgsl 090 0.88 6.22 4.58
Hist2h2be 0.71 1.18 5.60 3.85
Histlhlb 1.03 144 438 3.64
St3gal6 -1.22 -194 -1.46 -2.13
Fcgr2b 1.06 -1.16 -1.60 -2.16
Aqp9 -1.40 -1.60 -1.68 -2.36
Rpsi15a -1.14 -190 -1.60 -2.36
Cth -1.32  -1.48 -1.68 -2.41
Salmonella specific genes at 4h

Gbpl 9.50 42.11 145 1.72
Gbp2 7.83 30.26 1.31 1.51
Cmpk2 251 2590 1.10 1.00
immunores

ponsive

gene 1 16.62 22.47 193 1.78
Mx2 156 21.70 1.96 1.94
Bhlhe40 -1.75 -3.08 -0.95 -1.34
Rad51c -1.62 -3.12 -146 -1.26
ung -145 -3.31 -1.23 -1.51
Cdc6 -2.04 -3.34 -1.07 -1.26
Cxcrd -2.01 -3.35 -0.93 -1.36
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Genes in common at 4h

Saa3
Cxcl10
Ccl5
Rsad2
l11b

Socs3

Csprs

natural
killer tumor
recognition
sequence

Abcgl

Agapl

62.14 149.93

33.75

39.06

4.81

73.28

21.43

-1.36

-1.65

-1.58

-1.65

102.31

99.57

72.68

59.61

28.74

-0.45

-2.06

-2.20

-2.28

3.25

3.29

1.72

2.67

7.71

4.42

-1.71

-1.57

-1.33

-1.89

5.01

3.81

3.17

3.16

14.12

2.88

-2.08

-2.54

-2.50

-2.23
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13- Table 4: Top 5 KEGG pathways affected by L. pneumophila and S.
typhimurium infections.

Number Number of
of genes genesin
affected group?

Legionella pneumophila infection

Systemic lupus erythematosus 41 122
MAPK signaling pathway 9 264
B cell receptor signaling pathway 3 76
Metabolic pathways 3 996
p53 signaling pathway 3 67

Salmonella typhimurium infection

Cytokine-cytokine receptor interaction 24 250
Chemokine signaling pathway 16 170
Pathways in cancer 14 310
Jak-STAT signaling pathway 13 151
Toll-like receptor signaling pathway 11 98

Genes in common

Systemic lupus erythematosus 12 122
Cytokine-cytokine receptor interaction 9 250
Toll-like receptor signaling pathway 6 98
Chemokine signaling pathway 4 170
Prion diseases 4 35

* corresponds to the number of genes assigned to this pathway in
the entire microarray data.
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VI- Results

1- Characterization of the infection

The effects of intracellular parasitism by S. typhimurium and L. pneumophila on
transcriptional response in macrophages were studied. To reduce experimental
variations, we implemented a standardized procedure to harmonize bacterial
loads in macrophages infected with S. typhimurium or L. pneumophila. In both
cases, J774 macrophage-like cells were infected at a multiplicity of infection
(MOI) of 10:1. The bacterial load was assessed by Colony Forming Unit (CFU)
at each time point (Figure 1). No significant changes were observed at the CFU
level during the 4-hour S. #yphimurium infection but a small decrease is observed
after 4h in the case of the L. pneumophila infection. The CFUs level after S.
typhimurium infection were 10 fold more that the CFUs after L. pneumophila
infection regardless of the time point. This could be explained by the difference
in the virulence properties of the bacteria, S. typhimurium being able to actively
invade macrophages, while L. pneumophila enters by macrophage-dependent
phagocytosis. Increasing the MOI for L. pneumophila infection to 100:1 only
resulted in increased toxicity to the macrophages, as determined by cell loss. An
MOI of 10 was deemed to be the optimal condition to ensure a maximum level of

infection of a single cell without inducing toxicity.

To verify that J774 macrophages respond to bacterial infection as expected from
the literature, five genes which RNA expression is known to be induced in this
condition were selected: Tnf-o (Figure 2B), 1/1-f (Figure 2C), 116 (Figure 2D) and

1112p40 (Figure 2E). S-actin was used as an internal control and its expression
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does not change in the condition tested (Figure 2A). Semi-quantitative PCR was
done to evaluate the expression level of each gene in RNA samples prepared at
NI, TO, T2 and T4 time points. All genes were induced by both L. pneumophila
and S. typhimurium infection. No changes were observed at TO for 7Tnf-a and 111-
S in L. pneumophila infected samples whereas an increase in expression was
detected in S. typhimurium infected samples, compared to NI. However, a greater
induction was observed at T2 and T4 in all infected samples. (Figure 2 B and C)
For 716 and 1/12p40, no change is observed at TO for both infections but the
expression is increased at T2 and T4 in S. typhimurium infected samples. In the L.
pneumophila infected samples, the levels of induction is very low for both genes
but an increase can be clearly observed at T4 for 7/6. (Figure 2 D and E) From
these preliminary results, it is already possible to see that the transcriptional
response of macrophages to these two pathogens has common and specific
features. For example //12p40 shows an increase in expression at T2 and T4,
compared to NI, for cells infected with S. fyphimurium that is not observed in the
case of L. pneumophila infection. Similarly, an induction is seen for ///f in
response to both infections, but is greater in the case of the S. typhimurium
infection. These results not only confirm that macrophages were indeed infected
by each pathogen, but also show that the macrophages react to S. typhimurium
and L. pneumophila by activating certain pathways. Therefore we proceeded to a
genome wide approach to characterize cellular responses activated by infection

with these two pathogens.
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2- Microarray results

A- Macrophages response to S. typhimurium and L. pneumophila infection
To better understand early transcriptional response of macrophages to
intracellular infections, we used transcriptional profiling. Three macrophage
RNA samples obtained at NI, T2 and T4 following S. typhimurium and L.
pneumophila infections were obtained, pooled and hybridized to Illumina beads
arrays. Four arrays were hybridized for the NI and T2 samples and three arrays
for the T4 samples. The results were analyzed using the GeneSifter analysis
program as described in the Material and Methods section, and to identify genes

which expression is regulated in response to each infection.

We performed pairwise analyses individually comparing NI to either T2 or T4,
and then extracted the number of genes that were differently regulated by either
or both infections (t-test, P value < 0.05, fold change > 2, Benjamini and
Hochsberg correction). At T2, 159 genes were differently regulated by L.
pneumophila compared to NI and 192 by S. typhimurium compared to NI.
Similarly at T4, 148 genes and 396 genes were differently regulated by L.

pneumophila and S. typhimurium infections, respectively. (Table 1)

B- Validation of microarray results by qPCR
We used quantitative PCR (qPCR) to validate transcript profiling obtained by
microarray. A total of twenty-seven genes selected from all conditions were
tested. These corresponded to L. pneumophila infected cells at T2 and T4 (Figure
3) and S. #yphimurium infected cells at T2 and T4 (Figure 4). A summary of

qPCR results is presented in Table 2. Globally, 77% of the genes tested shared a
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similar trend by both qPCR and transcript profiling. This conserved trend was
seen for genes from all genes lists and for different effects (up-regulation, down-
regulation). Therefore, we concluded that results from microarray experiments

were reliable.

C- Comparison between the transcript profiles of S. #yphimurium and L.
pneumophila infected macrophages

To compare the macrophages’ response to S. typhimurium and L. pneumophila
infections, we focused the analysis on the differences and similarities between the
transcription profiles obtained for each infection, and carried out a pairwise
analysis. These analyses identified a list of 131 L. pneumophila specific genes,
164 S. typhimurium specific genes and 28 genes in common at T2 (Figure 5 A).
For T4, we identified 99 L. pneumophila specific genes, 347 S. typhimurium
specific genes and 49 genes in common. (Figure 5 B) A Heat Map representing
the expression of all the genes in each list was created, where up-regulated and
down-regulated genes are clustered separately. In Figure 6 (panel A) the Heat
Map was made with the list of genes found to be differently regulated a T2 post
infection, but the expression data of both time points are shown. Likewise, panel
B was made with the list of genes differentially regulated at T4 post infection.
(Figure 6) The top10 genes up- or down-regulated are displayed in Table 3. A
good overlap was observed between the gene lists obtained at T2 and T4 post-

infection and this for each bacterial infection (Table 3).

A Gene Ontology analysis based on the KEGG pathways was performed on each

of the gene lists generated. The 5 most represented pathways for each group are
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displayed in Table 4. For the L. pneumophila specific genes, we observed an over
representation of the genes involved in Systemic lupus erythematosus
(autoimmune condition) with 41 genes differentially expressed in this group; the
MAPK signaling pathway is also well represented with 9 genes differently
expressed. Regarding genes specifically regulated by S. typhimurium infection,
24 genes are involved in cytokine-cytokine receptor interaction, and 16 in the
chemokine signaling pathways. Pathways corresponding to Systemic lupus
erythematosus (12), cytokine- cytokine receptor interaction are also prominent in
the gene list corresponding to genes which expression was affected by both
infections (9), and Toll-like receptor signaling pathway (6) were also prominently
represented in the list of genes which expression in macrophages is regulated by

both infections.

Using the program STRING and Pathvisio, we generated two pathways that
summarize our transcription profile findings: “The macrophage innate immune
response to S. typhimurium infection” (Figure 7) and “The macrophage innate
immune response to L. pneumophila” (Figure 8) whose are based on all genes
whose expression is regulated by each infection (specific and common, together).
To allow a better visualization of the different pathways and the interconnections
between the common and the specific responses, a qualitative number and color
was assigned to each group of genes; (Figure 9) the Legionella specific genes (0)
(yellow), the Salmonella specific genes (1) (red) and genes in common to both

infections (-1) (green).
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The network is centered on the common response genes, Tnfa and /I-1f5. The
genes associated with each infection are often linked even if they are not specific
for the response to the same bacterial challenge, which shows that the
macrophages are activating the same biological pathways but through different
genes. The network is more complex in the case of S. typhimurium due to the
greater number of genes differently regulated which probably means that the
responses to L. pneumophila infection either elicit a less robust response or is

delayed in time, or that the infection stimulus was lower in the case of Legionella.
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VII- Discussion

The goal of this project was to use transcriptional profiling to study the response
of macrophages to infection with different, antigenically unrelated, intracellular
pathogens. For this, we compared the early transcriptional responses of J774 cells
to infection with either S. typhimurium or L. pneumophila. In these studies, we
wanted to distinguish the transcriptional responses that are elicited in common by
both infections, from those that are pathogen-specific. Our analyses have indeed
identified both bacterium-specific responses and a common “core” response that
is triggered by infection with either S. typhimurium or L. pneumophila (Figure 5

and 6).

This common response is comprised of 28 genes regulated at 2 h p.i. and 49
genes regulated at 4 h p.i. Several genes found in these lists have been previously
associated with innate immune response to bacterial infection including the
critical caspase-1 substrate Interleukin 1beta (//-1-f). Pro-IL-1b is cleaved by
caspase-1 to IL-1b in response to activation of inflammasome platforms, such as
infection with intracellular bacteria, and caspase-1 mutant mice are susceptible to
infection with L. pneumophila [106]. Increased expression of Saa3 has also been

reported as occurring in response to inflammatory stimuli [107].

Pathway analysis indicates that the common response pathway is anchored to the
pro-inflammatory molecule 7nf-a, a cytokine secreted by macrophages and that is
involved in the regulation of a wide range of biological processes in response to
inflammatory or infectious insults, including pro-inflammatory cytokine

production, cell proliferation, differentiation, apoptosis, lipid metabolism, and
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coagulation [108]. Tnf-a has been implicated in a variety of diseases, including
autoimmune diseases, insulin resistance, and cancer [108]. It is also known that
infection with S. typhimuirum and L. penumophila stimulates the rapid production
of TNF-a in vivo [109], which is thought to play a critical protective role during
infection. A recent study has shown that TNF-o might also affect expression of S.
typhimurium T3SS effectors, such as SipA, gogB, and spvB. Salmonella exposed
to TNF-a before the infection, display increased internalization, with concomitant
increased activity of JNK pathway with enhanced p-JNK and p-c-Jun in the host
cells [109]. TNF-a is also required for protection against Salmonellosis in the
murine model in vivo [110]. Similarly, in Legionella infection, TNF-o. is required
for macrophage resistance to infection and for restriction of intracellular bacterial

replication [111].

There are 132 and 99 genes differentially expressed specifically in response to L.
pneumophila infection, at T2 and T4, respectively. Many of these genes are
associated with immune response including, Ier3 that functions in the protection
of cells from TNFa-induced apoptosis [108]. Several histone genes are also found
in this list of genes, which raised the question of the role of histones in response
to L. pneumophila infection. Histones play a broad role in regulating transcription
and modulation of their level of expression by intracellular pathogens may be an
intermediate step in overall transcriptional response. For example, it has been
observed that stimulation of macrophages with LPS leads to the phosphorylation
of histones H3 and H4, an important intermediate step in the activation of CD40

gene transcription [112].
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The Legionella specific pathway is centered on Egrl, Fos and Jun. Egrl encodes
a protein that belongs to the EGR family of C2H2-type zinc-finger proteins. It is
a nuclear protein that functions as a transcriptional regulator. The products of the
target genes it activates are required for differentiation and induction of mitosis
[108]. In addition, Egrl has been implicated in the regulation of TNF-a through
the ERK and JNK MAPK pathways [113]. Fos encodes a leucine zipper protein
that can dimerize with proteins of the Jun family, thereby forming the
transcription factor complex AP-1. As such, the Fos protein has been implicated
as a regulator of cell proliferation, differentiation, and transformation[108]. In
some cases, expression of the Fos gene has been associated with regulation of
apoptotic cell death [114]. Finally, Jun is the putative transforming gene of avian
sarcoma virus 17. It encodes a protein highly similar to the viral protein and
interacts directly with specific target DNA sequences to regulate gene expression.
Jun and Fos seem to interact in their regulation of apoptotic cell death [114]. It
has been previously proposed that intracellular survival of L. pneumophila

involves modulation of apoptosis and autophagy in infected cells [115-116].

We detected 164 genes regulated in a Salmonella-specific fashion at T2 and 347
genes at T4. Several of these genes have been previously associated with innate
immune response, including Cc/4, a chemokine that is induced after S.
typhimurium-derived endotoxin treatments [117]. Gbpl, Gbp2 and Gbp3 are
guanylate binding protein (Gbp) which expression is known to be induced by
interferon [108]. Pathway analysis indicates that the Salmonella specific

pathway(s) has multiple centers and clusters, but the most obvious is //10, 1l6 and
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Cendl. 1110 is an essential immunoregulator in the intestinal tract and has
pleiotropic effects in immunoregulation and inflammation; it down-regulates the
expression of Thl cytokines and co stimulatory molecules in macrophages [108].
It also enhances B cell survival, proliferation, and antibody production. This
cytokine can block NF-kappa B activity, and is involved in the regulation of the
JAK-STAT signaling pathway [108]. //10 acts as an anti-inflammatory cytokine
to limit the immune response to pathogens and thereby prevents damage to the
host [118]. 7/6 is a cytokine involved in inflammation and the maturation of B
cells [108]. The protein is primarily produced at sites of acute and chronic
inflammation, where it is secreted into the serum and induces an inflammatory
response by binding to interleukin 6 receptor alpha [108]. This gene is implicated
in a wide variety of inflammation-associated disease states, including
susceptibility to diabetes mellitus and systemic juvenile rheumatoid arthritis
[108]. Finally Ccndl belongs to the highly conserved cyclin family, whose
members are characterized by a dramatic periodicity in protein abundance
throughout the cell cycle [108]. Different cyclins exhibit distinct expression and
degradation patterns which contribute to the temporal coordination of each
mitotic event. Mutation, amplification and overexpression of this gene, which
alters cell cycle progression, are observed frequently in a variety of tumors and
may contribute to tumorigenesis [108]. The role of Ccnd! in regulating cell cycle

or cell replication in response to S. #yphimurium infection remains unclear.

The next step in our analyses would be to investigate the pathogen virulence

determinants that modulate the “core” or pathogen-specific transcriptional
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response of macrophages to infection. Indeed, S. #phimurium and L.
pneumophila posses a series of genes, proteins and biochemical pathways known
as virulence factors, that are both essential for intracellular survival and that
modify host response to infection. These include flagellin, a large number of
effector proteins transported by type 3 and type 4 secretion systems, as well as
other proteins encoded by pathogenicity islands in the microbial genome [119-
120]. Therefore, the use of mutant strains of bacteria, such as secretion system
(T3SS and T4SS) or flagella mutants could provide insight into the effect of
virulence factors on the regulation of the host response to the infection.
Comparison of transcript profiles from J774 macrophages infected with Afla and
flif bacterial mutants, the flagellin mutant or dotA and ssaR, the secretion system
mutant for L.pneumophila and S.typhimurium respectively, may identify those

genes and pathways that are specifically modulated in response to virulence.

It would also be very interesting to conduct similar studies with additional
intracellular bacteria, such as Mycobacterium tuberculosis and Listeria
monocytogenes. Such parallel experiments may further sharpen the identity of the
“core” response to intracellular infection, while identifying pathogen-specific

effects.

The relevance of the genes and proteins identified here in macrophages in
response to intracellular infection needs to be further validated one gene at a time.
This can be achieved by creating a loss-of-function mutation in the gene and
testing its effect on microbial replication in macrophages derived from such

mutant animals. However, this can be done more systematically and more
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efficiently using RNA silencing. Such validation is required to determine which
of the genes detected have a biological or biochemical importance in the innate

immune response to bacterial infection.
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VIII- Conclusion

Salmonella typhimurium and Legionella pneumophila are two intracellular
pathogens responsible for two infectious diseases that are still major health
problems both in developed countries and developing countries. As for many
other diseases there is still a lack in our understanding of the interaction between
the host and the bacterial intruders. Understanding the mechanisms of the
infection and the innate immune response orchestrated by the first line of defense
of the host, the macrophages, could allow development of new targets to treat
these diseases. Our study is the first example of a comparison of the immune
response of a same host to two different bacteria, and show that there are a
common response and specific responses that we need to be aware of and that
could be important in developing a general approach to the treatment of these
infections. We have identified genes that are part of the common response to
gram-negative intracellular bacteria and genes that are part of a specific response
of the macrophage to either S. typhimurium or L. pneumophila. Additional studies
with other bacteria and functional validation of the genes identified are necessary

to broaden the picture of the host-pathogen interaction.
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XI-Appendix
Whole gene lists

FC: fold change I/NI

Genes in common 2h

Gene ID FC St2h FC St4h FCLp2h  FCLlp4dh

I11b 73.28469358 59.61486  7.70898 14.12286
Saa3 62.14429288 149.9346 3.253149 5.006839
Cxcl10 33.75033694 102.3105 3.291589 3.812639
Tnf 9.604856103 9.549426 9.306792 9.236421
Socs3 21.42575295 28.74211 4.4154 2.882725
Cxcl2 11.03383189 7.837057 8.963375 7.424027
Rsad2 4.805285002  72.6832 2.673823 3.157413
Nfkbiz 12.57263378 8.088796 5.915274 4.784722
Zfp36 3.197047103 5.221376 11.05732 8.044485
Ccrl2 14.87461064 10.95236  2.18367 1.933192
Arc 2.514021521 5.152434 6.191547 4.985136
Zc3hl2a 6.457657833 5.605492 3.118216 3.0503
Cd40 5.514992791 11.45884 2.662588 1.861005
Phldal 3.984818461 3.265319 4.397318 4.332483
Junb 2.525170846 2.974075 6.742488 4.728724
Egrd 2.63180026 2.539475 5.602295 5.913339
H2-M2 4.897827624 4.705213 2.115546 2.131945
Skil 4.283345347  2.81948 3.175041 2.564876
Krt23 3.705910398 4.480526 2.332307 1.50365
Kdme6b 2.641669533 1.486593 4.258729 3.330715
Csrnpl 2.341926827 3.031515 3.471059 2.167787
Cd83 3.847096451 1.467367 2.677321 2.556429
9130011J04Rik 2.868471134 2.194124 2.165191 2.03654
Bcl3 2.435476394 2.715536 2.128701 1.856289
Trafl 2.469864678 1.530085 2.602489 2.090491
Rel 2.464906632 1.340406 2.1891 2.155958
Plxna2 2.451957546 1.344544  2.27599 1.821673
Hist1h3f 0.494053095 0.998488 3.702804 2.011809
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Genes in common 4h

Gene ID FC St2h FC St4h FCLp2h  FCLlp4h

I11b 73.28469358 59.61486  7.70898 14.12286
Saa3 62.14429288 149.9346 3.253149 5.006839
Cxcl10 33.75033694 102.3105 3.291589 3.812639
Ccl5 39.05783292 99.57212 1.723917 3.166107
Egrl 1.257347996 5.790107 52.37368 34.03931
Tnf 9.492051974 9.747552 9.191179 9.289494
Socs3 21.42575295 28.74211 4.4154 2.882725
Cxcl2 11.03383189 7.837057 8.963375 7.424027
Rsad2 4.805285002  72.6832 2.673823 3.157413
Nfkbiz 12.57263378 8.088796 5.915274 4.784722
Zfp36 3.197047103 5.221376 11.05732 8.044485
Arc 2.514021521 5.152434 6.191547 4.985136
Histlhle 1.214792579 4.473208 9.448256 7.042341
Zc3hl2a 6.457657833 5.605492 3.118216 3.0503
Ifnbl 8.177359122 6.838752 1.601496 3.417994
Hist1lh4h 1.228348558 4.313186 6.238374 8.076275
Phidal 3.984818461 3.265319 4.397318 4.332483
Junb 2.525170846 2.974075 6.742488 4.728724
Osm 1.102271792 2.674253 9.979904 8.131582
Egrd 2.63180026 2.539475 5.602295 5.913339
Histlh4m 1.174486394 3.476875 6.375374 6.821902
Histlh4a 1.310199043 3.172821 6.867362 6.135437
Hist1h4k 1.072895824 3.455544 6.633407 6.996532
Ccl7 4.942256885 6.693868 2.104868 2.058481
Hist1h4i 1.336624293 2.788163 6.651552 5.631858
Ifit3 1.496964491 24.79161 1.533948 2.329273
Hist1h4f 1.355778032 2.817762 6.030343 5.57708
Hist1h4j 1.155463751 2.865286 6.367601 5.830987
Hist2h2aa2 1.365676708 2.500242 6.239663 5.536016
Hist2h2aal 1.378643077 2.769869 5.508299 5.028461
H2-M2 4.897827624 4.705213 2.115546 2.131945
Skil 4.283345347  2.81948 3.175041 2.564876
Fos 1.157275218 2.961346 6.183797 4.192826
II1a 5.417622988 5.132316 1.346711 2.174118
Histlhlc 2.034056848 2.871033 3.623892 3.704631
Dusp2 1.677956133 2.425833 5.347149 2.946651
ler3 1.748187587 2.585763 4.599765 3.033935
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Csrnpl

Krtl6

Hivep3

H2-K1

Adora2b
Histlh4c
9130011J04Rik
Slc25a25

Csprs

Abcgl

natural killer tumor recognition
sequence

Agapl

2.341926827
2.005427763
4.387876741
1.908540763
3.352136739
1.104038131
2.868471134
1.547078069

0.73304466
0.634640282

0.605731356
0.606317765

3.031515
6.706821
2.772207
2.522944
3.210331
2.281259
2.194124
2.238898

2.22929
0.454936

0.486162
0.439257

3.471059
1.549519
1.363779
2.721998
1.467308
3.168083
2.165191
2.534628
0.584375
0.753269

0.63683
0.530492

2.167787
2.150214
2.383801
2.697594
2.162235
3.514428

2.03654
2.575695
0.480802
0.399367

0.394307
0.448931
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Legionella specific genes 2h

Gene ID FC St2h FC St4h FCLp2h  FCLp4h

Egrl 1.257347996 5.790107 52.37368 34.03931
Histlhle 1.214792579 4.473208 9.448256 7.042341
Histlh4h 1.228348558 4.313186 6.238374 8.076275
LOC383125 0.955453787 1.554783  13.6278  12.2083
Osm 1.102271792 2.674253 9.979904 8.131582
LOC239727 0.719132741 0.965843 17.06171 16.63212
Histlh4a 1.310199043 3.172821 6.867362 6.135437
Hist1h4k 1.072895824 3.455544 6.633407 6.996532
LOC268730 0.82307169 0.878595 16.82226 13.55375
LOC332788 0.809015921 0.884056 16.96077 12.96015
Hist1h4i 1.336624293 2.788163 6.651552 5.631858
Ccl7 4940886791 6.435445 2.159684 1.918249
Hist1h4f 1.355778032 2.817762 6.030343 5.57708
Hist1h4j 1.155463751 2.865286 6.367601 5.830987
Hist2h2aa2 1.365676708 2.500242 6.239663 5.536016
Histlh4m 1.238438305 2.665692 6.451573 5.502819
LOC382339 0.85688292 1.030754 10.28603 10.76075
Fos 1.157275218 2.961346 6.183797 4.192826
Histlhlc 2.034056848 2.871033 3.623892 3.704631
Hist2h2aal 1.230898669 2.181628 5.509915 4.478886
LOC383483 0.896515232 1.035007 8.476425 8.4244
LOC384348 0.868164298 1.000964 9.428773 8.038131
Dusp2 1.677956133 2.425833 5.347149 2.946651
ler3 1.748187587 2.585763 4.599765 3.033935
LOC386294 0.958260629 1.091218 7.409756 6.970562
oncostatin M 1.052492534 1.640937 5.471741 5.184457
Cenll 1.208740038 1.018777 6.737101 5.089303
1810032008Rik 1.317259879 1.740688 4.3899 3.701418
H2-K1 1.908540763 2.522944 2.721998 2.697594
Egr2 1.608504531 1.288221 4.789218 3.252779
Hist1h2bg 1.288962239 1.960064 3.685854 3.091564
Histlh4c 1.104038131 2.281259 3.168083 3.514428
PIk3 1.152716708  1.95602 3.755904  3.19922
2310005L22Rik 1.138853363 1.78498 3.862717 3.13711
Histlhlb 1.032720608 1.4447 4.383387 3.640657
Slc25a25 1.547078069 2.238898 2.534628 2.575695
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Gadd45b

Rgsl
F830002E14Rik
6430590A07Rik
Hist2h2ab
LOC381401
Hist2h2be
2310016CO08Rik
Hist1h3a
Hist1h3d
Histlh3e
Hist1h3i

Atf3

Pdgfb
5430416N02Rik
Duspl
Hist1h3b

Fosl2
Hist1h2bb

Id3

Myd116

Id1

Scnlla

Nfkbid

Jun

Bcl6

Hist2h2bb
Bcl2l11
Histlh2ae
Histlh1d
C330006P03Rik
LOC385065
Grhl2

RIKEN cDNA 9430008C03 gene

Hist1h2bk
Hist1h2bj
Hist1lh2bm
LOC385171
Hist2h3cl
Cxcll6
LOC385792
Hist1h2bf
Histlh2ag

1.804350984
0.897006286
0.677065353
0.860203556
1.030675369
1.153149849
0.710933735
1.668403218

0.72941107
0.765956305
0.776418823
0.779777807
1.467438458
1.920271097
0.917014213
1.354002122
0.660876225
1.422819843
0.993546916
1.428597003
1.502118886
1.211560123
1.399091192
1.312793499
0.752137326
1.378491145
0.664623864
1.794422978
0.765060106
1.317387713
1.234631067
0.867339669
1.269878087
1.156984871
0.799572079
0.747817429
0.762072415
0.952083492
0.823551057
1.687865564
0.863549031
0.780662568
1.200021289

1.862836
0.87809
1.645469
0.851288
1.660468
1.166479
1.181038
1.663983
1.244659
1.267939
1.249916
1.265843
1.706121
1.36394
1.211912
1.112712
1.153898
1.827208
1.35342
1.3523
1.572831
2.315056
2.596953
1.55658
0.943547
1.113059
1.034419
0.875137
1.361194
1.71417
1.548853
1.004703
1.583492
1.140376
1.408958
1.453277
1.282401
1.035279
1.070808
1.394418
0.908117
1.360484
1.484688

2.829335
6.223064

2.87501
5.534642

3.68829
4.016344
5.599834
2.834578
5.336623
5.014219
4.890327
4.795878

2.83803
2.260873
4.246326

3.68555

4.85754

2.38393
3.307451
2.719071
2.343747
2.403897
2.168038
2.543509

5.49568
2.786724
4.340123
3.512894
3.770393
2.339954
2.103322
3.427498
2.363918
2.721855
3.385146
3.508076
3.610223
3.024392
3.687561
2.033234
3.483216
3.376691
2.387565

2.36199
4.57535
6.832232
5.192524
3.314775
3.482827
3.845454
2.215851
3.567484
3.441971
3.505575
3.308403
2.129906
2.514759
3.025537
2.570056
3.431563
2.012338
2.614255
2.201978
1.996575
1.637868
1.400537
2.112791
2.769821
2.5138
3.581858
1.816687
2.549902
1.887766
2.449182
3.027907
1.89344
2.4968
2.329012
2.304206
2.477797
2.885309
2.628355
1.778161
3.040103
2.284724
1.869289
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2310043N10Rik
Hist1h2bp
Hist1h2bh
Histlh2ah
Hist1h3h

Rcanl

Hist2h4

RIKEN cDNA 1810026B05 gene
Rabgefl
5530400B01Rik
Hist1h2ak
Hist1lh4b
Rasgeflb
Tafla
Hist1lh2bn
Hist1h2bl

Egr3
LOC385019
Hist1h4d
Stmn4

H2afj

H13

Hist3h2a
Gadd45g
Hist4h4

Mdm?2

Brd2

Tnfrsf12a

Maff

Txnip
9930105H17Rik
Histlhla

alkB, alkylation repair homolog 1 (E. coli)
Pim3

Midn
Histlh2ac
Rhob
Histlh2ab
Dusp8
Histlh2bc
Tob2
1810011010Rik
Ppp1rl0

0.98905318
0.764899442
0.828293516
1.266739614
1.098960856
1.986387379
0.883884644
0.916127309
1.623114752

1.09414201
1.266063706
0.975477161
1.165096942
1.323526426
0.713342087

0.74649681

1.10424477
0.821003342
0.867863467
1.022563191
0.899486167
1.015274611

1.01491577
1.051979069
0.716833517

1.40133317
1.000499191
1.021409937
1.517503664
0.612991936
1.034798595
0.854913286
0.984197666
0.995435677
0.609320844
0.806345479
0.832970322
0.829371283
0.990082054
0.715537856
0.750453715
0.612608802
0.895838143

1.468055
1.371286
1.315427
1.428519
1.382357
0.984709
0.9757
1.135392
1.388527
0.915937
1.346748
1.276453
0.939373
1.078664
1.228986
1.316207
0.992535
0.976194
1.145502
1.11869
1.277761
1.512641
1.316831
1.786196
0.869978
0.934554
0.937558
1.100949
0.962948
1.041794
1.166463
0.924138
1.179528
0.969834
1.527646
1.119512
0.844178
0.990762
0.885442
1.284556
1.177116
0.668078
1.006976

2.234615
3.284924
3.170963
2.267952
2.358468
2.354075
3.609477
2.766918
2.006505
3.283048
2.175429
2.415564
2.917954
2.253849
3.110693
2.976674
2.322953
2.654446

2.79418
2.100379
2.237105
2.241058
2.176726
2.011014
3.967739
2.207632
2.791329
2.344409
2.006554
2.885477
2.048929
2.667207
2.019979
2.134266
2.287355
2.867354
2.423416
2.374938
2.456661
2.094172
2.290853
2.948271
2.340898

2.446783
2.299356
2.185406
1.833029
2.080802
1.578233
2.300759
2.450252
1.550405

2.12901
1.747206
2.153241
2.010508
1.968228
2.313546
2.074467
2.314964
2.734987
2.093954

2.33621
2.154246
1.541773
1.766189
1.333489
1.991865

1.69517
1.870573
1.765301
1.537173
2.398197

1.77718
2.046786
1.780982
1.847725
1.748636

1.42655
2.157906
1.867062
1.676998
1.771019

1.66614
2.465657
1.403812
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Chka

Perl

choline kinase alpha
2410002F23Rik
Ddit3

PIk2

Rgs2

Chacl
mtDNA_NDA4L
5830411K21Rik

0.789510304
0.613827846
0.811110289
0.817006805
0.548917409
1.152982008
0.684332799
0.637947674
0.787303065
1.216694528

0.825609
0.76398
0.65894

0.878077

1.052112

0.534481

0.681833

0.988902

0.793382

0.554517

2.502916
2.519085
2.844044
2.026379
2.016796
2.090633
2.287418
0.448404
0.454969
0.479912

1.729458
2.226078
1.602928
1.534331

1.55659
1.280307
1.289472

0.78799
0.676457
0.433157
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Legionella specific genes 4h

Gene ID FC St2h FC St4h FCLp2h  FCLlp4h

LOC383125 0.955453787 1.554783  13.6278  12.2083
LOC239727 0.719132741 0.965843 17.06171 16.63212
LOC268730 0.82307169 0.878595 16.82226 13.55375
LOC332788 0.809015921 0.884056 16.96077 12.96015
LOC382339 0.85688292 1.030754 10.28603 10.76075
LOC383483 0.896515232 1.035007 8.476425 8.4244
LOC384348 0.868164298 1.000964 9.428773 8.038131
Kdme6b 2.641669533 1.486593 4.258729 3.330715
LOC386294 0.958260629 1.091218 7.409756 6.970562
oncostatin M 1.052492534 1.640937 5.471741 5.184457
Cenll 1.208740038 1.018777 6.737101 5.089303
1810032008Rik 1.314743168 1.768081 4.667707 3.797432
Cd83 3.847096451 1.467367 2.677321 2.556429
Egr2 1.608504531 1.288221 4.789218 3.252779
Histlh2bg 1.288962239 1.960064 3.685854 3.091564
Plk3 1.152716708  1.95602 3.755904  3.19922
2310005L22Rik 1.138853363 1.78498 3.862717 3.13711
Histlhlb 1.032720608 1.4447 A4.383387 3.640657
Gadd45b 1.804350984 1.862836 2.829335 2.36199
Rgsl 0.897006286  0.87809 6.223064  4.57535
F830002E14Rik 0.677065353 1.645469  2.87501 6.832232
2310016CO08Rik 1.612579179 1.767769 2.981379 2.530478
6430590A07Rik 0.860203556 0.851288 5.534642 5.192524
Hist2h2ab 1.030675369 1.660468  3.68829 3.314775
Trafl 2.469864678 1.530085 2.602489 2.090491
LOC381401 1.153149849 1.166479 4.016344 3.482827
Hist2h2be 0.710933735 1.181038 5.599834 3.845454
Histlh3a 0.72941107 1.244659 5.336623 3.567484
Histlh3d 0.765956305 1.267939 5.014219 3.441971
Histlh3e 0.776418823 1.249916 4.890327 3.505575
Hist1h3i 0.779777807 1.265843 4.795878 3.308403
Rel 2.464906632 1.340406 2.1891 2.155958
Atf3 1.467438458 1.706121  2.83803 2.129906
Pdgfb 1.920271097 1.36394 2.260873 2.514759
5430416N02Rik 0.917014213 1.211912 4.246326 3.025537
Duspl 1.354002122 1.112712  3.68555 2.570056
Hist1h3b 0.660876225 1.153898  4.85754 3.431563
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Fosl2
Hist1h2bb

Id3
2610019E17Rik
Nfkbid

Jun

Bcl6

Hist2h2bb
Histlh2ae
C330006P0O3Rik
LOC385065

RIKEN cDNA 9430008C03

gene
Hist1h2bk
Hist1h2bj
Hist1lh2bm
LOC385171
Hist2h3cl
LOC385792
Hist1h2bf
2310043N10Rik
Hist1h2bp
1200016B10Rik
Hist1h2bh
Hist1h3h
Bcl2l11

Hist2h4

RIKEN cDNA 1810026B05

gene
5530400B01Rik
Golga2
LOC208768
Hist1lh4b

Fgd3

Rasgeflb
Hist1lh2bn
Hist1h2bl

Egr3

H2afj
LOC385019
Histlh4d
Stmn4
6030458C11Rik

1.422819843
0.993546916
1.428597003
1.240226826
1.312793499
0.752137326
1.378491145
0.664623864
0.765060106
1.234631067
0.867339669

1.156984871
0.799572079
0.747817429
0.762072415
0.952083492
0.823551057
0.863549031
0.780662568

0.98905318
0.764899442

1.01781898
0.828293516
1.098960856
1.100088812
0.883884644

0.916127309

1.09414201
1.079213275
1.207413636
0.975477161
1.071877473
1.165096942
0.713342087

0.74649681

1.10424477
0.926515489
0.821003342
0.867863467
1.022563191
1.065763995

1.827208
1.35342
1.3523
1.988684
1.55658
0.943547
1.113059
1.034419
1.361194
1.548853
1.004703

1.140376
1.408958
1.453277
1.282401
1.035279
1.070808
0.908117
1.360484
1.468055
1.371286
1.850514
1.315427
1.382357
1.149375

0.9757

1.135392
0.915937
1.661527
1.226154
1.276453
1.706275
0.939373
1.228986
1.316207
0.992535
1.268631
0.976194
1.145502

1.11869
1.189322

2.38393
3.307451
2.719071
1.854672
2.543509

5.49568
2.786724
4.340123
3.770393
2.103322
3.427498

2.721855
3.385146
3.508076
3.610223
3.024392
3.687561
3.483216
3.376691
2.234615
3.284924
1.978135
3.170963
2.358468
2.508038
3.609477

2.766918
3.283048
1.768431
1.992163
2.415564
1.655859
2.917954
3.110693
2.976674
2.322953
2.207645
2.654446

2.79418
2.100379
1.690013

2.012338
2.614255
2.201978
2.455938
2.112791
2.769821

2.5138
3.581858
2.549902
2.449182
3.027907

2.4968
2.329012
2.304206
2.477797
2.885309
2.628355
3.040103
2.284724
2.446783
2.299356
2.125187
2.185406
2.080802
2.326032
2.300759

2.450252

2.12901
2.176951
2.233487
2.153241
2.133997
2.010508
2.313546
2.074467
2.314964
2.269191
2.734987
2.093954

2.33621
2.527754
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LOC386169
Akap13

Txnip

Histlhla
2010004M13Rik
Rhob

Hist1h3f

Pvtl

Apbb3
1810011010Rik
Luc7I

Gm962

Perl

Fcgr2b

Gpt2
5830411K21Rik
5830411K21Rik
St3gal6

Cth

Rps15a

Aqp9

1.272256886
1.019230249
0.612991936
0.854913286
0.569435365
0.832970322
0.494053095
1.020177367
1.117449783
0.612608802

0.66685731
0.792378148
0.613827846
1.059114084
0.668169484
1.124528324
1.216694528
0.817307569

0.75976439
0.876176849
0.711922449

1.165073
1.328816
1.041794
0.924138
1.649423
0.844178
0.998488
0.964859
0.851106
0.668078

1.23007
1.714863

0.76398
0.859159
0.756051
0.511381
0.554517
0.515194
0.673494
0.525668
0.626472

1.469464
1.51742
2.885477
2.667207
1.886479
2.423416
3.702804
1.774189
1.663021
2.948271
1.655352
1.040451
2.519085
0.625688
0.632816
0.59253
0.479912
0.68525
0.595823
0.624175
0.5969

2.217217
2.175232
2.398197
2.046786
2.328074
2.157906
2.011809
2.080774
2.114998
2.465657
2.177602
2.036143
2.226078
0.463312

0.49978
0.419162
0.433157
0.469654
0.415107
0.423311
0.423341
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Salmonella specific genes 2h

Gene ID FC St2h FC St4h FCLp2h  FCLlp4h
Ccl5 39.05783292 99.57212 1.723917 3.166107
immunoresponsive gene 1 16.62459166 22.47465 1.927608 1.776883
Gbpl 9.497553937 42.11143 1.453771 1.722436
Gbp2 7.834173069 30.26273 1.305163 1.509562
Oasll 6.468378046  19.1044  1.61135 1.898289
Ifnbl 8.177359122 6.838752 1.601496 3.417994
Gbp3 5.845449627 16.59941 1.404425 1.700702
Sprr2e 6.545266796 11.17207 1.451878 1.570398
Ccl7 4942256885 6.693868 2.104868 2.058481
Lcn2 8.942901588 18.96573 1.041203 0.764446
CD69 antigen 6.539543816 11.93303 1.364006 1.236524
Cxcll 7.875781027 8.186456 1.266081 1.533268
Isgl5 3.631259417 19.98755 1.19973 1.396969
Mmp13 5.634470346 6.420653 1.543152 1.736906
I11a 5.417622988 5.132316 1.346711 2.174118
interleukin 19 494724381 13.71914 1.156327 0.982276
Histlhlc 2.093460939 2.845515 3.550913 3.503896
Cmpk2 2.505129181 25.90395 1.10426 0.995429
1200016E24Rik 5.103680442 4.992242 1.410687 1.822217
Ccla 3.946653877 4.167436 1.954243 1.986323
Serpinb3b 5.856886756 8.274987 1.169288 1.070081
Csfl 6.248924892 4.374612 1.424159 1.545325
Pelil 4.365618311 6.830494 1.310684 1.225797
Krtl6 2.005427763 6.706821 1.549519 2.150214
Sprr2d 4.09743198 7.020141 1.181124 1.267082
Hivep3 4.387876741 2.772207 1.363779 2.383801
inositol 1,4,5-trisphosphate 3-

kinase B 4.525003788 2.678046 1.683649 1.905737
1110 5.420808342 6.644667 1.098953 0.978809
Arhgef3 4.680702267 5.265991 1.078273 1.359895
Slc11a2 4.253731583 4.902946 1.179899 1.402583
Adora2b 3.352136739 3.210331 1.467308 2.162235
Pdedb 3.17984843 2.911791 1.695195 1.853784
Tpbg 5.43723054 5.035179 1.007032 0.926659
Rnd3 3.110440696 2.098326 1.977579 1.960721
small proline-rich protein 2G 2.883457983 4.872121 1.285304 1.376124
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pellino 1
4833438C02Rik
RIKEN cDNA 1200016E24 gene
A630072M18Rik
Ccl2

Nod2

Parpl4

Arid5b

Icaml

Marcksl1
Tnfaip3

Clec2d

Stk40

Lamc2

Slc7al11

Ccrndl

Nfkbib

Nfkbia

Ptger2

Il1rn

integrin alpha 5 (fibronectin
receptor alpha)

Odcl
Bcor
Niacrl
Areg

1115

Ccl12
Treml
Tnfaip2
KIf2
Trexl
Fam46a
Tnfrsflb
inositol 1,4,5-trisphosphate 3-
kinase B
Kctd12
Cdc42ep2
TIr2
Adamts4
Chst7
spermatogenesis associated 13
Tnipl

3.677871309
2.60082621
2.372019714
2.784871963
3.285903245
2.4461553
3.090268086
3.574830901
2.889660493
3.075570401
3.39447627
2.061317876
2.506688974
2.971474499
5.102619271
3.874907845
5.024945677
2.719629266
2.659719308
2.266630145

2.117971241
2.264637285
2.280499731
2.586937143
3.544912457
2.562484006
2.332580709
2.215338259
3.879390486
2.216645402
3.234556694
2.550140969
2.787627901

2.709618985
2.494085633
4.111959343
2.518648858
2.055272945
2.298441584
2.482404126
2.706503024

5.35587
2.682137
2.291188
2.225732

3.13019
3.237419
8.511846
2.266904
2.325192
3.000773
2.000463
4.413839
3.428822
2.237764
3.495207
2.195883
2.693429

1.81456
3.432834
3.154626

1.862986
2.232036
2.242825
2.571295
2.384472
3.995436
4.537152
1.672829
2.478986
2.540452
6.220058
3.304557
3.107917

1.904761
2.849228
3.059373
2.166986
3.804192
3.650991
2.317546
2.315911

1.090176
1.873287
1.960751
1.765807
1.348289
1.543323
0.982046
1.971655
1.691977
1.377041
1.556047
1.313576
1.325668

1.70657
1.119601
1.291356
1.273395
1.881574
1.269395
1.363998

1.735225
1.643783
1.506886
1.382823
1.218689
1.213293

1.04653

1.72799

1.14912
1.324402
0.687957
1.128208
1.192151

1.333502
1.139168
0.748817

1.49955
1.035854
0.908117
1.212606
1.200545

1.122052
1.624094
1.979308
1.856789
1.452824

1.63577
0.756579
1.220811

1.64563

1.40178
1.638427
1.427998
1.482912
1.471176
0.813162
1.427788
0.888806
1.604596
1.228709
1.426993

1.889198
1.546428
1.666025
1.391576
1.179193
0.937664
1.017946
1.745959
1.009723
1.490842
0.793689
1.088065
0.983342

1.473432
1.225594

1.05037
1.187008
1.086622
1.131652
1.231526
1.127103
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End2

Irak2

Cish

Icosl

Gpr85

Jak2

Relb

Stx11

Ccl3

Nfkbie

Ttc39c

Mfsd7a
Ppfibp2
1200009106Rik
Irak3

Bcl2ald
Clecde

Ehdl

nuclear factor of kappa light

polypeptide gene enhancer in B-
cells 1, p105

Nfkb1

Gprl8
D16Ertd472e
Marcks

OTTMUSG00000000971
DENN/MADD domain containing
4A

Bcl2alb
Ripk2
Frmd6
Gjal
OTTMUSG00000017677
Sgkl
Nlirp3
Src

17

Pim1
Slc31a2

teashirt zinc finger family member

1

KIhI25
Mtmrl14
Mfsdeél

2.731205749
2.085993988

2.30294507

2.30227473
2.612476392
2.304909331
2.288851715
3.904197403
2.083342447
2.335008821
2.086942715
2.260402986
2.358436897
2.513739238
2.098611331
2.763286213

2.94586231

2.50475935

2.767405398
2.116704679
2.230535331
2.791754345

2.23064356
2.077685083

2.248642013
2.286327383
2.380701925
2.887360008
2.181372271
2.354498821
2.648030979
2.814131997
2.402655824
2.176349111
2.034099145
2.341170492

2.341954424

2.06639635
2.042481484
2.452256688

1.848661
1.842794
2.550005
1.848353
2.382452
2.894869
1.433827
2.525843
2.219493
1.216436
2.892324
2.692469
2.721711
2.588932
3.908283
3.441477

2.39101
2.291611

1.605356
2.318385
2.706597
2.031861
2.334251
3.263584

1.243413
3.136936
1.888906
1.452603
2.651864
1.760152

1.96334
1.466239
1.640903
1.769461
1.513627
1.954105

1.59049
1.345495
1.720802
1.469892

1.298052
1.326922
1.202644
1.438585
1.066808
1.049724

1.67654
0.901513
1.257658
1.535011
1.062697
1.080373
1.227514
0.970675
0.835556
0.848414

0.99385

1.12223

1.185434
1.140226
1.067089
1.123869
1.138284
0.914049

1.55061
0.841777
1.178834
1.190882
0.890455
1.087014
1.020581
1.180191
1.293715
1.219771
1.467906
0.978572

1.138924

1.15555
1.088882
1.093657

1.271954
1.614318
1.157442

1.30866
1.194229
1.122554
1.369384
0.836594
1.208996
1.589813
1.052478
1.026277
0.851206
1.031076
0.933997
0.787663
0.885657
0.956223

1.146229

1.05323
0.912439
0.918176
0.969626
0.922244

1.281072
0.899434
1.016422
1.006488
0.971732
1.094225
0.923075
1.000263
0.946379
1.021182
0.995539
0.975727

0.982207
1.266108
0.955816
0.870406
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Lrrc8d

Denr

Jdp2

Cited2

2010111101Rik

Snx10

Schip1l

Cbr2

EG622976

testis derived transcript

RIKEN cDNA 3110043021 gene
Dusp6

Oas2

Pdxp

Zfp710

Irf2

Arhgap25

CDNA sequence BC039771, mRNA
(cDNA clone IMAGE:4166439)

Ppargclb

Mllt4

Lyll

Gripapl
1500041016Rik

G protein-coupled receptor 146
Cnr2

Map3k1

E2f2

E230024B12Rik

Flcn

Snx30

B430216N15Rik
Tnfaip8I2
18S_rRNA_X00686_301
Olfm1

Pigt

4632428N05Rik
Tmem51

interferon induced transmembrane
protein 6
2310006J04Rik

Ccndl

2.126985208
2.01638622
2.076946422
2.408261408
2.163699278
2.196611907
2.148887566
2.041469481
2.237119
2.034677298
2.005882363
2.034211943
0.397875784
0.469689745
0.495315612
0.385991505
0.448876353
0.498652262

0.459714157

0.44713829
0.498054319
0.456026637
0.467495376
0.487305023
0.492539045
0.456798557
0.464335664
0.452941929

0.37068021
0.496026808
0.488656301

0.39704378
0.443950275
0.363309249
0.425905126
0.385712552
0.464027432
0.476469245

0.453457737
0.499020158
0.423716143

1.698357
1.559882
2.048297
1.518289
1.208108
1.034777
1.587834
2.210292
1.827108
1.241875
1.588425
0.957469
1.709234
2.521335
1.019845
1.058811
1.189578
0.962085

0.962901
0.759996
0.519608
0.579621
0.575407
0.543143
0.771095
0.553548
0.566548
0.499718
0.502647
0.482286
0.492356
0.455067
0.817761
0.608268
0.522107
0.568621
0.449727
0.549613

0.753652
0.64287
0.393861

1.074712
1.036212
0.930953
0.777242
0.942791
1.408666
0.944603
0.839569
0.785914
0.980725
0.877937

0.97791
1.541356
1.162089
1.258348
1.035218
0.846757
0.926149

0.84623
0.954075
1.046102
1.163708
1.087868
1.009143
0.894033
1.053595
0.998739

1.0551

1.32266
1.156544
1.227047
1.239504
0.624235
1.113344
0.921794
1.019965
0.733163
0.652251

0.74743
0.695947
0.773032

0.882471
1.014933
0.819486
1.014407
1.164814
0.885933
0.871933
0.717609
0.780686
0.924702
0.798857
0.908684
1.619906
0.834191
1.674303
1.277587
1.124739
1.003996

0.99734
1.034441
1.188594

1.02871
1.025864
1.108718
0.835348
0.953854
0.919869
0.987916
0.908449
0.795007
0.711749
0.910594
0.899824
0.796027
0.875189
0.796596

1.06298
0.938228

0.60356
0.673841
1.152574
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Idb2

Aatk

Cxcrd

Cdc6

Hyall

Scd2
6430548MO08Rik

0.400011671
0.496248966
0.497147205
0.491251596
0.468433773
0.477576582
0.260266043

0.449928
0.437782
0.298631
0.299157
0.366976
0.328963
0.250288

1.162008
0.761727
1.071976
0.934541
0.817475

0.57336
0.685082

0.702317
0.782372
0.734328
0.794851
0.653513
0.610429

0.95888
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Salmonella specific genes 4h

Gene ID FC St2h FC St4h FCLp2h  FCLp4dh
immunoresponsive gene 1 16.62459166 22.47465 1.927608 1.776883
Gbpl 9.497553937 42.11143 1.453771 1.722436
Ccrl2 14.87461064 10.95236  2.18367 1.933192
Gbp2 7.834173069 30.26273 1.305163 1.509562
Oasll 6.468378046  19.1044  1.61135 1.898289
Cd40 5.514992791 11.45884 2.662588 1.861005
Gbp3 5.845449627 16.59941 1.404425 1.700702
Sprr2e 6.545266796 11.17207 1.451878 1.570398
Lcn2 8.942901588 18.96573 1.041203 0.764446
Ccl7 4940886791 6.435445 2.159684 1.918249
CD69 antigen 6.539543816 11.93303 1.364006 1.236524
Mx2 1.562309191 21.69935 1.960865 1.943827
Cxcll 7.875781027 8.186456 1.266081 1.533268
Isgl5 3.631259417 19.98755 1.19973 1.396969
Mmp13 5.634470346 6.420653 1.543152 1.736906
interleukin 19 494724381 13.71914 1.156327 0.982276
Cmpk2 2.505129181 25.90395 1.10426 0.995429
1200016E24Rik 5.103680442 4.992242 1.410687 1.822217
Ccld 3.946653877 4.167436 1.954243 1.986323
Serpinb3b 5.856886756 8.274987 1.169288 1.070081
Csfl 6.248924892 4.374612 1.424159 1.545325
Krt23 3.705910398 4.480526 2.332307 1.50365
Pelil 4.365618311 6.830494 1.310684 1.225797
Sprr2d 4.09743198 7.020141 1.181124 1.267082
inositol 1,4,5-trisphosphate 3-kinase

B 4.525003788 2.678046 1.683649 1.905737
1110 5.420808342 6.644667 1.098953 0.978809
Arhgef3 4.680702267 5.265991 1.078273 1.359895
Slc11a2 4.253731583 4.902946 1.179899 1.402583
Pdedb 3.17984843 2.911791 1.695195 1.853784
Ifit2 1.225278751 14.44842  1.09791 1.360088
Bcl3 2.435476394 2.715536 2.128701 1.856289
Tpbg 5.43723054 5.035179 1.007032 0.926659
Rnd3 3.110440696 2.098326 1.977579 1.960721
small proline-rich protein 2G 2.883457983 4.872121 1.285304 1.376124
Hdc 1.890620758 7.640457 1.176833 1.288632
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4833438C02Rik

RIKEN cDNA 1200016E24 gene

A630072M18Rik
Ccl2

Nod2
Parp14
Arid5b
Ilcaml
Marcksl1
Tnfaip3
Clec2d
Stk40
Lamc2
Slc7al11
Ccrndl
Nfkbib
Ptger2
Il1rn
Odcl
Bcor
Niacrl
Slc7a2
Areg
Apol9a
Serpina3h
1115

Ccl12
Tnfaip2
Sertad3
KIf2

Id1
Scnlla
1500012F01Rik
Trexl
LOC216674
Fam46a
Zfp281
Tnfrsflb
Oasl2
Cdknla
Kctd12
Tgm2
Cdc42ep2

2.60082621
2.372019714
2.784871963
3.285903245

2.4461553
3.090268086
3.574830901
2.889660493
3.075570401

3.39447627
2.061317876
2.506688974
2.971474499
5.102619271
3.874907845
5.024945677
2.659719308
2.266630145
2.264637285
2.280499731
2.586937143
1.922055507
3.544912457
1.044592319
1.869444965
2.562484006
2.332580709
3.879390486
1.593512129
2.216645402
1.211560123
1.399091192

1.26187587
3.234556694
1.442718668
2.550140969
1.788191196
2.787627901
1.860442755
1.568975691
2.494085633
1.824435313
4.111959343

2.682137
2.291188
2.225732

3.13019
3.237419
8.511846
2.266904
2.325192
3.000773
2.000463
4.413839
3.428822
2.237764
3.495207
2.195883
2.693429
3.432834
3.154626
2.232036
2.242825
2.571295
2.987962
2.384472
6.003675
3.732986
3.995436
4.537152
2.478986
2.560089
2.540452
2.315056
2.596953
2.645224
6.220058
2.542839
3.304557
2.711265
3.107917
7.223004
2.267138
2.849228
2.102783
3.059373

1.873287
1.960751
1.765807
1.348289
1.543323
0.982046
1.971655
1.691977
1.377041
1.556047
1.313576
1.325668

1.70657
1.119601
1.291356
1.273395
1.269395
1.363998
1.643783
1.506886
1.382823
1.434452
1.218689
1.202794
1.324025
1.213293

1.04653

1.14912
1.797137
1.324402
2.403897
2.168038
1.901397
0.687957
1.629501
1.128208

1.45224
1.192151
0.921803
1.904702
1.139168
1.503995
0.748817

1.624094
1.979308
1.856789
1.452824

1.63577
0.756579
1.220811

1.64563

1.40178
1.638427
1.427998
1.482912
1.471176
0.813162
1.427788
0.888806
1.228709
1.426993
1.546428
1.666025
1.391576
1.526365
1.179193
1.595369
1.280778
0.937664
1.017946
1.009723
1.519209
1.490842
1.637868
1.400537
1.732289
0.793689
1.747461
1.088065
1.446559
0.983342

0.81583
1.468368
1.225594
1.715834

1.05037
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Pou2f2
Gldc
MIlt11
TIr2
Irfl

protocadherin 19

Uspl8
Adamts4
Gstal
Chst7

spermatogenesis associated 13
zinc finger, NFX1-type containing 1

Tnipl
Cish

serine (or cysteine) peptidase
inhibitor, clade A, member 3G

Abcc5

Gpr85

Extl

Jak2
C030034122Rik
Gbp6

Irgm?2

Ppbp

Notchl
1500012F01Rik
Rnf213

Stx11

Fpr2

lkzf1

Trim21
Ppfibp2

Nuprl

Gclm

Ccl3

Sprr2k
Serpinb2
Mfsd7a

Pcdh7
1200009106Rik
Xylt2

Irak3

Ttc39c

1.622310535
1.696239635

1.56035576
2.518648858

1.40862735
1.915392423
0.643208332
2.055272945
1.694230304
2.298441584
2.482404126
1.685227075
2.706503024

2.30294507

1.368665598
1.917004867
2.612476392
1.497967164
2.304909331
1.221208893
1.807868822
0.913407158

1.83695973
1.481943043
1.279260434
1.773427067
3.904197403
1.626228519
1.936996034
1.458201408
2.196840305
1.722399732
1.486242984
2.083342447
1.834605665
1.932060137
2.260402986
1.908911211
2.513739238
1.984580386
2.098611331
2.052821236

3.349566
2.068751
2.082817
2.166986
3.576276
2.548362
17.82534
3.804192

2.47902
3.650991
2.317546
5.272192
2.315911
2.550005

3.031769
2.133594
2.382452
2.481781
2.894869
2.096154
4.153277
10.54751
2.075976
2.811052

2.43851
3.077829
2.525843
4.900245
2.954908
5.266962
2.827792
2.474111
2.084917
2.219493
2.530618
2.980284
2.692469

2.42988
2.588932

2.64689
3.908283

2.90102

1.196367
1.690664
1.652651

1.49955
1.509592
1.202519
0.980478
1.035854
1.406481
0.908117
1.212606
0.991747
1.200545
1.202644

1.281204
1.397199
1.066808
1.436205
1.049724
1.708014
1.019965
0.8901
1.322025
1.359164
1.607802
1.29953
0.901513
0.993258
0.882299
0.943504
1.205049
1.311766
1.422708
1.257658
1.274481
1.170301
1.080373
1.14967
0.970675
1.084495
0.835556
1.053208

1.520452
1.663463
1.809221
1.187008
1.247307
1.587955
0.785814
1.086622
1.467113
1.131652
1.231526
0.969045
1.127103
1.157442

1.525656
1.392483
1.194229
1.484602
1.122554
1.791229
1.014958

0.90468
1.535544
1.355552
1.523384
1.062225
0.836594
0.935552
1.460356
1.001353
0.960285
1.281426
1.610334
1.208996
1.184978
1.008031
1.026277
1.223878
1.031076
1.126437
0.933997
1.019668
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Bcl2ald
LOC382177
Gbp5

Slpi

Clecde

Ehdl
4933426M11Rik
116

Zswim3

Nfkb1

Gprl8
D16Ertd472e
Marco

Swap70

Marcks
OTTMUSG00000000971
Ptchl

deltex 3-like (Drosophila)
Map3k8

Emrl

Bcl2alb

Fzd5

Casp4

Dnmt3l

Gjal

Mx1

sterile alpha motif domain
containing 9-like
Ppm1k

Stat2

Ly6a

Gent2

Plagl2

RIKEN cDNA A530032D15Rik gene
Tnn

Tnfsf13b

Six1

Irgm1

Ifitm5

Stbd1

Aftph

Csf2

Trim34

2.763286213
1.681699575
1.363627879
1.902425555

2.94586231

2.50475935
1.467834183
1.913733581
1.021366043
2.116704679
2.230535331
2.791754345
1.915186649
1.872622373

2.23064356
2.077685083
1.692176436
1.321126854
1.397603378
1.743004145
2.286327383

1.47312515
1.968763751
1.509112125
2.181372271
1.189264817

1.677836341
1.325209086
0.874457395
1.532577468
1.677973579
1.813604656
1.424030454
1.782163871
1.371271271
1.807618215
0.894714933
1.660122843
1.390953316
1.187708666
1.370393297
1.134502667

3.441477
2.862151
4.118931
2.771948

2.39101
2.291611
2.259289
2.748739

2.07908
2.318385
2.706597
2.031861
3.459252
2.332149
2.334251
3.263584
2.659693
5.443294

2.28064
2.309893
3.136936
2.049582
2.094738
2.116015
2.651864
3.429076

4.565624
3.452839
4.553096
2.679004
4.062931
2.101734
2.931908

2.07333
2.124229
2.007959
6.515157
2.318787
2.246142
2.130072
2.539457
3.476173

0.848414
1.121648
1.06865
1.064518
0.99385
1.12223
1.369946
1.108447
1.420235
1.140226
1.067089
1.123869
0.830205
1.054442
1.138284
0.914049
1.0758
0.922506
1.526955
1.110578
0.841777
1.321183
1.249733
1.19548
0.890455
1.186539

0.88653
1.018976
1.110785
1.191336
0.899996
1.119706
1.058118

1.15347
1.226144
1.144446

0.83081
1.016408
0.965066
1.302436
1.117334
1.034956

0.787663
1.163338
1.043832
1.106681
0.885657
0.956223
1.352322
1.051195
1.981758

1.05323
0.912439
0.918176
1.061453
1.249742
0.969626
0.922244
1.165905
0.847497
1.142093
1.215411
0.899434
1.311957
1.000513
1.349355
0.971732
1.033351

0.735173
1.038247

1.08299
0.970668
0.764268
1.072762
1.033874
1.061011
1.254977
1.076531
0.901975
1.074228

1.39269
1.267536
1.066652
1.013875
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RIKEN cDNA 1190003J15 gene
Cd274

Batf2

Cpd

Pik3r6

LOC385755

RIKEN cDNA 4930599N23 gene
Daxx

interleukin 4 receptor, alpha
Ccl8

Krt17

Rassf4

Apol9b

Speer3

predicted gene 4951

Mid1

Usp21

BC032967

Fas

Denr

interferon-induced protein 44
Enpp4

Gchl

Pols

annexin A6

Igtp

gene model 881, (NCBI)
Lceld

Rtp4d

Snai2

Irf7

6230427J02Rik

predicted gene 9975

Schip1

Snx10

cDNA sequence BC006779
Fcgrl

H2-T22

A530060005Rik

Ifrg15

Sp140

LOC331239

expressed sequence Al451557

1.424721566
1.511765111
1.074041694
1.529637715
1.988654982
1.584766183
1.239733479
0.975864671
1.495885758
1.153693503
1.415341309
1.676450633
1.05529767
1.550055637
1.097202641
0.861235683
1.167522214
0.919551958
1.786814664
2.076946422
1.244227243
1.390747006
1.616081549
1.071087246
1.123367523
0.772028494
0.756437085
1.142409594
1.237295417
1.566353672
0.727147527
0.958626017
1.432589229
2.041469481
1.682422443
1.052113246
0.758857025
1.210431133
1.02752251
1.101721823
1.224803236
1.396916706
1.0242018

2.524784
4.050924
3.713087

2.23876
2.095829

2.25477
2.234853
4.282354
2.064225
3.375942
2.012209
2.231432
2.846443
2.063323

2.88164
2.336115

2.30447
2.329036
2.057254
2.048297
2.569451
2.090952
2.122052
2.783118
2.028622
6.588345
5.326331
2.029494
2.144305
2.014777
5.366848
2.435892
2.139259
2.210292
2.411164
3.069952
2.653758
2.647167
2.385415
2.065957
2.884707
2.922938
2.848969

1.100554
0.95283
0.933156
1.075561
0.999764
1.023322
1.193146
0.894283
1.146789
1.070793
1.196442
0.952955
1.137716
1.129082
1.124396
1.235042
0.958154
1.062307
0.950778
0.930953
1.014255
1.017085
0.979475
1.094898
1.185462
0.780319
0.903043
1.166503
1.121337
0.985939
0.991201
1.0974
0.950442
0.839569
0.825403
0.963975
1.038276
0.84104
1.067407
1.012071
0.840442
0.777431
1.023372

1.041087
0.702885
1.084214
1.092323
0.946045
1.071283
1.180502
1.038835
1.094582
0.920539
1.118116
1.043268
1.069243
1.003298
1.007228
1.440471
1.367945
1.498981
0.928794
0.819486
0.942327
1.028599
0.904937
0.924213
1.116389
0.750647
0.809576
1.087194
0.982909

0.92938

0.74424
1.098116
0.941761
0.717609

0.79701
0.840693
1.219086
0.914969

0.93493
1.045838
0.805692
0.731701
0.749121
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(Al451557), mRNA.
cDNA sequence BC013712
I1sg20

BC006779

H2-T17

Statl

D11Ertd759e
Lgals9

Glrx

D14Ertd668e
Oasla

Pnpl

Plecl

Trafd1

H2-D1

Fcgrd
C130026121Rik
Adar

Tapl

Slfn2

SET domain, bifurcated 2

MIT, microtubule interacting and

transport, domain containing 1
LOC381010
LOC237751
Phf11

Ddx58
9930111J21Rik
Dhx58
EG432555
Tor3a

Ifi205

Oas2

Parp12

Sp100

Gvinl

Fhod1

Angpt2

Arldc

Gm22

Eepdl

Pmaipl

RIKEN cDNA 4930422G04 gene

0.927069884
0.858618998
0.927168849
1.122944791
0.758487863
0.962307581
0.840208916
1.129425414
0.840243277
0.833670968
0.986957591
0.931275545
1.146288349
0.771745462
1.189800756
1.225117395
0.818503221
0.763404714
1.961708935
0.912363097

0.651446226

0.90163161
0.650477022
0.885724542
0.702621681

0.63423966

0.79345208
0.866336856
0.877225102
0.901375411
0.469689745
0.811138963
0.713556711
0.687048095

0.66858783
0.743336317
0.618975838
0.897659369
0.942399057
0.607523449
0.762609813

2.710787
2.981049
2.770582
2.555915
3.131181
2.503628
2.471634
2.111503
3.131044
2.308155
2.245272
2.285863
3.113679
2.279845
2.000458
2.150318
2.329449
2.736394
2.108187
2.141196

2.020394
2.129642
2.554569
3.284972
2.7769
2.183466
2.679042
2.200162
2.548012
2.281006
2.521335
2.094011
2.335151
2.441255
0.499763
0.484428
0.44646
0.378377
0.475073
0.474846
0.387074

0.803946
0.919289
0.977666
0.808753
1.018453
1.012323
0.954959
0.750036

0.87961
0.982555
0.886382
0.962274
0.838109
1.042167
0.866829
0.730437
0.926434
0.947613
0.634906
0.933156

0.9359
0.896118
0.866805
0.774646
0.935513
0.877822
0.966032
0.844389
0.778299
0.879375
1.162089

0.75147
0.797054
0.681121
1.144343
1.178278
1.362192
1.101719
1.150707
1.272198

1.25326

1.009737
0.853865
0.795488
0.835836
0.784273
0.769712
0.928723
1.019695
0.786174
0.951015
0.892708
0.819798
0.550865
0.894177
0.787635
0.828889
0.876849
0.760099
0.572581
0.805212

1.186523
0.831789
0.962274
0.610532
0.750862
1.118387
0.659285

0.80476
0.714913
0.671356
0.834191
0.803331
0.664288

0.56233
1.326744
1.091491

1.06426
0.963001
0.652844

0.90192
0.880197
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Cdk2

Osginl

Ints10

Suv420h2

Gprl62

Cdt1

RIKEN cDNA B230312C02 gene
WD repeat domain 76
Rasa3

E2f2

KIf9

Clspn

Atp6al

Eps8

Rad54l

Rrm2
transmembrane protein 194B
Flcn

Gmip

Dedd2

Kihle

Chafla

Snx30

Sbk1

Arl11

2310051E17Rik
Tpcnl

Cd28

Zfp367
B430216N15Rik
Tmem86a

St8siad
DENN/MADD domain containing 3
Wdhd1

Nfkbil2

Unc84b

triggering receptor expressed on
myeloid cells-like 1

Ccne2
Tmod1l
Cxcr3
Recqld
Acpl2

0.702219517
0.569099572
0.730233621
0.614682791
0.898368968
0.75338541
0.879436307
0.542501112
0.861665604
0.452941929
0.879045654
0.690336179
0.718202709
0.816001099
0.753745819
0.853595219
0.737047753
0.496026808
0.613875076
0.550906351
0.527173955
0.68830171
0.488656301
0.558733799
0.832781543
0.839251433
0.643707418
0.871465224
0.734197446
0.39704378
0.679082613
0.6001113
0.612604131
0.660025651
0.692527852
0.774378606

0.750355928
0.657936383

0.77345057
0.759690139
0.710164919
0.735526385

0.499565
0.408709
0.490087
0.489389
0.480874
0.493386
0.458659
0.489751
0.414341
0.499718
0.392164
0.423053
0.488825
0.470434
0.483576
0.469552
0.488886
0.482286
0.453248
0.465
0.387192
0.483591
0.492356
0.493298
0.494557
0.450121
0.497574
0.3493
0.498453
0.455067
0.386234
0.367445
0.480083
0.383145
0.499932
0.449864

0.487383
0.451335
0.497628
0.481907
0.491997
0.483319

0.940859
1.494067
0.848796
0.928536
0.809841
0.960502
0.970847
0.992691
0.863136
1.0551
1.034067
0.971415
0.863525
0.968052
0.804678
0.846981
0.865569
1.156544
0.923581
0.990813
0.924393
0.842793
1.227047
0.749479
0.766825
0.832288
0.811369
0.976747
0.858762
1.239504
1.073349
0.842051
0.72547
1.01249
0.760743
0.804348

0.900475
0.934263

0.78951
0.759463
0.740194
0.762849

0.898316
0.832538
0.940331
0.984983
0.778134
0.747482
0.666129
0.983806
0.791571
0.987916
0.661274
0.830004
0.776676

0.63083
0.794504
0.664203
0.719332
0.795007
0.853625
0.852903
1.137951
0.760621
0.711749
1.002432
0.654643
0.656517
0.792504
0.688426
0.650739
0.910594
0.722014
1.094238
0.945657
0.783657
0.758324
0.711547

0.602055
0.708372
0.643022
0.702357
0.744659
0.698954
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Nfatcl

RIKEN cDNA 1700109H08 gene
Rfx2

Etv5

Nlrx1

Fblim1
tudor and KH domain containing
protein

Sft2d2

gene model 1883, (NCBI)
WD repeat domain 91
Nicnl

Ccnel

Tcf19

Lpinl

4632428NO05Rik

Ptpn22

dipeptidase 2

Ttc39a

Rasgrp3

Mknk1

Transcribed locus, strongly similar to
NP_009049.2 triple functional
domain (PTPRF interacting) [Homo
sapiens]

Ccndl

4733401105Rik

Gnpdal

Idb2

Hipl

Bhlhe40

Msh6

Dfna5h

Cd33

Navl

B3gnt8

Trerfl

Aatk

Myo1f

Tbcld2

Zfpm1

Gprl83

Nr2f1

Spsb4

0.706098815
0.81837955
0.759857609
0.691265582
0.72765727
0.669724662

0.640133182
0.581068036
0.605778802
0.843526911
0.663154073
0.727671897
0.795092711
0.808382503
0.464027432
0.677699682
0.567245829
0.781268851
0.808494576
0.718741054

0.668002775
0.451760488
0.643829238
0.621284514
0.400011671
0.624260462
0.572099901
0.702056965
0.792947909
0.789724854

0.78195636
0.655960115

0.58611473
0.496248966
0.695677227
0.535400355
0.798198792
0.522101424
0.540278059

0.76798498

0.493321
0.491731
0.485681
0.475174
0.453417
0.444865

0.499923
0.438221
0.348653
0.415225
0.487467
0.392577
0.408789
0.384765
0.449727
0.458227
0.370067
0.482808
0.443661
0.465369

0.491347
0.383001
0.452491
0.419837
0.449928
0.440645
0.324493
0.417301
0.399827
0.483812
0.369483
0.433466

0.47249
0.437782
0.398632
0.379792

0.36499
0.346027
0.449457
0.331649

0.731487
0.842938
0.673407
0.655429
0.696429
0.835319

0.689465
0.808831
1.115255

0.83734
0.765248
0.797867
0.756585
0.861988
0.733163
0.748396
0.877755
0.679442
0.614587
0.714631

0.763415
0.752769
0.755022
0.763394
1.162008
0.737651
1.054428
0.733257
0.684183

0.60264
0.692454
0.691835
0.643591
0.761727
0.706749

0.86264
0.687804
0.791963
0.741124
0.819951

0.742249
0.557436
0.757003

0.82909
0.764608
0.704231

0.782349
0.834388
0.725943

0.57678

0.67929
0.734522
0.675388
0.619029

1.06298
0.687886

0.86388
0.614561
0.701571
0.637592

0.60645
1.159305
0.678161

0.73782
0.702317
0.721524
0.743828
0.657139

0.62676
0.590115
0.668982
0.666663
0.735602
0.782372
0.637886

0.71096
0.621394
0.860542
0.683069
0.587292
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Cxcrd
1810011H11Rik
Uaca
BC046404

ung

Cdc6

Rad51c

Xprl

Irf2bp2
F830005D05Rik
Etvl

Mib2

Tbcld2

Hyall

Olfm1

Ypel3

zinc finger, CCHC domain containing

24
Scd2
6430548MO08Rik

0.497147205
0.617006674
0.594731337
0.742335877
0.691397839
0.491251596
0.617504262
0.645569802
0.739031621
0.707405823
0.722932573
0.578072361
0.530131069
0.468433773

0.48152146
0.577734278

0.596549186
0.477576582
0.32805054

0.298631

0.41996
0.494279
0.446376

0.30218
0.299157
0.320552
0.456388

0.36918
0.462995
0.418652
0.468223
0.329945
0.366976
0.344702
0.391208

0.37691
0.328963
0.239973

1.071976
0.633424
0.622105
0.583257
0.811493
0.934541
0.685325
0.670092
0.685872
0.527093
0.628186
0.649579
0.829196
0.817475
0.741701
0.666003

0.543384
0.57336
0.709006

0.734328
0.711403
0.623543
0.584667
0.660918
0.794851
0.791885
0.537597
0.565004
0.599545
0.540645
0.533249
0.641274
0.653513
0.745149

0.59344

0.632191
0.610429
0.806676
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