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Abstract

The interferon regulatory factor (IRF) family of genes encode a group of
transcription factors which have important roles not only in regulating the expression of
Type I interferons (IFNs) and other genes in the interferon pathway, but also in growth,
development and regulation of oncogenesis. In this study, several IRF family members in
Atlantic cod (Gadus morhua) were characterized at the cDNA and putative amino acid
level, allowing for phylogenetic analysis of these genes in teleost fish, and the
development of paralogue specific PCR primers which were used in semi-quantitative
RT-PCR and Quantitative PCR (QPCR) analyses. Two Atlantic cod Irf10 splice variants
were identified and named Irf10-v1 and Irf10-v2, and their presence was confirmed by
sequencing of the Irf10 genomic region. RT-PCR showed that Irf7, Irf8 and both 1rf10
transcripts were detected in 15 cod tissues, while Irf4a and Irf4b appeared to be absent in
some tissues. RT-PCR in embryo and larval samples showed unique transcript expression
profiles of IRFs during development and indicated potential stage specific roles that will
be investigated in future studies. QPCR analysis of spleen expression expanded upon
previous studies, confirming that all transcripts were responsive to stimulation by the
viral mimic poly(l:C) and showing that all except Irf4a were responsive to killed
Aeromonas salmonicida (ASAL). Temperature was observed to affect the responsiveness
of all except Irf4a to poly(l:C) and/or ASAL, supporting earlier studies. The effect of
increased temperature on immune responsiveness to pathogens is of particular interest to
Atlantic cod aquaculture in Newfoundland, where fish experience seasonal fluctuations in

temperature.



Acknowledgements

I would first like to say a huge thank you to my supervisor Dr. Matthew Rise for
the opportunity to carry out this research, and for his guidance and especially his patience
while this thesis slowly came together.

Thank you as well to the members of my supervisory committee, Dr. Brian
Staveley and Dr. Ross McGowan for all of their advice throughout this project.

Thanks to past and present members of the Rise lab and the OSC community for
all of their help during the past two and a half years, especially to Jennifer Hall and Dr.
Tiago Hori for training me in the techniques used throughout this research. Thanks as
well to the staff of JBARB for their help with sample collection.

I would also like to thank the Memorial University of Newfoundland School of
Graduate Studies for providing me with a Fellowship, to the Department of Biology for
several Graduate Assistantships and the opportunity to gain experience as a Teaching
Assistant, and to the National Sciences and Engineering Council of Canada for awarding
a Discovery Grant to Dr. Matthew Rise, making this research possible.

Lastly, thank you to my friends and family, especially my parents for all of their

support throughout my academic career and in everything.



Table of Contents

Abstract i

Acknowledgements ii

List of Tables vii
List of Figures viii
List of Abbreviations X
Co-Authorship Statement Xii

1. Introduction

1.1 Importance of immunological research in Atlantic cod 1
1.2 The interferon pathway and interferon regulatory factors 3
1.3 Recent progress in understanding interferon regulatory factors 5
1.4 Interferon regulatory factor gene family sub-groups 6
1.4.1 IRF1 sub-group 8
1.4.2 IRF3 sub-group 12
1.4.3 IRF4 sub-group 12
1.4.4 IRF5 sub-group 13
1.5 Research objectives 14
2. Methods
2.1 cDNA characterization of selected cod IRF paralogues 16

2.1.1 Database mining and RACE 16



2.1.2 TA cloning and sequencing
2.1.3 Paralogue and splice variant discovery
2.1.4 1rf10 genomic DNA sequencing

2.1.5 Phylogenetic analysis

2.2 RT-PCR expression analysis in juvenile cod tissues
2.2.1 Sampling and RNA extraction
2.2.2 RT-PCR
2.3 QPCR expression analysis: response to immune stimulation and

increased temperature in spleen

2.3.1 Experimental setup and sampling
2.3.2 Primer quality testing
2.3.3 QPCR analysis
2.4 RT-PCR expression analysis: developmental expression
2.4.1 Experimental setup and sampling

2.4.2 RT-PCR

3. Results

3.1 Characterization of IRF4a, IRF4b, IRF7, IRF8, IRF10-v1 and
IRF10-v2 cDNA sequences

3.2 RT-PCR expression analysis in juvenile cod tissues
3.3 Spleen transcript expression response to viral and bacterial

antigens and increased temperature

18

20

22

23

24

24

25

26

26

27

29

30

30

31

32

53

62



3.4 Developmental transcript expression analysis

4. Discussion
4.1 Overview
4.2 mRNA characterization and phylogenetic analysis
4.3 Expression analysis in juvenile cod tissues
4.4 Spleen transcript response to immune stimulation
4.5 Developmental transcript expression analysis
4.6 Conclusions

4.7 Future research

Literature Cited

Appendix 1

Appendix 2

Appendix 3

Appendix 4

Appendix 5

Appendix 6

Appendix 7

Appendix 8

Appendix 9

75

85

85

90

92

99

101

102

104

113

116

120

127

134

141

147

150

152

Vi



List of Tables

Table 1: Studies of Interferon Regulatory Factor protein expression and

function in mammalian species.

Table 2: Studies of interferon regulatory factor transcript expression and

responses to immune stimulation in fish species.
Table 3: Primers used for cDNA characterization of cod IRF genes.
Table 4: Primers used in cod 1rf10 genomic region sequencing.

Table 5: Paralogue-specific primers used in semi-quantitative RT-PCR and

QPCR experiments.

Table 6: Fish IRF amino acid sequences used in multiple sequence alignment

and phylogenetic analysis.

10

19

23

26

59

vii



List of Figures

Figure 1: Summary of Interferon Regulatory Factor gene family organization.

Figure 2: Steps taken to identify cod IRF paralogues and choose targets for
cDNA characterization.

Figure 3: Overview of immune response and temperature increase

experimental setup.
Figure 4: Agarose gel image of PCR amplified IRF open reading frames.

Figure 5: Nucleotide sequence of Atlantic cod Irf4a cDNA and inferred amino

acid translation.

Figure 6: Nucleotide sequence of Atlantic cod Irf4b cDNA and inferred amino

acid translation.

Figure 7: Nucleotide sequence of Atlantic cod Irf7 cDNA and inferred amino
acid translation.

Figure 8: Nucleotide sequence of Atlantic cod Irf8 cDNA and inferred amino
acid translation.

Figure 9: Nucleotide sequence of Atlantic cod Irf10-vl cDNA and inferred amino
acid translation.

Figure 10: Nucleotide sequence of Atlantic cod Irf10-v2 cDNA and inferred
amino acid translation.

Figure 11: Schematic representation of predicted intron/exon organization of
Atlantic cod Irf10.

Figure 12: Schematic representation of predicted intron/exon organization of
Atlantic cod Irf7, 1rf8, Irfda, Irfdb.

17

28

33

35

38

40

42

47

49

51

viii



Figure 13: Multiple sequence alignment of Atlantic cod IRF1, IRF4, IRF7,
IRF8, and IRF10 amino acid sequences with homologous sequences from

other teleost fish species.
Figure 14: Phylogenetic analysis of Atlantic cod IRF family members.

Figure 15: Composite agarose gel image of IRF family member transcript

expression in 15 tissues of juvenile Atlantic cod.

Figure 16: Spleen transcript expression responses of Irf4a to viral and bacterial
antigens measured by QPCR.

Figure 17: Spleen transcript expression responses of Irf4b to viral and bacterial
antigens measured by QPCR.

Figure 18: Spleen transcript expression responses of Irf7 to bacterial antigens
measured by QPCR.

Figure 19: Spleen transcript expression responses of 1rf8 to viral and bacterial

antigens measured by QPCR.

Figure 20: Spleen transcript expression responses of Irf10-v1 to bacterial

antigens measured by QPCR.

Figure 21: Spleen transcript expression responses of Irf10-v2 to viral and

bacterial antigens measured by QPCR.

Figure 22: Representative images of Atlantic cod embryos and larvae sampled

from 0 to 17 days post fertilization.

Figure 23: Composite agarose gel image of IRF family member transcript
expression throughout Atlantic cod embryonic and early larval development.

54

60

63

66

68

70

73

76

78

80

83



List of Abbreviations

AA — Amino acid

ANOVA — Analysis of variance

arp — actin-related protein 2/3 complex subunit 4
ASAL - Formalin-killed Aeromonas salmonicida
Bl -Blood

BLAST — Basic local alignment search tool

bp — Base pair

Br — Brain

°C — Degree centigrade

C — Control

CGP — Atlantic cod Genomics and Broodstock Development Project
Ct— Threshold cycle

cDNA — Complimentary DNA

DBD — DNA binding domain

DNA — Deoxyribonucleic acid

dpf — Days post-fertilization

EF1a — Elongation Factor 1 alpha

EST — Expressed sequence tag

EtBr —Ethidium bromide

Ey - Eye

Fig — Figure

GaP — Genomics and proteomics facility
Gi - Gill

GSP — Gene specific primer

g — Grams

HG - Hindgut

HK — Head kidney

HPI1 — Hours post-injection

Hr - Heart

H — Hour

IFN — Interferon

IRF — Interferon Regulatory Factor
IP — Intraperitoneal

ISG — Interferon stimulated gene
Ig — Immunoglobulin

LB — Luria-Bertani medium
LPS — Lipopolysaccharide

Li — Liver
L — Litre
MG - Midgut

Mu — Skeletal muscle

MH — Major histocompatibility gene
MMLYV — Moloney murine leukemia virus
mg — Milligram



min — Minute

mL — Millilitre

MRNA — Messenger RNA

NCBI — National Center for Biotechnology Information
NTC — No template control

ng — Nanogram

nM — Nanomolar

nr — Non-redundant

OSC — Ocean Sciences Centre

ORF — Open reading frame

PBS — Phosphate buffered saline

PC — Pyloric caecum

PCR — Polymerase chain reaction

PK — Posterior kidney

Poly(1:C) — Polyriboinosinic polyribocytidylic acid
p — p-value

QC — Quality check

QPCR — Quantitative reverse transcription PCR
RACE — Rapid amplification of cDNA ends
RNA — Ribonucleic acid

RT — Reverse transcription

RQ — Relative quantity

SE — Standard error of the mean

s — Seconds

Sk - Skin

SNP — Single nucleotide polymorphism

Sp - Spleen

SSH — Suppression subtractive hybridization
St - Stomach

TLR — Toll-like receptor

TMS — Tricaine methane sulphonate

U - Units

UTR — Untranslated region

Hg — Microgram

pL - Microlitre

pm — Micrometre

Xi



Co-Authorship Statement

For this thesis, experimental design was planned by myself and Dr. M.L. Rise,
and I was primarily responsible for implementation of experiments, data analysis and
manuscript preparation. Exceptions include: a) experimental design and sampling for the
spleen transcript expression response experiment was carried out by Dr. Tiago Hori, Dr.
A. Kurt Gamperl, Gordon Nash and Dr. Matthew L. Rise as part of a previous set of
experiments; and b) sampling and RNA extraction for the juvenile cod tissue panel study
was carried out in cooperation with Xi Xue (Ocean Sciences Centre). The contents of this
thesis (excluding developmental series RT-PCR) will be submitted for publication in a
manuscript with authors SM Inkpen, TS Hori, AK Gamperl, GW Nash, and ML Rise, in

preparation for submission to Fish and Shellfish Immunology.

Xii



1. Introduction

1.1 Importance of immunological research in Atlantic cod

A thorough understanding of fish molecular immunology is of great importance to
research in various areas, including comparative vertebrate immunology, fisheries and
aquaculture. For example, the study of genes and pathways involved in innate and
adaptive immune responses and stress responses of fishes should aid in the development
of tools and methods (e.g. molecular tests, vaccines, therapeutics) to help reduce disease
and stress in cultured fish (Booman and Rise, 2012). The identification of fish genes that
are involved in defense responses could also lead to the development of molecular
markers [e.g. single nucleotide polymorphisms (SNPs) in trait-relevant genes] for
selection of aquaculture broodstock with desirable traits such as resistance to pathogens
or environmental stress (Booman and Rise, 2012)]. With the depletion of some wild
stocks of Atlantic cod (Gadus morhua), for example in Newfoundland (Marteinsdottir et
al., 2005), such developments will be particularly valuable in creating a successful
farming industry for the species. Although cod aquaculture has been of interest in several
countries (e.g. Canada, Norway, and Iceland) for some time, the development of
successful hatchery and culture methods has been slow (Brown et al., 2003; Rosenlund
and Hallorsson, 2007), and many challenges still exist. For example, normal aquaculture
methods induce stress for fish, from routine handling (Brown et al., 2003) to exposure to
variable temperatures in sea cages (Gollock et al., 2006). Recent research showing that
Atlantic cod stress and immune responses are affected by increasing temperature (Perez-

Casanova et al., 2008; Hori et al., 2012) suggests that fluctuating temperatures in sea



cages can impact cod immune system function and responses to pathogens and other
stressors. Further study of the structure, regulation, and function of immune-relevant

genes involved in these responses is required to overcome such challenges.

Genomics resources such as DNA microarrays and sequence databases for
Atlantic cod have increased dramatically in recent years. Currently, there are 57,041
sequences in the non-redundant nucleotide (nt) database, 257,453 in the expressed
sequence tag database (dbEST) and 2,896 in the protein database of GenBank for this
species (NCBI, 2014). The construction and sequencing of multiple normalized and
suppression subtractive hybridization (SSH) cDNA libraries representing various life
stages, tissues and treatments (Bowman et al., 2011), the development of microarray
platforms [e.g. a 20,000 gene (20 K) oligonucleotide microarray (Booman et al., 2011)]
and the sequencing of the Atlantic cod genome (Star et al., 2011) have allowed for a wide
range of functional genomics research in this species. This growing genomic knowledge
base makes Atlantic cod an excellent species in which to study the developing fish
immune system at the genetic level. Furthermore, while Atlantic cod develop more
slowly than zebrafish (Danio rerio, a common research model for developmental biology
and genetics), cod have transparent embryos/larvae and are highly fecund, making them
particularly suitable for developmental studies (Hall et al., 2004). Several studies indicate
the Atlantic cod immune system is unique among teleosts and among vertebrates in
general, showing higher serum levels of immunoglobulin M than other teleosts, as well as
a relatively low antibody response to pathogens (reviewed in Solem and Stenvik, 2006;

Star et al., 2011). Sequencing and analysis of the Atlantic cod genome indicated the



species has approximately 100 major histocompatibility (MH) class I loci, a much higher
number than other teleosts [e.g. an estimated 14 in stickleback (Gasterosteus aculeatus)i.
That study also provided evidence for the loss of several important immune-relevant
genes [e.g. MH class Il, invariant chain (li), and the MH ll-interacting protein CD4],
suggesting a loss of function of the classical pathway for adaptive immunity in Atlantic
cod (Star et al., 2011). These unusual characteristics make further study of the genes and
molecular pathways involved in cod immune responses, and the evolution of immune-
related gene families in cod of great interest to researchers in areas such as comparative

immunology and evolutionary biology.

1.2 The interferon pathway and interferon regulatory factors

In fish, as well as in all other vertebrates, secreted proteins called interferons
(IFNs) play important roles in the innate immune response to viral pathogens (Robertsen,
2006; Rise et al., 2008). IFNs are divided into two families, Type I and Type Il, based on
structural properties and functions. As part of the cellular response to viral infection,
Type I IFNs (IFNa and IFN) are secreted and bind to specific receptors on other cells,
activating the JAK-STAT (Janus kinase-signal transducer and activator of transcription)
signal transduction pathway and leading to the transcription of many downstream genes
(Barnes et al., 2002; Robertsen, 2006; Rise et al., 2008). Currently, the genes and
mechanisms involved in this IFN pathway are better understood in humans and other
mammials than in fish, although our knowledge of the molecular basis of fish antiviral
responses has been increasing since the identification of the first fish IFN genes in 2003

(Altmann et al., 2003; Lutfalla et al., 2003; Robertsen et al., 2003). As both wild and



cultured fish are susceptible to viruses such as infectious salmon anemia virus (ISAV)
and nodavirus (Lang et al., 2009 and references therein), the study of fish antiviral
responses, and in particular the genes involved in the IFN pathway, will be of value to
both fisheries and aquaculture. While several groups have investigated fish gene and
protein expression responses to viral infection, most of these studies have involved later
life stage fish (Workenhe et al., 2010; Verrier et al., 2011), and less is known about how
fish embryos/larvae defend themselves against viral infections. Recent work on early life
stage Atlantic cod in the Rise lab has fully or partially characterized several virus-
responsive transcripts and has shown that some of them [e.g. interferon regulatory factor
(Irf)1, 1rf7] have dynamic mRNA expression profiles during embryonic development
(Rise et al., 2008; Rise et al., 2012). The study of other cod IRF genes, and the
comparison of cod IRF gene structure and expression with orthologous genes in other
teleost species, will be of interest to determine potential functions of these genes as well
as to examine the expansion and diversification of the gene family through evolutionary

history.

Genes in the IRF family encode transcription factors which either positively or
negatively regulate the expression of IFN genes, and thus are vital to the cellular antiviral
response. Nine IRF genes (Irf1-1rf9) have been described in most vertebrates, although a
tenth (1rf10) is present in several avian and fish species, and another potential family
member (Irf11 or Irflb) has been identified in zebrafish and other teleost fish (Stein et al.,
2007; Huang et al., 2010). All IRF proteins share a conserved amino (N) terminus DNA-

binding domain (DBD) of about 115 amino acids, containing five conserved tryptophan



(Trp) residues and forming a helix-loop-helix motif (Taniguchi et al., 2001). The DBD
recognizes the interferon stimulated response element (ISRE) DNA sequence, which has
the consensus sequence A/IGNGAAANNGAAACT (Darnell et al., 1994), and is found in
the promoters of Type | IFNs and many genes induced by Type | IFNs [e.g. interferon
stimulated genes (ISGs)]. The carboxyl (C) terminus of each IRF family member contains
one of two types of association modules, called IRF associated domain 1 (IADZ; in all
IRFs except Irfland Irf2), and IAD2 (found in Irfland Irf2; Savitsky et al., 2010).
Outside the IAD, the C-terminus is not well conserved, and thus is the region that gives

each IRF specific functions.

1.3 Recent progress in understanding interferon regulatory factors

The roles of proteins encoded by IRF family genes have been quite well-studied
in mammals, and found to include not only regulation of IFN expression, but also various
aspects of immune system regulation, growth, development, and regulation of
oncogenesis (for reviews see Honda and Taniguchi, 2006; Ozato et al., 2007; and
Savitsky et al., 2010). For example, IRF1, IRF3 and IRF7 are known to induce
transcription of type | IFN genes in mice and in mammalian cell lines, whereas IRF2 is a
negative regulator of the IFN response in mammals (Taniguchi et al., 2001 and references
therein). IRF9 acts as part of a transcriptional activator complex stimulated by type | IFN
which activates several IFN pathway genes (Taniguchi et al., 2001). While the role of
IRF6 in immune regulation has not been determined, this gene has been shown to be

important to development in several vertebrate species, as discussed below.



The majority of IRF research thus far has been focused on mammalian species,
although investigation into this gene family in multiple teleost species has increased in
recent years [e.g. in mandarin fish (Siniperca chuasti) (Sun et al., 2007), rainbow trout
(Oncorhynchus mykiss) (Holland et al., 2008), Atlantic salmon (Salmo salar) (Bergan et
al., 2010) and rock bream (Oplegnathus fasciatus) (Bathige et al., 2012]. Studies of IRF
family genes involving zebrafish as a model fish species have so far included analysis of
gene structure based on mining of public sequence databases (Nehyba et al., 2009; Huang
et al., 2010), investigation of function in selected genes using morpholino-based targeted
gene knockdown (Sabel et al., 2009; Li et al., 2011), and expression studies of selected
paralogues (Ben et al., 2005; Xiang et al., 2010). Studies in various species show that, as
expected, the IRF family members that are most closely related (based on sequence

comparison) often share similar functions.

1.4 Interferon regulatory factor gene family sub-groups

Based on molecular phylogenetic analysis, the IRF gene family can be divided
into four sub-groups: IRF1-G (Irfl, 1rf2), IRF3-G (Irf3, Irf7), IRF4-G (Irf4, 1rf8, Irf9,
Irf10), and IRF5-G (Irf5, 1rf6), reflecting expansion and diversification over evolutionary
history (Nehyba et al., 2002; 2009). As indicated in Figure 1, IRF1-G may also be
referred to as IRF1 supergroup (SG) while all other IRFs are grouped as IRF4-SG, mainly

based on the presence of the well-conserved IAD1 in the carboxyl terminus of the latter

group.



Figure 1: Summary of Interferon Regulatory Factor gene family organization.
Schematic based on phylogenetic analysis by Nehyba et al., (2002), in which IRF
protein sequences from human, chicken, clawed toad, Japanese flounder, mouse, quail,
rat, sheep, and fugu were aligned and used to construct a neighbour-joining tree.

(See Fig, 2; Table 2, Nehyba et al., 2002).



1.4.1 IRF1 sub-group

IRF1 (named because it was the first of the family to be identified) is a
transcriptional activator of IFNa/p expressed in most cell types and tissues, whose
expression can be induced by IFNs and many other cytokines, or by viral infection
(reviewed in Taniguchi et al., 2001). In addition to its role in the innate immune response,
IRF1 is required for DNA damage-induced apoptosis, and is thus known as a tumor
suppressor (Tanaka et al., 1996). IRF2 can be said to act opposite to IRF1, negatively
regulating type I IFN responses (Honda and Taniguchi 2006) and has been shown to have
pro-oncogenic activity (reviewed in Yanai et al., 2012), indicating an opposing role to

IRF1 in oncogenesis as well.

Irfland Irf2 cDNA sequences have been partially or fully characterized in several
fish species, including Atlantic salmon (Bergan et al., 2010) and the paddlefish Polyodon
spathula (Xiaoni et al., 2011), and were upregulated in each of these species by
stimulation with polyriboinosinic polyribocytidylic acid [poly(l:C)], a synthetic double-
stranded RNA which mimics a viral infection. Irfl is the only IRF gene in Atlantic cod
that was fully characterized at the cDNA level (Feng et al., 2009) prior to the current
study, and spleen transcript expression was previously found to be upregulated by both
the viral mimic poly(l:C) and bacterial antigens (formalin-killed Aeromonas salmonicida)
(Rise et al., 2008; Feng et al., 2009). Table 1 and Table 2 summarize current knowledge
of expression of Irfl and Irf 2 (and all other family members) expression in mammalian

species and fish species, respectively.



Table 1: Studies of Interferon Requlatory Factor protein expression and function in

mammalian species

Paralogue | Expression Roles in innate immunity

IRF1 Human: constitutive in many cell Mouse: inhibits immunosuppressive features of
types; upregulated by viral dendritic cells (Gabriele and Ozato, 2007).
infection or IFN stimulation Activates transcription of type I IFNs
(Taniguchi et al., 2001, (Taniguchi et al., 2001).

Savitsky et al., 2010).

IRF2 Human: constitutive in many cell Human: attenuates type | IFN responses by
types; upregulated by IFN antagonizing IRFland IRF9 (Savitsky et
stimulation (Taniguchi et al., 2010).
al., Savitsky et al., 2010).

IRF3 Human: constitutively expressed in Human: activates transcription of type | IFNs and
all tissues (Au et al., 1995). other cytokines (Savitsky et al., 2010).

Mouse: triggers necrotic cell death of
macrophages in response to infection (Di
Paolo et al., 2013).
IRF4 Mouse: constitutive only in lymphoid | Mouse: regulates myeloid/lymphoid cell
cells (Matsuyama et al., differentiation (Gabriele and Ozato,
1995). 2007); negatively regulates Toll-like
Human: constitutive in lymphocytes receptor (TLR) signalling (Negishi et al.,
(Taniguchi et al., 2001). 2005); required for B cell differentiation
into plasma cells (Sciammas et al., 2006).

IRF5 Human: constitutive in B-cells and Human: activates transcription of type | IFNs and
dendritic cells; inducible in other cytokines (Takaoka et al., 2005).
other lymphoid cells by IFN | Mouse: important to B-cell differentiation and
(Barnes et al., 2002). maturation (Lien et al., 2010).

IRF6 Human: constitutively expressed in Human: important to development of the lip and
skin (Savitsky et al., 2010). palate; involved in development of skin

and external genitalia (Kondo et al.,
2002).

IRF7 Human: ubiquitous but Human: activates transcription of type | IFNs and
predominantly in lymphoid other cytokines (Taniguchi et al., 2001).
cells; dependant on IFN Mouse: main regulator of IFN production in
signaling (Taniguchi et al., plasmacytoid dendritic cells (Honda et
2001, Barnes et al., 2002). al.,, 2005); required for differentiation of

medullary thymic epithelial cells (Otero
etal., 2013)

IRF8 Human: lymphoid and myeloid cell Mouse: regulates myeloid cell differentiation
lineages (Taniguchi et al., (Tamura and Ozato, 2002); contributes to
2001). high IFN induction in dendritic cells

Mouse: constitutively expressed in B (Gabriele and Ozato, 2007); functions in
cells (Nelson et al., 1996). microglia development in the CNS
(Minten et al., 2012).

IRF9 Human: constitutive in many cell Human: activated by type | IFN signaling; part of
types (Taniguchi et al., ISGF3 complex (Savitsky et al., 2010).
2001, Savitsky et al., 2010).

IRF10 *not found in mammalian species




Table 2: Studies of interferon requlatory factor transcript expression and response to

immune stimulation in fish species

head kidney, gills (Holland et
al., 2010).

Rock bream: constitutive expression in
various tissues; highest in blood
and spleen (Bathige et al.,
2012).

Paralogue | Constitutive Transcript Expression Effect of Poly(1:C) / other treatments in fish
on transcript expression
Irfl Paddlefish: constitutively expressed in | Paddlefish: upregulated by poly(l:C) in gill, head
various tissues (Xiaoni et kidney, trunk kidney, liver and
al., 2012). spleen (Xiaoni et al., 2011).
Yellow croaker (Pseudosciaena Yellow croaker: upregulated by poly(l:C) and
crocea): constitutively lipopolysaccharide (LPS) in blood,
expressed in various spleen and liver (Yao et al., 2010).
tissues; highly expressed in | Atlantic cod: upregulated by poly(l:C) and killed
gill and spleen (Yao et al., A. salmonicida (ASAL) in spleen
2010). (Rise et al., 2008; Feng et al., 2009);
Mandarin fish: constitutively response is affected by elevated
expressed in various tissues temperature (Hori et al., 2012).
(Sun et al., 2007). Atlantic salmon: upregulated by poly(l:C) in
Atlantic cod: expressed throughout head kidney cells (Bergan et al.,
development with peak in 2010).
early segmentation (Rise et
al., 2012).
Irf2 Paddlefish: constitutively expressed in | Paddlefish: upregulated by poly(l:C) in gill, head
various tissues (Xiaoni et kidney, trunk kidney, liver and
al., 2012). spleen (Xiaoni et al., 2011).
Atlantic salmon: upregulated by poly(l:C) in
head kidney cells (Bergan et al.,
2010).
Irf3 Turbot (Scophthalmus maximus); Carp: upregulated by poly(l:C) and IFN
Japanese flounder inducersin cell lines (Sun et al., 2010).
(Paralichthys olivaceus): Turbot: upregulated by poly(l:C) and turbot
constitutively expressed in reddish body iridovirus (TRBIV) in
various tissues; highly spleen, head kidney and gills (Hu et al.,
expressed in spleen and head 2011a).
kidney (Hu et al., 2011a;b). Japanese flounder: upregulated by poly(l:C) in
head kidney and gill (Hu et al., 2011b).
Trout: upregulated by poly(1:C) in cell lines
(Holland et al., 2008).
Atlantic salmon: upregulated by poly(l:C) in
head kidney cells (Bergan et al., 2010).
Irf4 Trout: highest expression in spleen, Rock bream: upregulated by Edwardsiella. tarda

(Gram negative bacterium) but
downregulated by LPS in head
kidney and spleen (Bathige et al.,
2012).

Trout: downregulated by LPS; no response to
poly(I:C) in splenocytes (Holland et
al., 2010).

10



Irfs

Grass carp (Ctenopharyngodon
idellus); paddlefish:
constitutively expressed in
various tissues (Xu et al.,
2010; Xiaoni et al., 2012).

Turbot: not upregulated by poly(l:C);
upregulated by turbot reddish body
iridovirus in gill, head kidney, spleen
and muscle (Xia et al., 2012).

Paddlefish: not upregulated by poly(l:C) in gill,
head kidney, liver, or spleen (Xiaoni et
al., 2012).

Grass carp: induced by grass carp
reovirus in spleen and head kidney (Xu
etal., 2010).

Irf6 Zebrafish: maternal transcript in egg; *no data available

epithelial cells of endoderm
derived tissues in larvae
(Ben et al., 2005).

Irf7 Orange spotted grouper (Epinephelus Orange-spotted grouper: upregulated by Vibrio.
coioides); turbot: vulnificus and Singapore grouper
constitutively expressed in iridovirus (SGIV) in spleen (Cui et al.,
various tissues (highly in 2011).
spleen and kidney) (Cui et al., | Turbot: upregulated by TRBIV in head kidney
2011; Hu et al., 2011c). (Huetal., 2011c).

Japanese flounder: constitutively Japanese flounder: upregulated by poly(l:C) in
expressed in various tissues head kidney and gill (Hu et al., 2010).
(Hu et al., 2010). Trout: upregulated by poly(l:C) in cell lines
Mandarin fish: constitutively (Holland et al., 2008).
expressed in various tissues Atlantic cod: upregulated by poly(I:C) in spleen
(Sun et al., 2007). (Rise et al., 2008); response is affected by
Atlantic cod: expressed in unfertilized elevated temperature (Hori et al., 2012);
eggs and throughout upregulated by nervous necrosis virus in
development with peak in brain (Krasnov et al., 2013).
early segmentation (Rise et al., | Atlantic salmon: upregulated by poly(l:C) in
2012). head kidney cells (Bergan et al., 2010).

Irf8 Trout: highest expression in spleen, Trout: upregulated by poly(l:C) in splenocytes
head kidney, and gills (Holland et al., 2010).

(Holland et al., 2010). Rock bream: upregulated by poly(l:C) and
Rock bream: constitutively expressed bacterial infection in head kidney and

in various tissues (Bathige et spleen (Bathige et al., 2012).

al., 2012). Japanese flounder: upregulated by poly(l:C) and
Japanese flounder: constitutively lymphocystis disease virus in spleen (Hu

expressed in various tissues etal., 2013).

(Hu et al., 2013).

Irf9 Crucian carp (Carassius auratus): *no data available
expressed in blastulae
embryonic cells (Shi et al.,

2012).
Irf10 Japanese flounder: constitutively Japanese flounder: upregulated by LPS, poly

expressed in various tissues
(Suzuki et al., 2011).

(I:C), and several pathogens in
peripheral blood lymphocytes (Suzuki et
al., 2011)

Atlantic cod: upregulated by poly(l:C) in spleen
(Rise et al., 2008); response is affected
by elevated temperature (Hori et al.,
2012).
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1.4.2 IRF3 sub-group

IRF3 and IRF7 are both important regulators of type I IFN antiviral response, and
can act individually or as part of a heterodimer or homodimer with each other, with
differing effects (reviewed in Honda and Taniguchi, 2006). IRF7 is known as a master
regulator of the IFN response, and is essential for the induction of IFN o/p genes (Honda
et al., 2005). It also plays a role in the regulation of oncogenesis, acting to prevent
metastasis, while IRF3 is thought to have a role in mediating virus-induced apoptosis
(Yanai et al., 2012). Irf3 and Irf7 cDNA sequences have been characterized in several
fish species, including rainbow trout (Holland et al., 2008), Atlantic salmon (Bergan et
al., 2010), Japanese flounder (Hu et al., 2010; 2011a), and turbot (Hu et al., 2011b); and
transcript expression was observed to be upregulated in response to poly(l:C) stimulation
in several tissues in these species, as described in Table 2.

1.4.3 IRF4 sub-group

In mammals, IRF4 (also called multiple myeloma oncogene 1, MUM1) and IRF8
(also called interferon consensus sequence binding protein, ICSBP) have been shown to
have important roles in the differentiation and development of dendritic cells (Gabriele
and Ozato, 2007). While several mammalian IRFs are constitutively expressed in all cell
types (see Table 1), the IRF4 protein in mammals only appears to be expressed in
lymphocytes, playing an important role in development and function of those cells
(reviewed in Taniguchi et al., 2001), and the murine IRF8 protein is expressed only in
myeloid and lymphoid cell lineages (Nelson et al., 1996). The roles of these genes appear

to be similar in fish; for example, 1rf8 has been shown to regulate myeloid lineage
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differentiation during zebrafish development (Li et al., 2011). Irf4 and Irf8 have been
characterized at the cDNA level in several teleosts including rock bream (Bathige et al.,
2012) and rainbow trout (Holland et al., 2010), and mRNA expression was seen to be
upregulated in response to viral and bacterial stimulation in some species (as summarized

in Table 2).

Irf10, also closely related to Irf4/1rf8, has not been found in mammals and is thus
less well-studied than the other family members. This gene was first identified in chicken,
where transcript expression was observed to be highest in cells of hematopoietic origin
based on Northern blot analysis (Nehyba et al., 2002). Irf10 has been identified in several
fish species, including zebrafish, stickleback, pufferfish and Atlantic cod (Stein et al.,
2007; Rise et al., 2008; Huang et al., 2010); but to our knowledge the complete cDNA
has only been characterized in the Japanese flounder, Paralichthys olivaceus (Suzuki et
al., 2011), where Irf10 mRNA expression was found to be upregulated in peripheral

blood lymphocytes in response to both bacterial and viral stimulation.

1.4.4 IRF5 sub-group

In many species, the IRF6 protein is known to play a crucial role in the
differentiation of epithelia. Mutations in human Irf6 leads to VVan der Woude syndrome,
or cleft palate (Kondo et al., 2002), and in zebrafish and the frog Xenopus laevis Irf6 has
been shown to be a maternal transcript necessary for epithelial differentiation (Ben et al.,
2005; Sabel et al., 2009). This gene has been shown in humans to have a potential role in
tumor suppression (Restivo et al., 2011), but is the only IRF family member without a

known role in innate immunity.
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In mammals, IRF5 is known to function in Toll-like receptor (TLR) signalling,
acting downstream of TLR stimulation as an inducer of pro-inflammatory cytokines
(Takaoka et al., 2005), and also plays an important role in B-cell differentiation (Lien et
al., 2010). Genetic variations (e.g. SNPs) in human Irf5 have also been associated with
the pathogenesis of systemic lupus erythematosus (SLE), a complex autoimmune disease
(Cham et al., 2012). The Irf5 cDNA sequence has been characterized in several fish
species, including turbot (Xia et al., 2012) and Japanese flounder (Hu et al., 2012), where
its transcript expression was upregulated in response to viral stimulation, as described in

Table 2.

1.5 Research Objectives

Knowledge of several IRF family genes in Atlantic cod has been increasing,
particularly in terms of their response to immune stimulation (Rise et al., 2008; Hori et
al., 2012), but these genes were still largely uncharacterized prior to the current research.
cDNA libraries generated as part of the Atlantic Cod Genomics and Broodstock
Development Project (CGP, http://codgene.ca; Bowman et al., 2011) provided EST
evidence for cod orthologues of Irfl, Irf4, Irf7, 1rf8 and I1rf10, but as previously
mentioned, only Irfl had been characterized at the cDNA and hypothetical amino acid
level in this species prior to the current study (Feng et al., 2009). Irf1, Irf7, and 1rf10 had
been shown to respond to stimulation with viral mimic poly(l:C) with increased
transcription (Rise et al., 2008), and interestingly this response was seen to be modulated
by temperature change (Hori et al., 2012). Irfl, Irf4 and Irf7 have also been shown to

respond to nervous necrosis virus infection in the brain, based on microarray analysis
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(Krasnov et al., 2013). Investigation of developmental transcript expression of Irfl and
Irf7 has also indicated a possible stage-specific function for these genes during

embryogenesis (Rise et al., 2012).

To further our knowledge of the molecular immunology of teleost fish, the goals
of this research have been to characterize several Atlantic cod IRF genes (specifically
Irf4, 1rf7, 1rf8, and 1rf10) at the cDNA and hypothetical amino acid levels, and
investigate the mRNA expression of these genes throughout embryonic development, in
adult tissues, and in response to viral and bacterial stimulation and temperature change. A
better understanding of how these genes are expressed should help in the determination of
possible novel roles of IRF family members, for example during early development.
Bioinformatics analysis and molecular techniques such as rapid amplification of cDNA
ends (RACE), reverse transcription - polymerase chain reaction (RT-PCR) and
quantitative real-time PCR (QPCR) were used to carry out these objectives, while
phylogenetic analyses were also used to compare the evolutionary history of this gene

family in Atlantic cod and other teleost fish species.
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2. Methods

2.1 cDNA characterization of selected cod IRF paralogues

2.1.1 Database mining and RACE

A simplified schematic outlining the steps taken for cONA characterization is
shown in Figure 2. Briefly, bioinformatics tools and genomics resources [BLASTn and
tBLASTnN searches of dbEST using Danio rerio IRF (protein and cDNA) sequences;
collection of predicted Atlantic cod cDNA sequences from Ensembl database
(www.ensembl.org); search of the CGP database (www.codgene.ca) for Atlantic cod IRF-
like sequences] were used to compile partial nucleotide sequences for all cod IRF
paralogues. EST evidence for Irf4, Irf7, Irf8 and 1rf10 was used to design paralogue-
specific RACE primers. Since cod Irf4, Irf7 and Irf10 had previously been subjected to
transcript expression analyses (Rise et al., 2008; 2012; Hori et al., 2012; Krasnov et al.,
2013), and Irf8 is part of the same sub-family as Irf4/10 (IRF4-G) and is known to have
important roles in other species (see Table 1), these four paralogues were chosen for the
main focus of this research. Partial predicted sequences were also available in the
Ensembl database (www.ensembl.org) for cod Irf2, Irf3, 1rf5, 1rf6, and 1rf9, although EST
evidence for these genes was not found in dbEST. In continuation of the current research,
these predicted sequences may be used to carry out RACE and TA cloning/sequencing of

the remaining potential Atlantic cod IRF paralogues.

To obtain cDNA to be used in RACE, column-purified RNA was pooled using 5

ng from each of 10 spleen samples from fish injected with poly(I:C) [sampled at 24 hours
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IRF-like contigs/ESTs from cod 20K
array (Atlantic Cod Genomics and
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partial cDNA sequences
(clustalW; BLAST pairwise
alignments)
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Design gene-specific
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F3- IRF4-G

IRF4 subfamily for

further study IRF4"~ IRF8

/AN

IRF9 “IRF10
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Rapid amplification of
cDNA ends (RACE) to
amplify unknown
sequence in 5’ and 3’
directions.

Figure 2: Steps taken to identify cod IRF paralogues and choose targets for cONA

characterization.
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post injection (HPI), 5 at 10°C and 5 at 16°C]. Experimental setup and sampling
procedure (Hori et al., 2012), and RNA preparation are described in section 2.3.1. Five
ug of pooled RNA was used to prepare RACE-ready cDNA using the GeneRacer Kit
(Invitrogen, Burlington ON), according to the manufacturer’s instructions. PCR
amplification of cDNA ends was carried out in 50 L reactions containing 1 pL (1 U/uL)
Dynazyme polymerase (Thermo Scientific, Ottawa, ON), Dynazyme EXT buffer (1X
final concentration, and either reverse gene specific primer (GSP) and GeneRacer 5’
primer or forward GSP and GeneRacer 3’ primer for 5° RACE and 3’RACE respectively.
Primers used for RACE are listed in Table 3. Touchdown PCR was carried out using an
initial denaturation at 94°C for 2 min followed by 40 cycles of [30s at 94°C; 30 s at 70°C
—>60°C, decreasing 0.3°C per cycle; 2 min at 72°C] and a final extension of 8 min at
72°C. Approximate size of PCR products was verified by electrophoresis on 1%
agarose/tris acetate-EDTA (TAE) buffer gels stained with ethidium bromide, and DNA
bands were excised under UV transillumination using a sterile scalpel blade and purified
using QIAquick Gel Extraction Kit (QIAGEN, Mississauga, ON) according to

manufacturer’s instructions.

2.1.2 TA cloning and sequencing

RACE products were ligated into pPGEM-T Easy vector (Promega, Madison, WI,
USA) in 10 pL reactions containing 5 pL ligation buffer, 50 ng insert DNA, 1 pL vector
and 1 pL ligase (3 U/uL), with incubation at 4°C overnight. Two pL of the ligation
reaction was added to 50 pL Subcloning Efficiency DH5a chemically competent cells

(Invitrogen, Burlington, ON.) and transformations were carried out according to
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Table 3: Primers used for cDNA characterization of cod IRF genes

Primer Name Sequence (5°-3°) Application Predicted
amplicon size

IRF4-gsp-fwd* GATGGGTCACGACGGCCTGTAT 3’RACE N/A

IRF4-gsp-rev* ACACATGCAGGCGAAGGTCAGAA 5’RACE

IRF7-gsp-fwd CGGAATATGTCGTCAACATGTGCT 3’RACE N/A

IRF7-gsp-rev CGTGGCCTCGTTGCCGTAGTG 5’RACE

IRF8-gsp-fwd CATGACCTCGGCAACGCCAAGA 3’RACE N/A

IRF8-gsp-rev CTGCATGGTGTCGGAGCTGTAG 5’RACE

IRF10-gsp-fwd CCGCACACCGAGAAGCCCAATA 3’ RACE N/A

IRF10-gsp-rev GCACGCAGCCCTGCAGGATGA 5’RACE

IRF4a-gsp-fwd TCCATCCTACCCTGCCCTTCAC 3’RACE N/A

IRF4a-gsp-rev AGGAAGGCCTGCTCCGGGTAG 5’RACE

IRF4b-gsp-fwd GGCTTTCGTCATGAGAAGACACA 3’ RACE N/A

IRF4b-gsp-rev GTATGTGTGCGTACGTGTGAGTG 5’RACE

IRF10b-gsp-fwd | CGAGTCTGACCAGAGAGCAGGT 3’RACE N/A

IRF10b-gsp-rev CGTCTGATCAGACTCTGAGGAAG 5’RACE

IRF4b-orf-fwd TGACGGACAGATGAACCTCGAA ORF-PCR 1441 bp

IRF4b-orf-rev AGCTCAACCAATCGGGATTTCA ORF-PCR

IRF4a-orf-fwd ACTTTGCCCAATCTCGTGGTGT ORF-PCR 628 bp

IRF4a-orf-rev GTGTGTGAACGCCTTGGAAAGA ORF-PCR

IRF7-orf-fwd GGGACGACACAACGAGGTACAC ORF-PCR 1577 bp

IRF7-orf-rev AAAACCACGTCCCCACTACCAA ORF-PCR

IRF8-orf-rev GAGCTTAAAGCCCGGAGCTCAT ORF-PCR 1287 bp

IRF8-orf-fwd AAGATGTCGAACACGGGAGGAC ORF-PCR

IRF10a-orf-fwd” | CATGAGGCGGCCTATTTGARAG ORF-PCR 1423 bp

IRF10a-orf-rev. | CACAGAACTGTCAACTGCCAAG ORF-PCR

IRF10b-orf-fwd” | TGCGCTGATGTTATGGACCTTG ORF-PCR 651 bp

IRF10b-orf-rev” | GAGACTGTGGGAGACTGGCGTA ORF-PCR

*RACE products from this primer set were not used in final sequence assemblies, based
on evidence of two paralogues; RACE was repeated using “IRF4a” and “IRF4b” primer
sets.

**|rf10a and 1rf10b were renamed Irf10-v1 (splice variant 1) and 1rf10-v2 (splice variant
2) respectively later in the study.

ORF = open reading frame; gsp = gene-specific primer.
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manufacturer’s instructions. Colonies containing inserts were obtained by blue/white
selection on LB agar/carbenicillin (50 pg/mL) plates containing 40 puL of 40 mg/mL X-
gal (Sigma, Oakville, ON), and then grown overnight at 37°C in liquid LB media
containing 50 pL/mL carbenicillin. The presence of inserts was confirmed by digestion
with EcoRlI (Invitrogen) followed by electrophoresis on a 1% agarose gel, and DNA was
then isolated using the QlAprep Spin Miniprep Kit (QIAGEN), following the
manufacturer’s instructions. For each RACE product, DNA from four colonies was
sequenced in both directions using M13F and M13R primers. Sequencing was carried out
by staff at the GaP (Genomics and Proteomics) facility, CREAIT network, Memorial
University. Briefly, insert DNA was amplified and purified using the BigDye Terminator
v3.1 Cycle Sequencing Kit and BigDye XTerminator Purification Kit (Applied
Biosystems), following the manufacturer's instructions. Sequencing reactions were
processed by capillary electrophoresis using the Applied Biosystems 3730 DNA
Analyzer. Sequence data was compiled and analyzed using Lasergene SeqMan Pro
software V. 7.1.0 (DNASTAR, Inc., Madison, WI). Amino acid sequences for each
paralogue were predicted based on cDNA sequence using the EXPASY Translate tool (see

Web References).

2.1.3 Paralogue and splice variant discovery

Since assembly of 1rf4 RACE sequences indicated three different contiguous
sequences (contigs), further analysis of all 1rf4-like ESTs was carried out. Based on
BLAST analysis, one set of ESTs (GenBank accession numbers ES784419 and

ES785894) was found to be more similar to 1rf10, and was named 1rf10b (with 1rf10
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above renamed as Irf10a). The remaining Irf4-like ESTs were predicted, based on
nucleotide sequence comparison, to represent two paralogues, which were named Irf4a
and Irf4b (Appendix 1). New GSPs were designed based on the aligned ESTSs, in regions
of relatively low similarity between the two paralogues. New primers were also designed
to isolate 1rf10b, in a region with relatively low similarity to 1rf10a, and RACE, TA-
cloning, and sequencing were carried out as above. Although the sequences named Irfl0a
and Irf10b were initially thought to be paralogues, they were later determined to be splice

variants and re-named (see below).

As the 5° and 3° RACE products for each IRF paralogue had very little overlap,
PCR amplification, cloning and sequencing of the open reading frames (ORFs) of all 6
paralogues were carried out, with paralogue-specific PCR primers placed 20 to 50 bp
before the start codon and after the stop codon. PCR was carried out using cONA
corresponding to 25 ng or 50 ng input RNA in 50 pL reactions containing primers at a
final concentration of 2.5 pM. Cycling conditions were a 3 min denaturation step at 94°C
followed by 30 cycles of [30s at 94°; 30s at 60°C; 2 min at 72°C] and 10 min at 72°C. All
cloning and sequencing steps were carried out as above, except that insert DNA from
only one colony was sequenced 6x for each gene. Sequences were assembled using
Lasergene SeqMan Pro software (DNASTAR, Inc.), and consensus sequences were used
to search the NCBI non redundant (nr) protein database (BLASTXx search), to confirm

similarity to putative orthologous IRF sequences in other species.
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2.1.4 1rf10 genomic DNA sequencing

Based on sequence assembly and mapping to the predicted cod Irf10 genomic
region (available online from the Ensembl database), the 1rf10a and Irf10b sequences
were predicted to be a short and long splice variant of the same gene. To confirm this, the
complete 1rf10 genomic region was cloned and sequenced. Genomic DNA was extracted
from one spleen and one head kidney sample [fish injected with phosphate buffered
saline (PBS) as part of the immune stimulation experiment described below (section
2.3.1)], using the DNeasy blood and tissue kit (QIAGEN) according to the
manufacturer’s instructions. Primers were designed in the 5” untranslated region (UTR)
(“IRF10-genomic-fwd1”) and 3° UTR (“IRF10-genomic-rev1”) of IRF10a to cover most
of the predicted genomic region, and PCR was carried out using the Advantage 2
Polymerase kit (Clontech) using approximately 100 ng genomic DNA per reaction,
following the manufacturer’s instructions. The PCR program consisted of an initial
denaturation at 94°C for 1 min followed by 35 cycles of (30 s at 94°C; 4 min at 68°C)
and a final extension of 4 min at 68°C. The product was electrophoretically separated on
a 1% agarose/TAE gel, to confirm the presence of a product approximately 4 kb in size.
Additional primers were designed to amplify and sequence the complete region in 5 parts
of 800 to 1000 bp each (Table 4). PCR was carried out for each part as above, with an
extension time of 1 min instead of 4 min. The PCR products were purified using
QIAGEN MinElute PCR purification kit following the manufacturer’s protocol, and
sequenced using the same primers (carried out by staff at GaP facility, Memorial

University, as above). Products were also electrophoretically separated on a 1%
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Table 4: Primers used in cod Irf10 genomic region sequencing

Primer name Sequence 5°-3’
IRF10-genomic-fwdl ACCTGAACCAGCTGGACATC
IRF10-genomic-revl TCGCTGGCATGTAGAAAGTC
IRF10 pl1 fwd TGCGCTGATGTTATGGACCTTG
IRF10 pl rev CGAGATGTCCAGCTGGTTCAG
IRF10 _p2_fwd ACAAGGTGGGCAGCGACAAGGA
IRF10 p2 revl TTTGTGGTTCGGCCTCTGTGTAT
IRF10 p3 fwd GCATCGAGATCCATTTCCTCTAC
IRF10 p3 rev GTGTCACCTGATATGGCCAGAGT
IRF10_p4_fwd GTGCTGCTTCAGGTGCTTTGTG
IRF10 p4 rev CTCTCCAGTTTATTGGGCTTCTC
IRF10_p5 fwd CAGCCCAGAAGGGTGCTTCATC
IRF10 p5 revl CGTACTTGATTATTGTTCCAGTGC

agarose/TAE gel alongside 1 kb Plus DNA Ladder (Invitrogen) to confirm the correct

approximate size.

2.1.5 Phylogenetic analysis

Homologous IRF protein sequences from other teleost species (zebrafish, Atlantic
salmon, Japanese flounder, grass carp, rock bream) were collected from the NCBI non
redundant (nr) protein database using the BLASTx alignment search tool and Atlantic
cod Irf transcripts as queries. Predicted IRF amino acid sequences were aligned with the
ClustalW function of MEGADS software (Tamura et al., 2011). Based on the multiple
sequence alignment, a phylogenetic tree was constructed using the neighbour-joining
method in MEGADS, where the bootstrap consensus tree was constructed from 5000
replicates. A second multiple sequence alignment and phylogenetic tree were constructed
with all sequences trimmed to the length of the shortest orthologue [Atlantic cod IRF4a

(144 AA)] to remove technical bias.
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2.2 RT-PCR expression analysis in juvenile cod tissues

2.2.1 Sampling and RNA extraction

All procedures involving sampling of embryonic, larval or juvenile cod were
conducted with approval of Memorial University’s Institutional Animal Care Committee,
following the guidelines of the Canadian Council on Animal Care (protocol no. 10-02-
MR). In this experiment, two juvenile Atlantic cod were individually removed from a
10°C tank and quickly euthanized by a lethal dose of tricaine methanesulphonate (TMS;
400 mg/L; Syndel Laboratories, Qualicum Beach, BC). Tissues (blood, brain, eye, gill,
head kidney, heart, hindgut, liver, midgut, posterior kidney, pyloric caecum, skeletal
muscle, skin, spleen, stomach) were collected by team dissection, placed in 1.5 mL
microcentrifuge tubes and immediately flash frozen in liquid nitrogen before storage at -
80°C. Separate instruments were used to collect each tissue, and all instruments were

cleaned with RNAse Away (Sigma) between dissections.

To extract total RNA, each frozen sample was transferred to a 2 mL tube
containing a 5 mm stainless steel bead and 400 puLL TRIzol (Invitrogen) and homogenized
by high speed agitation (TissueLyser 1l, QIAGEN). Further homogenization using
QIAshredder (QIAGEN) columns and TRIzol extraction of RNA were performed
following manufacturers’ methods. RNA was treated with DNasel (RNase Free DNase
Set, QIAGEN) and column-purified using the RNeasy MinElute Cleanup Kit (Invitrogen)
following the manufacturer’s instructions. RNA quality (A260/280 and A260/230) and
concentration were assessed by Nanodrop (ThermoFisher, Mississauga, Ont.)

spectrophotometry for both crude and purified RNA, and RNA integrity was assessed by
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agarose gel electrophoresis. Samples with A260/280 or A260/230 ratios of less than 1.8
were re-cleaned or omitted. One ug of each clean RNA sample was used for cDNA
synthesis in 20 pL reactions containing M-MLV (Moloney Murine Leukemia Virus)
Reverse Transcriptase (200 U, Invitrogen), random primers (250 ng, Invitrogen) with the
manufacturer’s first strand buffer and DTT (10 mM final concentration), carried out at
37°C for 50 min. cDNA was diluted 10x to 200 uL with nuclease free water (Life

Technologies) and stored at -20°C.

2.2.2RT-PCR

PCR was carried out using TopTaq DNA polymerase (QIAGEN) in 25 uL
reactions containing 2 uL. cDNA (corresponding to 10 ng input RNA). The same
paralogue-specific primers designed for QPCR (see below) were used for RT-PCR, at a
final concentration of 2.5 uM. Table 5 lists primer sequences and amplicon sizes. For
each primer set, a no-template control containing all reaction components except cDNA
was also run. Cycling conditions were a 3 min denaturation step at 94°C followed by 30
cycles of [30 s at 94°C; 30 s at 60°C; 1 min at 72°C] and 10 min at 72°C. PCR products
were electrophoretically separated on 1.7% agarose/TAE gels (stained with ethidium
bromide) alongside 1 Kb Plus DNA Ladder (Invitrogen) for 75 min at 95 V, after testing
several combinations of gel percentage, running time and voltage to produce optimal
resolution. EF1-a (elongation factor 1 o) was used as a control, as it showed similar

transcript expression in all tissues studied.
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2.3 QPCR expression analysis: response to immune stimulation and increased

temperature in spleen

2.3.1 Experimental setup and sampling

Atlantic cod spleen samples used in this experiment were collected as part of a
previous study, as described in Hori et al., (2012; 2013). Briefly, Atlantic cod from 10
different families belonging to the Atlantic Cod Genomics and Broodstock Development
Project (CGP) year class 3 (~60 g) were kept in 500 L tanks, four of which were held at

10°C and four of which were gradually increased over 1 month to 16°C. After

Table 5: Paralogue-specific primers used in RT-PCR and OPCR experiments

Primer name Sequence 5°-3° Amplicon size® | % Efficiency”
cod-efla-fwd CCCTCCAGGACGTCTACAAG 150 bp 89.91
cod-efla-rev GAGACTCGTGGTGCATCTCA

arp-1-fwd TCTGAAGCTAAGGCCCTCAA 141 bp N/A (only used
arp-1-rev ATCGTCGTGGAGGATCAGAG in RT-PCR)
IRF4a-gpcr-fwd TGTACCGTATCATCCCAGAGG | 111 bp 100.58
IRF4a-gpcr-rev AGTGGGGTATCTGGCTGTGA

IRF4b-gpcr-fwd TGGACATCACCGAACCCTAC 106 bp 92.25
IRF4b-gpcr-rev CATGACGAAAGCCATCTGAA

IRF10a-gpcr-fwd CCGAGAAGCCCAATAAACTG 143 bp 97.74
IRF10a-gpcr-rev ATACTCCTCGCCAAAGCAGA

IRF10b-gpcr-fwd GGTCCAACGCAGTAACGATT 134 bp 98.62
IRF10b-gpcr-rev ACTGTGGGAGACTGGCGTAT

IRF7-gpcr-fwd CATGTGCTTTGGGGAGAAGT 152 bp 93.51
IRF7-gpcr-rev TCTGTAGGCTGACGTTGGTG

IRF8-gpcr-fwd TCGGGGAGGAACTACATGAC 158 bp 91.83
IRF8-gpcr-rev GGCCATCTCGTCTGACATCT

Forward and reverse primers were placed in adjacent predicted exons so that the amplicon would

span an intron, allowing for detection of genomic DNA contamination.

2 Percent amplification efficiency (as in Pfaffl, 2001) calculated as the average of two standard

curves (see section 2.3.2 for detailed primer quality testing methods).
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acclimation for 1 week, fish were intraperitoneally (IP) injected with one of the
following: poly(l:C) (Sigma Co, St. Louis, MO) in sterile phosphate-buffered saline
(PBS); formalin-killed, typical A. salmonicida (ASAL) in PBS; or PBS alone (see Hori
al., 2012; 2013 for further details). As stated in Hori et al., (2013), ASAL (Furogen dip
vaccine, Novartis, PE) was pelleted by centrifugation (2000x g for 10 min at 4 °C) and
washed with ice-cold, 0.2 um filtered PBS three times; following the third wash, the
pelleted cell debris was resuspended in ice-cold PBS to an optical density of 1.0 at 600
nm wavelength (OD600). Fish were injected with 4 uL of ASAL solution per gram of
wet mass solution. Poly(l:C) injections contained 2 pg of poly(l:C) g™ wet mass, 0.5 pg
uL " in ice-cold 0.2 um-filtered PBS (Hori et al., 2012). Sampling was carried out at 6
and 24 hours post-injection (HPI), using aseptic techniques as described above, and
samples were stored at -80°C. Figure 3 (modified from Hori et al., 2012) shows the
experimental design used. For the current research, previously extracted total RNA was
treated with DNasel (RNase Free DNase Set, QIAGEN) and column-purified using the
RNeasy MinElute Cleanup Kit (Invitrogen) following the manufacturer’s instructions.
RNA quality was determined by agarose gel electrophoresis and Nanodrop
spectrophotometry, and cDNA was prepared using M-MLV reverse transcriptase as

above.
2.3.2 Primer quality testing

Paralogue-specific primers (Table 4) were designed using Primer3 software (see
Web References), with forward and reverse primers placed in adjacent predicted exons.

The amplicon produced from each primer set would therefore include the position of an

et
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Figure 3: Overview of immune response and temperature increase experimental setup.
(Modified from Hori et al., 2012.) Polyriboinosinic polyribocytidylic acid, elsewhere

abbreviated as poly(l:C), is abbreviated as pIC for space in this figure.
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intron, allowing for the detection of genomic DNA contamination. All primer pairs were
quality tested using pooled cDNA from both the 10°C, 24 h post-injection poly(l:C) and
PBS sampling groups. Where possible, a 5-point, 5-fold dilution standard curve (starting
with cDNA corresponding to 10 ng input RNA) was used to calculate amplification
efficiency as described in Pfaffl (2001) in both poly(1:C) and PBS pools, with final
amplification efficiency reported as the average of the two. However, due to low
expression of several transcripts, 4-fold (Irf4a, Irf8) or 3- fold (Irf4b, 1rf10-v2) 5-point
dilution series had to be used for those standard curves. Triplicate reactions were carried
out for all standard curves, controls and experimental samples. Melt curve analysis was
carried out to ensure that a single product was amplified and that no primer-dimers were
present. EF' 1o was confirmed as a suitable normalizer by testing in approximately one
third of the experimental samples, including all time points and treatments. The range of
threshold cycle (Cy) values for EF1a was 1.7 cycles, indicating a similar level of

expression in the included samples.

2.3.3 QPCR analysis

All QPCR analyses were performed using SYBR Green chemistry and the ViiA7
Real Time PCR System (Applied Biosystems, Foster City, CA, USA). PCR amplification
was carried out in 13 pL reactions containing 6.5 pL. Power SYBR Green master mix
(Applied Biosystems), 0.52 uL each of forward and reverse primers (50 nM final
concentration), 3.46 pL nuclease-free water and 2 uL. cDNA (corresponding to 10 ng
input RNA). All samples were run as triplicate technical replicates, and no-template

controls were included for each primer set in each plate. A linker sample of cDNA made
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from pooled PBS-injected (10°C, 24 HPI) samples was run on each plate; all linker Ct
values were within 1 cycle. To confirm the absence of any genomic DNA, a no reverse
transcription (no-RT) control was also included in which a cDNA synthesis reaction
using the linker RNA pool was carried out with all components except reverse
transcriptase. The reaction product was run in triplicate (2 uL as with cDNA samples),

and no amplification was observed in the no-RT control.

Gene of interest expression was normalized to EF1a expression, and relative
quantities (RQ) were calculated with the Applied Biosystems ViiA7 Software Relative
Quantification Study Application using the Pfaffl method (Pfaffl, 2001) and automatic
thresholds, incorporating calculated amplification efficiencies. The lowest expressing
sample for each gene of interest was set as the calibrator (RQ set as 1.0) for analysis of
that gene. RQ values were analyzed statistically and plotted using Prism v5.0 (GraphPad
Software Inc., La Jolla, CA, USA). A two-way ANOVA with treatment and temperature
as factors was carried out for each time point. If the effect of one factor was statistically
significant (p<0.05), t-tests were performed to compare groups, as described in Hori et

al., (2012).

2.4 RT-PCR expression analysis: developmental expression

2.4.1 Experimental setup and sampling

Adult (broodstock) Atlantic cod involved in this study were handled by the staff
of the Dr. Joe Brown Aquatic Research Building (JBARB) at the Ocean Sciences Centre

of Memorial University. Broodstock were wild fish caught in Smith Sound,
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Newfoundland. After communal spawning, fertilized eggs were collected in 3 batches
and ozonated at 1.5-2 ppm for 1.5 min and placed in three 250 L incubators with air
stones. Temperature was recorded daily and maintained at 5-7 °C for the duration of
sampling, and non-buoyant dead embryos and/or shells from hatched larvae were

removed daily by draining from the bottom of each incubator before sampling.

Sampling was carried out from 0 to 17 days post-fertilization (dpf). Each day, the
air stone was removed to allow embryos to float to the top of the incubator, and a mesh
screen was used to collect a small number of embryos. For each incubator, ~250 L of
embryos were placed in a 1.5 mL RNase-free microcentrifuge tube containing 1 mL RNA
Later (Life Technologies) and stored at 4°C overnight. Samples were divided into groups
of 30 embryos the following day using a sterile spatula (after removing liquid) and then
stored at -80°C. Each day, additional samples of ~250 pL embryos were collected from
each incubator, flash frozen in liquid nitrogen and stored at -80°C for use in future work.
Embryos were also observed under a light microscope to estimate developmental stage,

and pictures were taken of representative samples for each day.

242 RT-PCR

RNA extraction of two complete sets of samples (0 dpf to 17 dpf, from two
different incubators) was carried out by homogenization in ~600 pL TRIzol (Invitrogen)
using a motorized Kontes RNase-Free Pellet Pestle Grinder (Kimble Chase, Vineland,
NJ) and sterile plastic pestles. Samples were immediately transferred to QlAshredders
and RNA extraction, cleaning, quality checking, and cDNA synthesis were carried out as

described above for the tissue panel RT-PCR (section 2.2). For PCR, an acidic ribosomal
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protein (arp) transcript was used as a control / housekeeping gene instead of ef/a based
on its evaluation in a previous study (Lanes et al., 2012) and on preliminary QPCR data
(not shown) which suggested it was more stable than ef7« in the included
embryonic/larval samples. QPCR was not completed due to very low constitutive
expression of IRF transcripts in the early life stage samples. Instead, RT-PCR only was
carried out, using TopTaq DNA polymerase kit (QIAGEN) as in the tissue panel study
above (using the same primers, cDNA quantity, etc.), and 12.5 pL of each reaction was
electrophoretically separated on a 1.7% agarose/TAE gel alongside 1 Kb Plus DNA

Ladder (Invitrogen).

3. Results

3.1 Characterization of Irfda, Irfdb, Irf7, 1rf8, 1rf10-v1 and Irf10-v2 cDNA sequences

Primers were designed based on RACE sequence assemblies to amplify the ORF
of each paralogue (from 20 to 100 bp before the start codon to 20 to 100 bp after the stop
codon) to confirm assemblies were correct and to ensure all assemblies contained 6x
coverage of every base. Agarose gel electrophoresis (Figure 4) of the PCR products
shows that bands of the approximate predicted sizes (listed in Table 3) were obtained for

each of the six IRF transcripts.

Assembly of Irf4a sequencing reads (RACE sequences as well as additional ORF
sequencing reads to confirm overlapping region; Appendix 2) produced a 796 bp cDNA

sequence (excluding poly-A tail) (Figure 5). The sequence consists of a 435 bp (144 AA)
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Figure 4: Agarose gel image of PCR amplified IRF open reading frames. Composite of
two 1% agarose gels, each using 1 kb plus ladder (Invitrogen) to determine approximate
band size. Two reactions were run for each gene, starting with 5 pL and 10 pL of cDNA
(corresponding to 25 ng and 50 ng input RNA, respectively) in 50 pL reactions (45 pL of
each reaction was run on the gel). Primer sequences and expected band sizes are indicated
in Table 3. Note that amplicons are longer than the ORF for each gene (spanning from
before the start codon to after the stop codon). Bands matching predicted approximate
sizes for each amplicon are indicated in red, and were excised for TA-cloning and
sequencing. The gel section showing 1 kb plus ladder is replicated for easier estimation of

band sizes.
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Figure 5: Nucleotide sequence of Atlantic cod Irf4a cDNA and inferred amino acid
translation. Nucleotide sequence is numbered on the left, while the predicted amino acid
sequence is numbered on the right. The open reading frame is shown in upper case letters
while 5” and 3’ untranslated regions are in lower case letters. Nucleotide sequence of the
DNA binding domain is shaded in grey. Locations of predicted introns are indicated
based on Ensembl predicted transcript ENSGMOTO00000005509. The stop codon is
marked with an asterisk (*). Arrows indicate position of gene-specific primers used in
QPCR. A possible polyadenylation signal (GTTAAA; MacDonald and Redondo, 2002) is
bolded.
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1 atcctggttgcgaacttgattgagaataagttgaaaatgeocttgagggtctttgattatttteogaggtcaa
71 atcocgttccataacattttotgttaagotgatgtaaaacttotgatactttecatettactttgoccaate

141 tcgtggtgtttgaacaga
M H F E E D V N L &8 V 8 C G N G K
211
L R Q WL I D g I D 8 K &8 Y L 6L V WEW NV E
281

K 8 I FR I P W KHAOGI K DY NRUDET DA AW&ATL

pradicted intron 1

3s1 _

F KA W A L F KD K Y K E @ VvV D K P D P P T W

K T R L R C A L N K S NDFDEULWVUDUZERZE Q L

pradictad inktrom 2

481 _ATCCCCGMGGGGTCM CAAGCCCATCAATAA

D I T E P ¥ K V ¥ R I I P E G V K R K P I N K

561 hGTGTCTGCM?TTCHGHTGGCTTTCGTCHTGﬁgaagacacatttattgtacagatgtgcagacttccc
v 8 A F R W L &8 8 «

£31 tgattgegtgeoagttacacacatactoacacactcacacgtacgeacacatacccacacactgoagogtg
701 acaaagcggggcaactoctgtggtcatggttaaatcttteocaaggogttcacacactgacgtgaaaacace
771 catagagacacacgcgaacactttaca

17
40

(1]

87

110

134

144
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OREF, a 159 bp 5’ untranslated region (UTR), and a 202 bp 3’-UTR. The most common
polyadenylation signal (AAUAAA, located 10 to 30 nt upstream of the polyadenylation
site; see Colgan and Manley, 1997 for review) is not present in the 3’-UTR; instead the
sequence GUUAAA may act as the polyadenylation signal for this transcript. This
hexamer has previously been identified as a potential polyadenylation signal in mouse
germ cells (MacDonald and Redondo, 2002). Assembly of sequencing reads for the
longer Irf4 paralogue (Irf4b) produced a 1,685 bp cDNA sequence (excluding poly-A
tail) (Figure 6; Appendix 3). The cDNA consists of a 1,347 bp (448 AA) ORF, a 171 bp
5°-UTR, and a 167 bp 3°-UTR). A possible polyadenylation signal (ACUAAA) was

identified 25 nt upstream of the poly-A tail.

Irf7 sequencing reads were assembled to produce a 2,037 bp cDNA sequence
consisting of a 1,326 bp (441 AA) ORF, a 36 bp 5’-UTR and a 675 bp 3’-UTR
containing an AUUAAA polyadenylation signal (Figure 7; Appendix 4). Assembly of
Irf8 sequencing reads produced a 1,827 bp cDNA sequence consisting of a 1,266 bp (421
AA) ORF, a 99 bp 5’-UTR, and a 461 bp 3’-UTR containing the polyadenylation signal

AAUAAA (Figure 8; Appendix 5).

Irf10-v1 (splice variant 1) RACE and ORF PCR sequencing reads were assembled
to produce a 1,721 bp cDNA sequence consisting of a 1,191 bp (396 AA) ORF, a 106 bp
5’-UTR and a 417 bp 3’-UTR containing a possible AGUAAA polyadenylation signal
(Figure 9; Appendix 6). The Irf10-v2 cDNA is much shorter (1,171 bp), with an ORF of
only 381 bp (126 AA), a 128 bp 5’-UTR, and a 663 bp 3’-UTR containing a possible

AAUAAA polyadenylation signal [although it should be noted that this hexamer is
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Figure 6: Nucleotide sequence of Atlantic cod Irf4b cDNA and inferred amino acid
translation. Nucleotide sequence is numbered on the left, while the predicted amino acid
sequence is numbered on the right. The open reading frame is shown in upper case letters
while 5” and 3’ untranslated regions are in lower case letters. Nucleotide sequence of the
DNA binding domain is shaded in grey. Locations of predicted introns are indicated
based on Ensembl predicted transcript ENSGMOTO00000018695. The stop codon is
indicated by an asterisk (*). Arrows indicate position of gene-specific primers used in
QPCR. A possible polyadenylation signal (ACTAAA; MacDonald and Redondo, 2002) is
indicated in bold.
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1 ctggtgtcgaatttcggaagttttttggtaacttatttttgttgaaagtaaaatcatttattgtgtttga
71 cagtgtagagcattaacattggaattgattgctcgattaagaaataaacaaaataaatataacaacagaa

141 aggttcttctgggaactttactgacggacagATGAACCTCGAAGCGGATTACACAGCGACGGGGAGCAGE
M N L E A D Y T A T G s s
G N 6 K L R Q W UIL I D Q VD S 66 T Y P G L I W
281 AGAACGACGAGAAGAGCATCTTCAGGATACCATGGAAACACGCGGGGAAGCAGGACTATAACAGAGATGA
END E K 8 I F ‘R I: P W K B A 6 'K Q D X N R DB
predicted intron 1

351 GGAGGGCGCGC-_'J:TTTCAA!%WGGGCAQTGT'TTAAGGGCAAGTTTCGGGAGGGTATCGACAMGGGGAC
D AALTFKAWATLTFIKGI KT FRETGTIUDIKAD

421 CCGCCGACCTGGAAGACGCGCTTACGTTGCGCGCTGAATARARGTAATGATTTCGAAGAGCTGGTGGACC
P PTWIEXKTM®RILRGCALNIKTSNDTFETETLUVD

predicted intron 2

401 GBAGGCAA_CTGGACATC?QGGAGQQTIACAAAGTGTACGGTATCATCCCAGAQGGCGACAAGAGAI;%ACC
R 8§ 9 L DI §D P YKV Y RJIIPEBEGGDXRTR P
561 CAGACAGGAGGACAGTCCTTTGAGTCCATTGAGCTATCCATCCTACCCTGCCCTTCACAGCCAGATACCC
R Q ED S P L S PILS Y P S Y PAILHEH SO QTI?P
631 SACTGCATGCCTAATCCAGAGAGTGGCTGGAGAGAATTCTACCCGGAGCAGGCCTTCCTTCCAGAGCTCC

H CMZPNUPESGW®RETFTYU?PEG QA ATFTLTZPEL
701 ACATCCCACAATGTTCCTACCCCCCTCACCCATGGCAGGGCCCCCCCATAGAGAACGCATACCAGATCAA
H I PQCSZYUPZPUHZPWOGT?PU?PTIENA ATYOQTIHZK
771 GGGCTCCTTTTACTCGTACACGCATGCTGACGTACAGCCCTCCGCCTTCACCCTTGACCCCGGCATGAGA
G S F Y S YTHADTVOGQEPSATFTTULDTZPGMR

predicted intron 3

841 CCAGCAGACCCTCTTTCT%CCTTCGCCTGCATGTGTCCGTGTTCTCCCGGGACGCTCTCGTGAGGGAGG
P A D P L S L R L HV S V F S RDAULV R E
911 TGACCATCTCCAACCCAAAGGGCTGTCATCTGATCCCCTGGGCCCTGGAGGARAAGGCCTACGTTTCCCC
v 2 X 8 N P K @G CHL I P WAL E B K A ¥ VvV 8 P
981 AGGGGCCCCGGACCTGGTTCCCCTGCCCCCGGAGGGCCTGACGCTCCAGAGGATGGCGGGGGAGGAGGGT
G A P D L V P L P P E 6 L T L O R MA G E E G
1051 CCCCCAAGCTCTCTGGCCATGCAGGGCGTGAGGCTGTGGATGACCCCAGAAGGCCTCTACGCCCGGCGGC
P P S S L. A MQ GV RL WMTUPEGTULYATRR
1121 AGTGCCAGGAGAGTGTGTACTGGAAGGAGGGGGTATCCCCTTACAAGGACAAACTCAACGAGATGGAGAG
Q ¢ E 8§ V ¥ W XK B 6V 8 P ¥ KD KL N E M E R

predicted intron 4

1191 AGAGGTCAACTGCAAAGTGCTTGACACCCAGGACTTCCTCACAG&AATCCAAAGTTATGGGCTCCATGGC
E VvV N C XK VL DT QD FIL T I Q S ¥ 6 L H G

1261 CGGCCCATACCTCCTTTCCAGGCCTTGCTGTGTTTTGGGGACGAGTGTGTCGACACAGAGAGACCAAGAA
R P I P PPFP QALLC®© T @¢DEIGCYVDZIZTERD®PR

predicted intron 5

1331 GGAGCCTCACCGTGCAG}TGGAACCCTTGTTTGCAAGGCAGCTGTTTTACTATGCCCAGCAAACCGGCGG
R 8 L TV QV E PL P A RGQIULUPFP Y Y AQQT 6 6
1401 ACACTATTACCGTGGCTACGAGCACCACGGTGTCCCAGAACACATAAGCCCTTTTGAGGACTATCAGCGG
H Y YR ¢ ¥ E H  H GV PFPEHI S P F EDYQ R
1471 GCAATCTCACACCACCATCACCACCACGGCAGTATGATGCAGGAGTGAtcacgaccgatgttggatgcett
A I S H H HHHBG S MM Q E *
1541 ggatggataaaggagcagacacgtttggatgtcactaacatgaaatcccgattggttgagetgcaaaate
1611 ggtgaaactgttggtaacagcgaaatcaacaaacatggaccaaacatcttggactaaaaacagttatgtt

1681 aaatatgtaqn)
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Figure 7: Nucleotide sequence of Atlantic cod Irf7 cDNA and inferred amino acid
translation. Nucleotide sequence is numbered on the left, while the predicted amino acid
sequence is numbered on the right. The open reading frame is shown in upper case letters
while 5’ and 3’ untranslated regions are in lower case letters. Nucleotide sequence of the
DNA binding domain is shaded in grey. Locations of predicted introns are indicated
based on Ensembl predicted transcript ENSGMOTO00000010511. The stop codon is
indicated by an asterisk (*). Arrows indicate position of gene-specific primers used in
QPCR. The polyadenylation signal is indicated in bold.
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predicted introm 2

P s

351 CGAGATCATCAATAGGGAGGCTGCCTACCAGCCTTCGCCCCCGGAGGAGGACATGGTACCTGTGATCTAC
E I I M REMJAA Q¢ 8 P ¥ E E D NV P 'V T Y
421 AGTTCCCCGACGGAGAGCTACCCACCTGGGCATGAGCAGAATATCCTGGAACAACTCATGACCTTGGATT
S S PTE SYUPUPGHEUOQNTITULE U QTLMTTULD
451 TACTGGATGAACCCTGTCAACAAACAGTAGGCGAGCAGTGGGCGGAAAGCTACGGCCAGCAGAGCGCCAT
L. %X DB PCQ QG TV R QW AMES Y6 Q09 8 A I
561 TGGGCTGGGGGTGTACGCCACAAACCAGCAGGCGACGEGGGAGACGATGCACGCCATGCAGACCCAACCA
G L GV Y ATNGQQATGETMHA AMG® QTOQP

predicted imtronm 3
631 CAGCTCCAACCACAGCAGCAGGCGTACTACCCCETCAACCCGCCGCCGGTGCTGGACTCCGGCCTGCAGC
QL Q@ P Q@ Q Q@ Xk ¥Y P ¥ P P PV LD 8 6L Q

701 CCTCCCTCTTTGACCTGGAGATATCGGTGCACTACCGGAAGGTGGAGATGCTGAAGACCCAGGTGTCCTG
P S L FDULETI SV HYIRIKVYVYEMTLIKTAGQV S W
771 GCCCCGCGTCCAGCTGCACTACGGCAACGAGGCCACGGAGCTCCAGGCCCGGCCCATCTGCTTCCCCCCC
2R Y Q & BT @& N EXNYT B QA R P X Q' F B R

predicted intron 4

241 ACOGACRCO@GCGGGACQMCA%TGGAGTMOCMCOGCATCCNAGCAGCATCCAGCGCGGOC
T DTLRUDUHIKUGQV ETFTNURTIILSSTIGQRG

511 TGCTGCTGGAGGTGCGGGAGAGCGGGCTGTACGCCTGCCGGCAGGACCGCTGCCACGTGTTCGCCAGCAC
L L L EV RES GL Y ACUROQDU RUCHEVYVYTFA AIZ ST

951 GGCCGACCCCAGYCAGGCCTCCCCGGACCCCCAGAAGCTGCCCCAGAACACCCTGGTGGAGCTGCTCAGC
ADR 8 QAMSES P DR QR DILIRINTLYVYEL LS

predicted intron 5

1051 TTCGAGAAGTTCGTTAAAGAACTCAAAGAGTTTAAGGAGAACCGAAGGGGATCTCCGGAATATGTCGTCA
r B2 R F YV K L KB ¥ KEN R XK@ 8 P E T VIV

predicted introm 6

1121 ACATGTGCTTTGGGGAGAAGTTCCCTGATGGAAAACCGCTGGAGAAAAAGCTCATTGTTGTT.

N M CF G E K'F PD G K PILEIKIKTELTIVVYVIKVYV
1191 mramcwnmmmhmcmmmmmw

RL OXCR Y Y RERRANQVEGLNS S L D SN
1261 wCTACAGATCTCCCACGACAGCCTCTACGAOCTCATCAGCTCGGCCTPOGGTCTGOOCGGGTCTC
5 L Q k. 8 B D 8- ¥ D 'R T 8'8 A PG L PR'G.S

1331 ARAGTGGCTCCCCAGCTCGTAGGACACTACTAGaccacagacctgtggtccagaacacaaacctagtecag

Q VA PQL YV G H Y *
1401 aataagggacagttcacccatctctcatcttcatatccgtataggcacatatgettectcactetettta
1471 raggecectcttcaaagttataatttatatgacaaagetattgttaattgtacgatgctaatagggtaagt
1541 gtgatttaagttgtggatatagttggtagtggggacgtggttttcatatatatttatgccagaaggette
161l tctgactgttctaagtcactttcagtecttatcacttectaagtcacttctetgtgtttacatacactgtt
1881 gttgtcaaatatgcatctattctcaccatcaaacctgttctattagetggtatttataactaccattett
1751 gagggtatgttatatgtgaccgttgettttttccatgacgcaactaaaatcattecttggttgatgetat
1621 gttgtagtttacacatgcaattttttgtcatgtaatgtaaagcacatttcectgtttgatgacecegtttg
1851 raaataaatcctttttgtgttacatatatatectaactgtgagtaaggaacaaaggaatttacttaaaga
1261 gcccttcgaaatacagtgggagtttaatggtttaaggagettggagtgtttttatttataattaaaaage
2031 tactactagy,

11

35

58

81

105

128

15

175

198

221

245

268

291

s

338

361

385

408

431

441

41



Figure 8: Nucleotide sequence of Atlantic cod Irf8 cDNA and inferred amino acid
translation. Nucleotide sequence is numbered on the left, while the predicted amino acid
sequence is numbered on the right. The open reading frame is shown in upper case letters
while 5” and 3’ untranslated regions are in lower case letters. Nucleotide sequence of the
DNA binding domain is shaded in grey. Locations of predicted introns are indicated
based on Ensembl predicted transcript ENSGMOTO00000004315. The stop codon is
indicated by an asterisk (*). Arrows indicate position of gene-specific primers used in
QPCR. The polyadenylation signal is indicated in bold.
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1 ggacactgacatggactgaaggagtagaaaattccattaaatgaggttaaaggtgtcatctgtcetggage

predicted intron 2

yTCTA TGMGA@MCAGM%TCGGTMCCACAGCGATGGTCACMGCTGGCG
b S ¢ W R BLE R QN OK X B A N F¥F ¥ X NG

predicted intron 3

451 ACATCGCTGACTTAGACT mmcmmm{occrccacmrcncn
D I A D LDC S S A ELUEUEULTI KV A S TDD Y
561 CCCCTCAGCCATCAAGAGAAGCTACTCTCCCCAGGAGGATGGCTTTAACGTCCAAGCCAGCCCTGAGTAC
5 K I KRS Y B P g B @ FM V. @& & RP'E X

predicted intron 4

31 rmurmmrmc{crmccmmmmcmmcmcmm
W S H G S PV SO NN TSP ITEA00ENR
701 ATAGCACGGTGACCTCCCACCCCGAGGGCTGCCECATCTCCCOGGTGCTGCCCCAGCAGCGOGCCGTCGE
R'E 2 Y ZTSES N PR AIGOCRIEFIVEPEGORNATWELA
771 CCGCGGCTACAGCTCCGACACCATECAGAGCGTGCACT TCCCGCCGGCCGACCTCATCGACARCGAGCGS
R G Y $ S DTMGQSVMHKTPPPADTILTITDNTER

241 CAGCGGCAGGTCACCTGCAAGCTGCTGGGCCACCTGGAGAGGGGCGTTCTGGTGCGGGCCAACCGCGAGS
Q R Q VT C KL LGMHULUEURGV VULV RANRE

%11 GCGTCTTCATCAAGAGGCTCTGCCAGAGCCGGGTGTTCTGGAGCGGCCACGGEGAGCACGGOCAACACCA
G V P I K RL CQ S RV F W S G HGEMH G QHMH

981 CGGCCCCGTGACCTGCAAGCTGGAGAGGGACGCCGTGGTGAAGATCTTCGACACGGGCCGCTTCCTGCAC
G R YW 20 KL EBERRBRYE K E DT O RE LR

predicted intron 5

1052 %TQTWCTWCWWRCCMCMC&QWMTW
A L Q L HQE GOQ I PAPDUPTUVTULTCTFGE

predicted intron 6
1121 AACT. AQ&ECMCGCWMTCCMMA{AM&MTW@GW

E L H DL S NAKNIKULTIULWVDZQ T A MNCOQ Q
1151 GCTTCTTGAGGCTGTGAACATGCGEGCTGTCCAGTCTTACAACCACAGCCCTTCTGY. GTCAGAC
L L B AV N R R AV O &8 X N R & P 8V M

1261 GAGATGGCCAGTGACCAGATGGCACGCATCTACCAGGACCTGTGCAGCTACAGCGCCCCCCAGAGGACAG
S D QM A R T X G D L Q'S XS Kk P Qg R =T
1331 ACTGTTACAGGGACAACATGACCATTACCGCATGAgCtCccgggctttaagetcatgaacacactgteteca
D C T R D N X T X T K #

1401 acagagcccggtacattattgetactacggtggttgtggatatacattgttcccatcgtagaaggtacey
1471 ctctttcccccaaactcattgtaattatgatttcatgaggaatttgttctctaagtctgaatgegtttct
1541 ctcatctcatctttgttttgtactgtgttcgtgaaacgcatgtcaaattgacattttactgtaaagaggy
1611 agataattgactatggtcagaatcacatacactttatatttttatatgtttgagtgtagtaaatgtttge
1671 aaaagttgtttattaatctgcaatgaaaccactacagataggttttactatctgtattggctactggega
1751 ttactttctecttattectgttatgtagettitcatgaacttcagaacttcttaataaattctttacaaaa
1221 cttettayy,
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Figure 9: Nucleotide sequence of Atlantic cod Irf10-v1l cDNA and inferred amino acid
translation. Nucleotide sequence is numbered on the left, while the predicted amino acid
sequence is numbered on the right. The open reading frame is shown in upper case letters
while 5” and 3’ untranslated regions are in lower case letters. Nucleotide sequence of the
DNA binding domain is shaded in grey. The stop codon is indicated by an asterisk (*).
Arrows indicate position of gene-specific primers used in QPCR. A possible
polyadenylation signal (AGTAAA, MacDonald and Redondo, 2002) is indicated in bold.
Position of introns is indicated based on mapping to genomic sequence.

44



66

131

196

261

326

39

456

521

586

651

716

781

846

911

976

1041

1106

1171

1236

1301
1366
1431
1496
1561
1626
1691

catqaqchqcctatttqaaaqaaqqcthttaaqtacqcttctaqqtqttattqtqaatqaqct
ttaccaagtcagagaacaggctactatgatgtatttaaaagh ‘

M zvc D 8 _K u H

‘raz.uq:.'nxss‘rfxv?n:"zan
intron 2 (102bp)

GAGCA&éGTCTGATCAGACGTACAGTCGAGTGGTCGTGGTTCAGACTGGATACGCCAGTCTCCCA
R A & D Q % X S R NV V.V g% 6 2 X 8 L P

intron 3 (91bp) intron 4 (970bp)

CAGTCTCAéETTGCTGACCAATGGGAAAGATTTGAAGAAAGGCAAGAAGAAAGTCATGG@ECTTT
O S 0O L A D OWEZRUFEETRUOETESHGA AL

GTGGAGGGAGCACACGTACTGTGGTTCAGAGGATAGCCAGGCTCACAGTCACATCCCTCTGGACC
R ENRYS IC G H XD 8 0 A RS R I: P LD

intron 5 (463bp)

CCAGCCTCCTCAGCCCCACTCTGGCCATATCAGACTTCCGGATGGAGCTGACGCTGTTCTACCGC
28 L L 8 R 2T L AT S P RME L:® LR ¥R
GGGGAGCCGGTGATGGAGCTGACCTCCAGCAGCCCAGAAGGGTGCTTCATCCTGCAGGGCTGCGT
G E PV MEILTS S S PEGCUPFPFTIILUGQGTCUV
GCCGCTGGGGAACGAGAGGATCTACGGGCCCTGCAGCGCTCAGCAGCTCTCCCTGCCCTCCCCGG
P LR B R I TG P C 8 A Q Q L 8 I P 8 P
CCTCGCTGGGCCCCCTGGAGCCCGGCGTGGCCCGGGCCCTGGGTCAGCTCCTGTCCCATCTGGAG
A $ L G P L E P GV ARAL 6 QL L 86 8B L E
AGGGGAGTGCTGCTCTGGGTGGCCCCGGACGGGCTGTTCATCAAGAGGTTCTGCCAGGGCCGTGT
R 6 VL LWV AUPUDGT LT FTII KR RT FUCU QG GT RV
GTACTGGAGTGGGCCCCTGGCCCCGCACACCGAGAAGCCCAATAAACTGGAGAGGGACAGGACCT
Y WS G P L A P HTUEIU KU PNIEKTILEUZRIUDIRT

intron 6 (235bp)
GCAAGCTGCTGGACATGCCCGTATTTGTAAATGAGCTCCAGAACTATATGCAGAGGAARAGGCCCA

C K L L D M PV F VN L QN Y M Q R K G P
CAACCAAACTATGAGATTGATCICTGCTTTGGCGAGGAGTATCCCGACGCTAAAGTTTCCAAAAC
Q RN X B I D C P G B E Y PDAXKYV S K T

intron 7 (175bp)

GATGAAGCTGATAACAGTTCATGiEGTGCCCCTGTTTGCCATGGAACTGTTGCAGCGATTCCAGC
X L I-Z2Z VRE YV P L P & BEL L QR ¥ QO
TAGAGCGGGTCGAGGCAGAACCGGACGT TCACACTCCCAAAGAAGCCAAGGATGAGATGTAAGYY

L E RV E A E PDV HT P KEAMIKDUZEMAMNNT®
gccagttatccaactagatgtaagcettcacaagttcgcaactactctccaaggagatecttgatg
tattcctaataacccaagtataacgtgacagttatacttggcagttgacagttectgtgtaaaaga
cagaatcaaataactgaggtctgtttgatattagatttatggttgettgetctaatgtaaageag
tagtgattctaatgtgtgtataatttatatttagagactttctacatgccagcgatacaatatta
acaacattcttttcatgttatatttaatcttctgagtaaagttattttgagttaagtgtgtttaa
tgttcttagtctacttatgaattgtaataatttatgcagttcaatgcactggaacaataatcaag
tacgaaaaataaaatcacaccacca s
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268

290

311

333

355

376
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further upstream (110 bp from the poly-A tail) than a usual polyadenylation signal]
(Figure 10; Appendix 7). Alignment of both 1rf10 sequences and comparison with the
predicted cod Irf10 genomic region obtained from the Ensembl database indicated they

were likely alternate splice variants rather than different paralogues.

Sequencing and assembly of the cod 1rf10 genomic region produced a 3,828 bp
consensus sequence which was aligned with Irf10-v1 and Irf10-v2 transcripts to
determine intron positions. The positions of 7 introns, ranging from 91 bp to 970 bp in
length, are indicated for 1rf10-v1 (Figure 9), dividing the transcript into 8 exons. 1rf10-v2,
while identical to Irf10-v1 up to the end of exon 2, appears to retain intron 2 producing a
premature stop codon (Figure 10). The 3’-UTR of the Irf10-v2 transcript appears to
contain exon 3, intron 3, exon 4 and part of intron 4. The putative intron/exon structure of
the cod 1rf10 gene (and the difference between splice variants) based on these sequences

is shown in Figure 11.

For Irfda, Irfdb, 1rf7 and 1rf8 the location and size on introns were estimated
based on comparison to predicted sequences obtained from the Ensembl database (Figure
12). However, because these genomic sequences are not complete, some intron
placements and sizes are still uncertain. It is therefore of interest to sequence the
complete genomic region for each of these paralogues in the future. Interestingly, the
structure of Irf4a appears to be similar to the shorter 1rf10 splice variant (Irf10-v2) and
both are of similar length, encoding putative proteins of 144 and 126 AA respectively.
While Irf4a and Irf4b are paralogues and not splice variants (having approximately 74%

identiy at the amino acid level; see Appendix 8), it is possible that a longer splice variant
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Figure 10: Nucleotide sequence of Atlantic cod Irf10-v2 cDNA and inferred amino acid
translation. Nucleotide sequence is numbered on the left, while the predicted amino acid
sequence is numbered on the right. The open reading frame is shown in upper case letters
while 5” and 3’ untranslated regions are in lower case letters. Nucleotide sequence of the
DNA binding domain is shaded in grey. The stop codon is indicated by an asterisk (*).
Arrows indicate position of gene-specific primers used in QPCR. A possible
polyadenylation signal is indicated in bold. Position of introns is indicated based on

mapping to Irf10-v1 transcript and genomic sequence.
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421

451

5€1

631

771

911
981
1051
1121

tgcgctgatgttatggaccttgcatgaggcggectatttgaaagaagtctegttaagtacgetgetaggt
gttattgtgaatgagctttaccaagtcagagaacaggctactatgatgtatttaaaagATGGAAGGCGAT

M E G D
GGTAAAATGCACCTTARAGAATGGCTCATAGCCCAAGTCGACAGTGARAGGT TCGACGGGTTGCGGTGGG
G KM HL KEWULTIAQVDSETRTFDGTULTRW
AGAACGAAGAGAAGACCATGTTCAGGATCCCCTGGARACATGCAGCTAAGAAGGACTACAGGCAGCAGGA
E NEEKTMT FRTIUPWIEKI EAAIKTI KDY ROOQD

intron 1 (d422bp)

WCWWMWAWTAWGCGAW
DA AL ¥ KA W A VY K GEGE X KV G 8§D K D N
CCCACCATGTGGAAGACGCGCCTGCGCTGTGCACT TAACAAGAGCACAGACTTCCAGGAGGTCCCCCACC
P T MW KTRULIRCALNIKSTUDT FOGQEVPH

intron 2

TGAACCAGCTGGACATCTCGGAGCCCTACAAGGTCTACCGCATCGAGTCTGACCAGAGAGCAGGTAGGCA
L N QL DI SEUPYI KV YYRTITET SDUGQIRANLGRHEH
CCACTTCAGATGGACCTAAcatcaggtccaacgcagtaacgat;gqtcaqtagqttqqthtccttctct
B F RWT *

intron 2 (102bp) (—'—) (exon 3)
ctaccttaaaccttctettectcagagtctgatcagacgtacagtcgagtggtegtggttcagactggat

(exon 32) intron 3 (91bp)

Jcgccagtctcecccacagtctcaggtacataattacagcacagcagcataatgaaactattttatagteat
T~

intron 3 {exon 4)

tatttgattttaatgcactgttattgttgttgttgttatgtaagettgetgaccaatgggaaagatttga

(exon 4) intron 4
agaaaggcaagaagaaagtcatgg;.laggqtaaattttttaagcatatgtcactgttactttgttgttaat
ttttttttgttatacacaagaaaactatgatactgtattatcattgcaagaatttgctttactctgatce
atactcttcaaatagacagacagatagagagacatttagcaaacacactcaaaaagtgatgaacaaaaaq
gaaggtgacggaggaatgaaataatcacttcctgcagaaatcggegtgaaaattetttatatgggttttt
tgtgcgtcaataaatgcaaattcctgtgtattaattttggaaceggtggaattcagecggtttacgeage
atcgagatccatttcctetgettatgttacatagttgtatgagtggtactta s
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74

97
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Figure 11: Schematic representation of predicted intron/exon organization of

Atlantic cod Irf10. Exons are shown as black boxes, with length above (in bp), while
introns are shown as horizontal lines with lengths below (in bp). Noncoding regions of
exons are shown as grey shaded boxes. Drawings are to scale, except where long introns
are depicted as bent lines. The structure of the Irf10-v2 transcript is depicted below,

where the portion of intron 2 which is included in the ORF shown as a white box.
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(IRF10-v1)
171 184 68 51 103 390 121 103
422 102 91 970 463 235 175
IRF10-v2 I:I non-coding portion of exon
transcript
coding portion of exon
171 | 184 . &p
m— jntron
5'UTR 3’UTR

[I retained portion of intron
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Figure 12: Schematic representation of predicted intron/exon organization of

Atlantic cod Irfda, Irfdb, Irf7, Irf8. Exons are shown as black boxes, with length above
(in bp), while introns are shown as horizontal lines with lengths below (in bp). Non-
coding regions of exons (5’ and 3° UTRs) are shown as grey boxes. Drawings are to
scale, except where long introns are depicted as bent lines. Introns whose positions do not
match Ensembl predicted genome sequences and whose length could therefore not be
estimated are marked by “?”. Exons that differ from Ensembl predicted sequences are
marked by an asterisk. Note that Exons 1 and 2 of Irf4a and Irf4b, while identical in
length, are not identical in sequence between the two paralogues (see alignment in Figure
13).

51



198 187 50*
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S'UTR 3'UTR
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of Irf4a (i.e. more similar in length to 1rf4b) is present in Atlantic cod but was not found

in the current study.

Phylogenetic analysis of IRF proteins from several teleost species (including
Atlantic cod IRF amino acid sequences shown in Figures 5-10 and the previously
sequenced cod IRF1) indicates that the cod IRF paralogues sequenced in this study are
orthologous to IRFs from other fish species, and also fit into the sub-groups depicted in
Figure 1. Multiple sequence alignment shows that the DNA binding domain (first 110-
120 AA) of all sequences included are quite similar, with several conserved amino acids
including the multiple Trp residues found in all IRFs (Figure 13). A high degree of
similarity can also be seen in IRF4, 7, 8, and 10 sequences in the IRF association domain
(IAD), which is not shared by IRF1 sequences. In a phylogenetic tree based on the
multiple sequence alignment (Figure 14), all IRF4, IRF8, and IRF10 sequences group
together (IRF4-G sub-group), while the IRF1 and IRF7 proteins form separate branches
(representing IRF1-G and IRF3-G sub-groups, respectively). The teleost fish species used
for comparison belong to several different superorders; Atlantic cod (superorder
Paracanthopterygii) IRF proteins appear to be more similar in sequence overall to those
of flounder (superorder Acanthopterygii) than to zebrafish or carp (superorder

Ostariophysi).

3.2 RT-PCR expression analysis in juvenile Atlantic cod tissues

RT-PCR and agarose gel electrophoresis analysis was used to investigate
constitutive transcript expression of cod IRF paralogues in 15 different tissues of juvenile

Atlantic cod. While 1rf7, 1rf8, and 1rf10-v1 all appeared to be expressed at a moderate
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Figure 13: Multiple sequence alignment of Atlantic cod IRF1, IRF4, IRF7, IRF8, and
IRF10 protein sequences with homologous sequences from other teleost fish species.
Sequences were retrieved from the NCBI non-redundant protein database (see Table 6,
below). Alignment was carried out using the ClustalW algorithm in MEGAS software
(Tamura et al., 2011). Identical amino acids are indicated by asterisks (*); conservative
substitutions are indicated by colons (:). DNA binding domain and IRF-associated
domain are shaded in grey and marked “DBD” and “IAD1” respectively; conserved
tryptophan residues are boxed. The translation of the shorter IRF10 splice variant (1rf10-

v2) was not included in the alignment.
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10 20 30 40 50 60 70
grass carp IRF1  ————---————o MPVSRMRMREWLESRIDSNT IAGLVIWVNKEEKMES I BWKHAARHGWEVDKDACLEKQW
Atlantic cod IRFl ————————--—- MPVARMKMREWLERMIESNKVPGLSWVDKDQKMFAT TWKHAARHGWOVEKDASLEKHW
Japanese flounder IRF1  ------——-——- MPVSRMRMREWLEKMIESNT ISGLTWVDKDQKMES I EWKHAARHGWE LDKDASLEKKHW
rock bream IRF1I ~  —-—————---—— MPVSRMRMREWLEQQIESNS ISGLHWVDKDKTMES I PWKHAARHGWELDKDACLEKQW
Atlantic salmon IRFl ~  ————-——————— MPVSRMRMREWLEEKIESNS I SGLVWVDKDNKIFSVEWKHAARHGWDLNKDACLEFKQW
zebrafish IRF1A ————-———mmo MHQGRLRLREWLEEQIQSGRYPGVQWLDQSARVFQI PWKHAARHGWN I DKDATLERNW
zebrafish IRFIB  ———————————— MPVSRMRMREWLESRIDSNT INGLMWVNKEEKME'S T EWKHAARHGWEVDKDACLEFKQW
Atlantic cod IRF4A -MHFEEDVNLS-VSCGNGKLRQWLIDQIDSKSYLGLVWENVEKS I FRI BWKHAGKQDYNRDEDAALFKAW
Atlantic cod IRF4B -MNLEADYTAT-GSSGNGKLRQWLIDQVDSGTYPGL IWENDEKS I FRI BWKHAGKQDYNRDEDAALFKAW
Japanese flounder IRF4 -MNPELDYGGS -GSGGNGKLRQWLIEQVDCGKYPGLVWENDEKS I FRI BWKHAGKQDYNRDEDAALFKAW
rock bream IRF4 -MNLEEDSGLS-VSCGNGKLRQWLIDQIDSRRYAGLVWENDEKS I FRI EWKHAGKQDYNREEDAALFKAN
Atlantic salmon IRF4 -MNPESDYGMSTVSCGNGKLRSWLIEQVDTGKYPGLVWENEEKS I FRI HWKHAGKQDYNRDEDAALFKAW
zebrafish IRF4A -MNLDGDCIMS-VSCGNGKLRQWLIEQIDSGEYSGLVWENDEKT I FRI BWKHAGKQDYNRDEDAALFKAW
zebrafish IRF4B ~ —————————mmm— o SGNGKLRQWLIEQVDTGKYPGLVWENDEKS IFRI EWKHAGKQDYNRDEDAALFKAW
grass carp IRF7  ————-—- MAAMQSTIGKPQFGHWLIEQVESGRYEGLRMIGNDI - -FRI HWKHNSRRDLG-DEDIKIFKEW
Atlantic cod IRF7 ~  —————-———- MOS-SHKPLFANWLIEQVETGNYPGLSY ISTNL--FRVEWKHNSRKDCN-DEDCKIFRAW
Japanese flounder IRF7  --—————--- MOS-LPKPQFASWLIEQVETGQYTGLRYVAENK--FRVEWKHNSRKDCR-DEDSKIFRAW
Atlantic salmon IRF7A ~  —----————- MOS - -CKPQFAOWLIEQVRTEQY TGLFFMDNNK - -FRVEWKHNSRKDCS ~EDDRK I FRAW
Atlantic salmon IRF7B MTEVRGSALTMOSRNPKPQFADWLIEQVWTGOYAGLYFVGNNK--FRVEWNHISRKDCC-EDDSKIFRAW
zebrafish IRF7 ———--————- MOSTNAKPQFGEWLIEQVESGQYEGLSMIGHDI —-FRI BWKHNARRDLG-DADVK I FKHW
Atlantic cod IRF8 ————--————- MSNTGGRRLKQWLIEQIKSGQYSGLEWEDDSLTMFRI EWKHAGKQDYNQEVDAS I FKAW
Japanese flounder IRF8  ----------- MSNPGGRRLKQWLVEQIHSGQYAGLQWEDESRTMFRI EWKHAGKQDYNQEVDAF I FKAMW
rock bream IRF8§  ——————————o MSNTGGRRLKQWLVEQIQSAQYSGLQWEDESRTLFRI EWKHAGKQDYNQEVDAS I FKAMW
zebrafish IRF8 —————————mo MNSGGRRLKQWLIEQINSNIYNGLQWEDEDRTMFRI PWKHAGKQDYNQEVDAS IFKAN
grass carp IRF10 -ME-—------- DRSRHMRLREWLIAQIDSGKYAGLSWENEEKTMFRI EWKHAAKQDYRQNQDAALFKAMW
Atlantic cod IRF10-V1 -ME--------- GDG-KMHLKEWLIAQVDSERFDGLRWENEEKTMFRI HWKHAAKKDYRQQODDAALFKANW|
Japanese flounder IRF10  -ME-—------- EGA-KLHLKEWLISQIESGRYEGLSWEDEDRTMFRI BWKHAAKKDYKQTEDAALFK
zebrafish IRF10 -ME-—------- DRSRHMRLREWLIAQIDSAEYPGLIWENAEKSMFRI BWKHAAKQDYRQNQDAALFK

* k Kk : * . * * ok N * :*: *

DBD

80 ~ 90 100 110 120 130 140

grass carp IRF1l ATHTGKFREGVTTPDPKTWKANFRCAMNSLPDIEEVKDKS INKGCGAVRVYRMLPAVSKKK-—-====-—
Atlantic cod IRF1 ATHTGKFKEGVDESDPKKWKANFRCAMNSLPDVEQVKGKNVNKGQQAVRVYKMVEVTATK-———-————~-
Japanese flounder IRF1 ATHTGKYTEG-QTSDPKTWKANFRCAMNSLPDIEEVKDKS IHKGQQAVRVFKMLHVTPKS———-===--—
rock bream IRF1 ATHTGKYVEG-QACDPKTWKANFRCAMNSLPDIEEVKDKSVNKGHOAMRV FRMLPST,PKSR-—--————~-
Atlantic salmon IRF1 AMHTGKFIQGETKTDPKTWKANFRCAMNSLPDIEEVKDKS INRGSGAVRVYKMKNTYSKPN-—--————-
zebrafish IRF1A AIHTGRYKPGIDKPDPKTWKANFRCALNSLTDVKELQDRS IKKGHNAFRVYALLPHCKTIR----—-—=~
zebrafish IRF1B ATHTGKYKEGVTQPDPKTWKANFRCAMNSLPDIEEVKDKS INKGCGAVRVYRMLPAVS-KK-—---————-
Atlantic cod IRF4A ALFKDKYKEGVDKPDPPTWKTRLRCALNKSNDFDELVDRSQLDITEPYKVYRIIPEGVKRG--KPINKVS
Atlantic cod IRF4B ALFKGKFREGIDKADPPTWKTRLRCALNKSNDFEELVDRSQLDI SDPYKVYRI I PEGDKR--— -~ RPRQE
Japanese flounder IRF4 ALFKGKFREGIDKPDPPTWKTRLRCALNKSNDFVELVERSQLDI SDPYKVYRI T PEGAKK-———— RPRQE
rock bream IRF4 ALFKGKYKEGVDKPDPPTWKTRLRCALNKSNDFDELVERSQLDISEPYKVYRIIPEEAKKG--MKMSSME
Atlantic salmon IRF4 ALFKGKFREGIDKPDPPTWKTRLRCALNKSNDFEELVORSQLDI SDPYKVYRI I PECAKKHFLLSGSKQE
zebrafish IRF4a ALFKGKYREGLDKPDPPTWKTRLRCALNKSNDFDELVERSQLDISDPYKVYRIVPEGAKRG--SKAISME
zebrafish IRF4B ALFKGKFREGVDKPDPPTWKTRLRCALNKSNDFEEIVERSQLDI SDPYKVYRIVPEGSKK----GSRSIE
grass carp IRF7 AVVSGKINEH-- PNDKAKWKTNFRCALYSLKN-FEMLEDHSKDPDDQHKVYRI IRPQNHQETQ--——SAE
Atlantic cod IRF7 AVASGKIHEF-- PNDKAKWKTNFRCALKNLNKRFRMSKDNSKNSDDPHKIYEI INREAAYQ-PSPPEED-
Japanese flounder IRF7 AVASGKINEF- - PNDKARWKTNFRCALNNLSVRFKMIEDNSKHSDDPHKI YQ IMNTEHRQENC SMPKNDS
Atlantic salmon IRFTA AVVSGKITEH-- PNDKAKWKTNFRSALNSLCRRFKMVEDHSKDSNDPHKVYLVIN-EYNYESPLIEEITL
Atlantic salmon IRF7B AVVSGKINTH-- PNDKAKWKTNFRCVLNNL TKREMMVEDHSKDSDDPHKVYL I INNESNYGSPHIEETAV
zebrafish IRF7 ATIVSGKINEY--PNDKAKWKTNFRCALHSLKN-FEMLEDHSKDPDDQHKIYRI TRPQNHQETQSATQSAE
Atlantic cod IRF8 AIVSGKFKEG-EKAEPATWKTRLRCALNKSPDFEEVTDRSQLDISEPYKVYRIVPEEEQK-—---—-—--
Japanese flounder IRFS AVFKGKFKEG-DKAEPATWKTRLRCALNKS PDFEEVTERSQLDI SEPYKVYRIVPEEEQK-——--————-
rock bream IRF8 AVFKGKFKEG-DKAEPATWKTRLRCALNKS PDFEEVTERSQLDI SEPYKVYRIVPEEEQK-——--————-
zebrafish IRFS AIFKGKFKEG-DKAEPATWKTRLRCALNKSPDFEEVTDRSQLDISEPYKVYRIVPEEEQK-———-————~
grass carp IRF10 AMYKGKFQEGRDKADPSTWKTRLRCALNKSTDFQEVPERSQLDISEPYKVYRILDD-—————=———=——-
Atlantic cod IRF10-V1 AVYKGKYKVGSDKDNPTMWKTRLRCALNKSTDFQEVPHLNQLDI SEPYKVYRIESD-——-Q----————-
Japanese flounder IRF10  AVYKGKYIEGRDKADPTMWKTRLRCALNKSTDFQEVPERNQLDITEPYKVYRIQQDSGSVR--———=-=-=—
zebrafish IRF10 KTRLRCALNKSTDFQEVSERSQLDISEPYKVYRILED-—-—---———===—

*

AMYKGKFQEGRDKADPSTW|
* . .

* ek .

DBD
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grass carp irfl
Atlantic cod irfl
Japanese flounder irfl
rock bream irfl
Atlantic salmon irfl
zebrafish irfla
zebrafish irflb
Atlantic cod irf4a
Atlantic cod irf4b
Japanese flounder irf4
rock bream irf4
Atlantic salmon irf4
zebrafish irf4a
zebrafish irf4b

grass carp irf7
Atlantic cod irf7
Japanese flounder irf7
Atlantic salmon irf7A
Atlantic salmon irf7B
zebrafish irf7
Atlantic cod irf8
Japanese flounder irf8
rock bream irf8
zebrafish irf8

grass carp irfl0
Atlantic cod irflO-vl
Japanese flounder irfl0
zebrafish irfl0

grass carp irfl
Atlantic cod irfl
Japanese flounder irfl
rock bream irfl
Atlantic salmon irfl
zebrafish irfla
zebrafish irflb
Atlantic cod irf4a
Atlantic cod irf4b
Japanese flounder irf4
rock bream irf4
Atlantic salmon irf4
zebrafish irf4a
zebrafish irf4db

grass carp irf7
Atlantic cod irf7
Japanese flounder irf7
Atlantic salmon irf7A
Atlantic salmon irf7B
zebrafish irf7
Atlantic cod irf8
Japanese flounder irf8
rock bream irf8
zebrafish irf8

grass carp irfl0
Atlantic cod irfl0-vl
Japanese flounder irfl0
zebrafish irfl10

150 160 170 180 190 200 210

————————————————————— DKRPKGRDSRRRVK———============——————————AT,SSHVKK-—
————————————————————— DRRTKTKDGKRRNKLTK--—---———=--==--——ARLEETDFSDTQSC-—
————————————————————— DKRSKAKVTKQGKTVSLONP--—-—-------IKIEEDTDYSDTQSP--
————————————————————— DKRSKAKETKPRKKSTM-----————------—VKTEEDMDYSDTQSP-—
————————————————————— NKRSKANNVKKNKKGSQ-——-------——-----TKTGGMAYSETNCP- -
————————————————————— RRKAALR--————=————————————————————————__YSDTDSK--
————————————————————— IKRSKSRDSRRRMK—————====————————————————ST,SQKVKL-—
AT RIS S ——mm m m oo oo
D--SPLSPLSY--——-- PSYPALHSQI PHCMPNPES-GWR—-—-----——— EFYPEQAFLPELHIPQCS-Y
D--SPVSPMSFQVH---P-YPALQTQMPQYMTTPDG-SWR-—--—--——— DFCPEQAPLPELPYSQCP-C
ETASHVNAHGY--I---APYTSLHNQVPGYMLSQDRRDWRDY TPPEQQPLPPPHHHGPHAEVQYGQCH-Y
DGGSPLSPLSYPML—--PSYPALQTOMSGYMPTTER -GWMK————--——— DYLPEQASLPELPYAQCP-Y
ENTTHVTPLSYPMH---SAYPALOPQOMSGFMLPQERRDWREFGSD-———~~- PPHTQTPHADLPYGQCP-Y
DSQSNSGSPNYPMH-—--PTYAPAPSQVCNY ISPAER-GWR——————--—————- EYPTLSDISYSQSP-Y
PVQLPLPFISEVYN--NYMHEDMEQELLS-—-QVETMHLNQQ-----———-- SAEPQPWDCSQQNIQTTSR
----MVPVIYSSPT--ESYPPGHEQNILE-QLMTLDLLDEP------—=-- CQQTVGEQWAESYGQQSAT
QEDLMTPEIYSSPT--EFLPIGNEYNLVN-NFTALDLGN-----———=-=-— QATEEQLWVENYCQPDAA
ENYGIDH--ALTTT--ENTPPGMEHDILNFSNLTLNHLD--=--———===== LNQHTENYIP--VHTHHP
EDYDIDIHSSLTST--GYTPPGMEHDNL-—-LKLVNTLD-----————-=-— LNQHTEEWAENYIHTHHP
AVQRQLPFIAEVYNASNHMSQDMELELLN--LVETMDLNLH—-——------— AVSQSLKTYSQPNIQTTSS
———————————————————— LGKT----TAMVTTAG----—-------—---DIADLDCSSAELEELIKV-—
———————————————————— HGKNSMMAMAAPTSSG---——-------—--DLT--DCSPAETEELMKE- -
———————————————————— HGKSSVMAMAATTSSG---——-=---------DITDMDCSPADLEELIKE-~
———————————————————— LGKG------TVTTVK---—=-------—-DTTDMDCSP-DLDEI IKESS
———————————————————— SGRVTEYAGNPVISHD------———------————-SDCSKALRETRLP-M
———————————————————— RAESDQTYSRVVVVQT---—===-====————----GYAS--LPQSQLA-D
———————————————————— PAESLQKDKVIIETKM----————-------——---SPNSPDILDEKRP-F
———————————————————— SARGTDSAVNPVISQD----——=-=-=--————---SDCSKALRETHLS-M

220 230 240 250 260 270 280

PPH--PWQ-GPPIENA-YQIKGSFYSYTHADVQPSAFTLDPGMRPADP--LSDLRLHVSVESRDALVREV
PPRSLSWQ-GPSMENG-YQLRASIYSYGPADSQAPPFTLDAGIRSAEA--LSDERLHVSVYLRDNLVREV
PSPFSRAWPGSHTENG-FQLS--FHTY-FSESQPP--VYT--MN--HNNAITDESLHVSLYYRESLVKEV
PSRSLSWAQGPSMDNG-YQITGSFYTYSATDAQPSPFTLDTSMRSAEA--LSDMRLHVSVEYRDSLWREV
PPSRSLPWHTAPCDNG-YQISGSFYTYSPSESHPV--AMDPSMRSAEAMAISDCRLHVSLEYRESLVKEL

TSR-———-———-—— WDPG-YQFSGSFYSCNASDPQPSPFTLDTSMRSAEAMALSDYRLHVMVEYRDALVREV
SYFGTPY---———-——————————— PEQ-CMONNMPDPVQQPYTTAQQWNVPALCDLEIS INYRKTEVLKT
GLGVYATNQQATGETMHAMQTQP---QLOPQQQAYYPVNPPPVLDS-GLQPSLEDLETISVHYRKVEMLKT
VLGSYPP-—————————— AENHP---QAFTDQPTFYEANPTPVVSS-AQQPSI¥DLEVSIHYRKKEMLKI
VP-—————m === === PVLIQQOPYAQVNPDALLNLPATRSSLWDLEITISYRGSEMLKT
VVPEDCYPFQPLTEPQPVSQONHSPPPVPVPIQQPYDHVNQDALLNLPAAQPSLCDLEITISYRRREMLKT
NYFETTY--——--——————————— SDGPCMONNIPASVQQSHTTVDQWN-—--LCDLEISINYRRTEVLKT

777777777777777 ASTDDYPSAIKRSYSPQEDGENVQASPEYWSHGSIPVESOMMISEYYGGOLMHST
777777777777777 DEGCNIQASPEYWSQGSISAFPQQLDPLPSGAVSS-AFSOMMISEYYGGKLMONT
——————————————— EEGCSIQSSPEYWSQGSINAFPLHQDPLPSGTLSS-ALSOMMISEYYGCKLMHNT
NDEYMGILRSSHSPLDERSSMPSVQEWWQQGPLNAAVVHQDPA--GSLNS-AFSOMLISEYYGGOMVDNM
QEDSPLGDSNKGAGWSVNGR-SHACPSTDTKACINSNLQSVPIYPSHVPIS-DCRLEVRLEYHGNLVOSL
QWERFEERQEES—---HGALWREHTYCGSEDSQAHSHIPLDPSLLSPTLAIS-DFRMELTLEYRGEPVMEL
ONESFQANIEEEKTWHVDLMSEHMYCDINGEKTQNPVPAPATFISHGLTVS-DFRMOVTLLYQGORVMKV
QED----ESDSGAGWTVNGT-ASVCSGTGPKPCAN--LQPAALYPPQVHLSVDCRLELRVEYYGRVVESV

IAD1
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grass carp irfl
Atlantic cod irfl
Japanese flounder irfl
rock bream irfl
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Table 6: Fish IRF amino acid sequences used in multiple sequence alignment

and phylogenetic analysis

Protein name

Species nhame (common name)

GenBank accession no.

IRF1

Ctenopharyngodon idella (grass carp) ADF57571.1
Gadus morhua (Atlantic cod) ADGB85733.1
Paralichthys olivaceus (Japanese flounder) | BAA83468.1
Oplegnathus fasciatus (rock bream)® ADJ21809.1

Salmo salar (Atlantic salmon)

NP_001117117.1

IRFla . . . NP_001035442.1
IRE1D? Danio rerio (zebrafish) AAHS5555 1
IRF4 Paralichthys olivaceus (Japanese flounder) | AEY55358
Oplegnathus fasciatus (rock bream) AFUB1289
Salmo salar (Atlantic salmon) NP_001133454.1
IRF4a . . . NP 001116182.1
IREZb Danio rerio (zebrafish) CAIL1951 1
IRF7 Ctenopharyngodon idella (grass carp) ACS34986
Paralichthys olivaceus (Japanese flounder) | ACY69214.1
Danio rerio (zebrafish) NP_956971.1
IRF7A . NP_001130020.1
IRE7B Salmo salar (Atlantic salmon) NP 0011653211
IRF8 Paralichthys olivaceus (Japanese flounder) | AFE18694
Oplegnathus fasciatus (rock bream) AFU81290
Danio rerio (zebrafish) NP_001002622
IRF10 Ctenopharyngodon idella (grass carp) ACTB83676.1
Paralichthys olivaceus (Japanese flounder) | BAI63219
Danio rerio (zebrafish) NP_998044

'Oplegnathus fasciatus is more commonly called barred knifejaw or striped beakfish, but is called rock
bream in publications describing IRF genes in that species.

27Zebrafish IRF1b is also called IRF11
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Figure 14: Phylogenetic analysis of Atlantic cod IRF family members. Putative cod
amino acid sequences were aligned with IRF proteins from selected other teleost fish
species using MEGADS software (Tamura et al., 2011). Based on the multiple sequence
alignment, the evolutionary history was inferred using the neighbour-joining method. The
bootstrap consensus tree was constructed from 5000 replicates, where numbers at the
branch points represent percentage of replicates in which the associated taxa grouped
together. Branch lengths are proportional to calculated evolutionary distances. Sequences
determined from this study are indicated with an asterisk (*). IRF family subgroups are

indicated using colours matching Figure 1.
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level in all tissues (using ef/« as a reference/housekeeping gene with relatively stable
transcript expression in all tissues tested), Irf4a, Irf4b and Irf10-v2 were absent or
expressed at very low levels in some tissues (Figure 15). Interestingly, splice variants
Irf10-v1 and Irf10-v2 appeared to have different patterns of expression: the shorter
variant (v2) is apparently vastly reduced or absent in some digestive tissues (stomach,
midgut, and hindgut) and in the eye, while the longer transcript is relatively evenly
expressed in all 15 tissues. Irf10-v2 was also unique among the transcripts studied in that

the highest transcript expression appeared to be in the heart and skeletal muscle.

As a goal of this study was to better understand the roles of IRF-encoding
transcripts in cod immune responses, expression in immune-relevant tissues (i.e. spleen,
hematopoietic [head] kidney, blood) was of particular interest. All six transcripts were
expressed in spleen and head kidney, and all except Irf4a were expressed in blood (Irf4a
was faintly detected in only one replicate blood sample). All transcripts were also
expressed in gill and heart tissues, although Irf4a expression in heart appeared to be much
lower than that of the other transcripts (Figure 15B). The constitutive expression of all
IRF transcripts in spleen supported the use of that organ for subsequent QPCR expression

analyses.

3.3 Spleen transcript expression response to viral and bacterial antigens and

increased temperature

Expression of cod IRF transcripts in response to injection with viral [poly(l:C)]
and bacterial (ASAL) antigens at 10°C and 16°C was analyzed by QPCR. Interestingly,

spleen transcript expression of Irf4a, the shorter Irf4 paralogue, was observed to be
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Figure 15: Composite agarose gel image of IRF family member transcript expression in
15 tissues of juvenile Atlantic cod. All gels are 1.7% agarose in TAE buffer, using 1 kb
plus ladder (Invitrogen) as a size marker (100 bp and 200 bp bands are shown). PCR was
carried out using samples from two fish; in each panel fish 1 is the top row and fish 2 is
the bottom row. Br=brain, Ey=eye, Gi=gill, Hr=heart, HK=hematopoietic (head) kidney,
PK=posterior (trunk) kidney, Sp=spleen, Li=liver, PC=pyloric caecum, St=stomach,
MG=midgut, HG=hindgut, Sk=skin, Mu=skeletal muscle, Bl=blood, C=no-template

control.
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approximately 2-fold lower in poly(l:C) injected fish than PBS control fish at 10°C
sampled 24 hours post injection (HPI) (Figure 16A). While there was no significant
response to poly(l:C) for this paralogue at either temperature at the 6 HPI time-point,
there was a significant increase in Irf4a transcript expression in the control (PBS) injected
fish at 16°C compared with PBS fish at 10°C at that time point (Figure 16A). This
temperature-dependant response of Irf4a (i.e. higher expressed at the elevated
temperature at 6HPI) was also seen in ASAL-injected fish (Figure 16B), although ASAL
injection itself did not have a significant effect (compared to time- and temperature-

matched PBS controls) on Irf4a expression at the time points/temperatures studied.

Transcript expression of Irf4b, the longer IRF4 paralogue, was significantly
upregulated in response to both poly(1:C) and ASAL injection at 6HPI compared with
PBS controls (Figure 17). For poly(l:C) the change was seen only for fish held at 16°C
(2.23-fold upregulated), while for ASAL it was observed at both 10°C and 16°C (1.98-
fold and 3.41-fold upregulated, respectively). For both treatments the response was no
longer observed at the 24HPI time-point. Changes in Irf4b transcript expression were also
seen in response to increased temperature at the later time point, as expression was lower
at 16°C than 10°C at 24HPI for all three [PBS, ASAL, poly(l:C)] treatment groups

(Figure 17).

As noted above, the responses of Atlantic cod Irf7 transcript expression to
poly(l:C) and/or elevated temperatures have previously been investigated (Rise et al.,
2008; Hori et al., 2012); therefore only the response to ASAL at two different

temperatures was investigated in the current study for this transcript (Figure 18). Spleen
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Figure 16: Spleen transcript expression responses of Irf4a to viral and bacterial antigens
measured by QPCR. Data are presented as mean £ SEM, normalized to ef/a expression,
with the lowest expressing sample set to RQ=1. Different letters represent significant
differences between fish injected with PBS (lower case) or ASAL (upper case) at
different temperatures within the same time-point. An asterisk (*) represents a significant
difference between a poly(l:C) injected group and the time- and temperature-matched
PBS injected group (p < 0.05). Fold change is calculated as [mean poly(l:C) RQ]/(mean
PBS RQ). A = poly(l:C), B = ASAL. Note that poly(l:C) is abbreviated as pIC in the

figure to conserve space.
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Figure 17: Spleen transcript expression responses of Irf4b to viral and bacterial antigens
measured by QPCR. Data is presented as mean £ SEM, normalized to ef/a expression,
with the lowest expressing sample set to RQ=1. Different letters represent significant
differences between fish injected with PBS (lower case), or poly(l:C) or ASAL (upper
case) at different temperatures within the same time point. Asterisks (*) represent
significant differences between a poly(l:C) or ASAL injected group and the time- and
temperature-matched PBS injected group (*p <0.05, ** p < 0.01). Fold change is
calculated as [mean poly(l:C) or ASAL RQ] /(mean PBS RQ). A = poly(l:C), B = ASAL.
Note that poly(l:C) is abbreviated as pIC in the figure to conserve space.
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Figure 18: Spleen transcript expression responses of Irf7 to bacterial antigens measured
by QPCR. Data is presented as mean + SEM, normalized to ef/« expression, with the
lowest expressing sample set to RQ=1. Different letters represent significant differences
between fish injected with ASAL at different temperatures within the same time point.

Asterisks (*) represent significant differences between an ASAL injected group and the

time- and temperature-matched PBS injected group (*p < 0.05, **p <0.01, ***p <0.001).

Fold change is calculated as (mean ASAL RQ)/(mean PBS RQ).
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Irf7 transcript expression was seen to increase in response to ASAL injection (compared
with time- and temperature-matched PBS controls) in fish held at both temperatures,
although the increase was only at 6HPI for 16°C fish (2.28-fold upregulated), and only
at24HPI for 10°C fish (1.60-fold upregulated) (Figure 18). Differences were also seen in
ASAL injected fish at the same time point held at different temperatures, with transcript
expression being higher at 16°C than 10°C at 6HPI and lower at 16°C than 10°C at
24HPI. In summary, the Irf7 transcript expression response to bacterial antigens appeared

to occur earlier at the elevated temperature.

Irf8 transcript expression was observed to increase in response to poly(l:C) only
at 24HP1 (1.29-fold upregulated compared with time and temperature matched PBS
controls), in fish held at 10°C (Figure 19A). Response to ASAL injection, however, was
similar to that of Irf7, as an increase in 1rf8 expression was observed at 6HPI for fish held
at 16°C (2.17-fold) and at 24HPI for fish held at 10°C (1.45-fold) (Figure 19B).
Interestingly, there was a small (1.25-fold) but statistically significant decrease in 1rf8
transcript expression in ASAL compared to PBS fish at 6HPI and 10°C. A response to
temperature change was also seen in both ASAL and PBS injected fish, as Irf8 expression
was higher at 16°C than 10°C (at 6HPI for ASAL and at both time-points for PBS)

(Figure 19B).

As with Irf7, the spleen transcript expression responses of cod 1rf10-v1 (the longer
Irf10 splice variant) to poly(l:C) and/or elevated temperature have previously been
investigated (Rise et al., 2008; Hori et al., 2012). Therefore, only ASAL responsiveness

of this transcript at the two temperatures was investigated in the current study.
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Figure 19: Spleen transcript expression responses of Irf8 to viral and bacterial antigens
measured by QPCR. Data is presented as mean £ SEM, normalized to ef/a expression,
with the lowest expressing sample set to RQ=1. Different letters represent significant
differences between fish injected with PBS (lower case) or ASAL (upper case) at
different temperatures within the same time point. Asterisks (*) represent significant
differences between a poly(l:C) or ASAL injected group and the time- and temperature-
matched PBS injected group (*p <0.05, ** p < 0.01). Fold change is calculated as [mean
poly(I:C) or ASAL RQ] /(mean PBS RQ). A = poly(l:C), B = ASAL. Note that poly(l:C)

is abbreviated as pIC in the figure to conserve space.
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Upregulation (2.40-fold) of Irf10-v1 was observed only at 24HPI in fish held at 10°C
compared to time and temperature matched PBS controls; no significant response was
observed at 6HPI at either temperature. ASAL injected fish at 24HPI also had higher
expression of Irf10-v1 at 10°C than at 16°C (Figure 20), similar to the response observed
for 1rf7 (Figure 18). Notably, Irf10-v2 (the shorter Irf10 splice variant) showed a
significant increase in transcript expression response to ASAL at 6HPI at both
temperatures (Figure 21B), unlike the longer Irf10 splice variant which was non-
responsive to ASAL at 6HPI. Significant upregulation of Irf10-v2 was also seen in
response to poly(l:C) injection compared with time- and temperature-matched PBS
controls, at 6HPI for fish held at both temperatures (7.80-fold at 10°C and 10.76-fold at
16°C), and at 24HPI for fish held at 10°C (4.08-fold) (Figure 21A). Notably, the fold
change values observed for 1rf10-v2 in response to poly(1:C) were the highest of any of
the IRF family members included in this QPCR study. An effect of temperature on Irf10-
v2 transcript expression was observed in both ASAL and poly(l:C) injected fish, where
expression at 6HPI was higher in 16°C fish and expression at 24HPI was higher in 10°C
fish (Figure 21); this was similar to the effect of temperature on both Irf4b and Irf7

transcript expression (Figures 17 and 18).

3.4 Developmental transcript expression analysis

Expression of cod IRF paralogues in embryos and larvae from 0 days post
fertilization (dpf) to 17 dpf was studied using RT-PCR. Samples from three replicate
incubators were observed under compound microscope each day to confirm that

development was synchronous, and representative images were compiled (Figure 22). For
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Figure 20: Spleen transcript expression response of Irf10-v1 to bacterial antigens
measured by QPCR. Data is presented as mean £ SEM, normalized to ef/a expression,
with the lowest expressing sample set to RQ=1. Different letters represent significant
differences between fish injected with ASAL at different temperatures within the same
time point. Asterisks (*) represent significant differences between an ASAL injected
group and the time- and temperature-matched PBS injected group (***p <0.001). Fold
change is calculated as (mean ASAL RQ)/(mean PBS RQ).
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Figure 21: Spleen transcript expression responses of Irf10-v2 to viral and bacterial
antigens measured by QPCR. Data is presented as mean + SEM, normalized to ef/«
expression, with the lowest expressing sample set to RQ=1. Different letters represent
significant differences between fish injected with poly(l:C) or ASAL at different
temperatures within the same time point. Asterisks (*) represent significant differences
between a poly(1:C) or ASAL injected group and the time- and temperature-matched PBS
injected group (*p <0.05, ** p < 0.01, ***p < 0.001). Fold change is calculated as [mean
poly(l:C) or ASAL RQ]/(mean PBS RQ). A = poly(l:C), B = ASAL. Note that poly(l:C)
is abbreviated as pIC in the figure to conserve space.
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Figure 22: Representative images of Atlantic cod embryos and larvae sampled from 0 to
17 days post fertilization. Size bar = 1 mm. Embryos at 0 dpf (A) were observed to have
some variation in stage, but most were at the 64 to 128 cell stage. Gastrulation was
observed to be complete at 5 dpf (F). Hatching began at 13 dpf (N) and was complete at
15 dpf (P). Determination of developmental stages was based on descriptions by Hall et
al., (2004).
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RT-PCR analysis, samples from 2 of the 3 replicate incubators were used, and expression
profiles between replicates were observed to be quite similar overall (Figure 23). In some
cases however (i.e. Irf7, 1rf10-v1), transcript expression in one replicate group appearedto
be greater than the other (Figure 23D,F). Acidic ribosomal protein (arp) was chosen as a
normalizer as the most stable of several potential normalizers tested, although some
variation was still observed. As seen in the gel images, several cod IRF paralogues appear
to have quite low transcript expression throughout embryonic development; this
prevented analysis by QPCR in this study since acceptable standard curves were not
produced in primer testing with these samples. Transcript expression profiles appear to be
quite different among IRF paralogues. Irf4a and Irf4b (Figure 23A,B) transcripts appear
to be most highly expressed in early embryonic stages and decrease over time, whereas
Irf10-v1 appears to have very little transcript expression during the first two days of
development but remains relatively stable from 2 dpf to 17 dpf (Figure 23F). 1rf10-v2
appears to have little to no detectable transcript expression throughout most of the
developmental stages included, with the exception of a visible band at 4 dpf (Figure
23G). Irf7 and Irf8 have interesting expression profiles based on this RT-PCR analysis, as
Irf7 expression (Figure 23D) appears to increase to a peak at 7 dpf and then decrease
again (previously noted by Rise et al. (2012) based on QPCR analysis), and Irf8 (Figure
23E) appears to have relatively high transcript expression at 0-1 dpf which drops

drastically at 2-3 dpf and then increases again.
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Figure 23: Composite agarose gel image of IRF family member transcript expression
throughout Atlantic cod embryonic and early larval development. All gels are 1.7%
agarose in TAE buffer, using 1 kb plus ladder (Invitrogen) as a size marker (100 bp and
200 bp bands are shown). PCR was carried out using samples from two replicate
incubators/tanks (for each panel, “tank 1 = top and “tank 2” = bottom). Samples in each

row are O dpf — 17 dpf from left to right.
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4. Discussion
4.1 Overview

A better understanding of fish immune responses in general, and of the specific
genes and molecular pathways involved in those responses, is of great value in furthering
our knowledge of comparative vertebrate immunology and in improving aquaculture
practices. The IRF gene family, which encodes transcription factors that are known to be
important regulators of the vertebrate immune response to viral infection, have been
studied in several fish species in recent years [e.g. Irf3 and Irf7 in rainbow trout (Holland
et al., 2008), Irf5 in grass carp (Xu et al., 2010), Irfl, Irf2, Irf3, and Irf7 in Atlantic
salmon (Bergan et al., 2010), Irf1, Irf2, and Irf5 in paddlefish (Xiaoni et al., 2011), and
Irf4 and 1rf8 in rock bream (Bathidge et al., 2012); see Table 2 for summary], often with
a focus on the transcript expression response to bacterial or viral stimulation. Since most
Atlantic cod IRF family members had not previously been characterized or widely
studied prior to the current study, the goal of this research was to fully characterize
several cod IRFs at the cDNA level, to investigate how their transcript expression
responds to immune stimulation, and to study expression in various tissues and
developmental stages that may suggest potential roles of those genes and their encoded

proteins.

4.2 mRNA characterization and phylogenetic analysis

In this study, complete cDNA sequences were obtained for Atlantic cod Irf4a,
Irf4b, Irf7, Irf8 and two Irf10 splice variants, starting with partial cod IRF sequences

from GenBank, and using RACE and other standard molecular techniques. The
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identification of complete cDNA and predicted amino acid sequences of several cod IRFs
allowed for molecular phylogenetic analysis to be conducted to study evolutionary

relationships between these sequences and IRFs from other vertebrate species.

Two paralogous cod Irf4 cDNA sequences were identified. The presence of
additional IRF paralogues in a teleost species was not unexpected, as phylogenetic
analysis of this gene family shows it has undergone expansion and diversification several
times throughout vertebrate evolution (Nehyba et al., 2002; 2009). Nehyba et al., (2009)
traced all IRF genes in humans to 4 of the 17 ancestral chordate linkage groups described
by Putnam et al., (2008), and noted that the 4 groups correspond to the 4 IRF subfamilies
in vertebrates (see Figure 1). They concluded that the expansion from 4 to 10 IRF family
members in most vertebrates likely resulted from the two rounds of whole genome
duplication that are believed to have occurred in early vertebrate evolution. Interestingly,
Irf10, present in chicken and teleost fish, appears to have been lost in humans and other
mammals sometime after the second whole genome duplication event in the early
vertebrate lineage (Nehyba et al., 2009). Evidence suggests a third whole genome
duplication occurred in the teleost fish lineage shortly after their divergence from lobe-
finned fishes (Amores et al., 1998), which could explain why some fish species show
further expansion within the IRF family. For example, zebrafish has two Irfl-like genes
(named Irfla and Irflb or Irfl and Irfll by different sources; Stein et al., 2007; Huang et
al., 2010), and also has two Irf4 paralogues, named Irf4a and Irf4b (Stein et al., 2007).
Stickleback (Gasterosteus aculeatus) is also predicted to have 2 Irfl-like and 2 Irf4-like

genes (Huang et al., 2010). Atlantic salmon has two Irf7 paralogues (Bergan et al., 2010),
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although these likely arose after another putative whole genome duplication in the
salmonid lineage (Allendorf and Thorgaard, 1984) which led to further expansion of
many gene familes. As seen in Figure 14, phylogenetic analysis indicates the salmon
IRF7 paralogues are more closely related to each other than to IRF7 protein sequences
from other teleosts; however, zebrafish IRF4a and IRF4b are more closely related to rock
bream IRF4 and cod IRF4b, respectively, than to each other. Therefore it is likely that the
salmon IRF7 paralogues arose from duplication in the salmon lineage while the zebrafish
IRF4 paralogues arose before the species diverged from the other teleosts included in this

analysis.

Based on alignment with putative zebrafish orthologues, the shorter cod Irf4
sequence identified in this study was named Irf4a, and the longer paralogue named Irf4b,
being most similar to zebrafish Irf4a and Irf4b, respectively. Cod IRF4b does appear
more closely related to zebrafish IRF4b than IRF4a in the phylogenetic tree depicted in
Figure 14 (based on amino acid sequences), but appears to be most closely related to the
Atlantic salmon and flounder IRF4 sequences. Cod IRF4a is shorter than the other amino
acid sequences included in the analysis, which likely affected its placement on the
phylogenetic tree on a separate branch from all of the other IRF4-like sequences. An
alternate tree based on alignment of the same teleost IRF sequences trimmed to the length
of cod IRF4a (144 AA) does show some differences from Figure 14 (particularly showing
cod IRF4a and rock bream IRF4 sharing a branch and grouping separately from all other
IRF4 sequences; see Appendix 9). The length of cod Irf4a, along with its lower

expression compared to the other transcripts studied (below), suggests that a longer splice
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variant of the Irf4a transcript exists but was not identified in the current study. Ensembl
predicts a 954 bp cod Irf4a transcript (ENSGMOT00000005509), which is quite similar

to the sequence obtained in the current research up to the end of exon 2.

Further studies to determine if a longer Irf4a splice variant exists in Atlantic cod
would be of interest, as two different cod Irf10 splice variants were identified in this
study. It is therefore possible that alternate splicing may occur in other cod IRF family
members as well. In humans, multiple splice variants of Irfl (Lee et al., 2006), Irf3 (Li et
al., 2011), Irf5 (Graham et al., 2006) and Irf7 (Zhang and Pagano, 1998) have been
identified, and several of these variants were found to have significant differences in
function. For example, Lee et al. (2006) showed that alternative splicing of human Irfl
negatively regulated wild type Irfl in cervical cancer tissue. They suggested that the more
stable variant protein competes with the wild type IRF1 and decreases its functionality.
Interestingly, although there are currently no studies about IRF splice variants in Atlantic
cod, recent study of piscidins (a group of antimicrobial peptides) suggested that a splice
variant of cod piscidin2 is produced by intron retention (Ruangsri et al., 2012), similar to
Irf10-v2 in the current study. The authors of that study suggested such a splice variant
may regulate wild type expression through nonsense mediated decay. As IRFs and
piscidins are both important to innate immune responses, future studies comparing
expression and the roles of splice variants in the two groups in Atlantic cod would be
interesting. Furthermore, as no evidence is present in the literature to indicate multiple

splice variants of Irf10 in any other species, the presence of differently expressed splice
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variants in cod as indicated in the present study is of particular interest, as discussed

below.

Phylogenetic analysis of predicted IRF amino acid sequences in cod along with
those of other teleost species supported the division of IRFs into “IRF1-SG” and “IRF4-
SG” supergroups, as described by Nehyba et al., (2002), which can be distinguished by
the presence of the IRF-association domain 1 (IAD1) in IRF4-SG (i.e., all IRFs except
IRF1 and IRF2). The IAD, found in the middle to carboxyl region of the protein, is
important for interaction with other IRF family members and other transcription factors
(Meraro et al., 1999). An IAD found in IRF1 and IRF2 (IAD2) was also identified by
Meraro et al., (1999); however, a consensus sequence for IAD2 was not found in the

literature, and the domain is not listed in protein domain databases (e.g. NCBI, EXPASYy).

All cod IRFs studied herein contain the amino terminal DNA binding domain
(DBD) and associated conserved tryptophan residues found in all IRFs (Figure 13). While
most mammalian IRFs contain five conserved Trp residues (Taniuchi et al., 2001), there
appears to be more variation in fish IRFs, with IRF1s having six and IRF7s having only
four. As described above, the DBD binds specific enhancer-like elements in the
promoters of type I IFNs or other target genes. The helix-loop-helix motif recognizes a
sequence containing GAAA repeats and binds through three of the conserved tryptophan
residues (Escalante et al., 1998). The importance of this domain is highlighted by its high
level of conservation among all IRFs in all species, even as evolution of the carboxyl

terminal region has allowed this group of transcription factors to take on diverse roles in

89



biological processes such as development and oncogenesis (reviewed in Honda and

Taniguchi, 2006; Ozato et al., 2007; Savitsky et al., 2010).

4.3 Expression analysis in juvenile cod tissues

To better understand the possible roles of IRFs in Atlantic cod, the constitutive
expression of each transcript characterized above was investigated by RT-PCR in 15
different tissues of juvenile fish. As expected, the expression of all IRF transcripts was
observed in spleen and hematopoietic (head or anterior) kidney, two important tissues in
the teleost immune system. The spleen is a major site for the trapping and presentation of
antigens for recognition by lymphocytes, and like the anterior kidney, is a site of
hematopoiesis and the removal of aged or damaged blood cells (Zapata et al., 1996). Both
tissues are therefore of particular interest in immunological studies in teleosts. In the
current study, all transcripts except Irf4a and Irf4b appeared to be expressed at some level
in all of the included tissues (Figure 15). Studies of selected IRFs in rainbow trout
(Holland et al., 2010), yellow croaker (Yao et al., 2010), turbot, Japanese flounder (Hu et
al., 2011a, b) and rock bream (Bathidge et al., 2012) using QPCR have shown similar
patterns of constitutive expression in most tissues with higher expression in spleen, head
kidney and often gill and/or blood. The ubiquitous expression of cod Irf7 and 1rf8
transcripts agrees with studies of those genes in other fish species [e.g. mandarin fish
(Sun et al., 2007), and Japanese flounder (Hu et al., 2010; 2013)], where constitutive

expression was seen in various tissues.

Irf4a appeared to have the lowest expression of all the transcripts included in the

juvenile tissue panel RT-PCR study, and was only observed to be expressed in gill, head
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kidney and spleen, with low expression in posterior kidney and blood in one replicate
each (Figure 15B). IRF4 is known to be important to blood cell differentiation in human
and mouse, particularly for dendritic cell development (Tamura et al., 2005); therefore, it
is not surprising that Irf4a appears to have higher transcript expression in hematopoietic
tissues (i.e. spleen and kidney) than in most other tissues. Cod Irf4b appeared to be more
widely expressed, although expression was low in several tissues (e.g. eye, posterior
kidney, and stomach). Some discrepancy was observed however between the two
biological replicates, particularly the replicate blood samples, for this transcript (Figure
15C). Constitutive transcript expression of cod Irf4-like genes agreed in general with
previous studies in rainbow trout (Holland et al., 2010) and rock bream (Bathige et al.,

2012) in which Irf4 expression was relatively high in spleen and head kidney.

Importantly, different transcript expression profiles were observed for the two
Irf10 transcript variants in each of the expression studies carried out. The longer splice
variant (named I1rf10-v1) was observed to be constitutively expressed in all 15 tissues at a
similar level overall. The shorter splice variant (Irf10-v2), however, appeared to have
very low expression in eye and in most digestive tissues (stomach, midgut, and hindgut)
and highest expression in the heart and skeletal muscle. It is therefore possible that the
two splice variants have different functions, and as suggested above, that Irf10-v2 may
regulate 1rf10-v1 in some way. Irf10 transcript expression has been investigated in very
few other species. In chicken (Gallus gallus), this gene was observed to be most highly
expressed in white blood cells, with relatively high transcript expression in spleen and

thymus but little expression in other investigated tissues based on Northern blot analysis
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(Nehyba et al., 2002). In contrast, while both cod Irf10 splice variants were expressed in
hematopoietic tissues (spleen, head kidney) and blood, that expression was not
observably higher than in other tissues. In Japanese flounder, Irf10 mMRNA was more
widely expressed: in gill, heart, head and posterior (trunk) kidney, intestine and stomach
(Suzuki et al., 2011), which is comparable to the ubiquitous expression of Irf10-v1
observed in the current study. Further studies using techniques such as in situ
hybridization and immunohistochemistry should be carried out in the future to confirm
differential constitutive expression of these cod Irf10 splice variants, and suggest where
(i.e. which tissues) and when (i.e. during different stages of development) each variant

could function.

4.4 Spleen transcript expression response to immune stimulation

Previous to this study, transcript expression of cod Irf7 and Irf10 (Irf10-v1) had
been observed to increase in spleen following intraperitoneal (IP) injection of the viral
mimic poly(l:C) (Rise et al., 2008; Hori et al., 2012). Both transcripts, along with Irfl,
had significantly higher transcript expression response to poly(l:C) at 16°C than 10°C at
an earlier (6HPI) time point but a higher transcript expression response at 10°C than 16°C
at a later (24HPI) time point (Hori et al., 2012). However, neither the responsiveness of
Atlantic cod Irf4 or Irf8 (or 1rf10-v2 which had not yet been identified) to poly(l:C), nor
the transcript expression response to bacterial antigens of any transcript included in the

current study had been previously investigated.

The response of IRF transcript expression to immune stimulation has been

investigated in several other teleost species as described below, although to our

92



knowledge the effect of temperature on teleost IRF transcript expression response has
only been investigated in our laboratory (Hori et al., 2012, 2013) and in a zebrafish study
which looked at the expression of Irf3 along with several other antiviral genes (Dios et
al., 2010). An understanding of how changing temperatures may affect both the
susceptibility of fish to infectious diseases and the function of immune responsive genes
is of particular importance for Atlantic cod aquaculture, since cod that are confined to sea
cages may be unable to move to an area of preferred temperature, and often experience
seasonal temperature fluctuations (i.e. summer water temperatures of up to 20°C with
short-term temperature fluctuations of up to 10°C; Gollock et al., 2006). A primary goal
of Hori et al. (2012, 2013) was therefore to determine if a gradual temperature increase
(from 10°C to 16°C, 1°C every 5 days), comparable to that experienced by cod in the
spring/summer Newfoundland climate, would modulate the anti-viral and anti-bacterial
immune responses of cod and thereby potentially influence their susceptibility to
infectious diseases. The current study uses the same temperature regime and samples as
Hori et al., (2012, 2013), but investigates the impact of elevated temperature and/or

immune stimulation on the transcript expression of newly characterized IRF paralogues.

As in the constitutive tissue distribution study, differences were observed in the
spleen transcript expression profiles of cod Irf4a and Irf4b, in response to both poly(l:C)
and ASAL injection (Figures 16 and 17). For example, while Irf4b transcript expression
increased in response to poly(l:C) (at 6HPI and 16°C; compared to time- and
temperature-matched PBS control), Irf4a expression had no response at to poly(l:C) at

6HPI at either temperature or at 24HPI at 16°C, and was lower in poly(l:C) than PBS at
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24HPI at 10°C. Interestingly, a similar transcript expression profile to cod Irf4a was
observed for Irf4 in rock bream injected with poly(l:C) (Bathige et al., 2012). In that
study, which included time points from OHPI to 48HPI, the only significant response to
poly(1:C) stimulation in spleen was a decrease at 12HPI. Based on the phylogenetic
analysis (Figure 14), rock bream Irf4 did appear to be more closely related to zebrafish
Irf4a than to zebrafish or cod Irf4b, supporting its similar expression profile to cod Irf4a
in response to poly(l:C). However, while ASAL stimulation was not included for the rock
bream study, the effects of two other bacterial pathogens, Edwardsiella tarda and
Streptococcus iniae were investigated, and both caused an initial decrease in Irf4
expression at 3HPI, followed by an increase at 12HP1 and then another decrease at the
final (48HPI) time point, with similar expression profiles in spleen and head kidney
(Bathige et al., 2012). In cod, Irf4b was responsive to stimulation with ASAL while Irf4a
was not, indicating that cod Irf4b may also share some similarity in function with the
rock bream orthologue. Since cod Irf4b showed increased spleen transcript expression in
response to ASAL at 6HPI (at both temperatures, compared to time- and temperature-
matched PBS controls), but no response to ASAL at 24HPI at either temperature, it
would be of interest to repeat this experiment using additional sampling time points from
3HPI to 48HPI to determine whether a similar pattern to that seen in rock bream 1rf4

following bacterial stimulation may occur.

Immune responsiveness of Irf4 has also been studied in rainbow trout, where no
response to poly(l:C) stimulation was observed in cultured splenocytes (Holland et al.,

2010). ASAL was again not used in that study, although stimulation with
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lipopolysaccharide (LPS) produced a decrease in Irf4 transcript expression. No data on
Irf4 transcript expression response to immune stimuli could be found for zebrafish or any
other species with multiple 1rf4 paralogues, and therefore it is unknown whether the
differing profiles observed in this study are unique to Atlantic cod. The very different
transcript expression profiles of cod Irf4a and Irf4b (i.e. up-regulation of Irf4b, but not
Irf4a, in response to both viral and bacterial antigens) provides evidence of regulatory
divergence of these paralogues (i.e. gene duplication and divergence), even though they
are quite similar over the length of the shorter Irf4a (74% identical overall and 81%
identical over the DBD at the amino acid level, see Appendix 8). It also suggests the two
genes may have different roles in immune responses to pathogens and/or pathogen-

associated molecular patterns (PAMPS) such as poly(I:C).

Both the rainbow trout and rock bream studies discussed above investigated 1rf8
expression along with Irf4, as these two genes belong to the same sub-family (IRF4-G)
and are more closely related to each other than to other IRFs, as indicated by
phylogenetic analysis. In each species, up-regulation of Irf8 transcript expression after
poly(I:C) stimulation was observed, although in the current study the response was at
24HPI (at 10°C; compared to time- and temperature-matched PBS control) while in rock
bream (Bathige et al., 2012) the increase occurred at 3HPI, 12HPI and 24HPI time points
(the trout study only included one sampling point at 4 hours post-stimulation). It should
also be noted that in both the current study and the rock bream study, the increased 1rf8
transcript expression was quite subtle, indicated as fold changes of 2 or less compared to

time matched PBS controls (Figure 19A; Bathige et al., 2012). A 5-fold increase in Irf8
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expression was observed in response to poly(l:C) in trout, although this study included
cultured splenocytes rather than whole spleen tissue (Holland et al., 2010).
Responsiveness of Irf8 to poly(l:C) has also been observed in the spleen of turbot (Chen
et al., 2012) and Japanese flounder (Hu et al., 2013). In turbot, 1rf8 transcript expression
was increased at 12HPI but not at 24HP1 or 48HPI, while in flounder I1rf8 transcript
expression peaked at 3HPI. Thus, the timing of the immune response may be different in
each species, although differences in poly(l:C) dosage, fish age and/or size, and other

factors must be considered.

The cod Irf8 response to ASAL (at 10°C) appears to follow a similar pattern to
the rock bream Irf8 (and Irf4) response to bacterial pathogens: in both cases there is an
initial decrease in transcript expression and then an increase compared to PBS controls.
However, the transcript expression profile at 16°C for cod 1rf8 was quite different,
showing an increase at 6HPI and no significant difference at 24HP1 in response to ASAL
compared to PBS controls (Figure 19B); unfortunately no other studies of 1rf8 transcript
expression include multiple temperatures for comparison. As noted above, our study did
not include a 48HPI time point, and therefore it is unknown whether a later decrease in
expression may occur in Atlantic cod Irf8 at either temperature. Bathige et al., (2012)
suggested the initial decrease observed in their study may have been caused by the
immune suppressive capability of live pathogens; however, this explanation would not
apply to killed pathogens (i.e. ASAL) as used in the current study. Interestingly, while
Hori et al., (2013) found the effect of temperature increase on overall immune-relevant

transcript expression to be much greater in poly(l:C) vs. ASAL stimulated cod, the
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greatest response of 1rf8 to ASAL stimulation (a 2.17 fold increase; Figure 19B) was
observed at 6HPI at the elevated temperature in the current study, while no significant

response was observed at the elevated temperature in poly(l:C) injected fish.

Atlantic cod Irf7 transcript expression has been shown to increase in response to
poly(1:C) exposure at 6HPI and 24HPI time points (Rise et al, 2008), with a greater
response at 16°C at the earlier time-point and a greater response at 10°C at the later time-
point (Hori et al., 2012). Irf7 has also been observed to be poly(l:C) responsive in head
kidney and gill in Japanese flounder (Hu et al., 2010), in rainbow trout cell lines (Holland
et al., 2008), and in liver and head kidney of Atlantic salmon (Kileng et al., 2009),
although spleen expression was not studied in these species. In the mandarin fish, spleen
transcript expression of Irf7 was studied and found to increase with poly(I:C) stimulation,
peaking at 12HPI, with similar responses in gill and liver (Sun et al., 2007). Response to
ASAL was not investigated in any of these species, although a different study in the
orange-spotted grouper showed that Irf7 expression in spleen increased in response to
injection with the bacterium Vibrio vulnificus (Cui et al., 2011). In Atlantic cod,
increased Irf7 transcript expression in the brain (based on microarray data) has been
observed in response to injection with nervous necrosis virus, and QPCR analysis showed
a response to poly(Il:C) in cod cell lines (Krasnov et al., 2012). In the current study, an
increase in Irf7 transcript expression in response to ASAL injection (at 16°C for the 6HPI
time-point and at 10°C for the 24HPI time-point) was observed, indicating that this gene
(along with all other genes in this study except Irf4b) likely plays a role in the immune

response to both viral and bacterial infection in this species. The temperature-dependant
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expression profile of Irf7 observed in response to ASAL injection is similar to that
observed in response to poly(l:C) by Hori et al (2012) for Irf7 and several other immune-
relevant cod transcripts (i.e. earlier response at elevated temperature). The results of the
current study build on those of Hori et al., (2012, 2013) by showing that a moderate
temperature increase also modulates the cod spleen transcript expression response of

multiple IRF genes (Irf7, 1rf8 and both Irf10 splice variants) to bacterial antigens.

The response of 1rf10-v1 to poly(l:C) was also investigated by Hori et al., (2012),
where (as with Irf7) the increase in transcript expression was greater at 16°C for the 6HPI
time point and at 10°C for the 24HPI time point. This transcript was shown to be
responsive to ASAL injection as well in the current study, although expression only
increased (compared to the time- and temperature-matched PBS control) at 10°C, and
only at the 24HPI time-point (Figure 20). Interestingly, the second Irf10 splice variant
(Irf10-v2) showed different expression profiles from Irf10-v1 in response to both
poly(l:C) and ASAL. While the greatest response to poly(l:C) was observed at 24HPI and
10°C for Irf10-v1 (9-fold increase; Hori et al., 2012), the responses of 1rf10-v2 at 6HPI
were both greater (~8-fold increase at 10°C and ~11-fold at 16°C) than the response at
24HPI (4-fold at 10°C, with no response at 16°C; Figure 21A). Increases in Irf10-v2
expression were observed in ASAL injected fish at both 6HPI and 24HPI at 10°C,
although the increase was greater in the later time point (Figure 21B), consistent with the
common profile (i.e. later responses at the lower temperature) observed by Hori et al.,
(2012, 2013). The study of Irf10 expression response to immune stimulation in this

experiment indicated that while the two splice variants of this gene in Atlantic cod are
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responsive to both poly(l:C) and ASAL stimulation, there are observable differences in
the timing and intensity of those responses. Along with the tissue distribution data above,
this suggests that the two splice variants may have distinct roles in the immune response,
which will be an area of particular interest for further study. Very little study of Irf10 in
other species has been carried out to date, and therefore it is unknown whether the

presence of such splice variants is unique to Atlantic cod.

4.5 Developmental transcript expression analysis

Since IRF family members are known in several species to function in the
development of innate and adaptive immunity (reviewed in Ozato et al., 2007), and
because cod Irfl and Irf7 have previously been shown to be maternal transcripts with
dynamic expression profiles during embryonic development (Rise et al., 2012), the
expression of all IRF transcripts included in the current study throughout early
development was also investigated. Although QPCR studies were not completed using
these samples, RT-PCR did indicate several expression profiles that will be of interest for
further study; notably, Irf7 expression was similar to that seen by Rise et al., (2012) using
QPCR, with an apparent peak in early segmentation [6 dpf in the previous study; 7 dpf in
the current study (Figure 23D)]. This indicates a possible important role for IRF7 [and
IRF1, as hypothesized by Rise et al., (2012)] in this stage of development, which could
be investigated further in the future (e.g. using morpholino injection for gene
knockdown). Very little information is found in the literature about the role of the IRF7
transcription factor in development, although one study indicates it is required for the

development of medullary thymic epithelial cells in mice (Otero et al., 2013).
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Investigation of the role of IRF7 in early embryonic development in cod and other
teleosts (e.g. Atlantic salmon or zebrafish) as well as in other vertebrate species will

therefore be of particular interest in ongoing research.

Atlantic cod Irf4a and Irf4b transcript expression levels appear to decrease
throughout embryonic development (Figure 23B,C), suggesting both may be maternal
transcripts (present in the unfertilized egg), and possibly have an important role in the
early embryo. Future QPCR studies could include unfertilized egg in addition to
embryonic/larval stages to further investigate this possibility. 1rf8 appears to have its
highest transcript expression at 0 dpf as well, although this transcript has a unique
expression profile; it is expressed throughout the developmental stages included in the
current study, from 0 dpf to 17 dpf, but appears to drop suddenly at 2-3 dpf before
increasing again at 4 dpf. As noted above (Table 1), both IRF4 and IRF8 are known to

important to the differentiation of different cell types in mammals. For example, mice

deficient in IRF4, which in mammals is only expressed in lymphoid and myeloid cells,

show impaired activation and differentiation of B and T cells (Mittrucker et al., 1997);

and the transcription factor is required for B cells to undergo isotype switching and

differentiation into plasma cells (Sciammas et al., 2006). IRF8 has been shown to be

be

required for the differentiation of myeloid progenitor cells into macrophages as opposed

to granulocytes, with IRF8 knockout mice developing immunodeficiency (Tamura and

Ozato, 2002). In another study, IRF8-deficient mice were shown to have increased

numbers of microglia with altered morphology compared to wild type mice, indicating

the transcription factor has an important role in the development of those cells in the
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brain (Minten et al., 2012). The role of these genes in immune system development in
fish is less well studied, although IRF8 has been shown to regulate the differentiation of
myeloid cells during zebrafish development, as knockdown of its expression produced
embryos with depleted macrophage but expanded neutrophil populations (Li et al., 2011).
Investigation into the role of each of these genes during Atlantic cod development using

knockdown studies will be of interest for further research.

As seen with the immune stimulation QPCR studies above, the two cod Irfl10
splice variants again appear to have different transcript expression profiles in the
developmental series RT-PCR study. 1rf10-v2 showed only very faint expression
throughout development, with a peak at 4 dpf, possibly indicating a role in late
gastrulation, while 1rf10-v1 expression appeared to increase with time (Figure 23F,G).
However, because some discrepancy is visible between replicates (particularly in 1rf10-
v1), further studies (i.e. using QPCR) will be necessary to confirm all developmental

expression profiles.

4.6 Conclusions

The main objectives of this research were to characterize multiple Atlantic cod
IRF family members at the cDNA and putative amino acid levels; to investigate the
constitutive expression of those transcripts; and to expand on the findings of earlier
studies in our laboratory (Hori et al., 2012, 2013) about the effect of temperature on the
immune response to viral and bacterial antigens. Six Atlantic cod IRF transcripts were
characterized, including a novel 1rf10 splice variant, and the Irf10 genomic region was

sequenced. RT-PCR analysis showed that all of these transcripts were expressed in
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spleen, head kidney and gill, and most were ubiquitously expressed in the tissues studied.
The second RT-PCR study indicated that different IRF transcripts have unique
developmental expression profiles and that some IRFs (e.g. Irf7, 1rf10-v2) may have an

important function at specific stages of development.

QPCR analysis of spleen expression confirmed that all transcripts were responsive
to poly(I:C) and all except Irf4a were responsive to ASAL stimulation; and the effect of
increased temperature previously observed (leading to an earlier transcriptional response
to immune stimulation; Hori et al., 2012, 2013) was seen in several cases. As noted by
Hori et al., (2012), these findings indicate that while increased summer temperatures in
themselves may not be lethal for Atlantic cod, the effect of such temperatures on immune

responses will be of particular importance to future Atlantic cod aquaculture.

4.7 Future Research

This study adds to our knowledge of molecular immunology in fish and of the
IRF gene family, and provides many avenues for further investigation. For example,
further sequencing at the genomic DNA level is of interest for each of these genes, both
to confirm the placement of introns and to further characterize the 5’ upstream regions as
the 5S’UTR obtained using RACE techniques were as short as 36 bp. Analysis of the
upstream regions would aid in our understanding of how IRF expression is regulated, and
how IRF family members interact with each other, with other transcription factors, and
with IFN. In particular, it would be interesting to sequence and analyze the proximal
promoters of cod Irf4a and Irf4b to determine if there are differences in regulatory

sequences (e.g. putative transcription factor binding sites) that may explain the
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differences in regulation of these paralogues observed above. It would also be valuable to
use QPCR to study the transcript expression of both Irf4 paralogues and 1rf8 in blood
cells and hematopoietic kidney, since these genes are known to be important to
hematopoiesis in other species. It will be important to investigate transcript expression in
different classes of cod leukocytes [e.g. using Fluorescence Activated Cell Sorting
(FACS)] to determine if similar functions are carried out during hematopoiesis in cod. As
QPCR studies of cod IRF family members during embryonic and larval development
were not successful in this study due to low levels of transcript expression, future
research will utilize modified QPCR methods (e.g. use of amplified RNA) which may
allow this experiment to be completed. Furthermore, techniques such as in situ
hybridization, immunohistochemistry and gene knockdown by morpholino injection will
be used in ongoing research following from this study to better understand the roles of

IRF genes, particularly in development.
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Appendix 1: Irf4-like Atlantic cod ESTs used to design paralogue specific RACE
primers for characterization of cod Irf4a, Irf4b and Irf10-v2. A) Table summarizing cod
Irf4-like ESTs found in dbEST. B) Partial alignment of Irf4-like ESTs. Conserved
nucleotides are marked by an asterisk (*). The locations of RACE primers are indicated
in blue for Irfda, green for Irf4b, and purple for Irf10-v2. Alignment was constructed
using Clustal Omega software (see Web References).
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Appendix 1 A: Gadus morhua ESTs representing Irf4

Genbank Library name | Tissue Treatment Best BLASTX hit

Accession Number

FF408830 gmapte testis none IRF4 [Paralichthys
olivaceus] (E= 2e-78).
AEY55358

EX733395 ZNKAA kidney none IRF4-like [Oreochromis
niloticus] predicted (E= 8e-
33). XP_003437930

ES773165 gmnbhkas head kidney | ASAL IRF4-like [Oreochromis
niloticus] predicted (E= 3e-
31). XP_003437930

*ES784419 gmnlsfic spleen Poly(I:C) IRF4-like [Oreochromis
niloticus] predicted (E=8e-
22). XP_005448898

*ES785894 gmnlsfic spleen Poly(l:C) IRF4-like [Oreochromis

niloticus] predicted (E= 6e-
22). XP_005448898

*BLASTX search returned many hits for Irf10, but Irf4-like sequence had the lowest E-value.
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Appendix 1 B:

FF408830
ES773165
EX733395
ES784419
ES785894

FF408830
ES773165
EX733395
ES784419
ES785894

FF408830
ES773165
EX733395
ES784419
ES785894

FF408830
ES773165
EX733395
ES784419
ES785894

FF408830
ES773165
EX733395
ES784419
ES785894

FF408830
ES773165
EX733395
ES784419
ES785894

FF408830
ES773165
EX733395
ES784419
ES785894

FF408830
ES773165
EX733395
ES784419
ES785894

Irfda
Irf4b
Irf10

Irfda
Irf4b
Irf10

Irfda
Irfdb
Irf10

Irf4a
Irfab
Irf10

Irfda
Irf4b

Irf10

Irfda
Irf4b
Irf10

Irf4a
Irf4b
Irf10

————————————————————————————————————————————————— TGCCGGGGGAT
AATAATTCCATAGTTGAGACATTAAGAGTATATCAAAAGAAGATAATCCCAAGCCATGIG
--------------------- TTCGTACTATATCAAAAGAAGATAATCCCAAGCCATGIG

AACAGAGATGAGGACGCCGCGCTT-TTCAAGGCATGGGCACTGTTTAAGGGCAAGTTTCG
AATTGATGATGTGATGCCTATGTGGTTGCAGGCCTGGGCACTTTTCAAGGGCAAATACAA
AATTGATGATGTGATGCCTATGTGGGTGCAGGCCTGGGCACTTTTCAAGGGCAAATACAA
---------- TGGCCGCGGGATTTCGAGCGGCCGCCGGGCAGGTACAAAGGGAAATACAA
----------------------------------- -GGGCAGGTACAAAGGGAAATACAA

*w W kR Rk kR ks

GGAGGGTATCGACAAAGCGGACCCGCCGACCTGGAAGACGCGCTTACGTITGCGCGCTGAA
AGAAGGTGTGGACAAACCGGACCCCCCCACATGGARAACCCGTICTACGGTGTIGCTCTGAA
AGAAGGTGTGGACARACCGGACCCCCCCACATGGARAACCCGTICTACGGTGTIGCTICTGAA
GGTGGGCAGCGACAAGGACAACCCCACCATGTGGAAGACGCGCCTIGCGCTGTIGCACTTAA
GGTGGGCAGCGACAAGGACAACCCCACCATGTGGAAGACGCGCCTGCGCTGTGCACTTAA

.ﬁ- L iﬁiii. - .ﬁﬁﬁi .i * *i*ii.iﬁ - ﬁ.ﬂﬁ R AW R e

TAAAAGTAATGATTTCGAAGAGCTGGTGGACCGAAGCCAACTGGACATCTICGGACCCTTIA
CAARAGCAACGACTTIGACGAGCTGGTGGACAGAAGCCAGCTGGACATCACCGAACCCTA
CARAAGCAACGACTTIGACGAGCTGGTGGACAGAAGCCAGCTGGACATCTCCGAACCCTA
CAAGAGCACAGACTTCCAGGAGGTCCCCCACCTGAACCAGCTGGACATCTCGGAGCCCTA
CAAGAGCACAGACTTCCAGGAGGTCCCCCACCTGAACCAGCTGGACATCTCGGAGCCCTA

MR TN W W W RN HE K KKK kR RREKRK Lk KK kK KK

CAAAGTGTACCGTATCATCCCAGAGGGCGACAAGAGAAGAC--CCAGACAGGAGGACAGT
CAAAGTCTACAGAATCATCCCCGAGGGGGTCAAAAGAGGCAAGCCCATCAATARAGTGIC
CAAAGTCTACAGAATCATCCCCGAGGGGGTCAAAAGAGGCAAGCCCATCAATARAAGTGIC
CAAGGTCTACCGCA GGCACCACTTCAGATGGACCTA
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Appendix 2: Assembly of Atlantic cod Irf4a RACE and ORF PCR sequencing reads.
Sequencing methods are described in section 2.1.2. Sequence data was assembled using
Lasergene SeqMan Pro software (DNASTAR). Consensus sequence is indicated between
horizontal lines. Note that naming appears incorrect as Irf4a and Irf4b names were

switched after phylogenetic analysis based on similarity to zebrafish Irf4 paralogues.
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IRF4R-5.2F_H01_2012-12-12 Mulei(47»638) —  CAAGATTACRACRGAGATGRGEATETGCGCTTITCARGEOCTEGECACTTITCAAGESC
I8F4b-5.3F_R03_2012 — LTGLGERTGCTEOGCTTTTCARGECCTEEECACTTTTCALGESC
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IRF4b-5.1R G07 2012-12-12 Multi(755734) AAATACRAAGAACETETGRAC AL TRGACCCOTOA
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IRF4b-5.3F_A09_2012-12-12_Multi(87»728) *— ARATACARAGAAGGTETGEACARACCSEACCCCOCCH
IRF4b-5.2F H01_2012-12-11 I-iultJ.J(l>=EG‘ —  RAATACARRGAAGGTGTGEACARACCGEACCCCCOCA
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IaFdb-5.1F_G07_Z012 | 5»734) ==  GCTCTGARCALARGCALCGACTITGRCGRAGCTGETGGACRGARGCCAGCTGERCATCACC
IRF4b-5.1F GO1_2012-12-12 Multi(53»718) —  GCTCTGRACAARRGCARCEACTITGRCEAGCIGETGEACREARGCCAGCTGERCATCRCC
IRF4b— L3B_ADS_2012-12-12 Multi(87»728) *—  GOTCTGAACALANGCRACGLCTTTGACELGCTGETGEL MEAAECCLGCTGRACATONCC
IRF4b-5.2F H01 _2012-12-11 Multiu(l»566) —*  GCTCTGRACRARRGCRRCGACTITGRCEAGCIGETGEACRGARGCCAGCIGERCATCRCC
I254b-0RF2F _B07_2013-07-22_Mul (45>672) — GCTCTGRACAARAGCAACGACTITCACEECTGATGEACAGRACCCAGITERACRTCACC
IRF4p-ORFI_F_A07 2013-07-22 Mul (47»674) —  GCTCTGARCAARRGCAACEACTTTGACGARCTGETSEACASALECCAGCTRREACATCACT
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IRE4b-S. 3R_A09_2012-12-12 Multi(27728) +«—
IRF4b-5.2F H01_2012-12- 11 “Multiu(l»368) —
IaFdb- OR“2 F_E07_2013-07-22_Mul (45»€72) —
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IRF4b-5.2F_H01 2012-12-12 Multi (47»838) —  RAAGTGTCTGCARTATTCAGRTGGCTTICGTCATGRGARGRCACATTTATTGIACAGRTS
IRF4b-5.3F_A03_2012-12-12 Multi(52>693) —  ARAGTGICTGCARTATICAGATSGCTITCGTCATGRGARGACACATITATTGTACRGETG
IRF4b-5.2R_HO7_2012 (79»72 D‘ — AAETGTCTGIARTATTCRGATSGCTTTCGT AT GAGLASACACATTTATTGTACLGRTS
IRF4b-5.1F_G07_2012 5»734)  *—  RLAGTGTCTECARTATTCAGATSGCTTICGTCATGRERAGACACETTTATTGIACLGETG
IRFdb-3.1F G01 2012 —12_1-1ultl|.5°>" 8} —  ALAGTGICTGCRATATTCAGATEGCTTTCSTCATGAGLAGRCRCATITATTGTACLGATS
IRFdb-5.3R_A09_2012-12-12 Multi (27»>728) +— RARGTGICTGCARIATTCASATSGCTTTCGTCATGRGARGACACATTTATTETACLGRTS
IRF4b-5.2F HO1_2012-12-11 Multiuil>566) —* ARAGTGICTECAATATTCAGATEGCTTTCRTCATGAGAARLCACATITATTGTACLGATS
I3F4b-ORFI_F_BO7_2013-07-22_Mul (45»672) —  ARARTGICTACAATATTCAGATGGCTTTCGTCATGAGARGACACATTTATTETACAGATG
IRF4L-0RTL_F k07 _2013-07-22_Mul (47»674) —  RAGTGTCTGCARTATTCAGETGGCTTTCGTCATCRGARGACACATITATTGTACAGETG
IRF4b-ORF1_R_A03_2013-07-22_Mul (74>701} ¢ ALAGTGTCTGCAATATTCAGATGGCTTTCSTCATGAEAARLCACATITATTGTACRGATG
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IRFdb-2.4R_G09 2012-12-12_Multi(76»303) *—
IRF4b-3.2F E03_2012-12-12_Multi (57»233) +—
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TGCAGLCTTOCCTEATIGCETGCAETTACACACATACTCACACACT CACACETACECACE
LBF_HO1_2012-12-12 Multi (47>688) —  TGCAGACTTCC
L3F_RDE_201zZ -12_Multi(52»6%3) —  TGCAGACTTICC
5.2R_H07_2012-12-12_Multi(79>720}) *—  TGCRGRCTTCC
E.1R_GO7_2012-12-12 Multi(75>734) *+—  TGCRGACTIC
5.1F_GO1_Z201Z2 -1Z2_Multii55>715) — TECAGACTTOCR
F4b-5.3R_A09 2012-12-12 Multi (87>728) +—  TGECRGACTICE
F4b-5.2F HO1l 2012-12-11 Multinil>566) —*  TGCAGACTICC
F4b-0RFZ_F_BO7_2013-07-22_Mul (45>872) —  TGCRGACTTCCCTGATIGCSTGECAGTTACACECATACTCACACACTCACACETACGCACE
F4L-0ORFL_F_A07_2013-07-22_Mul(47»€74) =  TGCAGACTTCCCTGATTGCSTGCARTTACACACATACTCACACACTCACLCETACGCACE
F4p-ORFL_B_A03_2013-07-22_Mul(74>701) *—  TGCRGACTTCCCTSATIGCSTGCAGTIACACACATACTCACACACTCACRCETACECACE
Fdb-3.4R_G058_2012-12-12 Multi(76>303) +—  TGCRAGACTTCCCTSATIGOSTGCAGTTACACECATACTCACACACTCACRCETACGCACE
Fib-3.2F E03_2012-12-12 Multi(57>29%3) +—  TGCRGACTTCCCTSATIGCSTECRE ACRCATACTCACACK
F4b-3.3F F03_2012-12-12 Multi(55>284) *—  TGCRGACTIC Ca
Fib-3.4F G03_2012-12-12 Multi(55»282) —  TECAGACTIC A CRCATACTCACACACTCACLCETACECACE
IRF4b-3.2R E09 2012-12-12 Multi(75»311) = TGCAGACTTCCCTGATTGCSTGCAGTTACACACATACTCACACE
IRF4k-3.3R_F09_2012-12-12_Multi(82»>311) — TGCRGACTTCCCTGACTGOGTGCAGTTACACACATACTCACA
570 30 gs0 700 710 720
| 1 1 | 1 | | 1 | | 1 |
CATACCCACRCACTGORGCET GACARL ECGEEGCAACTCTRTERTCATBETTARRTCTTT
RF4b-ORFI_F_BO7_2013-07-22_Mul(43»672) —
F1_F_LO7 20 22 _Mual (47%674) —* TCATGETTARATCTIT
F1_R_R0O8_20 22_Mul(74>701) *—  CRTACCCRCRCACTGCLGCGTEACHAAGGEEGCANCTCTSTEETCATESTTARATCTIT
3.4R GD9 2012-12-12 Multi(76»303) *— CATACCCACACACTGCAGCETGACAAAECGEEGCAACTCTETRRTCLTGRTTARATCTTT
L2F_E03_2012-12-12_Multi(57>293) *— CATACCCACACACTGCAGCR: CICT TTRRATCTTT
L3F_FO03_2012-12-12 Multi(55>284) — TTLAATCTTT
LAF_G03_2012-12-12_Multi (55>282) — TTRARTCTTT
3.2R_E09_2012-12-12 Multi(75»311} —* CATACCCACACACTGCAGCATGRCRIMGCGEEGCAACTCT TTZARTCTIT
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CCRAGGOETTCACACACTGACGTGRRLACACCCATAGAGACACACGCGRACACTTTACRE
IRF4L-ORF2_F_B07 2013-07-22_Mul (453672} —* CCARGGCCTTCACRCACE
IRF4b-0RF1_F_A07_2013-07-22_Mul (475674} —  CCRAGGCETTCACLCACE
IRF4b-0ORF1_B_A03_2013-07-22_Mul (743701} *—  CCRAGGCSTTCRCLRCAC
IRF4b-2.4R_G09_2012-12-12 Multi(76»303) *—  CCARGGCGTTCACACACTGACGTGRRRACACCCATAGAGRCACRCGOGARCACTTTACAR
IRF4b-2.2F_E03_2012-12-12 Multi(SV>283) +— CCARGGCETTCACACRCTGACGTGRERACLCCCATAGAGRCACLCGCGRACRCTTTACER
IRFdb-3.3F F03_2012-12-12 Multi(55»234) *+— CCARGGCGTTCACACACTERCGTERAAACACCCATACAGACACACEOGARCACTTTACAR
IRF4kb-2.4F G03_2012-12-12 Multi(55»282) —* CCARGGORTTCACACACTELCETGRAAACACCCATAGRGACACACECGARCACTTTACEA
IRF4b-3.3R_E058_2012-12-12_Multi(75»311) — CCARGGCETTCACACACTELCGTGRAAACACCCATARAGRCACLCEOGRRACACTTTACRR
IRF4k-2.3R F09 2012-12-12_ Multi(82»311}) = CCAAGGCETTCACACACTELCCTGARAACACCCATACRGACACACECGARCACTTTACEA
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Appendix 3: Assembly of Atlantic cod Irf4b RACE and ORF PCR sequencing reads.
Sequencing methods are described in section 2.1.2. Sequence data was assembled using
Lasergene SeqMan Pro software (DNASTAR). Consensus sequence is indicated between
horizontal lines. Note that naming appears incorrect as Irf4a and Irf4b names were

switched after phylogenetic analysis based on similarity to zebrafish Irf4 paralogues.
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IRF4z-5.3R_C07_2012-12-12 Multi (293734) TTGGALTTEATTGCTCEATTAAGRE
IRF4a-5.3F_CO1_2012-12-12 Multi(S1>7858) — GGLLTTEATTGCTCEATTAAGLE
IRF4z-5.2F 301 2012-12-12 Multi (537298} — GGAATTEATTGCTCEATTRAGRE
IRFda-5.2R B07_2012-12-12 Multi (84>760) +— GTETAEAGCAT TALCETTGGAATTEAT TGCTCEATTAAGAR
IRFda-5.1F 201 2012-12-12 Multi (523727} —* T T \ETETAGAGCLTTANCE
IRF4a-5.1R_ADV_2012-12-12 Multi (B6>T60) *—  TCATTTATTGTGTITGACAGTGTAGLGCATTAL AT TGARATTEATTGCTCEAT TAAGLL
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IRF4a-5.3R_C07_2012-12-12_Multi (293734) ATRRRCRRARTARATATAR ARCAGAARGETICT TCTGGEAACTTTACTGACGGACRGRT
IRF4a-5.3F_CO01_2012-12-12 Multi (51»756) ATRRLCAARTARRTATARCARCECEAAGGTTCTTCTGGELAACTT TACTGACGGACAGET
IRF4a-5.2F 501_2012-12-12 Multi(53>729) ATARRCERANTARA TATAR AL CAGA ARG TICT TCTGGEAACTTTACTEACGGACAGAT
IRFda-5.2R_B07_2012-12-12 Multi (245760) LTALLCIIANTE
IRF4a-5.1F R0l 2012-12-12 Multi (S23727) ATAALCAABATARRTA

IRF4a-5.1R_A07_2012-12-12_Multi (E6>760)
IRF4a-0RTE_F_EOS
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GLACCTCORRAGCEEAT TACACAGCELCGEEEAGCAGIRGEAACEERLARCTACGTCARTS
IRFda-5.3R C07_2012-12-12 Mulri (89>754)  «— AGCEERT TACACLGCEACEEGEAGC LG GEELACEEL LCGTCARTG
IRF4a-5.3F_C01_2012-12-12 Multi(51>756) — GOEEAT TAC LG ELC BAEELGCAGCREELAC AL ACGTCALTG
IRF4a-5.2F_B01_2012-12-12 Mulevi(S53»72%) — L GOGEAT TACRCAGCEACEEEELGLRGCEGELACEGAL ACGTCRAATG
IRFda-5.2R_507_2012-12-12 Mulcl (84>760) «— L\ GCGEAT TACACLGCELCEEGEAGCAGCGGEARCEERE AOGTCRRATG
IRFd4a-5.1F A01 2012-12-12 Multi (52»727) — ACGTCRALTG
c

IRF4z-5.1F_A07_2012-12-12_Multi[26>760) +— LCGTCANTE

IRF4z-0RTE_F BOS 2013 — ACGTCRAATG
IRF4a-0RF2_F_F03_2013 - GCBEAT TAC LA GO L GaEELGCAGCAGELACGAALAAC TACGTCALTG
IRF4z-0RT3_F G03_2013 _ L GCEEAT TACLCAGCCACEEGELGCAGCREELACEAAL ACGTCARTG
IRF4z-0RT4_F_EO3_. —_ L GOEEAT TACLCAGCELCEEGELGCAGCRGELAC AL ACGTCARTG
IRF4a-0RF5_F_ROS_ —_ CELLGCEGAT TACACAGCEACEAAELGCAGCGGRLACERRRALCTACGTCARTG
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BCTCATARAT ARG GRE A TGEACETATCCCRGTCTEAT T TGEGARLLCEACGAGLE

IBFda-5.3R_C07_2012-12-12 Multi (89»7%4) &  GCTCRTAAATCRAGSTGER LG T GGELCETAT CCAETCTEATT TRECAGARCEACGAGAR
IRF4a2-5.3F_C01_2012-12-12 Multi(51»756) — GUTCRTAGRTCAGETGALCLGTAGELCETATCCCAETCTEATT THEGAGLLCEACGAGLL
IRF4a-5.2F B01_2012-12-12 Multi(53»729) = GCTCLTAGATCAGETRRLCLGTEGELCETATCCCRGTCTEATTTHRGARALCEACGAGLL
IRF4a-5.2R_B07_2012-12-12_Multi (84»760) *— GCTCRTAGATCAGSTGEACRGTSGELCGTATCCCAETCTEATTTGEGAGALCEACGAGAL
IRF4a-5.1F A0l 2012-12-12 Multi (52»727) — GCTCATAGATCAGSTGGACLGTGGEACGTATCCCGETCTEATTTGEGAGRECGACGAGLA
IRFda-5.1R_R07_2012-12-12_Multi(B8&>760) +— TCLGGT L AGTEGELCETAT OO EGTCTEAT T IGEEAEALCGACGRGRR
IRF4z-0RFE_F BOS 2013-07-22_Mult (1303} —* L LETGGELCETAT OO e T TEAT TTGECREAACCRICAGEE
IRF4a-0RFZ_F_F03_2013-07-22 Mulr (1> — L LETGGELCETAT OO e T TEAT TTGECREAACCRICAGEE
IRF4z-0RF3_F G03_2013-07-22_Mult(ls e LCLETEGRLCETATCCCEETCTEAT T TGERARLACCACGARLE
IRF4z-0RF4 F HO03 2013-07-22_Mul (473349} —  G0TCZ TCAGETRRAC LT GGEACETATCCCRGTCTEAT T TGEGARELCEACGAGLE
[RF4a-0RF3_F_AD5_2013-07-22 Mul(50»301) — GOTCRTAGRTCAGETGEACRGTSGELCETATCCCAGTCTEATTTGEGAGALCCACGAGLL
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[RF4a-5.3R_CO7_2012-12-12_Multi (28>7%4] «—  ELGCATCTTCAGEATACCATGERALCACGCEEGERAECAGEACTATALCAGRERTGAGEL
IRF4a-5.3F CO1_2012-12-12_Multi(51>756) —* EAGCATCTTCAGEATACCATGEAALCACECGEGEMAGCAGAACTATAL CAGLEATEAGEL
IRF4a-5.2F BO1l_2012-12-12_Multi(53>729) — GAGCATCTTCAGEATACCATGEAARCACGCRAGEARGCAGGACTATARCAGREATGAGSA
IRFda-5.2R_B07_2012-12-12_Multl (24>TE€0) *—  ERGCATCTTCAGEATACCATGERARCACGCGEGERAECAGEACTATALCAGRERTGAGEL
IRF4a-5.1F A01_2012-12-12_Multi(52>727) — GAGCATCITCAGEATACCATGEAARCACGCREGEAAGCAGGACTATARCAGREATGAGEA
IRF4a-5.1R R07_2012-12-12_Multi(86>760) *— RAGCATCTTCAGEATACCATGEAALCACGCRAGEAAGCAGGACTATALCAGAEATGAGEA
IRF4z-0RF6_F_E05_2013- —  ELECATCTTCAGRLTACCATGELLACACACEEGRALCCARGACTATLACAGACATGAREL
I2F4a-0RF2 =  EAGCATCTTCAGEATACCATGEALACACACEEGEAACCACGACTATLACAGECETGAGSE
IRF4a-0RFI_ —*  EECATCTTCAGEATACCAT CEARA A CEr EeGaAACARCAC TATAACAGLCRTCACEE
IRF4a-0RF4_F —  EGCATCTTCAGELTACCAT GEALA A EEGEAAE ARGAC TATAA LG LT GAGEL
IRF42-0RF5_F = EILECATCTTCAGEATACCATGEARACACGCEEGRARCCARGACTATLACAGACATGAGSE
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CBCCGOECTTTTCAARRCATGEECACTGT TTAAGEATLACT TTCGRGAGEATATCGACLL
IRF4a-5.38_CO07_2012-12-12 Multi(29»7%4]) «~— ([GCCGCGCTTITCALGECATGEECACTETTTAARRGCLARTTTOGEEAREGTATCGACLE
IRF4a-5.3F CO1_2012-12-12_Multi(51>756) = CGCCGCRCTTTTCRAGECATGRGCACTGITTAARGGCAAGTTTOGEGARGGTATC
IRF4a-5.2F BO1_2012-12-12_Multi(53>729) —* CECCGCECTTITCANGECATGEGCACTETTTALGEG ANETTTOGEGAGGETATCEACIL
IRF4a-5.2R_307_2012-12-12 Multi (24>7&0} = ([CECCGCECTTITCALGECATGEACACTRTTTAARAGCLART TTOREAAREGTATOGACEL
IRF4a-5.1F_R01_2012-12-12_Multi(52»727) = C[GCCGCGCTTTTCARGECATGEGCACTGITTALGEGIAAGTTTOGEGAEGGTATCEACRL
IRFda-5. -12_Multi(26>7€0) +—  CSCCECGCTTTTCANGECATGEECACTETTIANGEGCALGTTTCGEEAEEGTATCGRCAR
IRF4a-0 — CECCGCECTTITCALEECATGEaCACTETTTAA G AACTTTCGEAAREETATOGACAE
IRF4a-0 =  [CGCCGCECTTTTCALEECATGEECACTETTTAARAGCLARTTTOGEEARAGTATCGACLE
IRF4a-0 —  CGCCGCGCTTTTCALEECATGEACACTETTTAAGAGCAACT TTCGEEAGEGTATCGACLE
IRF4a-0 — CGCCGCGCTTTTCALGECATGEACACTETTTAAGAGCAACT TTCGEAAGEGTATCGACEE
IRF4a-0 —  CECCGCECTTITCALEECATGEACACTETTTAL GG AART TTCAEELGEGTATOGACEE
30 440 45 g0
T EEEE FEERE P AR SRR PRl FEE T FEEEE PR FT e
AGCEGACCCECCEACCTGRAR BLCECGCTTACGT TGCGCECTEAATAAR A GTARTGATTT
IRF4a-5.3R_CO7T_2012-12-12 Multi(E9»734) «—  oreeACCCElCeRCCTGRAACACElGCTTACGTTGCGCECTEARTALARGTAATCATTT
IRF4a-5.3F CO1_2012-12-12_Multi(51»>756) = AGCEGACCCECCGACCTGRAARACGCGCTTACGTTGCGCGCTGRAATARRAGTARTGATIT
IRF4a-5.2F B01_2012-12-12_Multi(53»729) — LGCGEACCCECCELCCTIGEAAGACECGCITACGTIGCGCECTEAATALLLGTARTGATIT
IRF4a-5.2R B07_2012-12-12 Multi (B4>760) *— RGCEEACCCECCEACCTGEALEACECGCITACGTIGCGCECTEAATALRAGTARTGATIT
IRF4a-5.1F RO1_2012-12-12 Multi(52>727) —* AGCEAACCCECCGLCCTGRAAGACEOGCTTACGTIGCGCGCTEAATALRAGTARTGATIT
IRF4a-5.1R_R07_2012-12-12_Multi (283760} *— RGCGEACCCECCGRCCTGERAGRCECGCITACGTIGCGCECTERATALRLGTARTGATIT
IRF4a-ORFE_F_BO5_20 — AGCEGACCCECCEACCTGRRAGACECGCTTACGT TGCGCECTRALTALARGTAATGATTT
IRF4z-0RFZ_F 503 2 —  AECEGACCCEICCLCC TG CACEI G TTACGT TG GO TEARTAAARGTARTCATTT
IRF4z-0RF3 F 03 2 —  AGCEGACCCECCERCCTGRAAGACECGCTTACGT TGCGCECTRARTAAARGTAATGATTT
IRF4a-0RF4_F_HO3_2 —  AGCEGACCCECCEACCTGRAAGACECGCTTACGTTGCGCECTRARTAAARGTAATGATTT
IRF4a-0RF5_F A0S 2 — AGCEGACCCECCEACCTGRAAGACECGCTTACGT TGCGCECTRALTALARGTRATGATTT
430 500 510 520 5
soaaloey EEEEFEETE SEEEE R FEE T PR PR T
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IRF42-5.3R_C07_2012-12-12 Multi(2857%4) «— T
IRF4z-5.3F C01_2012-12-12 Multi (51758 — TETACCGTAT
IRF42-5.2F 501 2012-12-12 Multi (533729} —= TETACCGTAT
IRFda-5.2R 507 _2012-12-12 Multi (84>760) — TGTECCGTAT
IRFda-5.1F A01 2012-12-12 Multi(52»727) — TETACCGTAT
IRF4a-5.1R R07_2012-12-12 Multi(86>760) *— CEAAGAGCTGETGEACCHARGCCAACTGRACATCTCRGACCCTTACARAGT
IRF4a-0RF T-22_Mult(1»303) —  (CEARGAGCTESTREACCHRLGCCAACTREACLTCTCERACCCTTACLLAGT
I2F4a-0RF = CGAAGAGCTESTGALCCGARGCCAACTGARCATCTCERACCCTTACLLAGT
IRF4z-0RF — CEALGAGCTESTGALCCGAAGCCRACTEALCATCTCERACCCTTACLLAGT
IRF4a-0RF — CERRGAGCTESTGALCCGRAAGCC A TEAL A TCTCERACCCT TACLAAGTETRCCGTAT
IRF4a-0RF =  [CGAAGAGCTESTGAACCGAAGCCAACTGAACATCTCERACCCT TACLAAGTETACCGTAT
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CRTCCCAGEEGC ARG MG CC LA AL EGACAGT CCTTTEAGTCCATTGAG
IRF4a-5.3B_CO07_2012-12-12 Multi(29>7%4] «~— (LTCCCAGRRGGCALCAARAGALGACCCAGACAREACEACAGTCCTITEAGTCATTCES
IRF4a-5.3F_CO1_2012-12-12_Multi(51»>756) = CATCCCAGRGGGCGACIAGAGARGACCCRGRCARGAGGACAGTOCTITRAGTCCATTGEAG
IRF4a-5.2F BO1_2012-12-12_Multi(53»729) —* CATCCCAGMEGGCSACIAGLARAGACCCRGILFENEELCAGTCCTTTEAGTCCATTGEAG
IRF4a-5.2R_307_2012-12-12 Multi (24>T&0} = ([TCCCAGREAGCALCLLRAGALGRCCCLEL L RRLCAACRGTOCTTTRAGTCCATTRRS
IRF4a-5.1F A01_2012-12-12_Multi(52>727) = CATCCCAGAGGGCGACRAGAGARGACCCRGRCARGAGGACAGTOCTITRAGTCCATTGRAG
IRF4a-5.1R_A07_2012-12-12_Multi (286>760) & CATCCCRGRGGGCSACRAGAGRAGACCCAGRILEENEERCAGTCCTITEAGTCCATTGAG
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I-» 4a OR*a F_A05_z2013- Mul (50 —  CEGEGACGCTCICGTGRGGEAGETGACCATCTCCARCCCARR-GEGCTGTCATCTGATOCC
InF42-3.3F_C01_2013-03-28 Hultl (25378}  —*  CGBEACECTCICETGRAGGEAGETGACCATCTCCARCCCRARR-GEGLTETCATCTERTCCC
I2Fdz-0RF3 . — CEEELCGCTCICEIGAGGEAGETGACCATCTCCALCCCARR-CEECTGTCATCTEATCCC
IRF4a-0RF3_R_G04_2013- — CEGRLCECTCTCRTGARSELGETGACCATCTCCARCC ~EEECTGETCATCTRLATCCC
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5] —* CIGEECCCTEGRGSAARLEGCCTACETTTCCCCRGGEECOCCEEEICTRETT
) /™ CIGEGCCCTGAREGAAAAGGCCTACETTTCCOCAGGEECO0CEEGT! TT
IRF4a-0RF3_F_G03_2013-07-22_Mult (1>904) — CTIGEGCCCTRAAGGAAAAGECCTANGTTICCOCARGEECICCRERD TTCCOCTECC
IRF4a-0RF4_F_KEO03_2013-07-22_Mul (47>349) —  CIGEGCCCTGEAGGARAAGECCTACGTTICCOCARGEECOTCEEED TTCCOCTEOC
IRF4a-ORFS_F_A05_2013-07-22 Mul (50>301) — CIGGGCCCTGGRGEARAAGGCCTACGTTICCCCAGEEGCCCCEEED TTCCCCTEIC
IRF4a-3,3F_CO1_2013-03-28 Multi(25»879) —  CTGEGCCCTRGREERARARGCCTRCETTTCCCCAGSESCCCCEEACCTRETTCCCCTECC
I2Fdz-0RF5 = I 0 (7 —  CTGEGCCCTEEARGARNALEGCCTACCTTICOCCAGEEECCCCERED TTCCCCTEIC
IRF4a-ORF3_R_504_2013-  CTEEGCCCTERAREAL L CTACETTTC O CAGEE DO CEaED TTCCOCTEIC
IRF4z-ORF4_B_K04_2013- =  CTGEGCCCTERARGAALLEGCCTACGTTICOCCAGGEECCCCERECCTRETTCCOCTRIC

IRF4a-0RF6_R_BO& 2013- ] ( — CIGEECCCTEEREEMA NGO CTACGTTTCCCCAGEEECCCCEEEICTEETTCCCCTEIC
IRF4a-ORFZ_R_F04 4"1Q— 22_3’:111 (87>882) =  CTGGEECCCTGRAGGRARRGGCCTRCGTTTCCCCAGGEGCOCCEEGCCTEETTCCCCTEIC
IzFda- .,.z.R :Du 2013-03-23_Multiu(l=317) — CCCCT CC
IRF4a-3 lR ADU 2013-03- aS _Multiu{l>312) — CCCCT!

1030 10440 1050 10&0 1070 1080

CCCEEAGEGICTRRCECTOCARRGERT BECGEGEEAGEAGGGTCCCCCARGCTCTCTEEC

IRF4a-0RF3_F_GO3_2013-
IRF4a-0RF 4 F I'ﬂ'2 z"l“—
IRFda- OR“:‘ F 205 zlllq— 7

IRFda- 3F l"Dl 2013-03-23 I{ultllza} 78)
IRF4B—OR*

CCCEEREEGECCTERCOGITIC

C GﬁlGC—GCCTG.-—;CGCTC:AG. GG.—"G',:'" Gfﬁmmf I'"CC“C.—_-.GCICI'“TG';-C
GERGEGCCT GRCEITCCAGRGERT R GEGEEAGRAGGGTCCCCCARGCTCTCTEEC
ARG CT GO E T O ARG TEEC CEEEEREEALEET CCOCCARGCTCTCTEEC
CCCEEAGEGICTRRCECTOCARRGERT BECGEGEEAGEAGGGTCCCCCARGCTCTCTEEC
CCCGEEAGEGCCTGACGCTCCAGRGERT GECEEGEEAGEAGGETCCCCCRRGCTCTCTGEC
CCCEEAGEGCCTRRCGI TR RRGER T EEC GEGEEAGEAGEGT CCCCCARGCTCTCTGEC

IRF4a-0RF4
IRFda-0RF
IRF4a-ORFZ_R_F04_ “Mul (67>382)
IRF4a-3.2R_B03_2013-03-23_Multiu(1»317)
IRF4a-3.1R_AD3_2013-03-23 Multiu(1»312)

[RRRARREERE!

1100 1110 1120 1130 1140
I ] 1 ] ] 1 ] ] 1 ]

CRTEIAGEGCGTRRGECTET GEATGRCCCCAGRAGGICTCTACECCCGEIGEIRETGOCR

IRFda-3.3F_ -"01 2013-03-2 Multi (25>37%) AT B AEEECST BRGECTETGEAT GAC OO CRGAL GG T TAC O CGEGEIASTGICR
IRF4a-0RFS CATGCREEGCGT CLGECTETGEATBACCCCAGRABGCCTCTACECOCGRCGECARTGCCE
IRF4a-0RF3 CATGCREEGCETELGECTETGEATGACCCCAGEA BGCCTCTACECCCGRCGECARTGCCE

IRF4a-ORF4
IRF4a-ORF
IRF4a-ORFZ_R_F04_ “Mul
I274a-3.2R_503_2013-03-28 Multiu(13817)
IRFda-3.1R_A03_2013-03-23 Multiu(1>312)
IRFda-3.3R_C03_2013-03-28 Multiu(1>703)

CRTEIAGEGCGTRRGECTET GEATGRCCCCAGRAGGICTCTACECCCGEIGEIRETGOCR
CRTGEAGEGCET GAGECTET GEATGRCCCCAGAAGGECTCTACGCCCGECGEIAGTGOCA
ORI GCAGEGOET GAGECT T GEAT GROCCCAGAR GO T CTRCGCCCGECGEINETGOCH
CRTGCAGEGCGTGRGECTET GEATGRCCCCAGRAGGICTCTACECCCGEIGEIRAGTGICR
ORI GCAGEGOET GAGECT T GEAT GROCCCAGAR GO T CTRCGCCCGECGEINETGOCH
CRTEIAGEGCGTRRGECTET GEATGRCCCCAGRAGGICTCTACGCCCGEIGEIAGT GO

IRRRRERRN
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150 1180
e e

GERERGTEICTAC TG AR EEGEETATCCCCT TACAR GG

IRFda-3.3F_ |"01 _2013-03-28_Mulci(25>378) — EeACLGTETCTACTGRALEERERAE _Tr'c"cn;._c_.',mm‘
IRFda- OR“ 6>350) — GICTACTGEALGEAGEEH
_R | %351} — AT AR N EEGEETATCOCCTTACLAGEACAD
IRF4a-0RF4_R ] a} —_ ETETACTGERAFEAREGEETATCCCCT TACRAGEACARA
IRF4a-0RF 31 — ATCCCCTTACRAGERCRRD
IRFda-0RFZ_R | 0 382) — AT
IRFd4a-3.2ZR_B03_2013-03-28 Hultl.l(lh ) — AT T T LA e AR C T CAACCAGATEER
IRFda-3.1R_ HD._: 2013-03- 28 _Hultiu(1»312) - ‘-‘_TFC CTTI-LC_LIA.G":I-;E;‘ TCLLCELELTEER
IRF4z-2 SR -"Du 2013-03-28_Multiu(l»703) — CTCRRCGAGLTECR
1210 1220 1230 1240 1250 1280
| L | | L | | L | | 1 |
IRFda- F_| 9} -
IRFda- OR 5 0} — "E“"“E.GI'IA
IRF4a-0RF 3 1} — I TCCARLGTTR
IEF4a-0RFL a) —_ VCRGRRRTCCRARGTIR
IRF4a-0RF&_ 3 — CAGRRLTCIRARGTIR
IRF4a-ORFL_ iy = CRACTGCARRGTGEC A TCCLARGTTE
IRFda-3 ZR 503 17) - CLI-LE,'IGC;J-G“TG_ CACAGRRATCCRRARGTIR
IRFﬁla—S.lR HD._: 2,13—"3 23 I‘iultlJ(l}’ 2} — ACAGRALTCCRARGTTR
IRF4a-3 3R CDU 2013-03-28_Multiu(l>703}) — EAGAEAGETCRALTGCL CCRARLGTTR
1270 1280 1280 1300 13140 1320
PPN P PP PRI [P I I PP PP PP [P P |
T TR TGO e O CCATACCTCCTITC RGO CT TR T TG T I T TGGEEACGRAGTG
IRF4a-3.3F —_ R TGO CGECCRTACC T TTT O CRAGECCT TR TR TOT T TTGEERCGARTS
IRF4a-0RFS —_ CTCCTITCCAGECCTTECTETGTTT TOGEEACGRALTG
IRF4a-0FF - CTCCTITCOCAGECCTTECTETGTITTGGEEACGRETG
IRF4a-0RFL — CTCCTITCCAEECCTTECTETSTTT TGGEEACEARTS
IRF4a-0ORFe_ —_ CTCCTITCCAGECCTTECTETGTIT TGGEEACGEARTS
IRF4a-0RF2_ 0 - CTCCTITCCAGECCTTETETGTITTGGEEACGRGTG
IRFda-3 ZR S03_ 2013-03- 23 I-iult.l..l(l}J_T} — CTCCTITOCAGECCTTECTETGTITTGGEEACGRETG
IRFda-2. 1R_I-;DC. 2013-03-28_Multiuil>31Z} — CI‘"CI'I'EC:I-;.G-CE,‘ITG.-GI"‘I‘I '[;,r;,g“ |
IRFd4a-3.3R_CO03_2013-03-28 Hultl.l{l)""" -
1350 1360
A N |
IRFd4a-3.3F_CO1_2013-03-28 I‘iultllza} 79} — CCTTEITTECALG
IRFda- OR*a 1_—,fJE 2013 - CCTTEITTECARSG
IRF4a-0RFZ — CCTTEITTECARG
IRF4a-0RF4_ —_ CCTTEITTECRRG
IRF4a-0RFE 3} — CCTTEITTECARG
IEF4a-0RF2 d My 382) — CCTTEITTECARSG
IRF4a-3.2R_ :;Du 2013-03-23 1-1u1t1.1(1>a_7} — )
IRF4z-2 .lR_ADU_A.la—"S 28 Multiu(l>312) —
IRFd4a-3.3R_CO03_2013-03-28_Multiu {1703} —
1390 ’_-iJEIG '_’=1IZI 1420 ’_43-3 1440
| 1 ! 1 | 1 1 1 1
GZAG””GT”I'IAE'IAT“-CC:EG“‘ 2 "CCJGCJ(‘ _._J-A.E'IAI'IAEC‘GTJGCIACZAGSRECA
IRF4a-3 3F l"Dl 2"13—"3 28 _Multif - BRI eI T T T ACTAT o iR A A OO GO GGR A TAT TRACOST S TR LR
— EAGECTETTTIACTAT RO CCREIAR RC OGO GGACRCTATTAC CET GG TACERECACNCR
- BRI TETTTIACTAT BCC ARG AR R C OGO GGRACRCTATTAC CGT GG TACEREIACCR
- G A TETTTIACTAT BCC ARG RR R C OGO EGACACTATTACCGT GG TACERAFIACCRE
IRF4a-0RF BfJE 2013 i 3} — ERETETTTIACTATGCCCAGCAR A COGECEGRACICTATTACCGT GG TRACEAGIALCR
IRF4a-0RFZ_B FO4 t"lq 3{111'5 »382) — G GI”I‘IAC'IAT.CCC.TA.G“""CC;GC GRCLCTATTRCCGT GG TRCERGIALCR
IEFda-3 ZR :lDu 2013-03- 28 I‘iult1.1{1>=‘_'.} - GCAGCTCTTTTIATTATGCCCAGIRRL
IRF4z-2 lR ADU 2013-03-23_Multiu(l»312) *—  ECRGCTGITTIATIATG
IRF4a-3.3R_C03_2013-03-28 Hultldt1>““" —  GCAGITGTTTIACTATGOCCARCAARCCGECGGACRTTATTECCETG
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b
]

1430

a 1
M T Ml P PR TR FETE|

CGGTEICCCAGRACRCETAR

CCTTCTGAGGACTATCAGCGEECARTCTCACRCCACTA

1500

IRF4a-2.3F C01_2013-03-28_Multi(25»379) —  [CEGETETOOCH GOCCTTCTGAGRACTATCRGE
IRF4z-0RF5_ 3 A0E 2013-07-22_Mul (763350} +—  CEGTSTCOCR L ECCCTTCTGRAGEAC TATCARCGEECART CTCACRCCACTE
IBF4a-0RF3_R_GO4_2013-07-22_Mul (862351} +«—  [GGTGTCOCRH L TRRGCCCT TCTGREGAC TATCAGC GEECARTCTCACROCACTR
IRF4a-0RF4_R_HO4 2013-07-22 Mul(76»326) «—  (CGGIGTCCCR L GCCCT TCTGAGGAC TATCAGC GEECARTCTCACRCCACCE
IRF4a-0RFE_R_BOE_2013-07-22_Mul(70»333) +— CGGTGETCOCH L GCCCTTCTGRGEACTATCRGCGEECAATCTCACACTRCTL
IRF4da-ORFZ_R_FOL 2013-07-22 Mul (67»3832) *+—  CGGTGTCOCH L TRALGCCCTTCTGRGGAC TAT CAGCGEECART
IRF4a-2.2BR B03_2013-03-28_Multin(l»31l7} +—  [GGETETCCCH G CTTTTEAGEAC AT AGCGEECAATTICL L
IRF4a-2.1R _A03 2013-03-23 Multiu{l»312} +— CGGETETCCCH LG CCTTTTEAGEAC TATCARCGEECAATTTCL L
IRF4a-3.3R_C03_2013-03-23_Multiu(l>703) *— CGGIGTCOCAGARCACATALGCCCTICTGAGGACTATCAGCGEECARTCTCCOCCOCACTR
1510 1520 1530 1540 1550 1560
| 1 1 | 1 | | 1 | | 1 |
TCACCE O R EE L GT AT GAT GrRRRLETGATCEOGROC EATETTREATACTTELTREL
IRF4a-0RFS 22_Mul(76»350) = TCACCACCACGGCAGTATGATECAGEAGTGATCGUGRCCELATETTGEATACTIGEATEEE
I =N 22_Mul(26>351) +—  TCACCACCACSGCAGTATGATGCAGEASTGATCEUGRICEATETTGEATACTTGEATEL
IRF4a-0RF4_R_HO 22 Mnl(76»328] +—  TCRCCACCACGGCAGTATGATECAGEAGTGRATCGUGRCCEATETTGEATACTIGEATEER
IBFda-0RFE_B BOE 2013-07-22 Mul(70»333) *—  TCRCCHCCACGECLGTATGLTG RGN ETGRTCEOGRCCELTETTEEATACT TGRAT AN
IRF4a-0RF2_R F04 2013-07-22_Mul (67»382) *—  TCACCRCCACEGCRGTATELTGCREERCTGATCRCORICES
I L2R_B03_2013-03-28_Multiu(l=317) —_— oA O L GE LG TAT G T RCARGASTGATCACER
I 3.1R_AD3_2013-03-25_Multiu(l»312} *— TCACCACCACGGCAGTATGATGCRGERETGATCACER
I 3.3R_C03_2013-03-28_Multiu(l»703) +—  TCRCCACCCCSGCAGTATGATECAGEAGTGATCGOGRCCEATGTTGEATACTIGEATEEL
I 2.4F_D05_Z2013-03-28_Multiu(l>245) — LOCEATGTTEEATACT TGEATGEL
1530 1580 1 1610 1620
I e | M P I PP IR e | M IS R e |
LARGGRECAGRCACETTTGERTGTCAC TR AT GARATCCCERTTEGT TGRGCTGCRRR
IRF4a-0ORF3_R 7-2Z_Mul (TE»350)  =— AR GEARCAGAC LT TTRAA TG TCACTARCATEAA AT CCCRAT TRAT TGRS
IRF4a-ORF3_R_ 22_Mul(86>351) +— LARGRRECAACACETTTEEATGTCACTARCATGER AT CCCELT TR T TGAED
IRF4a-0RF4 B HO 22_Mul(76»326) =  TRARGHAGCAGACLACETTTGRATSTCACTARCATEARLTCCCEATTGETTRRRS
22_Mul(70»333) =  TRALGGRGCRGACACGTTTGAATGTCACTARCATGEARATCCCEATTSGTIGRES
22_Mul (87>382) +— LARGGRECAGRCACETTTSEATGTCACTARCATGEARTCCCEAT TG T TGREC
_ B03_2013-03-28_Multiu(l»>317) +— ARG AT T TSEA TG TCAC TAR A T AL AT O CEATTEG T TRRECTGCRAR
3.1R_AD3 2013-03-23 Multiu(l»312} +— ARG AR AT T TSEA TG T O TAR AT A AT o CEAT TR T TRRECTHCL
L3R_C03_2013-03-28_Multiu(l>703) — T e BT TTERATE T RO TAL
L4R_D03_2013-03-23_Multiu(l»245) +=— LARGGAGCAGACLCETTTGAATGTCRCTAR
1640
sraal losal
ATCGSTEAANCTETTEETARCAGCEAARTCALCA RN AT FAACCARACATCTTGEACTAL
IRF4a-3.2R B03_2013-03-23_Multiu(l»317}) *— ATCGGTGRAACTGTTGGTALCAGCGREATCALCALACATGAACCARLCATCTTGRLCTAR
IRF4a-3.1R_A03_2013-03-23_Multiu(l>312) *+— AICGETGRARCTGTTGETARCRGCERRATCARCARACATEEACCARACATCTTGEACTAR
IRF4a-3.3R_C03_2013-03-23_Multiu(l>703) +— AICGETGRARCTGTTGGTARCRGCERRATCARCARACATESACCARLCATCTTGEALT,
IRF4a-2.4R_D03_2013-03-23_Multiu(l>245) *+— AICGETGRARCTGTTGSTARCRGCELRATCARCARACATGEACCARACATCTTGEACTAR
1 1700 1720
M A 'l P e cas ol
BARCAGTIATGTTARATATSTAARLEARLARA LR ATARLARAR AT,
3.2R_B03_2013-03-28_Multiu(1»317) *— ARACRGTTATGTTARATATGTARARRAALARLARARARAALARRA
3.1R_AD3_2013-03-28_Multiu(1»312) +— ARACKGTTATGTTARATATGTAAARRARLARLLARLARRALARLD
V3R_C03_2013-03-28_Multiu(l»>703) +— ARACAGTTATGTTAAATATGTARARRARLARALARARARARAL

AR D03 Z013-03-23 Multiu(l=243)

ERACRGTIATGTITARATATGTARLARDAOANANARARRARDT
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Appendix 4: Assembly of Atlantic cod Irf7 RACE and ORF PCR sequencing reads.
Sequencing methods are described in section 2.1.2. Sequence data was assembled using

Lasergene SeqMan Pro software (DNASTAR). Consensus sequence is indicated between
horizontal lines.
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40 50 60

GRAALCTTCETCOGGEACGRCACRACGRGETACACTECARRCATGCRARGCAGTCRCALG

IR - G_' AAD CTICG‘IF'CJGG.-CG_-. CRCR “D"J;JGT-LC.-J_ CRARCATGCRRAGCACTCRCRRG
IR —* '.CI TCETCC _4" LG CATGCLLLECE

IR — CATGCARAGCRGT

IR — LCE CATGCLRAGCE

IR ] (& 4 —_ I'I"' G‘ICC“—GG:."‘ A AR A GETAC A TECRRRCA TGO AR AT CACARG
IR 3_Multiua(1>745) - I'Il"GICC"-GG_-.l"G_-.C.-...ar W SETRCRCTEORARCATGCRRARCRAGTCRCARG
IR -22_Multiil>379) —_— ch_ “QCHJTC“ G
IR -22_Multi(l»378) — GLG

114 120

CCGCTGTTCECCARCTGECTARTCCRGTRAGTGRRRACT GEGARCTATCCAGETTTGTCC

3-13_Multiu(46>310} —* c GC'II"TICGCC;E.CT“-GC.'I ;rcc;rsc_;ae':sc;rm"r&f cr TCCRGETTTGICC
§-13_Multius(l»E5e) —
3-13 Multiu(89>305) +—

-13_Multiu(74>315) +«— (O GC'II"TICGCC;E.CT“-GC.'I ICG.—G&LRG‘IGG.—A;-”TG-I“

9-13_Multin (B1>345) *— CCGCTGTTCRCCARCTGGCTARTCRAGCAAGTGEARACTGGGA
3_1-1‘.111:1‘1.3(1}?25} —  CCBCIGTTCECCRACTEGCTARTCEAGCARGTGEALACTGEGRACTATCCAGETTIGICC
-22_Multi({1>378 —_ C“GCIPIICG:L:;;cr“ﬁcrﬁ;rc&s&ms&m"r&“J;;cr;"c-:nc;ccrrsrcc
-22 [iult_(1}3'-‘E‘ = [CCBCTGTTCECCALCTEGCTARTCEAGCAACTGRARACT BEGAACTATCCARECTIGTCC
130 180
MY A .I“..I”..L..J
TACATCAGCACGRATCTAT TCRGARTCOCCToGARLCACARCTCOCGARAGELCTECAAC
3 §-13_Multin(46>310) —  TRCATCAGCACGRATCTATICAGAGTCCCCTGGRRACACARCTCCCGARAGEACTECRARC
5 8-13 Multius (1>856) —* TACATCAECACGRATCTATICRGAGTCCCCTSGRRACACARCTCCCEARAGGACTECRAAC
5 3-13 Multiu(E89>805) «—  TACATCAGCACGARTCTATTCAGAGTCCOCTGERRRCACARCTCCCGARAGGACTGCRAC
3 §-13_Multin(74>315) +—  TRCATCRECACGRATCTATTCAGAETCCCCTGGRRACACARCTCCCEARLGEACTECRAC
5 8-13_Multiu(E1>3435) +—  TACATCRECACGRATCTATICRGAGTCCCCTSGRRACACARCTCCCEARAGEACTECRAC
5.1F F01_2012-09-13 Multius(1>725) —* TACATCRGCACGAATCTATTCAGAGTCOCCTEGRANCACARCTCCCRARAGGACTECARC
ol -2Z_Multi(1l»379) — TRCATCAGCACGAATCTATTCAGAGTCCCCTGGARACACALCTCCCGARLGEACTRCRLC
0 7-22_Multi(l»378) — TACATCAGCACGRATCTATTCAGAGTCCCCTGGRRACACRALCTCCOSARAGEACTGECRAC
5 06_2012-06-14 Multi (26>701) *— CATCRECAC CTATTCAGARTCOCCTREALR! CTCCCRLRAGELCTECALC

220 230 240
! ! 1 ! |

GRCGRGERCTGTARARTATT TCGGEIATGGECCETCECCAGTGETARARTCCRCGRGTIT

IRF7 5. 9-13_Multiu (46>310) = GACGAGGACTGTARRATATITCSGRCATGEGCCETCRCCAGTGRETARARTCCACGRGTIT
IRF7 5. §-13_Multiuz (1»€56) — GRCEAGERCTGTARLATATITCSGECATGGEECCETCEICAS AR TCCACGRGTTT
IRF7_5. 3-13_Multia(E3>303) +—  GRCGAGEACTGTARARTATTTCSGECATGEGECCETCRED ALATCCRCGRGTIT
IRF7 5. 9-13_Multin(74>315) *— GRCEAGEACTGTARAATATTTCGGRCATGGECCETCR \LLATCCRCGERETTT
IRF7 5.2 9-13_Multiu(B1>345) *— GRCGAGGACTGTARAATATTTCGGGCATGGGCCGTCRC ML ATCCRCERGTTT
IRF7_5.1F . -08-13 Multius (1>725) — GACGAGEACTGTARARTATITCGGGCATGSGCCGICET \ALATCCACGRGTTT
IRF7-0RFS [l -22_Multi(1>379) = GACGRGEACTGTARRATATTTCGGRCATGEECCETCRT \LLATCCRCGERETTT
IRF7-0BF4_F_DOL_ -2Z_Multi [1>-3'-‘E] —  GACGAGERCTSTARARTATTTCGGECATEEECCETCECCASTEETARLATCCACERETTT
IRF7-53.2_ R _F06_2012-06-14 Multi (26>701) *—  GACEAGERCTSTRAALTATTTCOSGECATGGECCETCECCRET! \ALATCCACGRGTTT

J— . P

250 Zald 27 230 2580 300
T T PEEEE FEETE FTEEl PR P T ST SR TR S|

ClAALCERCALGEOCARLTGERRGRCCARCTTCCECTGCGCTCTGRLGARCCTCARCARD

-09-13_Multiu (46>310) —* CAALCERCALGECOCAMLTGERLGACCRARCTTCCECTGCGCTCTGRARGRRCCTCARCRLE
-0 “—1-'_1‘1-11171 u3 (1>656) " CCAARCCRCALGECCARLTGERAGACCRRCTTCCECTGCGCTCTGRARGRACCTCARCRLE
-05-13_Multiu(89>305) = CCARLCGRCALGGCCARATGGRAGRCCRARCTICCGCTGCGCTCTGRAGRACCTCRARCARE
-0%-13_Multia(74>315) — CARLCERCALGEOCAMLTGERAGRCCRARCTICCECTGCGCTCTGRAGRACCTCARCRLE

-03-13 1‘1-11131 u(81x345) T CCAALCGRCALGECOCAMLTGERAGACCARCTTCCECTGCGCTCTGRRGRRCCTCARCRLE
12-05%-13 ldJltl az(l>7 25‘ =" CCRRRCGRCRAGECCALLTGEARGACCARCTTCCECTRCGCTCTGRARGALCCTCARCARE
-2z _Multi(1»a7 —*  CCRRRCERCRR RN GT ARG AL CTTC O TGO ECTCTGRAGRRCCTCARCARE
-22 UUlt f1}3"'E] " CAALCERCALGECOCALGTGERAGACCARCTTCCECTGCGCTCTGARGRRCCTCARCRLE
2:12 06-14 Multi (86>701) =  CCRRRCGRCRAGECCARLTGEARGA AR TTCOECTRCGCTCTGRARGALCCTCARCARE

H O
[ R

360

3N
Ml

CECTTICRAGGRATGTOCARGERCARCTCCARGRLCTOCEACGRCCIGCRCARGATCTRACGAG

3-13 Multiu(46>310) —*  CGCTICRGGATGTCCAAGGRCRRCTCCRAGRACTOCES
§-13_Multiua(l>658) "  CECTTCAGGATGTCCALGELCARCTCCARGRARCTOCERC

CCCGCRCRAGATCTAC
GRCCCGCRCALGRATCTRACGRG

H -
[
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3

—
—
b \. =,
- CGCI'IC.“-.:G.“-J‘GI‘CC.“-.&GG_E'.CE-_E'.CTC‘CE-_E'.GP-_E.CTCCG_LCG_E.CCC‘I"_-.C_E'LC.- GRTCTRCGRG
7 2;._[ Multi | 1> —* CECTICRGERTGTCCARGEACRACTCCRAGRACT CCCRCEACCOGIACRAGRTCTACELG
22_Multi i1>37'5‘ — CECTTCAGEATGTCCALGELCALCTCCARGRACTOCRACEACCOGCRCARGRTCTACELG
] 6 2012-06-14_Multi (86>701) *—  CGCTTCAGGRTGTCCRRGGRCALCTOCALGRRCTCCGRCGRCCOGCACARGRTCTACGRG
370 3B0 380 400 410 420
sraalaey M P NPT P P Pl I S E e |
ATCATCARTRAEGELGECTECTACCAGICT TOGCCC OCGERGEAGELCATGETACC TR
5.2F -05-13 Multiu (465310} —  ATCATCARTAGGERGECTGCCTACCAGCITTCGCCCCCGERGERGERCRTGETRACCTCIG
5.3F_| -05-13_Multius (1»£56) =  RATCRICR ,;GG_-.GG(_':‘G”-"TaCC.-GC“I'T”GC“CC”GG.-.GG.-GG.-;C.-IGGD.C’TGIF
S.1E -09-13 Multiu(89>805) +—  ATCATCARTRGGGAGECT CGCCCOCGEAGEREERCATGETRCCTCIC
5.3R_ -09-13 Multiu(74>815) *—  ATCATCARTRGGEAGECT CGCCCCOGEMGERGELCATGETRLCTEIG
5.2R_| -05-13_Multiu(21>845) *—  RATCATCRRTRGGERGGECT CGCCCCUGERGERGERCATGETACCTEIG
5.1F_ -09-13 Multius (1>725) —* ATCATCARTRGGEAGECT CGCCCOOGEAGERGERCATGETRCCTCIC
ORES_ 13-07-22_Multi(1»379] —  ATCATCAAT CGOCCOCGRLGELGERCATGETACCTRIG
OBRF4_F_| -13— 07-22_Multi(1l»378) — ATCRTCRRTAGGGRGECT! CGCCCOCGEAGERGERCATGETACCTGIG
5.2_R_F0&_ -06-14 Multi(86>701) *—  ATCATCARTAGGELGEITGCCTACCAGICTTCGCCCOCRERGERGERCATGETRACCTCIG
430 440 450 470 480
] 1 | | 1 | | I | 1 |
ATCTACRGTTCCCCGRCGERERGCTRCCCACCTGEGCATCRGCRGRATRTCCTGERECEE
5.2F §-13_Multiu(46>810) —= CGRCGERGAGCTACCCACCTEEGCAT FAGTRGRRTATCCTGERACRR
5.3F | 3-13 Multius (1»856) — CERCGEACRECTRCC RO TG ATCAGT RERATRTCCTGERRCAR
S.1R_ 3-13_Multiu (E89>305) +— CERCGEAERECTRCC R TEEECATEAGI MR TATCCTGERACLE
5.3R_| §-13_Multiu(74»815) = CGRCGERAGAGCTRCCCACCTEEGCATEAGC RGRATATCCTGRRACAR
5.2 | 8-13 Multiu (81»345) +— CERCGEACRGCTRC RO TG ATEAGI MEL A TR TCCTGERRCIN
5.1F_ 9-13_Multi us (172 5‘ - CRRCGELELEC T AC IR TERGC AT RAGI MEL A TATCCTRRRACIN
ORFS_ 1(1»87 - CGRCGERGRGCTRCCCRCCTEEGCATEAGIRGE PICCTGG.;A&E.A
ORF4 iil=8 '-‘ E — CERCGERERECTRCC AL TEEECATEAGI MG
5.2 -14_Multi (B&>70 1‘ — CERCGELEAECTRCCCACCTERGCAT LG LED
510 520
FIPINITE INPEITS IR PEPEE EPErars e
CICR TG CCTTGEAT T TACTCEA T GARCCCT G TC AR L AR CACTACECERAGLRGETEEET
5.2F G0O1_2012-08-13 Multiu(46>310) —* CICATGRCCTIGGATTIACTGEAT
5.3 _H01 2012-0%-13 Multius (1¥656) —  CTCATGACCTTGEATTIACTRERT
5.1R_F07_2012-09-13_Multiu (89>305) *—  CICATGRCCTIGGRTTTACTGER
5.3R_HO07_2012-08-13_Multiu(74>815) ¢— CTCATGRCCTTGEATTTACTGE
5.2R_G07_2012-0%-13_Multiu(81»345) *— CTCATGACCTTGELTTTACTRELT
5.1F FO1_2012-09-13_Multiug(l>7 25‘ —*  CICATGACCTTGGRTTTACTGELTGAR LACE _.JHGTaGaCG_—,GC.—I"TaGGU_-.
ORF5_F_EO1 7-22_Multi (127 —*  CICRATGRCCTTGGRTTTACTGER LACEARCIGTRGECERECAGTGEEIG
ORF4_F_DO1 22_Multif 1>37' E } —  CICATGRACCTTGGATTTACTGELT CLACLALCACTARECEAGCLGTEEEIG
5.2 R _F06_2012-06-14 Multi (B&>701) +—  CICATGRCCTTGGRTITIACTGEATGARCCCTGTCRACRARCAGTAGGCGRGCAGTEEEIG
550 560 570 530 590 BOD
P R NP P T P T S SR S S ST ST
GRARGCTRCGECCRGCAGRGCECCATTGEGCTGEEGE-TETACGCCACARRCCRGIAGEE
5.2F_G01_2012-08-13 Multiu(4s»310} — G.E.A;.aCTrCGa"'ChGC.-I’“_fG“Cr TTGEGEGECTEEEEE-TETACGCCRC AR CRGCAGET
5.3F_HO1_2012-09-13_Multius(l>656) —* CCATTGGGCTGEEG5-TETRCGCCACRRA
S.1R_F07_2012-03%-13 Multiu(29»305) #— CCRTTGEEECTGEEEE-TETACGCCACRRACCACIRGET
5.3R_H07_2012-03%-13 Multiu(74»315) +— CCATTREGCTGEEG5-TETACGCCACARACCAGIAGET
5.2R_GO7_2012-09-13_Multiu(El>845) *— CCATTEGECTGEEGE-TETACCOCRCARRCCREIAGEC
5.1F_F01_2012-0%-13 Multius (1}"25‘ — CCATTEEECTGEEEES ]
ORF5_F_EO1 22 _Multi(1»87 —_ GECTEEGEEG-
ORF4_F_DO1_ T-22 [Iult-(l}B’-‘E} - GECTGEEEE-T ]
7-5.2_F_F06_2012-06-14_Multi (B6>701) *—  GRLARN A TAC OGO AGAG B CATTEACTGEEAE- TET AL SO ACALLCCAGAGEC
610 620 630 650 BED
1 [ | | 1 | 1 | | 1 |
GACGGEGEEAGRCGATGIACGCCAT GLAGRCCCRACCACAGC TCCARCCACRGIRGCRGEE
—_—
—
74521 5‘ —
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610 g20 €30 840 &30 €80

GRCEEGEELEACEATFIRC GO CAT GIA AR OO T LA D CACR G TOCRAC CACREC R FIAGEC

TGETRCGCCTGCOGECR

-08-13_Multia(B1>345) «—
-08-15 Multius(1>725) —
-22_Multi(l»379} —
7-22_Multi(l»378) —
2012-06-14 Multi (26>701) *—  GACEGGEELGEACEL "G&carc_rm;rcm““cfmmcwﬂcfmmac
870 BE0 g30 700 710 720
l L l l 1 1 1 1 l l L l
GTACTACCCCETCARCCCGoCEoCEETECTGEACTCCGECCTELAGCCCTCCCTCTTIGR
5.2F _G01_2012- =  ETACTACCCOGTCAACCOECCEICGETRCTRAACTCCGECCTEIARCCCTOCCTCTTTGR
5.1R_F07_2012- —  GTACTACCCCOGTCAACCOGS FCTGEACTCCGECCTERIAGICCTCCCTCTTTIER
5.3R_H07_2012- _ —  ETACTACCCCGETCRACCCOED
5.2R_G07_2012-03-13 Multiu( E 1> at 5‘ *—  GTACTACCCOGTCRACCOGD ECTEEACTCCGECCTEOAGCCCTOCCTCTTTIGR
5.1F F01 20 2 -15 Multius (1>725) —  GTACTRCCCCSTCRRCCCED ECTEEACT
QRE3_F_EOL_ -22_Multi(1»379) —  GTACTACCCOGTCRACCORC BCTEEACTCCGECCTECAGCCCTOCCTCTTTIGR
ORF4_F D01 7-22_Multi(1»378) —  GIACTACCCOGTCRACCCED G“TGGI—;ETCCSGC:“GD"—;G“CCICEC‘:CITTSA
5.2_B FD&_20 12-06-14 Hulti (86570 1‘ “—  ETACTACCCCGTCAACCOECCEIC
id2 012-09-13 Multiu (8237 —
117 012-08-13 1-1.111:1.15(1>62 —
{2 F 01z- —1._._1‘1.11t1_1.5(1}EEz., —
740 750 770 720
l l l 1 1 1 l l L l
CCTGERER T T EE TG T OGN G ET GEACA T TEALGACCCLEETETCCTGRIC
7 5.2 9-13_Multiu(46>310) = CCTGEAGATATCGSTGCAC-A
5.1 -15 Multiu (89>305) +— AT TC AT B L TACCGELL AT BRLELT RO TRALEACCTAGETETCC
5.3 -13 1'1.111:1.1| T4x315) — CCTGRAGBATATCEBETECRC
5.2 3-13 Multiu |_-=1>315‘ *—  CCTEEAGATATCGOTGCRC
ORF -22_Multi(l>3 —  CCTREAGATATCEETECACTACCGELLRET REAGATECTRAAGLCCCARRTETCCTGRCT
ORF -22_Multi t1>3’-‘E‘ —  CCTGEREATATCGETGLACTACCGERAGETREAEATECTEA-CRACCCAGETETCCTGECC
5.2 06-14 I-iult_L |-=6>"*1‘ *—  CCTGEAGATATCGETECRC
162 —  CCTGEREATATCGETGCACTACCGERAGETBEAEAT GO TRALEACCCARSTETCCTEECC
—  CCTGERGRTATCGETGLRCTACCGERAGETGEAEATGCTEALERCOCAGSTETCCTGECC
—  CCTGERELTATCGETGIR A CGEAAGET BEREAT CCTEALGRCCCAGSTETCCTEEIC
-22_Multi(l»379} —
7-22_Multi(1»378) —  COGOGTCCRBCIGCACTACGGCAACEAGGCCACEEAGCTOCAGACC0GE0CCRTICISCTT
3ETmi d2R_ 3, _2012-08-13 Multiu (22370 u} —  CCGCRTCCRECTECACTACEGCAACELRECCACERARCTOCAGRCCCGROCCATCTECTT
id1F 201 2012-09-13_Multius (1>623) —  CCGCSTCCAGCTGCACTRCGECAACEAGECCACGEAGCTCCAGECOTGE0CCATCTACTT
Tmid2F 301 2012-03-13 _Multius (1>662) — CCGOGTCCAGCTGCACTACGGECAAGRAECCACEEAECTCCAGECOCGRCCCATCTIGCTT
RE7-0RF4_B_DO2_2013-07-22_Multi (1>"=41 — GCIT
5 R E0Z 2013-07-22 Multi(l»732) — CIT
850 260 37 830 230 a0
FEERE FEEEE SEE T FETEE FEETE PR FEET PRl FEEE PR S TE Rer |
OO OO RO eA A TG BEEL C L A A C AT RALET TCACC AL NGO AT CCTRRG
BFT-0RF5_F E01_2013-07-22_Multi(1»379) —* CCOCCCCRCCGAC
_F D01_ -22_Multi(l»378} — X
507 _2012-09-13 Multiu(82>703) »— CCACCRRC AT GO GRAAC AL AR ACETEEAGT TCACCAACCGILTCC TR
1 2012-03-13 Multius(1>623) — CCACCRACEC T B BREACCL LA A G T REART TCACCAAC G AT CCT LG
mz F B01_2012-09-13_Multiua (1>662) — CCRCCERCACCCTEOGEEACCACRARCE GRETTCRCCARCCGCATCCTERG
-22 Multi(1>734) +— CCACCGRCRCCCT
-22_Multi(1>732) *— (CCCCCCCRCCGRCZOCS
-22_Mult (59>753) —
9170 820 330 340 550 360
FEERE FEEEE SEE T FETEE FEETE PR FEET PRl FEEE PR S TE Rer |
CLGCATCCAECBCGGCC TR T BT RELRET B GEELRAGCGGECTRTACGOCTGOCBRECL
id2R_BOT — CLGCRTCCREC BRI TEC T R T GEL AT B GEAAELECRGEC TETANGCC THOCGECD
id1F . — E:_E.GC_ "CC’AE-"GCGGCC“G”TG: GTECGEELGRECEGECTETACGCCTROCGECR
Tmid2F | —_ STGCGERRERGCEGECTETACSCCTGOCGER
7-0RF4_= EDZ 2013~ -22_Multi(1>734) 3CCTGOCGER.
nf"—o»fa B_E0Z_2013-07-22_Multi(l»782) »—
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330

550 360

OGO T OO G CEGe LT TR TR ARG GG EAERG I GEECTCTROGCCTGICEEIL

IRF7-0REE_®_F02_2013-07-2Z_Mult (53753} *—  CRGCATCCRGCGCGG-CTGCTECTEERGETGOGEEREAGCEEECTETACGCCTGICGER
SEQ 1020
sraalaey Tl PR T FTEE PR o lae vealagy sralyieal
e TGO G TETTOAC O ARG AN REC el OO RGO RGO TCOCCRRLOCCCCL
07_2012-08-13_Multiu(82»703) *—  EEACCGCTGCCACETEITCGCCLGCACEECOGACOCLGCCRERCCTCOCCRRROCCOCL
-1 2012-0%-13 Maltius (1>623) — GEACCGCTGOCACGTGITCGCCAGCACEACCERCCCCAGCCAGECCTCOOCGERD
12-09-13_Mualtius (1»662) —  GEACCGCTGCCACSTETTCACCLACLC a0 CaArCCORGCCRAECCTCOOCERROCT
127 —0-\E4 B 1302 20 13—“' 22 Multi(1>784) — GCTGCCACSTEITOGCCAGLACEEC OGO CCCAGCCRGECCTCOTCGERD
22_Multi(l»73z) — GCTGCCACETETTCACCAGCACEECCRACCCCLGC RGO CTCOCCERRAL
IEET —0-\50_3_“02_2 13— 22 Mult (59575 3} — GCACEECCEA OO AGTCLARC CTCOCORERD
030 1040 1250 1060 1070 1080
| 1 1 | 1 | | 1 | | 1 |
GRRGCTGCCCCAELA O TEETEEAE TGO TGO TTCGAGRAETTOSTTARRGARCT
Tmid2R_B07_2012-09-13_Multiu(82>703) *— GRAGCTGCCCCARAACACCCTGSTGRAGCTGCTCAGCTTOGARARGTTOSTTARRGA
01_2012-08-13 Multius (1»623) — GRAGCTECCCCAGMACACCCTEATEERECTECTC LS TTOGAEAETTC
TB01_2012-03-13 Multius t1>EEa, —  GRARCTECCCCARLACACCCTEGTEEAGCTECTCRAGCTTOGAGRAGTTOGT
-0ORF4_R_D02_2013-07-22_Multi (1>784) *— GEAGCTECCCCRGMACHCCCTGATGEAGCTECTCAGCTTICEAEARGTTCRT
22 Multi(l>732) +— GRAGCTECCCCARALCACCCTEGTEEAGCTECTCAGCTTOGAELAGTTO
I7-22_Mult (59>753) *— ERAGCTGCCCCAGLACACCCTEETRRRRACTECTCAGCTTORACALETTOGTTE
1080 1100 1110 1120 1130 1140
saawloesy Tl FEET FEET FEET AT AR PR SRR AT R |
CRRRGAGTTTARGEAGRLCCGRAGEEGATCTCCGERRTATGTCETCRAACATETGCTTT—
2 _3"-_2-3'_2 =08-13_Multiu(22>703) *—  CRARGAGTTTALGGAGRLCCLRAGEEGATCTCCEERATATSTCRTCALCATGTGCTITT——
01_2012-08-13 _Multius (1>623) — CLARGAETTTAAGGAGLLC GEEATCTCCRRLATATETCRT CAACATETACTTTES
12-03-13 Multius(1»662) —  CRARGRGTTIAAGEAGLACCARAGEGGATCTCCGEAATATGTCSTCRACATGIGETTT—
22_Multi(1»784) *— CRARGAETTTAAGARCARCCGRLGGEGETCTCCGEAATATSTCATCAACETETACTTT——
22 Multi(1>732} *— CLAAGRGTTTALGGLGAACCERAGEEGATCTCCEERATATSTCETCALCATGTGCTTT-—
-22_Mult(59»753) *—  CRARGRETTTAAGGAGRACCERLGEEGATCTCCEERRTATGTCETCALCATETGCTTT——
1150 1180 1170 1130 1200
EETIREENE EEETE PR T EEE FENTS SRS R EETIEEETE FEEE FETE|
GEGELGLAGTTCCCTEATGERL AN CGCTGEAGRRLRAGCTCATTETTETTARGETGETT
IRFTmid2R BO7_2012-0%-13 Multiu(82>703) +— GEEGEAGALGTICCCTGATGEALLACCGCTGEAGAARANGCTCATTCTTETTARGEIGETT
IRFTmidlF A01_2012-0%-13 Multius (1>Ezu, — LA CGCTGEAGRRRR L ECTCATTGTTETTRAAGETGRTT
01_2012-09-13 Multius (1>862) — GEGEAGRAAGTTCCCTEATGAANARCCACTEGLGALARLGCTCATTST TSI TARGETEETT
2;._[Iult_[1}”‘°4‘ — LA CGCTGEAGRRRR L ECTCATTGTTETTRAAGETGRTT
22 Multi(l»732) +— LG TGEAGR AR N TCATTCTTETTALGETERTT
22 Mult (59>753) +— GATGAALLACCGCTGEAGA LA LGCTCATTETTET TARGETGETT
1210 1220 1230 1240 1250 1260
| L | | L | | L | | L |
CCTCTGRIAT RO CSGTACTICTACERGRT GEoCCRGEC-FaGREGEECETCCTCTOTRER
=—1, Multin(82>703) <  COTCTGATATGCCGGTACTICTACEAGRTGEICOAGEC-CALEEGEECETCOTCTCTA
—  CCTCTGRTATECCSGTACTICTACELGATGECCCAGRTGEEAGEGEECETCCTCTCTEER
1u_14~11t1 us (1»€62) —  CCTCTGRTATGCCSGTACTICTACERGRTGEoCCRGEC-GENEREGEECETCCTCTOTRER
22_Multiil>734) *— CCTCTGRTATGCCSGIACTICTACELGRTGECCCAGEC-GEAGEGEECETCCTCTCTEER
22 Multi{l»732) *—  CCTCTAATATGCCGGTACTICTACGAGATGECCCAGE-BEAREGERCETCCTCTCTRRE
2Z_ MultiS8>733) +—  CCTCTGRTATGCCSGIACTICTACELGATGECCCAGEC-GEAGEGEECETCCICTCTEER
1270 1280 1290 1300 0 1320
MR T FEETE PETTE PRl PEEE EE T FEE R s e T |
CAGCLCC LG LG CTACAGATC T ACGAC ARG CTCTACRROCTCATCAGCTCREC
-05-13_Multiu(82>703) *— CAGCRCCAACGTCAGCCTACAGATCTCCCACGACAGCCTCTACEACCTCRTC
o1 2J 2-09-13 Multius (1»623) —  CASCRCCRANGTCAGCCTACAGATCICOCACSACRGCCTCTACEACCT
_Multius(1>€€2) —  CAGCACCRACGTCAGCCTACAGATCTCCCACGACAGCCTCTACELC
2Z_Multi(l»734) *—  CRGCLCCRACT
22_Multi(1>782) *—  CASCACCARCATCAGOC
1-22 *—  CRGCACCRACGTCAGCC
_2012-03-13_Maltiu (65> “—  CRGCACCARCGTCLGO
_2012-05-13 1*].111:1_1 (4957 — CRECRCCRALCETCRAGDT
2_2012-06-14 Multi(55»£52 = CLGCLCCARCGTCLGOC
2012- —

3-13 Multiu(59>33 :'

CRGCRCCRRCETCAGET
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1270 1230 1280

1310 320
AT N

CRGCRCCRACGT CAGCCTACRGR TCTCCCACGACAGOCT CTRCGACCTCRTCAGCTCEEC

IRF7-3.2_F B02_2012-06-14_Multi|45»€40) — CLGCACCAACGTCRGCCTACAGATCTCCCACGRCAGCCTCTACGACCTCATCAGCTCREC
1330 0 1350 1360 1380
M T BT P salyv s ey ley ool ey byl oy lygyyl
CTTCaaTC el CaaETCTCARGTeRC OO AR  TORT ACGACACTACTAELCCACASE
IRE7-0RF4 B LDOZ 2013-07-22_Multi(1»>724) +—  CITCEGTCTECCCGGETCTCALGTEACTCOCCAECTOSTAGGACRCTACTACLCCL AR
5 -22_Multi(1»782) = CITCEGTCTECCCEGETCTCANSTEECTOCCIAECTOSTAGGACACTACTLEACCACAGE
—22_[~Iult [595753)  +— CTTCGGTCTRCCCEGETCT AN T TCC AR TOATAGGACACTACTARLCCRC G
—  CTTCGGTCTRCCCGAETCTCARGTGECTCCCrAGC TORTAGGACACTACTARACCLCAGE
— CTTCRGTCTRCCCRaETCT AL TG T OO O AR TORTAGGACAC TACTARLCCAC G
—  CTTCEGTCTGCCCEGETCTCANGTGECTCCCCAGC TOETAGGACACTACTACACCACAGE
3 Halt11|5°>3::‘ —  CTTCRGTCTRCCCRaETCT AN T GaC T OO O AR TORTAGGACAC TACTARLCCAC G
06-14_Multi (45»640) —  CITCGGTCIGCCCGGEICTCARGTEECTOCCCRGCTOSTAGGR ACTACTAGLCCR
-13_Multiu(87>334) — CCCCRGCTCOTAGGACACTACTAGACCACAGE
1330 1400 1410 1430 1440
1 1 | | 1 | | | | 1 1
CCTGTGETCC AR AL A CTACTCC AR A TARGERACAGT TCACCCATCTCTCATCT
-0RF4_R_D02_2013-07-22_Multi(l»724) +— CCTGIGETCCAGRACACHARCCTAGTCCAGRATARGEGACAGTTCACCCATCTCTCATY
5 -22_Multi(1»732}) ¢  CCTGIGETCCAGARCACARACCTAGTCCAGRATAAGEEACRSTICACCCATCTCTCN
-22_Mult(58»753] < CCTGETGETCCAGALCACARACCTAGTCCAGRATARGESACAGT TCACCCATCTCTOR
2 =  CCTETGETCCAGALCACRARCCTAGTCCLGAATALGEAACAGT TCACCCATCTCTCATY
| ( 9 — CCTETGETCCAGAN AR CCTAC T LA AT GEEA AT TCACCCATCTCTCATY
08-14 Multi(53»852) — (CCTRTGETCCAGAACACAALCCTARTCCAGALTARGRGACLGTT ATCTCTCR
3 Multin(59»383) -  CCTGIGETCCAGRACACARACCTACTCCAGRATALGEGACAGTT CATCTCTCR:
4 Multi(43»€40) —  CCTGTGETCCAGRACACARACCTAGTCCAGRATALGEEACEGTTCATCCATCTCTCAT
3_Multiu(E7»334) +—  CCTGIGETCCAGARCACARACCTAGTCCAGRATAAGESACAGTICACCCATCTCTORTCT
&0 1490 1500
.L,.l,..,l.,..J.L,.l,..,I.,..J.L,.l,..,I.,..J..,.l,..,I.,..l
TCATATCCGTATAGGCACATATGCT TCCTCACTCTCTTTATAGECCCTCT TCAARGTTAT
7-22_Multi(1»734) —  TCATATCCGTATAGGUACATATGCTTCCICACTCICTITATAGGECCCTCTTCARRGTTAT
-22_Multi(1»732) +— TCRATATCCGIATAGGCACATATGCTTICCICACTCTCTTTATAGECD
E -22_Mult (59»753) *—  TCATATCCGIATAGGCACATATGCTTICCICACTCTCTTTATAGECC
3. iu |65 — TCATATCCGTATAGGCACATATECT ToCTCACTCTCTTTATARRCC!
3. —  TCATATCCGTATAGHCACATATGCTTCCTCACTCTCTTTATAGRCC!
3. -06-14 Multi |53>E="‘ —  TCATATCCGTATAGGCACATATECT ToCTCAC TCTCTTTATARRCC!
3. 9-13_Maltiu(59»3%3) —  TCATATCOGTATAGGCACATATACTTICCTCACTCTCTTTATAGECC
3. 06-14 Multi(45»640) —  TCATATCCGTATAGGCACATATGCTTCCTCACTCTCTTTATAGREC
3. 9-13_Multiu(87»334) = TCATATCCGTATAGGCACATATACTTCCTCACTCTCTITATARGCCCTCTT c:.:"“rr_ T
1 1520 1 1 1550 1560
MY Ml I PR alas M I I P |
ARTTTATAT G AL B TATT BT TART TETACGATGCTAATAGRGTLAGTGTRATTTALS
F7-0BF4_R_DOZ_2013-07-22_Multi(1»734) «—  ARTTTATATGACARAGCTATTGET ACEATGCTANTAGRGTLAGTGTRATTTALS
OBF5_R E02_2013-07-22_Multi(1»782) +— AATTTATATGACAAAGCTATTGITAAT GATGCTARTAGESTAAGTGTEATITARG
7 “—  AATTTATATGACALAGCTATTGTTAAT GATGCTARTAGEGTAARTGTRATTTALS
_2012-0%-13_Multiu(65»912) «—  ARTTTATATGACARASCTATTET GATGCTARTAGEGTLACTGTEATITALG
012-0%-13_Multiu (49»7%5) = ALTTTATATGRCARAGCTATTGT GATGCTARTACESTRAGTGTEATTTARS
2012-06-14 Multi (55»652) —  AATTTATATGACALAGCTATTEITARTTGTACGETGCTARTAGEGTAAGTGTGATITALG
012-09-13_Maltiu(59»3%3) —  AATTTATATGACARAGCTATTGTTARTTGTACGATGCTARTAGGGTARGTGTELTTTALG
2012-06-14_Multi (45»640) —  AATTTATATGACARAGCTATTGITARTTGTACGATGCIARTAGGGTALGTGTGATTTALG
012-08-13_Multiu (87334} —  RATTTATATRACRAASCTATTGTTARTTATACGATGCTARTAGGCTARGTGTERTTTALS
1580 1530 1610 1620
1 | | 1 | | | | 1 1
TIGTEGETATACTIGETAGT GRGGACGTEET I TTCATATATAT TTATGCCAGLAGECTIC
7-0RF4_R_D0Z_2013-07-22_Multi(1>734) +—  TIGTSGATATAGTIGEIAGTGESGROGTGETITT
-22_Multi(1>72 z: —  TIGTGGRIATAGTIGEIAETGEGGROGTGETITT
-2Z Mult(59%753) ~—  TIGTGGATATAGTIGEIACTGEEGRCGIEETIT
=  TIGTGGATATAGTTAGTARTGERGACETGETTTTCATATATAT TTATGCCRRAAGECTTE
—  TIETEGRTATAGTTHETARTGREGACGTEETTTTCATATATAT TTATHCCARLAGECTTE
—  TIGTGGATATAGTTAGTARTGERGACETEETTTTCATATATAT TTATGCCARAAGECTTE
a- 1411t11|5°>’"" —  TIETGEGRTATAGTTHGTAGTGEGGLCGTGETTTTCATATATAT TTATHCCARAAGECTTO
-08-19_Multi(45»640) —  TIGTGGATATAGTIGSIAGTGESGACGTGGTTITTCATATATATITATGCCAGLAGSCTTC
—

05— 1q_1‘111t1_1 (87>3234)

TIGT G TAT AT TG TGEEERCGTGETITTCATATATATITAT GO RERAGECTTC
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630 1640 1650 660

1 0 a 1
AP P P TP DI P TP M PP (P I |

TR CTET T T ARG TR CTTTCRCTCTTATC R TTCCTARGT CRCTICTCTEIGTTTAC

IRF7_3.2 08-13_Multiu(65>312) «—  TCTGACTETTCTAAGTCACTTTCAGTCTTATCACTTCCTRARGTCACTTCTCTET
IRFT_3.1 0%-13_Multin(49>7%5) = TCTGACTGTTCTAAGTCACTTTCAGTCTTATCACTTCCTARGTCACTTCTCTET
IRF7-3.1 -06-14_Multi(55»652) —  TCTGACTGTTCTAAGTCACTTTCAGTCTTATCACTTCCTARGTCACTTCTCTET
IRF7_3.2 03-13_Multiu(59»333) —  TCTGACTETTCTALGTCACTTTCAGTCTTATCACTTCCTARGTCACTTCTET:
IRFT-3.2 —-06-14_Multi (45>640) = TCTGACTGTTCTAAGTCACTTTCAGTCTTATCACTTCCTARGTCACTTCTCT!
IRF7_3.1 5-13_Multiu(87>834) *— TCIGAC \BGTCACTTCTCTET
1700 1710 1720 1740
| | | 1 | | 1 | L |
ATACACTETTET TG TR ARTATGCATCTAT TCTCRCCATCAANCCTGT TCTATTAGCTSS
3. 3 2y —
3. (493785} —= e
3. -06-17_Multi (55>652) — e c:r Jﬂracrrcrnrr:?crcanrc:"“:cra T CTEG
3. 08-13 Multiu (59383} — e cfhjﬂracrrcrﬁrr:?c:fcc_ﬁrc_ J'_“CT.: T CTGG
3. -06-1%7_Multi (43>840) — CTEG
3. 08-13 Multiu(27>334) +— TGG
750 1780 1770 1790 1800
MR T BRI TS T s R R R R
TATTIATAACTACCATTCT TGRGGETATGTTATATSTGRCCGT IGCTTTTTTCCRTGRIG
I 3.2R_EZ07_2012-08-13 Multiu(653»>312] #—  TATTTATAACTACCATTCTIGRSGGIATSTTATATGTSACCGTTGCTTTITICCRTGADS
I 3.1F_D01_2012-08-13_Multin(49»7%5) —  TATTTATAACTACCATTCTIGAGGEIATGTTATATGTEACCGTTGCTTTITTCCATGACS
I 3.1_F ADZ 2012-06-14 Multi(S53»€52) —  TATTTATAACTACCATTCTIGRGGEIATSTTATATGTEACCGTIGCITTITICCETGACS
I 3.2F _E01_2012-0%-13_Multiu(59>3%3) —  TATTTATZACTACCATTCTIGAGGETATGTTATATGTGACCGTTGCTITTTTCCATGALS
I 3.2_F_502_2012-06-14_Multi (43»840) —  TATTIATRACTACCATICTTGRGGEIRTGTTATATGTGACCGTTIGCTTTITICCATGRCG
I 3.1R_DO7_2012-0%-13 Multiu(27>234] *—  TATTTATAACTACCATTCTIGASGEIATSTTATATGTEACCETTIGCTTTITICCATGRCS
1810 0 1880
T RTETE FEE T ETE ....I....I....I....I....I....I....I....I
CAACTARRATCATTCCTTGETT-GATGCTATTTTSTAGT TTACRCATGCAATTTTITGIC
IRE7_3.2 -02-13_Multin(85»%12) «— CAACTARRATCATICCTTGSTI-GAIGCTATITTETAGTTIACACATGCARITITITGIC
IRFT_3.1 -05-13_Multiu(49>7%5) = CRACTARAATCATTCCTTGETT-GATGCTATTTTETAGTTTACACATGCEATTTTITGIC
IRF7-3.1 Z-06-14_Multi(55>652) — (CRACTARRATCATICCTTGETT-GRTGCTIATTTTCTAGTTTACACATGCAATTITTITG
IRF7_3.2 -09-13_Multiu(59»3%3) —  CAACTAMMATCATTCCTTGATT-GATGCTATTTTETAGT TTACACATGCAATTTTTTETC
IRFT-3.2 Z-06-14_Multi(45>640) — CRACTARZATCATICCTTGGTTTIGATGCTATTTT TTTACLCRTGCAATTTTT
IRF7_3.1 -05-13_Multiu(87>334) +— CRACTARAATCATICCTTGETT-GATGCTATTTTRTAGTTIACACATGCEATTTTITGIC
1880 1380 1300 1810 1320
| | | 1 | | L |
ATETLATETALAG A A TTTOCC TG TTTGATGACCCETTTETARATARR *:rccrrrrc:rr'
— AAGCRCRTTICCCTGITTGATEACCCETTTGTARATARRTCCTITITCIG
—_ LA R CRTTICCCTGTTTGATEACCOGT T TETRRATARRTCCTTTTTCTG
$-13 Multiu| 5°>°”‘ — LAGCACETTICCCTGITTGATEACCCGTTTETARATARRTCCTTTITCIS
9-13 Multiu(87»334) AL AT TICCC TG T TTGATEACCOGT T TRTARATARRTCCTTTITCTS
330 1940 1820 380 1970 1320
R ETETE FEET ETE T FTET e MEITH PR R lagr oy
TTACLTATATATCC TALCTGTELGT AR GAANC AR NGEAATTTACTTAARGAGCCCTTORA
IRFT7_3. *—  TIACLIZ mr;rc*‘“crarls_nsrr#&m@.:n:;sa_anrr r"‘_aascccrrca::.
IEFT_3. = TIACLTRTATLET
IRET_3. —*  TTACLTATATAT .CTJTG.&'"T:‘
IRFT_3. *—  TTACLTRTATATCCTARCTGTGAGTARGERACTAL
2010 2020 2030 2040
..,.l,.“I.“LJ.“.l““I“..J.“.l““I“..J.“.l,.ul.,..J
ALTACLETGEEAETTTRATGETTTALGGRGCTTGEAGTGTTTTTATTTATAATTRAARLG
3. 3-13 Multin(£5»312 “—  ARTACAETGEEAGTTTRATGSTTTRAGEAGCTTEEAETGTITTTATTTATAATTARALLG
3. -15_Multiu(43>7 — ARTACACTGEERASTTTRAATSGTITA
3. -13 Multin (593 —*  ANTACAETGEEAGTTTZATGATTTANG-AGCTTGRAGTGTTTTIATTITATAL Sl
3. 3-13 1»1.111:1.1|°">334\ —

AR TACAGTGEEAGT T TAATGET I TARGGAGCTTGEAGTGTITTTATITATAATTARARLG

BT AR AL A AL LI AT T

CTACTRCTARRADARARRALAA AR DARD

8-13_Multiu(e3»312)
8-13_Multiu(S9»383)
8-13_Multiu(87>834)

It

CTACTACTRRAARALRALRLARLORARARD
CTACTECT

CTACTRCTRARARRRRRARAARLARRARD
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Appendix 5: Assembly of Atlantic cod 1rf8 RACE and ORF PCR sequencing reads.
Sequencing methods are described in section 2.1.2. Sequence data was assembled using

Lasergene SeqMan Pro software (DNASTAR). Consensus sequence is indicated between
horizontal lines.
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TEERCACTGRCATGGACT GRAGGACTAGRAL A TTCCATTARATGA-GETTARRGETGTCA

IRFE_S. _zt 7-05_Multiu(86>737) GRCZ Ta'" CTCARCCACTACARRATTCCATTRARTC _:GITA;:_-_JGIGI:A
IRFE_S. 20 5_Multiu(88>736)
IRFE_5. 20 5_Multiu(83>733) —
IRFE_s. 20 5_Multiu(52»>729) —
IRFS_5. 20 5_Multiu (475637) —  GGACAATGACLTS
IRF8_5. 20 -05_Multiu(44>6%4) —  GGACACTGACATGGACTGAA TTCCRTTALATER-GGTTARRGETGTICR
70 80 00 110 120
| 1 | | 1 | | 1 | 1
TCTGTCTGGRGCTEGRARTARTTCETGEATATARRGTCARGATETCGRR ““"HJ:“GGL—.GGL s
IRFE -05_Multiu(86>737)  *—  TCTGICTGGRGCTSGRRATARTTCGIGGATATARAGTCARGATGTCGARCACGGEAGERC
IRFE 5_Multiu(865738) —  TCTETCTGARGCTGARAATARTITCTGEATATANNGTCARGATGTCGARIRCEEEAGEAC
IRFE 5 Multiun (33733}  «—  TCTGICTGGRACTGEAAATEATTCETGAATATANAGTCAAGATCTCRAACACGGERGEAT
IRFE —  TCTGICTGGRECTGGRRATARTICETGEATATARRGTCARGATETCGRACACEGEAGERC
IRFE —  TCTGTCTGGRSCTSGRRATAATTCETGEATATARRGTCARGATETCGARCACESEAGERC
IREE —  TCTGICTGGRGCTGGRRATEATICETGEATATARRGTCRRGATCTCGARCACEGEAGERC
IRFE — LGATCTCERRCACGGEAGET
140 150 180
P S P TN PR E e |
TEATTGRECREATCRRGRET TCGGEECTIGRST
IRFE ! ( — TCGGEECTIGRET
IRFE 5_Multiu(85>738) TCSGEECTIGRST
IRFE 5 Multiu(83>733) — TCEGEECTIGRET
IRFE 5_Multiu(52»729) —
IRFE 5 Multiun(47>€97) — GTTGATTGRECRAGAT
IRFE i ro— ETTERTTGRECAEATCARELEC
IaFe -Z2_Mult (48>937) —  caac: -::'r““ CROTEETTEATTGRECAGATCRARARC
130 200 210 220 23 240
MRS TS FE T FEEEE FTEEE P P FEEEs FEEE e e |
GEGRGGRTGRCAGOC TR CAT ST TCCECATCCCATGEARGCATACTGEEARECREGRTT
IRFE 012-07-05_Multiu(86>737) «—  GGGRGGATGRCAGCCTCRCCATGTTCCGIATCCCATGERRGCATGCTGEEARGIAGERTT
IRFS 012-07-05_Multiu(86>736) =  GEGRGGATGRCAGCCTCRCCATSTTCCGIATCCCATGERRGCATGCTGEEARGCRGEATT
IRFE 012-07-05_Multiu(83»733) *—  EEERGELTGRCAGCCTCACCATGTTCCECATCCOATGEANGCATE TGEERAGCRGEATT
IRFE 012-07-05_Multiu(52>728) —  GGGRGGATGRCAGCCTCACCATGTTCCGCATCCCATGERRGCATGCTGEEARGIAGERTT
IRFS 012-07-05_Multiu(47>€S87) —  GGGRGGRIGRCAGCCTCACCATGTICCECATCCCATGAARGCRATGCTGEEAMG
IRFE 012-07-05_Multiu(44»834) — GEGRGAATGRCAGCCTCACCATGTTCCECATCCCATGEARGCATACTGEERAGCRGERTT
1RFS 2013-07-22_Mult (46»337) —  GEGAGGATGACAGCCTCRCCATGTTCCGCATCCCATGEAMGCATACTGEEAMECAGEATT
250 280 270 280 230 300
| 1 | 1 | | [ | [ 1
Y “&;G.:.;.GT:G;.TMTC:M:‘:I“ blee CTG;GCIFTCTI'IA;.JGG\_H;‘-ETI'IA
IRFE =05 Multiu(£6»737) = X A;_:c;“G;._-.GT“G;IGCIIC:AI:‘:I:R;J;C:"G;GCIPr“"nﬁ;f;c:&;_arrra
IRFE 5_Multiu(85>738) —
IRFE S_Multiu(83>733) — STTTARGGECRAGTTTA
IRFE 5 1‘1.11t1_1|54>"‘29‘ — TTIRASGEAASTTTR
IRFE iu| 7} =
IRFE - _Irscrrc-:ra.r:':r:mf;c:"amr‘r_ I'II-G.;.GGCTG-JTI'IA
IRFE —  RTRRCCRAGRSSTCGRTGCTTCCATCTTCARGGCCTEEGCTGTETTTARGGEARGTTTA
saaaly
RAGRGGEE
IRFE_5. 012-07-05_Multiu(86>737) +—  RLGRGGGS
IRF8_5. 012-07-05_Multiu(26>7236) =  RLGRGGGE Jcm;ﬂr'crscmcrm" ARACTAEECTOCGCTETGCCCTGRRCE
IRFE_5. 012-07-05_Multiu (833733} *— LLGRGHEGGRGALGSCTGRGCCTGCTACTTEGARAACTARGCTOCECTETGOCCTGARE
IRFE_S. 012-07-05_Multiu(52>728) —  RLGRGGES GCTGERGCCTGCTACTTRGRRRACTARGCTCCGCTETGCCCTERRACE
IRFg_5. 012-07-05_Multiu(47>687) —*  RLGRGGEE GLTGRECCTGCTACTTCEAR AR CTAGSCTOCECTETGCOCTGRACR
IRFE_5. 012-07-05_Multiu(44»E94) —  ALGRGGEGGAGARGGCTGAGCCTGCTACTTEGARRACTAESCTOCGCTETGCOCTGARIR
IaFe-0 2013-07-22 Mult (485837}  —  RAGRGGECEGRGARGGCTGRGCCTGCTACTTGEGARALCTAGSCTOCECTETGOOCTGRRCL
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370 3E0 350 400 410 420
MM NPT S M P I Il T I e S A

AGRGCCCAGRCTTTGAGGRAGET GRCEGRCAEETCRCARCTGGRCRTCTCAGRECCCTACR

FE_5. 12-07-05_Multiu(86»737) *—  AGRGCCCLGRCTTTGREGLEGTGNCEGACAGSTCACRACTSGACATCTCAGRAGCOCTACL
F&_5. -07-05_Multiu(86>736) *—  RAGAGCCCAGRCTTIGAGGRGGTGACGGACAGET CTGGACERTCTCRGRECOCT
F&_5. =07-05_Multiu(23>733) *—  LGAGCCCAGRCTTTGAGGRGGTGACEGAILE CTGGRCRTCTCAGRECCCT.
FE_5. 12-07-05_Multiu(52»728) —*  AGRGCCCLGRCTTTGRGGLEGTGICEGACLE CTGGRCLT
F&_5. -07-05_Multiu(47>6%7) = AGAGCCCAGACTTTGAGGAGGTGACCGACRE: CTGELCLT
FE_5.4F FO3_2012-07-05_Multiu(44»6%4) — AGAGCCCLGACTTTGRGGAGGTGACEGLCRE CTGGRCATCTCAGRECCCT,
FE-0RF1_F_G01_2013-07-22_Mult (48>337) —  RGLGCCCAGRCTTIGAGGRGGTGACEGACLGETCACRACGEGACATCTCAGRGCCCTACR
430 440 450 480 470 480
FEERE FEEEE SEE T FEEEE FERTE PR FEET FEEEE PR ST S as R |
AGGTCTACCECATTGTCCCTEARGREGRLCAGAR GO TCGETARRACCACRGCEATGETCR
IRFS_5.4R_F09_2012-07-05_Multiu(86>737) *— AGGTCTACCGCATTGTCCCTGARGRRGAACAGARGCTCGRTARRACCACAGCGATGETCR
IRFE_5.7R_HU9_2012-07-05_Multiu(26>736) +«—  AGGTCTACCECATTGTCCCTGRRGREGRRCAGELECTCBETARRACCACRGCGATGETCR
IRFE_5. 9 2012-07-05_Multiu(83»733) *— AGGTCTACCECATTGTCCCTGRAGREGARCAGALGCTCGETARRACCACAGCGATEETIA
IRFS_5. 2012-07-05_Multiu(525728) —* AGGTCTACCECATIGTCCCTGRARAGRGGALCASANGCTCGETARMAC L RGCELT]
IRFE_5. —-07-05_Multiu(47»8%7) —  AGGTCTACCECATTGTCCCTGRRGREGALCAGELECTCRRTARRACCACRGCGATEETCR
IRFS_5.4F FO03_ -07-05_Multiu(44>8%4) = LGGTCTACCECATTGTCCCTGRAGREGRACAGALECTCRETARRACCACAGCGATEETIA
IRFE-DRF1_F_GO1_2013-07-22_Mult(48>837) —* AGGTCTACCECATTGTCCCTGRAGREGRACAGALECTCGETARRACCACAGCGRTGETIR
= 1] 500 i 520 530
| 47, T N | UTD T T
CeRCRGCTGECEACAT OGO TGRCT TAGAC T BCAGCTCTBCAGRECTAGRGGAGTTGAT R
IRFS_5. —07-05_Multiu (265737} *— CEACRGCTGECGLMCATCGECTERCTTAGR TR RECTCTECAGRECTAGRGGRET
IRFE_5. -07-05_Multiu(26»736) *—  CEACRGCTGECERCATCHECTGRCTTRAGACTRCAECTCTBCRAGRGCTAGRGGER
IRFE_3. =07-05_Multiu(23»733) *—  COACRGCTGECGRCATCGCTGRCTTRAGACTECAGCTCTGCAGRECTAGRGGR
IRFS_5. =07-05_Multiu(52>729) —* CEACRGCTGECGLCATCGCTGRACTTAGR T EIRECTCTGCAGRECTAGRGGN
IRFE_5. -07-05_Multiu(47>6%7) — CGACAGCTGGCRACATCGCTGACTTAGACTRCAGCTCTRCAGARCTAGRGGA
IRFE_5.4F FO3_ 7-05_Multiu({24x684) —  COACRGCTGGCGACATCGCTGRCTTAGRCTGCAGCTCTECAGRECTAGRGGN
IRFE-0RFL_F_GOL_2013-07-22_Mult(48»237) — (CGACRGCTGECGLCATCGCTGRCTTAGRCTECRECTCTGCAGRECTAGRGGN
IRFE-0RF1_2 G0Z_2013-07-22_Multi|1»379)
560 570 530 5390 g0
| | 1 1 | | 1 | | 1 |
AAGTEGCCTOCACTGRT GRS TACCCCTCAGCCAT CARGREAAGCTACTCTCCCCAGEREG
IRFE_5. 7-05_Multiu(86>737) *— ARGTGGCCTCCACTGATGACTACCCCTCLGCCATCALGARRAGCTACTCTCCCCARGARG
IRFE_5. 7-05_Multiu(86>738) ¢—  ARGTGGCCTCCACTGATGACTACCCCTCAGCCATCARGARAAGCTACTCTCCCCAGGAGG
IRFE_5. T-05_Multiu(83>733) <= ARGTGGCCTCCACTGATGACTACCCCTCAGCCATCARNGRERARCT,
IRFS_5. —  ALGTEGCCTCCACTGATARCTACCOCTCAGCCAT CARGAELLECT,
IRF&_5. — ALGTGGCCTCCACTGATGACTACCCCTCAGCCAT CARGAGLARCT,
IRFS_5.4F_F03_2012-07 —  RLGTEGCCTCCACTGATGRCTACCCCTCAGCCAT CARGRGLAGCTACTCTCCCCAGERGG
IRFE-0RF1_F_G01_2013-07-22_Mult(48>837) —* RAGTGGCCTCCACTGATGACTACCCCTCAGCCGTCALGAGIAGCTACTCTCCCCAGGREG
IERFE-0RF1_2 G02_2013- N 1(1%879) — G
IRFS-COF -22_Multi|l»38d) «— GOCATCARGAS
IRFEmid2R_B09_2 Multiu(77>750) GOCRICH
IRFEmid “Multin(75»748)  e— TCLGCCATCAL ACTC LEGLEG
IRFE "] _. 13 Multiu(58>731) —_ CLGCCRT RN GR LA TACT CTOCCCRGGEAGS
IRFSmidlF A03_2012-0%-13 Multiu(49>722) — CAGCCATCARGREALECTACTCTCCCCAGEREG
| G10 | szlu:u . E:Tc- | 6%3 | t—.?.:. | E?D
ATGECTTTARCETCCARGCA RO TGRS ACTRET CACAT GECARCATACCCGTETTCT
IRFE_5.4FR _FO09 2012-07-05_Multiu(86>737) — ATGECTT AR BT ARG CASCCCTRRARTR
IRFS_5.7R_H09 _2012-07-05_Multiu(86>736) *—  ATGECTTIRACGTCCARGCCAGCCCTGRGT
IRFE_5. 9_2012-07-05_Multiu(83»733) *— ATGGCTTIARCGTCCARGCCAGCCCTGAGTE
IRFE_5. 3_2012-07-05_Multia(52>728) —  ATGECTTIARCGTCTARGCCAGCTCTGAGTACTGETCACATGECAGCATRCT
IRFS_5. 2012-07-05_Multiu(47>687) —* ATGECTTIARCGTCCARGCCAGCCCTGASTACTGETCACATGECAGIATACCL
IRFE_5. -07-05_Moltiu(44»8%4) —  ATGECTTTARCGTCCARGCCRGCCCTGAGTACTGETCACATGECRGECATACCL
IRFEB -2 _Mulu(48»337) —  ATGECTTIARCGTCCRARGCCAGRCCCTGASTACTEETCACATGECARCATACCOGTSTTCT
IRFS -22_Multi(1»378) *— ATGECTTTARCGTCCARGLIAGCCCTGLSTACTEETCACATGECAECITACCOGTST
IBFS -22_Multi(1»364) *— ATGECTTTAACGTCCALGCCARCCCTARGTACTGETCACATGECARCATACCOGTET
IRFE _Blo_ =08-153_Multiu(77>750) *—  ATGECTTTARCGTCCARGCCRGCCCTGAGTACTGETCACATGECRGECATACCCGTSTT
IRFEmidlR_ 209 2 153 Multiu(75>748)  *—  AIGECTTIARCGTCCRAGCCRGCCCTGRSTACTGETCACRTGECAGCATACCCGTST
IRFEmid2F BO3_2 13 Multiu(58»731) —  ATGECTTTAACGTCCALGCCARCCCTERGTACTGETCACATGRECARCATACCCGTET
[

IRFEmidlF_ROZ_2012-05-13 Multiu(49>722)

ATGECTTTRACGTCCARGI A CCTGRAGTACTFET CACAT GELAGIATACCCGTGTTIT
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670 B6E0 650 700 710 T20

CCCAGATGATGATCTCCT TCTACTAGEEGECCAGCTGATGCATRAGIRCGETGACCTCCC

IRFB-0RF1_ — CCCAGATERTGATCTCCTTCTACTACGEAGEICARCTEATGCATAR AOGETERICTOCC
IRFE-0RF1 —Zz._[Iult c1> =  CCCAGATEATGATCTCCTTCTACTACGEEGECCASCTEATECATARCACGETRACCTCCC
IRFE-0RFZ -22 Multi(l»3 64} #—  CCCAGATGATGATCT ch_r“'rr ”;:GGGGG“ A TEATGCATARCACGETRACCTOCC
IRFEmid ! *—  (CCCAGATEATGAT VA TRATGCATARCACGETRACCTCCC
IRFEmidlR_L0% 20 *—  CCCAGATGATGAT ':CC':'E-:'I'E! \CREGGECCARCTCATGCATASCACGETEACCTONC
IRFEmMid2F_B03_20 13 Multiu( 5e >731) — COCAGATEATRATCTCCTTCTACTACGEAGEICARCTEATACA TR ACGETRACCTCCC
IRFEMid1F_R03_2012-09-13_Multiu(49>722) —  CCCRAGATEATGATCTCCTICTACTACGGSGECCASCTGATGIATARCACGETEACCTCCT
730 740 750 780 780
..,.l,.“I“..J.“.l,..,l.“.J.“.l““I...LJ..,.l,.“I“.LJ
OO G T B C AT CT O COERT GO TRCCOCAGC AR E G GT ORI CCEIGRCT
IRFS -22_Mult (48 —  ACCCCGAAHETECCECATCTOCCOAGT R TECCIrAGCAGC RO G CORIGECT
IRFE -22_Multi E1> — ACCCCGARGECTECCECATCTCCCCRGTRCTECOOrARCARCRCEICGTCGICCRIGECT
I3FE -z22 [Iult_ (1»364) = CCCGASECT BCCECATCTCCCORGT R TECOTCAGCARCECGIOGTCGUCCEIGECT
I2FE — OGRS T RO AT T CORGT B TEC OO AR A AR C AT OB CORIGEDT
IRFE (7 —  ACCCCGAGGECTECCECATCTCCCRETECTECCOCAGCAGCEOGICGTCGLCCEIGECT
IRFEmid2 15 Multiu(58>731) —  ACCCCGAGGECTGCCGCATCTCCCOASTECTACCOCAGCASCECGC0GTORCCCR0RECT
IRFEMidlF A03 2012-09-13 Multiu(493722) — ACCCCGAEGECTECCECATCTCCCCESTECTECOCrLECAErEECCETORCCCE0GEDT
800 310 820 340
1 l 1 1 l l L l L l
Plalcensscilantssicelcnlcaciicslmyiasuc suc caaciius ey criuttecaics
IRFE-0RFL_F G01_2013-07-22 Mult (48>337) — "_CI-LG-_ c:@;m::ar A:rﬁmursm:r"Tr_ccxcasccssrcruarugpw- GAGC
IRFS-ORF1 2 G02_2013-07-22 [iult (1}3". VR i
_B EDZ_ — "LI-;G“"C “;nc:m:"cmpﬁ“r“r“ CTTCCCACCEGC0EACCTCATORA EACEAGT
IRFEmid2R_B09_20 "~ ACAGCTCOGACACCAT crm.srhcr"rr_ccxcaec-s;:cr_ar-g;w EAGC
IRFEMid1R_A09_20 | ( “—  ACARCTCOGACACCATGCAGARCGTE
IRFEmid2F_BO3_20 13 Multiu(56>731) — ACRGCTCOGACACCATECAGAGCGTC
IRFEmMid1F A03 _2012-09-13 Multiu(49>722) —  ACRECTOCG ";nc:arﬂcr_anc;ﬂrrﬂc,"r'rﬂcca:cac;c:r_;;:cr:ar“ GACAL
0 260 37 830 230 330
sraalae TR FEEE AR FEEEE PR ST AR T T AT PR R |
BCCRGCEECAGGTCACC TRl GCTECTGEE0CACCTGALCAEEGECGT ICTERTROEEG
IR _G01_2013-07-22_Mult(48»337) —  CCRAGCGECAGGTCACCTGCARGCTECTGGECCACCTGERGRGEEECGTICTEETECREG
IR -22_Multi(1»2379) *—  GOCAGCEECRGGTCRCCTEIALGCTRCTGEE0CAOCTGERGREEGEIGTTCTEGTECREG
Iz -22_Multi{lx364) *— GCCAGCEECAGGTCACCTRCARGCTECTGOE0CACCTOAACAEEGECGTTCTEETROREG
IR 13 Mulviu (7727500 *—  GOCRGCGECRGGTCACCTEIALGCTECTEEECCACCTGERGLEEGEIGTICTEGTECREG
Iz 13 Multiu(755748) *—  FOCRGCGECLGGTCACCTAIALECTRCTREEICACCTRARGLGEGEIGTTCTEGTECREG
Iz 13_Mul tiu(58»731) —  GCCRGCGGCAGGTCACCTECAAGCTGCTGEECCACCTGEAGREGEECGTICTEETCLGEE
IR 2-15_Multia(48>722) — GCCRGCGEECAGGTCACCTEIALGCTECTEEREICACCTGERGAGEGECGTICTEGTECRES
310 %20 330 940 350 260
MR PR FEEE FEEEl FETES PR SR TR PR R Rl FEE T R e R |
CCARCCECGAGGEATCT TCATC ARG CEC TCTRCCAGR BOCEEETETTCTRREAGCGECT
Iz —  CCARCCGOAAGGECGTCTTCATCARRLGECTCTGOCAGARCCERETETTCTRRARIGECC
IR _| —  CCARCCGOALGGECGTCTTCATCARGLGECTCTGOCAGARCCEEATETTCTRRAEIGECC
Iz -22 Multi — CCARCCEOGAGGGECGTCTTCRAT TEOCAGAECCEEETETTCTEELGIGECC
I3 13 Maoltiu| *—  (CCRRCCGOGRGGGEOGTCTTCAT TEOCAGAECCEEETETICTEEAGIGECC
IR 13 _Multiu(7 — CCARCCGOALGGECGTCT TCATCARGLGECTCTGICAGARCCERATETTCTRRARIGECC
Iz 13 Multiu(58>731) = CCRACCGOGAGGRCGTCTTCATCARRAGGCTCTGOCAGARCCGEETRTTCTRRAGCRRECC
I3 13 Multiu(49>722) —  CORRCCEOGRGGECGTCTTCATCARGLEGCTCTGOCAGAECCEESTETICTEREAGIGECC
220 230 1000 '_:-1-3 1020
1 | 1 1 | | 1 | 1
ACGRGGARCACGECCALCACCACGECCCCETRACCTECARGCTE “mae.:mc EVEE
IRFE- -22_Mult (48>337) — ACGRGGAGCACGGCCARCACCACGRECCCC
IRFE- -22_Multi(1»379) *— ACGGGGRGCACGGOCARCACCACGRUCCCGTGACCTRCRARGCTGERGARGGACGOCGTGG
IRFB- -22_Multi(1»364] +*— ACBEGGRGCACGGCCRACACCACGECCCOGTERACCTGIALGCTGARGAGGGACGICETEE
IRFE i = ACRREGAACLACGECCALCACCACGECCCORTEACCTEIALECTRELEAREEACGICETES
I3FE 74 — ACBEGGACACGECCALCACCACGECCCORTEACCTEIARGCTRALGARGGACGICGTGEE
IRFEMid2F 13 Multiu(58>731) —  ACGEGGAGCACHECCAACACCACGECCCCETEACCTRCALGCTERACAEAGATGICETEE
IRFEmMid1F_A03_2012-03-13_Multiu(49>722) =  ACGEGGAGCACGECCAACACCACGECCCCGTGACCTECARGCTGEAGAGEGACGOCGTGE
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1030 1040 1350 1060
FNI'S NPETE S P S S Nl s P

TGERRGRTCT

IRFS —
IRFE —
IRFE —
IRFE: ( —
IRFEmid2F B 2012-03-13 1411t11|5°>“’*1‘ —
IRFEmidlEF RO u_2 21z2-0 5_1u_1‘1.11t1 u(482722) — T TGRSO TT O TG RCGCTCT T AL C T G AT AR GR RGET
1080 '_1CI-3 '_'_1-2- 11z0 ‘_13-3 '_'_40
| | ] 1 ] 1 | 1
I‘:CC”G&CC’IG#.CCCM;GT&IA.C“-CI”TG'I"T"GGSG: CTaC;-IG;:CT:IJ.G-CA
22_Multi(l»373) = I CfﬂCCIGE-LCCEGGTGACC{TCTG'ITTCGGSG.E“_u—:C'E-,Cr-J GP:CTHAG-HA
7-22_Multi{l»384) +—
12-08-13 1411t11| T>750) —
12-0%8-15_Multiu(75>74E) —
12-08-13_Multiu(58»731) - “GCE‘-CE'IG;-“CCESGT&I—LCC-CT”TG'I"T“GGGGr_.:GP}CTECE‘JGP:CT:AGCA
12-03-13_Multiu (493722} —  TCCOOGEACCTRACCCACEGTEACECTCTETTTOAEaGAEGAACTACKTGACCTCAGCR
1150 11&0 11 1190 1200
M PP P PP P P I P P PP P |
ACGOCRAERACR R CTCRTCCT GG T OCAGATCRCCGOCAT AR CTETCAGCARCTICTTG
IRFE 1-22_Multi(l>379) — ACECCRRERR R RCTCRTCCTEST O AGA T RO OGO AT AR CTETCAGCARCTICTTS
IRFE 22_Multi(l>3€4) —_— z T.:"'T"“C.'—-'“ T:I;.C“GC:I;T“""’"G’IC,- 7
IRFE: -09-13_Multiu >750) —
IRFE: =-08-13_ Multiu(75>T74E) —
IRFE: -08-13_Multiu(58>731) —
I?FSmlcl* ;‘—_., 3_23 2—"J -13_Multiu(49>742) —*  ACGCCRAGRACRRLCTCR HJTJ(‘TF‘CH_G;LTHHEF‘(‘JCHHTn1-‘ G'I‘C.-JC.- SCTICTTG
IRFS_3.14F D03 _2012-07-05 Multiu(l»715) +— RECTICTTG
IRFE_3.BR_B0OS9_2012-07-05_Multius(1>585) — TICTIG
IRFE_3.11F_C03_Z2012-07-05_Multi (50>753) — TICTTG
IRFE_3.4R_R09_2012-07-05_Multiu(€6>751) — TICTIG
IRFE_3.14R_D09_2012Z-0 05, _HMulti (7 a>"“:9‘ — TICTIG
IRFE_3.11R_C09_Z2012-07-05_Multi (805783 — TICTIG
210 1220 1250 12a0
P A TP P T P P I |
LGGCTGTERRCATEOEEGCTGTCCASTCTTACARCCACAECCCTTCTGTAGRGATETCLG
IRFB 07-22 [ﬁllti (1»378 — r.aGC'II"T“ ACRTGCEEECTETCCACTCTTACRACCACAGICCTICTGTAGRGRATGTCRG
IRFS e WCATGCEEGCTGTCCACTCTTACRACCACAGCCCTTCTGTAGAGRT ST CAG
IRFE — P:GGCIG'EE;—;.—LA’EaCGCGCIGTHCm_ CTTRACRRCCRCAG
IRFS - *—  AGGCTGTGRRCATGCGEECTGTCCH
IRFEmidZF B Qlz2-0 —1_._1‘1.11t1_1|.5°>”.‘31} =  AGGCTGTERRCATECEESFCIGTCCA
IRFEmidlF .'“—..u 2012-09-13_Multiu(45>722) — AGGCTGTERRCATGCGESCIGTCCA
I2FS_3.14F D03_2012-07-03 Multiu{1>715) «—  RGGCIGTGAACATGCEEGCIGICCASTCTTACKACCACAGICCTTCTGTAGRERTGTCAG
IRFE_3.BR_BOS_Z201Z2-0 _Multius(1>585) = TG AT GEa TG T o T e T T A AR S AL B o TTC TG TG
IRFE_3.11F_C03_2012-07-05_Multi (50>753) —  AGGCTGTERRCATGCGEGCTIGTCCASTCTTACRACACRGICCTTCTGTAGR
IRFS_3.4F_A09_2012-07-05 Multiu(&g>751) — AGECTGTELLCATGCEEECTGTCCAETCTTACRACCACAECCCTICTGTAGD )
IRFE_3.14R_D0S_2012-07-05_Multi (75»758) —* L VAT GCGEECTETCCAGTCTTAC AR CCACRAGCCCTICTGTAGRGRATGTCRG
IRFE_3. 11R I"DS 2012-07-05 Hultl (E0>T783) —* AECTGTERR AT CEECTGTCC AT CTTAC A CACREICCTTCTGTAGRERTETCLG
1270 1280 1290 1300 ‘_E-1-3 1320
| 1 ] ] 1 I ] 1 I 1 |
AC GﬂﬁaTCGCCI—;GIGﬂL‘CE!ﬂTGGCECG:ATC':"J’_‘C.—_.:G.—MCTCTGCAGC TRCAGCGCCC
IRFE-0RF1_R GDZ 2013 22_Multiil»379) =  ACGRGATEGCCACTGRCCAGATGEGCACEIR
IRFE-0RF2_R HDZ 2013 -22_Multi(l>3€4d) —  ACGRGATEGCCAGTGRCCAGATGGCACEIRTH
IRFE_3.14F_D0O3_Z2012-07-05_Multiu(l>715) — p VA TEGCCAETGRCCEGA TEGC LR,
IRFE_3.BR_BO0OS_Z201Z2-0 _Multius(l1>585) - VSR T EGCCAGTGROCAGAT GECRCEIR.
IRFE_3.11F_C03_2012-07-05_Multi (50>753) — W GRTEGCCAGTGRCCAGATGGCRCEIR
IRFE_3.4R_R09_2012-07-05_Multiu(€6>751) — VGATGGOCARTGRCCAGATGGCACEIR”
IRFE_3.14R_D0S_2012-07-05_Multi (75>758) - R T GO AT GRICAGAT GEIRCEIR,
IRFE_3.11R_C09_2012-07-05_ “Multi (20%763) — “”GH,ET"GCSILGIGQL‘C.&IJ.TJGCHCGZA
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1340 1350 1360 1370 1380

CoCAGAGEACAGRCTET TACAGEGRCAACATGACCATTACCGCATGAGCTCCEEEETTTA

IRFE-D! (-22_Multi(1»879) «— (CCCAGAGEACLGACTGTTACAGGERCAACATEACCATTACCGCATGAGCTCCGEECTTIL
IRFE-O -22_Multi(1»884) *— CCCAGAGERCLGACTGITACAGSGRCLACATGACCATTACCGCATGRGCTCCGGECTTIA
IRFE 3. 2-07-05_Multiu(1>715) +— CCCRGAGERCLAACTETTACAGSER MACAT R AT TACCGCAT CAGCTCCGEECTTIA
IRFE_3. 05_Mulrius{1»585) — CCCRGAGEACAGLCTCTTACAGGGR AN ATERCCATTACCGCATCAGCTCOGGETTTR
IRFE 3. -05_Mnlti (50»753) =  COCAGAGERCLGACTETTACAGGGACRACATEACCATTACCGCATGAGCTCOGEECTTTR
IRFE_3. S_Multiu(€6>751) —* CCCRGAGEACLGACTGITACAGSGACAACATGACCATTACCGCATGAGCTCCEGECTTIA
IRFS_3.14R _D0S_ a _ 55758~  COCRGRGEACAGRCTGTTACAGGGRCLACATEACCATTACCGCATGAGCTCCEGECTTIR
IEFS_3.11R_C09_2012-07-05_Multi (B0>T763) —* COCRGRGEACAGACTGTTACAGGGACAACATGAC AT TACCGOATGRGCTCOGEECTTIR
1380 1400 1410 1420 1430 1440
saaelaey M M P I IS salevuely ey lyany
AGECTCATERACACACTETCTCARCA R ECCOGGTACATTATTECTACTACGETGETICIG
IRFE-0BF1L 07-22_Multi(1»379) +— RACCTCR
IRFE-0RFZ -22_Multi(1»364} *— R3CTCR
IRFE_3.14 07-05_Multiu(l>715) *— AGCTCATEARCACACTETCTCAACRERGCCCEGTACATTATTGCTACTACGETGEITEIG
IRFE_3. 7-05_Multius(1»535) —  RAGCTCATGARCACACTCTCTCRACRGAGCCCGGTACRTIATTGCTACTRIGETGETICIG
IRFE_3. -05_Multi (505753} *— AGCTCATGANACACTETCTCARCAGAGCCCGGTACATTATTECT. GEIGETTEIG
IRFE_3. 7-05_Multiu(66>751) —* RAGCTCATGAAMCACLCTETCTCALCAGLGCCCGSTACATTATTGCTACTACGEIGETTEIG
IRFS_3.14R D0&_ =03 3»758)  — AGCTCATGAACRCACTETCTCALCAGAGCCCSGTACATTATIGCTACTACGEIGETTCIG
IRFE_3.11R_CO0O_2012-07-05_Multi(20»763) —* AGCTCATGARCACACTGICTCARCRAGAGCCCGETACATTATTECTACTACGEIGETTCEIG
450 1480 1430 1500
METTIE NI NS R S S salev oyl lyan,
IRFE_3.14F D03 _2012-07-05_Multiu(1>715) «—
IRFE 3.8R_B09 2012-07-05 Multius{1»535) —* TTGTTCCCATCETAGARGGTACTGCTCTTTCCCCCR
IRFE_3.11F_C03_2012-07-05_Multi (505753} *—  GARTATACATTGTTCCCATCGTAGARGSTACTECTCTTTICCCCCAAR
IRFE_2.4R_R08_2012-07-05_Multiu(64>731) —*  GATATACATTGTTCCCATCGTAGARGGTACTGCTCTTICCCCCR
IRFS_3.14R_D0%_2012-07-05 Multi(73»758) —
IRFS_3.11R_C09_2012-07-05_Mnlti (80>763) —  GERTATACATTGTTCCCATCETAGAAGGTACTECTCTTICOCCCARACTCATTGTRAATTAT
1510 1520 1530 1540 1550 1560
| 1 | | 1 | | 1 | 1 1 |
GRTTTCATGRGGARTTTGTICTCTARGTCTGRATGCETTTCICTCATCTCATCTTISTIT
IEFS_3.14F D03_2012-07-05_Multiu ({1715} *—  GATTTCATGAGGRATTTGTICTTTALGTCTGRL TCTCATTTCATCTTIGTIT
IRFS_3.8R_B09_2012-07-05 Multius (1»335) —*  GATTTCATGRSGRLTTTSTICT
IRFS_3.11F CO3_2012-07-05 Multi(50»753) *—  GATTICATGAGGAATTTGTICTT
IRFE_3.4R_R08_2012-07-05_Multiu(64>751) —* GATTICATGRAGGAATTTGTICTCTALGTCTRAATGCGITTCTCTCATCTCATCTTTIGTIT
IRFE 3.14R D09 2012-07-05 53759} —  ERTTTCATGRGGALTTTGTICTCTARGTCTERATECETTTCTICTCATCTCATCTTIGTTT
IRFE_3.11R_C09_2012-07-05_Multi (80»763) —  ERTTTCATGRGGARTTTGTICTCTARGTCTGRATGCETTTCICTCATCTCATCTTTISTIT

1610 1620

1580 1590 1
" M PSP e |

PRI PR IS I S S s s |

TEIACTGIGTTCGTGRARCGCRATGTCAR A TTGRCATTTTACTGTRARGAGGERGATARTT

IRFS_3.14F D03 2-07-05_Multiu(1x715) *—  TGTACTGTSTICGTGRRACGCATGTCRART TRACATTTTACTCTARLGAGGRAGETARTT
IRFE_3.8R_BOS_ 05 _Mulviu=(1»533) — TGTACTGIGTTCETGERRACGCATGTCRARTTGACATTTTACTGTARRGRGGERGATARTT
IRFE_3.11F_C03_2012-07-05_Multi(S0>753) +—  TGIACTGIGTICGIGRRACGCATGTCARATTGACATTTTACTGIARAGREGEAGATARTT
IRFS_3.4F_R09_2012-07-05_Multiu(66>751) —* TGIACTGTGTTCGTGALACECATGTCAAAT TEACATTTTACTGTARAGAGGEAGRTARTT
IEFE_3.14R_D09_2012-07-05_Multi(75>759) —  TETACTEIGTTCETGRAAACECATGTCAAATTGACATTITACTETARAGARGELGATALATT
I 3.11R_C09_2012-07-05_Multi (B0»763) = TGETACTGIGTICGIGARACGCATGTCRARATTGACATTITACTGIARRGRGGERGETARTT
15 0 70 1620

soaalaey R FEETE EEEE s legel
GACTATGETCAGAATCACATACLCTTTATATTTTTATATCITTGACTGTAGTAARTGTTT

3.14F_DO3_ 07-05_Multiu(l>71%) +— GRCTATGETCAGRATCACATACACTTITATATITTIATATGTTTGAGTGTAGTARATSTTT
3.BR_B08_2012-07-05_Multius (1»533) -~ GRCTATGETCAGRATCACATACACTITATATTTTIATATGITTGAGTGTAGTAARTGTTT
3.11F C03_2012-07-05_Multi (50»753) *— GRCTATGETCLGARTCRCATACACTITATATTTTIATATGITTEAGTGTAGTAARTGTIT
3.4R_R09_2012-07-05_Multiu(88>751) — QRCTATRRTCAGAATCACATACACTTTATATTTTIATATGTTTGAGTGTAGTARLTGTTT
3.14R_D09_2012-07-05_Multi(75»75%) = GRCTATGGTCAGARTCACATACACTITATATTITTIATATGITTGAGTGTAGTARRTGTTT
3.11R_C09_2012-07-05_Multi (B0>TE3) —* GRCTATGETCLGRAATCACATACACTITATATTITTIATATGITTEAGTGTAGTAARTGTIT
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1830 1700 1710 1720
FFI'E NIPETE NI PSP A N A I

1740

IR T TCT T TR TAAT CT oA TGRA RO R TRC R A TREETTTTACTRTCTGTATT

IRFE_3.14F D03 _2012-07-05_Multiu(1>715) +— GIARAACTTGITTATTAATCTGCEATGARACCECTACLARTEAR
IRFE_3.BR_B09_2012-07-05_Multius (1»385) —* GIAAMAGTTGITTATTZATCTGCAATGRRACCACTACLGRTR
IRFE_3.11F CO3_2012-07-05_Multi(505753) *— GIAMAAGTTGITTATTAATCTGCALTGARACCACTACLALTAR
IRFE_3.4R_R09_2012-07-05_Mulriu(66>751) — GIALAAGTTGITTATTALTCTG AL GARACCE TACLALTAR
IRFE_3.14R_ D09 2012-07-05 Multi (7 a}"":E" = CTAARACTTETTTATTAATCTGCRATGALACCACTACLGATAGET
IRFE_3.11R_CO09_2012-07-05_Multi (803763 —  GIARRAGTTGTTTATTAATCTGCAATGALACCACTACAGATAGETTTTACTATCTGTATT
750 1780 770 1730 1200
| 1 | | L | | | | 1 |
GECTACTEGCRATTACTTTCTCCTTATTCC TETTATGTAGCTTTCATGARCT TCAGARCT
IRFE_3.14F DO3_2012-07-05_Multiu{l>715) *— GECTACTEGCRATIACTTTCTCCTTATTCCTGTTATGTARCTTTCATARARCTTCAGARCT
IAFE_3.8R_B09_2012-07-05_Multius(1»535) —  GECTRCTGGCGAT
IRFE_3.11F_C03_2012-07-05_Multi(50>753) +—  GEGCTACTGGCGATTACTTTCTCCTTATTCCTGTTATGIAGCTTTCATGRACTTCAGRACT
IRFE_3.4F_A0%_2012-07-05_Multiu(66>751) —  GECTACTGGCEATIACTTTICTCCTTATTCCTGTIATGTARCTTICATGRACTICAGARCT
IRFE_3.14R_D0B_2012-07-05_Multi(75>759) —*  GECTACTGGCGEATTACTTTCTCCTIATICCTGITATEIARCTTICATGRACTTCAGAR
IRFE_3.11R_CO09_2012-07-05_Multi (B0X763) — GECTACTEGCEATTACTTICTCCTTATTCCTEITATGTAGCTTTCATGRACTTCAG
1310 1820 340 1850
..,.l,.“I.,..l.“.l,..,lu..J..,.l,..,l.,“l.“.l“
TCTTAATARATTCTTTACALARCTTCTEAARRAAAAARARREAAAARAARAR
IRFE_3.14F DO5_2012-07-05_Multiu(1>715) +—  TCTTAATAARTTCTTTLACAAARCTT-TTARLLMLE
IRFE_3.11F_C03_2012-¢ 5 i(s0 —  TCTTAATAAATTCTTTACARAACTTCTTAARRARIAARANMARANARALY
IRFE_3.4F_R29 2012-07 = TCTTEATZAATTCTTTACARARCTTC
IRFE_3.14B_D0B 2012 _ 7 —  TCTTAATAAATTCTTTACARARCTTC
IRFE_3.11R_C05_2012-07-05_Multi(80»763) —*  TCTTARTAARTTCTTTACAARRCTTCTTAARALAARRLARRARLLALLAL
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Appendix 6: Assembly of Atlantic cod 1rf10-vl RACE and ORF PCR sequencing reads.
Sequencing methods are described in section 2.1.2. Sequence data was assembled using
Lasergene SeqMan Pro software (DNASTAR). Consensus sequence is indicated between
horizontal lines. Note that sequences named “Irf10” or “Irfl0a” were renamed as 1rf10-v1

after the second Irf10 splice variant (Irf10-v2) was discovered.
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u] W]

IRF10_5.1F_COS_2012-05-13_Multi(54>887) —
IRF10_5.4F_B505_2012-05-13_Multi (57»>809) — CGCTGCTAGETETIATTETS
IRF10-5.53_F G04_2012-06-1Z Mulr (43>303) —* ] AR \CGCTTCTAGSTETIATICTG
IRF10_S5.3F_ADS_2012-05-13 Multiu{lxggz) — CATENGACGECCTATT TGRAAMGEAGECTCETTAR GCTTCTAGSTETTATTCIG
IRF10_5.1R_C11_2012-05-13_Multi (80>742) +— TCGTTARGTACGCTTCTASSTGTTATTGCIS
IRF10_5.3R_A11 2012-09-13 Multi (26>732) #— TLEETETTRAITEIS
70 80 00 110 120
| L | 1 L | 1 L | | 1 |
RRTEAGCTTTACCRAAGTCREAGALCAGECTACTATGATGTATTTARLACATGEARGECGE
IRF10_5.1F_C05_2012-05-13 Multi(54>337) —*  RAATGRGCTTTACCRAGTCRGAGRRCRGGCTACTATGRTGTATTIARLACRTGEARGGOGE
IRF10_S5.4F_505_2012-05-13 Multi(57>308) — AATGRGCTTTACCRAGTCRGAGIRCRGGCTRCTATGRTGTATTIARLACATEEARGEIGN
IRF10-5.3_F_G04_2012-06-14 Mult(43»505) — ALTERGCTTTACCLAGTCAGAGAACAGECTACTATGATSTATTTALAAGATEEANGGOGA
IRF10_5.3F_ADS_2012-05-13 Multiu(l>€€2}) —* RAATGRGCTTTACCRAGTCRGAGRRCRGGCTACTATGRTGTATTIARLACRTGEARGGOGE
IRF10_S.1R C11 2012-05-13 Multi (805742} ¢—  ARTGRGCTTTACCRAGTCRGAGRACRGGCTACTATGRTGTATTIARLACRTEEARGEIGN
IRFI10_5.3B_R11_2012-09-13_Multi(26>732) *—  AATERGCTTTACCAAGTCAGAGALCLGGCTACTATGATSTATTTARLAGETEEARGECGA
130 140 150 160 170 180
EEEE EREEE FEET FEETE FEEEE FEEE STEEY SETEl FETE SRS ETees Rree|
TEETAAR T A TT ARG TG G T CATAGC COARGT O LG TEARLGET TOGACES
IRF10_S5.1F CO5_2012-09-13 Multi (54>387) — TEGTAARRTGCACCT TAAAMGAR TG T CATAGCO ARGTOGACACTGAR MG TTOGRACES
IRF10_S5.4F _B05_2012-09%-13 Plul'c1|5 >309) — A TAAAGAATGECTCATAGCCCARGTCRACAGTEARRGETTOGANGS
IRF10-5.3_F _GO%_2012-06-1% Mult (43>505) —°  TGGTAAANTGCACCTTARAGAATGECICATAGCCCARGTCGACAGTGARLGEITCGACES
IRF10_5.3F A05_2012-08-13 Multiu(1>682) —* ToGTAARRTGCACCTTAARGAATGECTCATAGCCIARGTCRA ACTGARAGETTOGACESE
IRFL0_S5.1R_C11_2012-09-13 Multi (20>742}) *—  TGGTAAARTGCACCTTAARGARTGECTCATAGCCCARGTCAACAGTGARAGETTORACES
IRFL0_5.3R_A11 2012-08-13 Multi (26>732) )  TGGTAARATGCACCTTAAMGAATGECT CRTAGCCCRACTCOACASTCRRRCETICERCES
IRF10-5.3_B_G0B_2012-06-14 Mult (e15625) — CLETGLALGETTOGACES
200 210 220 230 240
| | 1 L | 1 L | | 1 |
CTTECGETGEEN AR S GRS CATET TOGEATCoCC-TEGRRACRTGCAGCTA
IRFL0_E.1F_C05_2012-05-13 Multi(S4»327) = GITGCGEIGEGAGAACEARGAGLLGACCATETTCAGEATCOCC-TEEARRCATGORGCTE
IRF10_E.4F B05_2012-0%-13 Multi (57>208) — GITGCGATGGGARLLCENAGARLLEACCATET TCAGELT OO -TEEAAMCATGIRECTE
IRF10-5.3_F_G04 2:-12—2-6—1-—‘._t~1ult (4325058} —  CITECGETGEEAGAACELRGRAGALELCCATETTCLGEATCOCC-TEGARACRTGCAGCTA
IRFl0_S.3F A05_2012-0%-13 Multiu(l»662) —  GITGCGEIGGGAGAACGARGAGARGACCATGITCAGEATCOCCT CRTGCRGCTR
IRF10_S.1B C11_2012-08-13 Multi (805742} *— GTTECGETGEAAAACEAAGAGAAEACCATETTCAGEATCCCC-TEEARACATGOAGCTR
IRFL0_5.30_A11_2012-09-13 Multi 1.56>73"} *—  GITECGETGEEAGLLCERRGAGAL R CATETTCRGEAT CCCC-TREARRCATGCRGCTR
IRF10-5.3_ B GO3_2012-06-14 Mulr (812623} »—  GITECGETGECAGLACGANGAEANGACCATETTCAGEATCCCC-TEEARRCATGORAGCTA
260 280 2380 300
M s leraalys Pl P PR SR R |
AG-RAGELRCTACRSGCAGCLGE-RCGACGCEECTCTCTTIAAGECTIGEECTETETACEA
IRF10_S.1F_C05_2012-05-13 Multi(S4>327) —  AG-ARGARCTRCRSGCRGCAGG-RCERCSCEICTCTCTTTARGECTIGEECTETCTACLE
IRF10_5.4F 505_2012-08-13 Multi(S7>308) —*  AG-RAGEACTACRSGGCRGCAGG-RCERCSCGECTCTCITTARGECTIGEECTETETIACLR
IRF10-5.3_F_GD4_2012-06-14_Mult (43>505) —*  AG-ARGRACTRCAGGCAGCLGGEE GGCTCTCTTTRAGECTT
IRFL0_5.3F R05_Z012-0%-13 Multiu(1>662) —  AGTARGGACTACAGGCLSCAGE-ACGACECEACTCICTITTAAGSCTIGEECTGTGIACIA
IRFL0_5.1R_C11_2012-08-13 Multi (80>742) *— AG-IAAGEACTACLEGCAGCLSE-ACEACGIEECTCTCTTTALEECTTIGRECTETETACEL
IRF10_5. 3R A11_2012-09-13_Multi (25732) *— MG ARGEACTACASGCASCALG- ACGACGOCECTCTCITTAGECITREECTETETACRE
IRF10-5.3_R G05_2012-06-1% Mult(81>825) «—  AG-RAGEACTACAGGCAGCAGG-ACGACGCGECTCTCTTTAAGGCTIGEGCTETGTACEA
310 320 330 340 350 360
MR EREEE FEETE FEEE TN PR SR STTEl RETEl ST ST Rree |
LGGELARTACEABETEEGCLGOGRCRAGEAC AT CCCACCRTETGELAGACEOGOC-TGC
IRF10_5.1F_C05_2012-09-13_Multi (54>3287) —*  AGGELARTACRARGTGEGCLAGCGARCLALEEACLLCCCCACCATETGELARRCECGOC-TG0
IRF10_5.4F 505 _2013-08-13 Multi (57 >208)  —  ACGGARATACAACGTCOACAGCOACAARGACAACCCCACCATCTAGAAGACGOGCC-TGC
IRF10_S5.3F_A05_2012-05-13 Multiu(l>662) —*  AGGERRRTACRRGETGEGCRGCERCAAGERCEACCCCRCCRTETGELRARCEIGOCCTEE
IRF10_5.1R_C11_2012-0%-13_Multi (80>742) *—  AGGELARTACLAGSTGEGCAGCGRCLALGEACLLCCCCACCATETGELLERCEIGOC-TG
IRF10_S5.3R_A11_20132-08-13 Multi(B&6>732}) «—  RAGSELAATACRA “_G:G&lasc-msﬁ“m‘sm:cc;&c&arsrrﬂ-‘ LCECGOC-TGEC
IRF10-5.3 B GDE_2012-06-14 Mult (81»625) *—  AGGERAATACRARSTGEGCLGCERCALEEAC L COCLOC L TETGELARACEIGIC-TG0
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380 350 407 410 420
T PR ST TR FETE FETTE FEETE FEETE FTE Tl P P FTaey feae |

GLTCTGCACTTAR ARG B ACRGACTTOCAGGREGT OO C- RO CTGARCCRGCTGRERT

.1F_C05_2012-09-13_Multi (54>327)
.4F_B05_2012-09-13_Multi (57308
.3F_ADS_2012-09-13 Multiu (13662
1R C11-2012-09-13 Multi (203742
_5.3R_A11 2012-08-13 Multi (E6>73Z)
IRF10-5.3_R_GOE_2012-06-1Z_Mult (E1¥625)

rTrill

FCTETGCACTTARCIAGL IR CLGRCT
GCTGIGCACTTARCRAGRGCACRGACT
GCTCIGCACTTARCRAGRECACRGRLT
GCTCIGCACTTARCRAGRGIACRGALT
FCTETGCACTTARCRAGR IR CAGRCT
GCTCIGCACTTARCRAGRECR

CCAGGREETCC
GGG

CC-RCOCTGRRCCRGITGERT
CCTGR GCTGERC
C-ACCTGRRCCRGCTGRERC
C-ACCTGRACCRGCTGERC
C-RCCTGRRCCRGITGERC
CC-RCCTGRRCCRGCTGERC

430 440
|

a 480
! ! ! 1

ATCTCGEAGOCCTACRAGETCTACCGCATCGRGT CTGACCAGRGAGIAGRGTCTGATCAG

L1F_C05_2012-05-13_Multi(54»8387)
L4F_B05_2012-05-13_Multi (57>308)
5.3F_R0S_2012-05-13_Multiu(l»£62)
1R C11 2012-08-13 Multi (80>74Z)
L3E_Al11_2012-05-13_Multi (86>73Z)

5.3 _R G03_2012-06-14_ Mult (81>825)
IRF10-5.2_F_F04_2012-06-14 Multi(1>309)
IRF10-5.2_R _FO03_2012-06-14 Mult(81>331)

g

TLTTTlLd

GREAGCAGRGTCTGATCRAG

LTCLG

CoEn TR RGETC TR A TCCAGT CTCACCAGR BN EAGT CTEAT CRG
CGEAGCCCTACRRGETCTACCGCATCEAGT CTGACCAGARREIAGRGT CTEAT CAG

ATCTCGEAGOCC TR GETCTACCGCRTCEAGTCT G CCRGR NG AERGTCT

CATCERGTCTERCCE CRERGTC

.1F_C05_2012-09-13_Multi (54>387
—5.4F_505_2012-08-13 Multi(57>809

5.1R_C11_2012-08-13 Multi (E05742)
.3R_A11_2012-09-13_Multi (E63>73Z)

1
i
1
i

5.3 R GOZ_2012-08-1Z% Mult (21>625)
2z .2_F_F04_2012-06-14_Multi|1309)
IRFL0-5.2_R_F03_2012-06-14_Mult (81>381)

TLTTTLl

GRCETGETCETGET T AGA TEERTACGICRGTCTCOCRCRGT CTCAGCTT
GAGTGETCEIGET TCAGACTGEATACGICAGTCTCCCACRGTCTCAGCTT
GREIGETCEIGET TCRGRCTGERTACGICRGTCTCCCACRGTCTCRGCTT
GRCTGETCETGETTCRGACTEEATACEICAGTCTCCCRCRGTCTCAGCTT
GRCETGETCETGET T AGA TEERTACGICRGTCTCOCRCRGT CTCAGCTT
GRCTGETCETGETTCRGACTGEATACEICAGTCTCCCRCRGTCTCRAGCTT
CEAGTGETCETGETTCAGRACTGRATACGICAGTCTCCCRCAGTCTCAGCTT

350 s5a0 57 530 580 600

TR TG R N G T TT CR CA L R GG AL EA MR R G TR TS T RO TT TG TGEREGE

IRF10_5.1F_CO05_2012-05-13 Multi (54>3387)
IRF10_5.4F_B05_2012-05-13_ Multi(57>3089)
IRFI0_5.1R_C11 2012-085-13 Multi (80>74Z)
L3E_Al11_2012-05-13_Multi (86>73Z)
5.3 _R G03_2012-06-14 Mult (81>623)
04_2012-0p-14_Multi (1>308)

TETrnll

GCTGRCCRAT GG ARG T T T GRAGA LA GG AN G AL AR CTCR TEECECT TIGT GGRGE

TR TG R N G T TT CR L EA GG AL EA N A A R G TR TS ECTTTGTERREE
GCTCRCCAATGGEA R R TTT GRA AL L GG AL AL R GTCATEET BLTTIGTGEAGE
GCTGRCCRAT GG ARG T T T GRAGA LG GO AN AL AR CTCR TEEI GCTTIGTGERGG
GCTCRCCARTGGERRA R TTT GRAGAL L GG AMGRAGAARGTCATEET BLTTIGTGEAGE
GCTGRCCRATGGEAARGATTTGRAGRAAGGCAMGRAGRARGTCATGET GCTTIGTGGRAGG

810 620 630
PP IS IS P PP S S e

o 650 gel

sanalesas

e |

GRGCRCRCGTACTGIGET TCAGRGEAT AGCCAGECTCACAGTCRCATCOCTCTGERCCCC

.1R_C11-2012-09-13_Multi(80>74
“5.3R_A11 2012-08-13 Multi (B
-5.3_R_GOB_2012-06-11
04”2012-06-1
R F03_2012-06-14
10midzR_F09_Z012-08-13_Hulti
10mid3R_G09_2012-09-13_Multi (B2>576)
IRFLOMidlF_Z03_2012-09-13_Multi (55543
10mid2F F03_2012-09-13 Multi (57551
IRFLOMid3F_G03_2012-08-13 Multi (6Z>356)

1
[
6>732)

10-5.2_R

Lrrrrrinrnnl

GAGCR R CGTACT T EET TR FRGERT RGO CAGECTCACRGTCRACATCOCTOTGEACCCC
GRGCRCACGTACTGTGET T AGRGEATAGCCAGECTCACRGTCRACATCOCTCTGRERCCIC
GRGCRCRCGTACTGIGET TCAGRGEAT AGCCAGECTCACAGTCRCATCOCTCTGERCCCC
GRGCRCACGTACTGIGE VGCCRGECTCACASTCRCATCCCTCTGRERCCCC
GRGCRCRACGTACTGIGS
GRGCACACGTACT G GET T AGRGEAT MG CAGECTCACAGTCACATCOCTCTGRERCCCC

GTGET TCAGRGERTAGCCRAGECTCACAGTCACATCCCTCTGRERCCTC

B6ED 650 700 710 720

AGCCTCCTCRGCCCCACT CTGECCATATCAGRCTTCOGGRATGERGCTGACGCTGTICTAC

IRF10_G.1F_CO5_2012-08-13 Multi (54>327)
IRFL10_5.1R_C11_2012-09-13 Multi (B0>74Z)
IRFL10_G5.3R_A11_2012-09-13 Multi (263732
10-5.3_R_GOE_2012-06-1% Mult (E1>625)
10-5.2_F 704 2012-06-14 Multi (1308
IRF10-5.2_R_F08_2012-06-14 Mult (E1>381)

3 -

IRRRRN!

AGCCTCCTCRAGCOCCACTCTGECCATATCRG

AGCCTCCTCRGCCCCRCTCTGEICATATIAL
RGCCTCCTCAGCCCCACTCTIGECCATATCAGRCTICC

CACTCTGEICATRATCAGRCTICC
AGCCTCCTCAGCCOCCACTCTGEICATATCAGRCTTCCR
AGCCTCCTCAGCOCCACTCTGECCATATCRG
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€30

720

AGCCTCCTCAGCCCCACTCTGRCCATATCAGRC T TCCEERT GEAGCTGRCGCTGTICTAS
IRF10midZR_FO9_2012- 39—13_Mu1ti[75>569} *—  RGCCTCCTCRAGCCCCACTCTGECCATATCTREACTICOSEATGEAGCTGRCGCTGTICTAC
IRF1Omid3R_G09_2012-09%-13 Multi (82»576) +— N O CTCTGECATAT CAEACTTCCEEAT GRRGCTGROGCTGTICTAC
IRF10midlF_E03_2012-09%-13_Multi (55>549) —_ CCRCTCTGECCATAT CARAC TTCOERA T GRASCTGROGCTGTTCTAC
IRFlOmid2F FO03_2012-05-13 Multi (57»581) — CCRCTCTGEOCATATCTEACTTCCEAATGERGCTGROGCTGTICTAC
IRF1O0midsSF G035 _2012-09-13 Multi (62>556) —* O CTCTGECATAT CAEACTTCCEEAT GRRGCTGROGCTGTICTAC
730 740 750 770 720
| 1 | 1 1 | | 1 | 1 |
CGCEEGERGCCEETRATGEAGCTGACC T CAGCAECOCAGALEEGTECTTCATCCTSORG
IRFlOmidzR F09_2012- 39—13_Hu1ti[?5>569} — CECEEGEAGCCGETGATGEAGCTERCCTCCAGCARCCCAGLAGESTGCTICRTCCTEOLG
10mid3R_G09_2012-0%-13_Multi (E2»576) *—  (CGCEGGERGCOGGTGATGEAGCTGACCTCCAGCAECOTRERLEEGTECTICATCCTSORG
IRF10midlF E03_2012-0%-13 Multi (55»53453) — (CGOGGGEAGCCGETGATGELGCTGLCCTCCAGCAGCCCAGRAGGGTGCTTCATCCTGORG
IRFLOmidZF FO3_2012-09-13_Multi(57»551) = CGCRGGEAGCCREIGATGRAGCTGACCTCCAGCARCCCARLAGRGTGCTTCATCCTACAG
ISFL0mid3F_GO3_2012-09-13_Multi (E2»556) —  CGCGEGEAGCCGEIGATGEAGCTGACCTCCAGCAECOCRAGAAGESTGCTTICATCCTAORG
TE0 800 gi0 820 830 a40
| 1 | | 1 | | 1 1 | 1 |
BECTECETGCORC THRAAGLLCELGAERAT CTRACGREGC OO TGCARCEC TOAGCAGCTCTCC
IRFlOmidzR FO8_ 2‘12—“9—13_Mu1ti »569) v  GECIGCETGCOGCTGEEGRACEAGREGATCTACEEECCCTECARCECTCAGCAGCTCTCC
10mid3R G08 2012-09-13 Multi(82>576) *— CTCRGCLGCTCTCC
10midlF Z03_2012-05-13 Multi(55»543) — ECECTCRGCRGCTCTCC
10mid2ZF F03_2012-08-13 Multi(57>551) —  GGCTECEIGOOGCTGEEGRACELGARGATCTACGES GCLECECTCAGCLGCTCTCC
IRFLOmid3F G03_2012-09-13_Multi (62>556) — RGCTGCETGOCGCTGRGGALCGLGARGATCTACGEG GCRECECTCRGCLGCTCTCC
860 g70 830 240 330
| | 1 L | | L | | 1 |
CTGCCCTCCCOBECCTOGCTGEECTCCTGERGCCCEECETGECCCEGEICCTREETORG
IRF10mid2R_FO09_2012-09-13_Multi (75»569) *— CIGCCCTCCOCGBECCTOGCTGEGCCCCCTRRRGICCESCETGRETCGGECCCTEREETOAG
lﬂnidSR_GDS_Z:12—“9—13_Mu1tii52>516: *—  CIGCCCTCCOOBECCTOGCTGEECCCCCTGEAGCCCESCETIGEICOGGECCCTGEETOAG
10midlF_E03_2012-0%-13_Multi(55»548) — CIG0CCTCCCOGECCTOGCTEEECCCTGEAGICCEECETGECCCEGEICCTREETCRG
10midzF F03_2012-09-13_Multi (57»551) = CIGCCCTCCCORRCCTOGCTGRECCCCCTBERGCCCEACRTGEOCCEGRCCCTRRETCRG
IRFLOmid3F_G03_2012-09-13_Multi (62»556) —* CIGCCCTCCOOGBGECCTOGCTGESCCCCCTGRERGCCCESCETGEICOGGECCCTGEETORG
910 820 330 850 360
| 1 | 1 1 | | 1 | 1 |
CTCCTATCCCATCTGARGRGGEEARTGCTACTCT BEETBECCCCGERCEEGCTGTICRTC
IRF10mid2ZR F0S_ 2312—“9—13_Hu1ti[75>569} — CICCTGTCCCATCTGELGAGGEaLE TGO TCTEGRTEE0COCGRACEEGCTETTCRTC
IRF10mid3R_G0O_2012-09-13 Multi (223576) *—  CICCTOTCCCATCTGERARAGEARETACTACTCTEAETAECOCREACEEGCTATICATC
IRFL0midlF E03_2012-08-13 Multi(53>343) —  CICCTGICCCATCTGEAGRGEGEASTGCTECICTEEETGECCCOGEACEEGCTGTICAT
IRF10midZF_FO3_2012-0%-13_Multi(57»551) —* CICCTGICCCATCIGERGRGGEEMETGCTECTCTEEETBEICOGEACEEECTGTTICATC
IRFLOmid3F_G03_2012-09-13_Multi(62»556) — CICCTGTCCCATCTGRAGAGGEGAGTGCTGCTCTREETRGCCCOGRACEEECTGTTCATC
370 SEQ 330 1000 1010 1020
| 1 | 1 L | | L | | 1
AGGGTICT o AGEECCETETGTACT SEN S TR0 ICCTGECCCGLACACCEAGLLG
IBFl0mid2R FO09_2012-09-13_Multi(75»569) *— LLGRGGTTCTGCCAGEECCGTGTATACTGEAGTEEGCCCCTGECCCCGELCACCEREELG
IRF10mid3R_G09_2012-0%-13 Multi (22»576) +—  ALGAGGTTCTGCCLAGGECCETGIGTACTERD CTGEOCCCGCACROCGREALSG
IRF10midlF_E03_2012-09-13_Multi(55>549) —  ALGRGGTTCTGCCAGGACOSTGTGTACTGEN CTHECCCCGCACACTERGALG
IRFlOmidZF_FO03_2012-09-13_Multi(57»551) = ALGAGGTTCTGCCAGGGCCGTGIGTACTGEA CTGECCCCGCACACCERERAG
IRF10mid3F_GO3_2012-09-13 Multi (62»556) —* ALGRGGTTCTSCCAGEECCSTGETGTACTSERET SECCCCTEE0CCCACACRICEARRAC
1030 1040 1050 1060 1070 1080
| 1 | 1 1 | | 1 1 | 1 |
CCCRARTRRACTGEAGRGGERCAGGACCTGCRRGC TG TGEACATGCCCETATTTGTARAT
IRF1Omid2R F09_2012-09-13 Multi (73»569) +— L T EAG G A GA TGO A LG THC TEEACA TGO CORTATTTETALLT
IRFan;dSR_GDQ_Z:lZ 08-13_Multi(22>378) *— AR CTGEAGAEGEACEGEACCT R ARG TGO TBEACATGOCCETATTTETARRT
IRF1OmidlF E03 2012-0%-13 Multi (55»549) — L TREAGA GG AGGA TGO TRCTGEACA TGO TAT TTSTARR
IRF1O0mid2F F05_2012-09-13 Multi (57»551) —* ShAus{ledente e crmle colams ewrd GCTGCTGGhCHTGC”CGTATT GTAL
IRF1Omid3F _GO3_2012-09-13_Multi (6i»556) — TRLLCTGEAGREGEACAGGRACCTS
IRF10_3.2R_C11 2012-07-05 Multiu(1»360) —
IRF10_3.1F B05_2012-07-05_Multi (563731} +—
IRF10_3.1F 305_2012-07-05_Multiu|l»>334) «—
IRF10_3.1R 511 2“12—“:—05_Mu1tiu(1>356} — GCTGCTREE -crrgg:cbrﬂTT GTAR
IRFL0_3.2R D11 2012-09-13 Multi (883836) +— T
IRF10_3. — T

ZR_D11_2012-

05-13_Multiu(l>335)
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1100 1110

1130 1140

GRGCTCCAGRACTATATGCAGRGGARAGECCCACRACCARACTATGRGATTGATCTCTGC

IRF10midZR_F08_2012-08%-13_Multi (753583} —
IRFl0mid3R_GDO_2012-08-13 Multi (82>578)
IRF10midlF E03 2012-0%-13 Multi (55548} —
IRF10midZF _FO3_2012-0%-13 Multi (57»551) —
IRF10mid3F_G03_2012-0%-13_Multi (62>558) —
IRF10_3.2R_C11 2012-07-05 Multiu(1>360) —*
IRF10_3.1F B05_2012-07-05_Multi (563781} *—  GRGCTCCRGRACTATATGCAGRSGARAGSCCCACRACCARACTATGAGATT
IRF10_3.1F_B05_2012-07-05_Multiu(1>384) *—  GAGCTCCAGRACTATATGCLAGRGGALLGGCOCACRLCCARRCTATGAGETT
IRF10_3.1R_B11 2012-07-05 Multiu(1»356) —  GAGCTCCAGRACTATATGCAGRSGALRGSCCCACANCCARRCTATGAGATTGATCTICTGE
IRF10_32.ZR D11_2012-05-13 Multi (ES>6868) +—  CGLGCTCCAGRACTATATGCAGRSGARAGSCCIACRACIARACTATGAGRTT
IRF10_3.2R_D11_2012-0%-13 Multiu(1»335) *— GLGCTCCAGALCTATATGCLGAGGALLEGCCCACAACCARLCTATRAGATTGATCTCTGE
IRFL0_3.2F_D05_2012-0%-13 Multi(56>664) —  GAGCTCCAGRACTATATGCAGAGGALLEGCOCACANCCARRCTATEAGETTGATCTCTGE
1150 1180 1170 1130 1200
| 1 | | 1 | | 1 | 1 |
TTTEECEAGRLGTATCCCEACGCTARAGTTTCCARAACGATGAAGC TGATALCAGTTCAT
IRFL0_3.2R_C11_2012-07-05_Multiu(l»>360) —  TITGGCEAGGAGTATCCCGACECTALLGTTTCCARACGATGRAGCTGATRACAGTTCAT
IRF10_3.1F B05_2012-07-05 Multi(56»781) *—  TTTEGCEAGELGTATCCCGLCECTE
IRF10_3.1F_B05_2012-07-03_Mulviu(l»384) «—  TTTGGCEAGEAGTATCCCEACGCTALL ATGRAGCTGATRACRETTCAT
IRF10_3.1R _B1l_2012-07-05_Mulviu(1»356) = TTTGGCGAGGRGTATCCCGACGCTAAR ATGALGCTGATALCLETTCAT
IRF10_3.ZR D11 2012-05-13 Multi (85>626) +—  TITGECGAGERGTATCCCGRCGITAZ GRTGRAGCTGRTRACRETTCAT
IRF10_3.ZR_D11_2012-0%-13 Mulviu(1»>335) +—  TTTGECEAGEAGTATCCCELCGCTAL ATGRAGCTGATLACRETTCAT
IRFL0_3.2F_D05_2012-09-13 Multi (56»664) =  TITGGCEAGGAGTATCCCGACECTALAGTTTCCALARCGATGRAGCTGATARCAGTTCAT
210 1220 1220 240 1230 1280
M P TEE FETEE PR FEET PR P T ST | slev oo lanr o lyaeyl
GTGETGCCCCTGTITGCCATGEAAC TG T TGCAGC BATTCCAGC TAGAGCSGETCERGEIR
IRF10_3.2R_C11_2012-07-05_Multiu({l>3&0) —  GEIGEIGCCCCTIGTITGCCATGEAACTGTIGCAGEEATTCCAGCTAGAGLEGETCERGER
IBF10_3.1F B05_2012-07-05_Multi (565731} *—  GIGETGCCCCTETITGCCRTGEAACTGT TGCAGE NI TCCRAGC TRARLGLRGETCEREEIL
IRF10_3.1F_B05_2012-07-05_Multiu(1»334) < GIGEIGCCCCTIGTITGCCRTGEAACTGTIGCAGCEATTCCAGC TRRAGCRGETCRAGECE
IRF10_3.1R_B1l_2012-07-05_Mulviu(l»356) — GEIGEIGCCCCIGTITGCCATGEAACTGTIGCAGEEATTCCAGCTAGAGIEGETCERGER
IRF10_3.ZR D11 2012-0%-13 Multi (E5>€38) *—  CIGETGCCCCTATITGCCRTGEAACTGT TGCAGI T TCCAGC TRABLGLEGETCEREEIN
IRF10_3.2R_D11_2012-09%-13 Multiu(1»335) *«— GTGETGCCCCTATITRCCATGRAACTGTTRCAGEEATTCCAGCTRARAGTRGETCRAGE R
IRFL0_3.2F DOS_2012-08-13_Mulrnl (36»€64) —  GIGEIGCCCCTIGTITGCCATGERACTGTIGCAGEGATTCCAGC TAGRGIEGETCERGER
1270 1280 1230 1300 1 1320
R R TR AT TR FEEE PR FEE TS SRRy ST e S | palaael
AR CCGERCETTCACACTC O AR GAA GO CRAGEATCAGATGTARGSGECCAGTTATCIL
IRFLO_3.ER_C11_2012-07-05 Multiu(l»360) — GAACCGEACGTTCACACTCCCAARGRLGCCRAGEATEAGRTGTARGEGECCAGTTATCCR
IRF10_3.1F_B05_2012-07-05_Multi (56>781) L CCGERCGTTCACACTCCC AR GAA G ICRAGEATCAGATGTARGEGET
IRFL10_3.1F_B05_2012-07-05_Multiu(1»384) *— GRACCGRACGTTCACACTCCCARAGLLACCALGEATCAGATATAARGGED
IRFL0_3.1R_B11_2012-07-05_Multiu(l»356) —  GRACCGEACGTTCACACTCCCARAGLAGCCALGEATCLGATGTAARGGED
IRF10_3.2ZR D11 2012-0%-13 Multi (B83E88) +— ARG CCAAGEATEAGATGTRAGSEED
IRF10_3.ZR D11 2012-0%-13 Multin(1»835) CALLELLEOCALGELTRLGATGTALEEGET
IRF10_3.2F D05_2012-08%-13 Multi (S&»884) — CCRLGELTELGATGTRLGEGET
330 1340 1330 1380 1380
| 1 | | 1 | | 1 1 1 |
ACTRAGATETANGCTTC AR GT TR AR C TR TCTCCRAGEAR R TCC TTEAT GTATTCCT
IRFL0_3.2R_C11_2012-07-05 Mulviu(1»360) —  ACTAGATGTALGCTTCACALGTTCACRACTA
IRF10_3.1F B0OS 2012-07-05 Multi (563781} +— ALGCTTCACALGTTCACRACT,
IRF10_3.1F B05_2012-07-05_Multiu(1»884) — LT TCRCAAGTTCACRRCTACTTTC
IRF10_3.1R_B1l_2012-07-05_Multiu(l»358} — ALGCTTCACRAGTTCACAACTACTCTCCAR
IRF10_3.2ZR_ D11 2012-08-13 Multi (22>E88) +— ALECTTCACRAGTTCACARC TR TCTCCAAGGARLTOCTTS
IRF10_3.ZR_ D11 2012-0%-13 Multiu({1»835) +— AT TCACAAGTTCACRRC TR TCTCCALGE
IRF10_3.2F _D0D5_2012-0%-13_Multi (S&»884) — CTCCRAGGLRRT!
1430
| salag ol geyl
LATRACCCRRGTATARCGTERCAGT AT AC TTGECRETTEACE TETGTARRLGACT
IRF10_3.2R_Cl11_2012-07-05_Multiu(l»360) — ARTALCCCARGTATARCGTGACARGTIATACTTGGCRGTTGEACK TETGTAARRRRCE
IRF10_3.1F_B05_2012-07-05_Multi (56>781) *—  AATARCCCARGTATARCGTEACAGTTATACTTGE ST TEACRETTCTETGTALRACACT
IRF10_3.1F_B05_2012-07-05_Multiu(1»%84) *— ALTALCCCARGTATAACGTGACAGTTATACTTGECAGTTRACACTTCTCTGTARRRGACE
IRF10_3.1R_Bll 2012-07-05_Multiu(l»856) — ARTALCCCARGTATARCGTGACLGTTATACTTGGCRGTTEACE TETGTAARRGRCE
IRFL0_3.ZR_D11_2012-08-13 Multi(B5»€36) *—  RATRARCCCARGTATARCGTEACAGTTATACTTGERGTTCEACRETTCTCTGTALRACGACT
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1400 1410 1420 1430 1440

ARTRRCCCRAGTATRACGTGACRGTTATACT TG RGT T GRACAGTTCTGTGTARARGACE

IRF10_3.ZR_D11_2012-058-13 Multiu(l>335) — B
IRF10_3.ZF_D05_2012-05-13_Multi (S6>664) —* AR
450 1480 1470 1500
1 1 | 1 1 | | 1 |
GRATCRRRTALCTGREETCTGTITEATATTAGATITR ARLG

IRFL0_3.2R (11 2012-07-05 Multiu(l>360) —=
IRF10_2.1F 505 _2012-07-05 Multi (563781} +— JT;-_JJ-LTT ,JGGITGL_TJCTI_
IRFL0_3.1F B05_2012-07-05_Multiu(l>334) — TTLGATTT) Jge-rjgc-:r-acrr"
IRFL0_3.1R 511 2012-07-05 Multiu(1l>356) —* TRTTAGATTTATGETTECTTSCT
IRFL0_2.2R_D11_2012-09-13_Multi (88>£38) TATTAGATTTRTGETTECTTECT!
IRFL0_3.2R D11 2012-08-13 Multiu(1>335) «— \TTAGATTTATGGTTGCTTGCT! ,
IRF10_2.2F_D05_2012-09-13 Multi (56>£64) — GARTCARRTRACTGAGETCTE T TTRATATIAGATITATGETTGCTTECTCTARTGTARAG
151 1550 1560
sooaliyy saaa ey Ml P T |
CAGTAGTEATICTARTGTGIGTATARTTIATAT TTAGAGRCTTICTACRTGOCAGCGATA
IRF10_3.2R C11_2012-07-05_Multiu(l>3&0} — CLGTAGTGATTCTAATGT ATRATTIATATTIGEAGRCCTICTACATGCCAGOGRTA
IRF10_2.1F B0S_2012-07-05_Multi(56>781) *—  CRGTAGTGRTITTRATGT TTTIATATTTAGLGACTTTITTACATGCCRGCGATA
IRF10_3.1F 505_2012-07-05_Multiu(1»384) *—  CRGTAGTGATTTTZAT TTTATATTTAGRGACTTTCTACRTGCCRGCGATA
IRF10_2.1R 511 _2013-07-05_Multiu(1>356]) —*  CAGTAGTGATTCTZAT TTTATATTIAGAGRCTTTCTACATGCCAGCGATR
IRFL0_2.2R D11 2012-09-13 Multi (85>€%6) *—  CLGTAGTGRTTCTRRTET LTRATTTATATT TARAGACTTTCTACATGOCAGCGATL
IRFL0_2.2R_D11_2012-09-13_Multiu(l»335) *— CLGTAGTGATICTAATGTGIGTATARTTIATATTTAGAGACTTTCTACRTGCCAGCGATA
IRF10_2.2F D0S_2012-059-13_Multi(S6>€64] — CLGTAGTGATICTAATGTGIGTATARTTIATATTTAGAGACTTTCTACRTGCCRGCGETE
1570 1530 1590 1800 1610 1820
MRS T RS PR FT TS FETES EE T R R R T s S |
CARTATTAACAACATTCTTITCATGTTATATITARTCTTCTGAGTARLSTTATTTTGAGT
IRF10_3.2R_C11_2012-07-05_Multiu(l>360) —* CRATATTARCAACATTCTTTTCATGITATATTT
IRFL0_3.1F 505 _2012-07-05 Multi (565781} +—  CRATATTAACAACETTCTTTTCATGTTATATTTALT
IRFL0_2.1F B05_2012-07-05 Multiu(1>384) *—  CRATATTAAMCEACRTTCTTTTCATETTATATTTALT
IRFL10_32.1R_511_2013-07-05_Multiu(1l»356) —* CRATATTARCAACATTCTTITCATSITATATTT
IRFL0_2.2R D11 2012-09-13 Multi (883686} +—  CRATATTARCAACETTCTTITCATGTTAIATT
IRF10_2.2R D11 2012-059-13 Multiu(1»335) *—  CRATATTARCEACETTCTTTTCRTETTATATT
IRFL0_2.2F D0S5_2013-09-13 Multi (56>664) —  CRATATTARCAACATTCTTTTCATGTTATATITAR
1830 '_64-3 '_sscu 1562- 1670 1620
1 1 | 1 | | | 1 |
TARETGIGT R;IFTTCI'IAG'ICT,-CI'IAT“"‘T"GI ATEATTTATGCAGTTCRATGE
IRF10_3.2ZR C11_2012-07-05_Multiu(l>360) = TRAGTGTRTTTAATGTICTTAGTCTACTTATGARTTGTAATAATTTATGCARTTCAATEC
IRFL0_2.1F 505_2012-07-05_Multi (54>781) *—  TRAGTGTGTTIARTGTICTIAGTCTACTIAT TGEIARTE TECAGTTCRATSEC
IRF10_2.1F B0S_2012-07-05_Multiu(l»284) +—  TARGIGTGTTIARTGTICTIAGICTACTIAT TGIARTRRTTTATGCRGTTCARTGC
IRF10_3.1R B11 2012-07-05_Multiu(l»356) — TRAGTGTRTTTAATGTICTTAGTCTACTTAT: TGETARTEATTTATGCRAGTTCRATGC
IRF10_3.2R D11_2012-09-13_Multi (ES»€%6) +—  TLAGIGTGTTTARTGTICTTAGTCTACTTAT TEIARTEATTTATGCAGTTCARTEC
IRFI0_2.ZR_D11_2012-05-13_Multiu{l>335) — TLRACTG TIAATGTTCTIACTICTACTIAT: TCTANTAATTTATECACTTCLATSC
IRF10_3.2F_D05_2012-09-13_Multi(56>€64) —  TRAGTGTGTTIARTGIICTTAGTCTACTTATGARTTGTARTEATTTATECAGTTCRATGC
1720
sl RN PR biawyls MR | M
ACTEEAACEATARTCALGTACGAARAATAARATCACACCACCARARAAR AR ARARAR
IRFI0_2.ZR_C11_2012-07-05_Multiu{l>3&0) — r_:'rg“""'"j;{;;rc,.;gr.‘r'g_:_ﬁ;;;*r""'"c;rcr_:c;_:c,"mm:,m“;@:,m:ﬂ
IRF10_3.1F_B05_2012-07-05_Multi (56>731) *—  ACTGEGAR
IRFL0_3.1F 505 _2012-07-05 Multiu(1>384) +— ;_:TGGI-Q&:JA;IC;‘-}GI;PG.W}AT b
IRF10_3.1R_B11_2012-07-05_Multiu(l>356) — ,‘”TG“‘“”"“J'A;IC,.;GIHFG_EA;}ATW_':
IRF10_3.2R_D11_2013-059-13_Multi (88>€%6) *—  ACTGGAR
IRFL0_3.2R D11 2012-09-13 Multiu(1>335) +— E;CTGGI.L.E_:TJ_
IRFl0_3.2F D005 _2012-09-13 Multi (56>664) —  ACTERLAC
1750
MY e
RARR
IRFL0_3.2R_C11 2012-07-05 Multiu{l>360) —=  ALR
IRFl0_3.1F 305 _2012-07-05_Multiu|l>384) +«—  anpn
IRFL10_32.1R_511_2013-07-05_Multiu(l»356) —* AmAR
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Appendix 7: Assembly of Atlantic cod Irf10-2 RACE and ORF PCR sequencing reads.
Sequencing methods are described in section 2.1.2. Sequence data was assembled using
Lasergene SeqMan Pro software (DNASTAR). Consensus sequence is indicated between
horizontal lines. Note that sequences named “Irf10b” were renamed as 1rf10-v2 when it

was determined the sequence was an Irf10 splice variant.
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20 30
[N P PR | P P T P |

CERATTCATGRGECGGCCTAT TTGRARGR R GECTCCT TAAGTACGCTICTRAGEIGTIATIC

—  CGATTCATGRGGCGGCCTATTTGARLGARGECTCETTAAGTACGCTTCTAGETGTTATIG
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IRF10b-0RF3_ 7-22_Mu(48%601)  —  ARGARGELCTACAGGCAGCLGELCRACECEECTCTCTTTARGRCTTRGRCTETGTLCARE
IRF10b-ORF4_F_ 7-22_Mu(453»3%E)  —  ALGRRGELCTACLGGCAGCLGELCERACECGECTCTCTITARGECTTEGRCTETGTACLL
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IRF10b-ORFZ F_ Z013-07-22 Mu(S1»€04]) —  TCGEAGCCCTACRRGETCTACCGCATCEAGTCTEACCAGRGAGAEAGTCTEATCRAGACG
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IEF10b-ORFL_R_E0S_2013-07-22 — CELETGETCETGET T AGAC TEEATACECCASTCTCCCACRGTC TCAGCTTECT
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Appendix 8: Percent identity tables indicating similarity between Atlantic cod putative
amino acid sequences. Percentages are based on alignment of sequences using Clustal
Omega software (see Web References). A) Based on alignment of complete amino acid
sequences. B) Based on alignment of sequences trimmed to the length of the shortest
sequence (IRF10-v2; 126 AA).
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Irfda Irfab Irf7 Irf8 Irf10-v1 Irf10-v2
- 73.6 32.3 58.7 54.1 56.0 Irfda
- 24.8 33.3 38.3 56.8 Irfab
- 26.4 28.2 31.4 Irf7
- 39.7 56.8 Irf8
- 93.7 Irf10-v1
- Irf10-v2
Irfda Irfab Irf7 Irf8 Irf10-v1 Irf10-v2
- 81.0 34.8 65.5 59.8 59.8 Irfda
- 40.1 69.0 59.8 59.8 Irfab
- 36.1 31.4 31.4 Irf7
- 57.6 56.8 Irf8
- 93.7 Irf10-v1
- Irf10-v2
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Appendix 9: Alternative phylogenetic analysis of teleost IRF family members. Putative
cod amino acid sequences were aligned with IRF proteins from selected other teleost fish
species using MEGADS software (Tamura et al., 2011) as in Figure 14, with sequences
trimmed to the length of cod IRF4a (144 AA). Based on the multiple sequence alignment,
the evolutionary history was inferred using the neighbour-joining method. The bootstrap
consensus tree was constructed from 5000 replicates, where numbers at the branch points
represent percentage of replicates in which the associated taxa grouped together. Branch
lengths are proportional to calculated evolutionary distances.

152



& zebrafish IRF4b

salmon IRF4
flounder IRF4
cod IRF4b*
zebrafish IRF4a

cod IRF4a ™
4] 71 rock bream IRF4
— cod IRF8 ¥ IRF4-G
To0|—— zebrafish IRF8
85 m {ﬂounder IRF8
8 - rock bream IRF8
99 zebrafish IRF10
_Ecarp IRF10
88 cod IRF10-v1 ¥
_ss:ounder IRF10
zebrafish IRF1a
g3 — zebrafish IRF1
100 _Ecarp IRF1
10 salmon IRF1 IRF1-G
I cod IRF1
7 flounder IRF1
52 rock bream IRF1
99 zebrafish IRF7
4|—_carp IRF7
— E cod IRF7 ¥ IRF3-G
flounder IRF7
B salmon IRF7A
_95: salmon IRF7B
ITI

153



