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Abstract

Studies have found that a cluster of duplicated gene loci encoding the interferon-
inducible transmembrane proteins (IFITMs) family have antiviral activity against several
viruses, including influenza A virus. The gene family has 5 and 7 members in humans
and mice, respectively. Here, we confirm the current annotation of pig IFITM1, IFITM2,
IFITM3, IFITM5, IFITM1L1 and IFITM1L4, manually annotated IFITM1L2, IFITM1L3,
IFITMSL, IFITM3L1 and IFITM3L2, and provide expressed sequence tag (EST) and/or
mRNA evidence, not contained with the NCBI Reference Sequence database (RefSeq),
for the existence of IFITM6, IFITM7 and a new IFITM1-like (IFITM1LN) gene in

pigs. Phylogenic analyses showed seven porcine IFITM genes with highly conserved
human/mouse orthologs known to have anti-viral activity. Digital Gene Expression Tag
Profiling (DGETP) of swine tracheobronchial lymph nodes (TBLN) of pigs infected with
swine influenza virus (SIV), porcine pseudorabies virus, porcine reproductive and
respiratory syndrome virus or porcine circovirus type 2 over 14 days post-inoculation
(dpi) showed that gene expression abundance differs dramatically among pig IFITM
family members, ranging from 0 to over 3,000 tags per million. In particular, SIV up-
regulated IFITM1 by 5.9 fold at 3 dpi. Bayesian framework further identified pig
IFITM1 and IFITM3 as differentially expressed genes in the overall transcriptome
analysis. In addition to being a component of protein complexes involved in homotypic
adhesion, the IFITML1 is also associated with pathways related to regulation of cell

proliferation and IFITM3 is involved in immune responses.
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1. Introduction

Domestic swine play an important role in human nutrition and economics since pork is
the most consumed meat worldwide
(http://www.fao.org/ag/againfo/themes/en/meat/backgr sources.html). Moreover, pigs
can harbor a number of zoonotic viruses of which influenza virus is the most important.
Understanding how the pig responds to infectious disease may lead to better control of
swine diseases that have a significant impact on pork production as well as human health.
In addition, learning more about the pig immune response may lead to better animal
models to study human disease. Viral respiratory diseases can cause dramatic losses in
swine herds and are a major research focus worldwide. Recent advances in technology
have enabled the efficient study of gene expression, which can be used to study the

molecular pathogenesis and immunology of disease.

Innate antiviral immunity in the mammalian host is orchestrated by the interferon (IFN)
system (type I, type II and type III) that plays a cardinal role in early detection and
combat of invading viruses through IFN production and action. The interaction of virus
and the host IFN-system potentially determines the outcome of most viral diseases
(Gonzalez-Navajas et al., 2012; Katze et al., 2008). The interferon-induced
transmembrane proteins (IFITMs) are a family of transmembrane proteins that respond
differentially to IFN induction and viral infections. The IFITM genes are a subfamily in a
larger family of transmembrane proteins called dispanins, which refers to a common two-
transmembrane-helix protein structure (Sallman Almen et al., 2012); e.g., IFITM1 has

been designated CD225. The current assembly of the human genome (Build 37.3)



indicates there are five IFITM family members on chromosome 11: IFITM1, IFITM2,
IFITM3, IFITM5 and IFITM10. The mouse genome has six members: IFITM1, IFITM2,
IFITM3, IFITM5, IFITM6 and IFITM10 located on chromosome 7, and a putative
IFITM7 located on chromosome 16. While the multifunctional properties of IFITMs
involved in embryo development, cell adhesion/growth and tumor progression are well
described (Siegrist et al., 2011), the antiviral activities of IFITMs have only recently been
studied. IFITM proteins can confer basal resistance to several viruses and are critical for
the virustatic actions of [FN (Brass et al., 2009). Mouse and human IFITM3 expression
has been shown to restrict influenza A virus (IAV) replication and IFITM1 and 2 appear
to be important in hampering the replication of Marburg and Ebola filoviruses (Everitt et
al., 2012; Huang et al., 2011). In addition, IFITM1-3 proteins were found to prevent
infection of a growing list of viruses such as HIV-1, SARS, West Nile and Dengue fever
(Brass et al., 2009; Everitt et al., 2012; Huang et al., 2011; Lu et al., 2011). Phylogenic
analyses show species-specific diverse gene composition and potential functional
divergence of vertebrate IFITMs (Hickford et al., 2012; Huang et al., 2011; Siegrist et al.,
2011). It is unknown if the duplicated members have virus-specific recognition patterns

and signaling pathways.

Our goal was to investigate the regulatory mechanisms and expression patterns of porcine
IFITMs. In the study reported here, multiple IFITM genes were demonstrated to be
differentially expressed in tracheobronchial lymph nodes (TBLN) during the course of
infection with one of four common viral respiratory pathogens: porcine reproductive and

respiratory syndrome virus (PRRSV), swine influenza virus (SIV), porcine circovirus



type 2 (PCV2), and pseudorabies virus (PRV). Additional analyses demonstrated how
many putative porcine IFTM family members exist and which are highly conserved

human/mouse orthologs that may exert anti-viral activity.

2. Materials and Methods

2.1 Manual annotation and bioinformatic analyses of porcine IFITM family.

Porcine IFITM entries were extracted from the NCBI gene database
(http://www.ncbi.nlm.nih.gov/gene/) and further curated using BLASTP against the
current swine genome assembly (Sscrofal0.2) (Groenen et al., 2012). The domain
structures of IFITM proteins were defined based on human IFITM entries in the
Conserved Domain Database (Marchler-Bauer et al., 2013). The sequence alignment and
conserved residues were analyzed with Jalview (Waterhouse et al., 2009), and the
phylogenic analysis was performed with Mega5 (Tamura et al., 2011). The subcellular
location of eukaryotic proteins was predicted using a hybrid approach (Hslpred,
http://www.imtech.res.in/raghava/hslpred/) and the algorithms were based on
single/multiple sites (Euk-mPloc (Chou and Shen, 2010)) or a decision tree of several

support vector machines (MemLoci (Pierleoni et al., 2011)).

2.2 Virus, Animals and Experimental Design

TBLN were collected from pigs that were part of 2 studies of virtually identical design
conducted at the National Animal Disease Center (NADC), USDA, ARS, Ames, lowa.
Each study was designed to investigate the comparative global TBLN transcriptome

profile of pigs infected with either PRV (Study 1), or SIV, PRRSV, or PCV2 (Study 2).



The experimental design was similar for both studies and TBLN tissue was selected for
study because the lymph from the lungs passes through these lymph nodes making them

an active site in the immune response against pulmonary disease.

Prior to virus challenge at 4-5 weeks of age, pigs were determined to be free of PRV,
SIV, PCV2, and PRRSV. On 0 days-post-inoculation (dpi) pigs received an intranasal
challenge with 2 ml of either challenge virus or sham inoculum (control) prepared from
the respective cell culture used to propagate challenge viruses. Each group consisted of
20 pigs and was housed in an BSL-2 isolation room from 0-14 dpi, the duration of the
experiment. Five pigs from each group both infected and uninfected were euthanized and
necropsied on 1, 3, 6 and 14 dpi and TBLN from each pig was collected immediately,
minced and stored in RNAlater (Life Technologies Corporation, Grand Island, NY) at -

80°C until homogenized for RNA extraction.

Challenge viruses were low passage field isolates used previously at the NADC
administered at about 1 x 10° TCIDs per pig: PRRSV (SDSU73)(Brockmeier et al.,
2012), PCV2 (Group 2 European-like)(Lager et al., 2007); SIV (A/SW/OH/511445/2007

HINT1)(Vincent et al., 2009), and PRV (FS268) (Miller et al., 2010).

2.3 Total RNA isolation
TBLN were thawed for homogenization to extract total RNA with MagMAX™-96 for
Microarrays Total RNA Isolation Kit (Applied Biosystems, Carlsbad, CA) using the

manufacturer's protocol. The integrity of the RNA was confirmed with a 2100



Bioanalyzer and RNA 6000 Nano-chip (Agilent, Santa Clara, CA). The samples used
had an average RNA integrity number (RIN) value of 7.8 and 28S:18S rRNA ratio of 1.9.
In transcriptome sequencing protocols, it is always advised to use high quality RNA of

RIN > 7.

2.4 Digital Gene Expression Tag Profiling

For each necropsy time point, total RNA was pooled for each group to make cDNA
libraries for analysis by digital gene expression tag profiling (DGETP). DGETP uses the
restriction enzyme, Dpnll, to cut 21 bp long sequence tags from each transcript's cDNA,
thus expanding the tag-size by at least 7 bp as compared to the predecessor techniques of
serial analysis of gene expression (SAGE) and LongSAGE. The longer tag-size allows
for a more precise allocation of the tag to the corresponding transcript, because each
additional base increases the confidence in the mapping of the tag to a transcript or

genomic position.

Tag library preparation was performed at the lowa State University DNA facility using a
DGE-Tag Profiling Dpnll Sample Prep kit and protocol (Illumina, Hayward, CA). In
brief, total RNA aliquots (1 or 2 pg) were diluted in 50 pL of nuclease-free H,O and
heated at 65°C for 5 min to disrupt secondary structure prior to incubation with magnetic
oligo-dT beads to capture the poly-adenlyated RNA fraction. First and second-strand
cDNA was synthesized and bead-bound cDNA was subsequently digested with Dpnll to
retain a cDNA fragment from the most 3° GATC to the poly(A)-tail. Unbound cDNA

fragments were washed away prior to ligation with the GEX Dpnll adapter to the 5’ end



of the bead-bound digested cDNA fragments. This adapter contains a restriction site for
Mmel which cuts 17 bp downstream from the DpnlI site. After subsequent digestion with
Mmel, 21 bp tags starting with the Dpnll recognition sequence were recovered from the
beads and dephosphorylated prior to phenol/chloroform extraction. Then, a second
adapter (GEX adapter 2) was ligated onto the 3’ end of the cDNA tag at the Mmel
cleavage site. The adapter-ligated cDNA tags were enriched by a 15-cycle PCR
amplification using Phusion DNA polymerase (Finnzymes Oy, [llumina-supplied,
Hayward, CA) and primers complementary to the adapter sequences. The resulting
fragments were purified by excision from a 6% polyacrylamide Tris/Borate/EDTA (TBE)

gel.

The DNA was eluted from the gel debris with 1x NEBuffer 2 by gentle rotation for 2 h at
room temperature. Gel debris were removed using Spin-X Cellulose Acetate Filter (2 ml,
0.45 pm) and the DNA was precipitated by adding 10 pl of 3 M sodium acetate (pH 5.2)
and 325 pl of ethanol (—20°C), followed by centrifugation at 14,000 x g for 20 min. After
washing the pellet with 70% ethanol, the DNA was resuspended in 10 pl of 10 mM Tris—
HCI, pH8.5 and quantified with a Nanodrop 1000 spectrophotometer. Sequencing using
Solexa/Illumina Whole Genome SequencerCluster generation was performed after
applying 4 pM of each sample to the individual lanes of an [llumina 1G flowcell. After
hybridization of the sequencing primer to the single-stranded products, 18 cycles of base
incorporation were carried out on the 1G analyzer according to the manufacturer's
instructions. Image analysis and basecalling were performed using the Illumina Pipeline,

where sequence tags were obtained after purity filtering.



2.5 Transcriptome determination

First, 64,100 pig mRNA sequences were downloaded from the GenBank database. A
Java program was developed to identify the 3’ most Dpnll cut site, followed by
collection of the DGETP tags of 16 nucleotides for each mRNA. By excluding
genes/transcripts that had no enzyme cut site and that were potentially repeated entries,
we compiled a list of 29,599 genes/transcripts with one tag sequence collected. Second,
the unique gene/transcript tags were then used as references to filter each library.
Combining the data from the libraries (infected and control) described above revealed
that of 29,599 genes/transcripts, 21,144 genes/transcripts were expressed. Third, we used
a Bayesian framework approach(Jiang et al., 2013) and determined a total of 1,503
differentially expressed (DE) genes/transcripts among these libraries described above,
which were then annotated for orthologs in the human genome against the Refseq
database, as the human genome has been well annotated. Lastly, these DE genes were

assigned to their associated pathways using the DAVID database (Huang da et al., 2007).

2.6 Quantitative real-time PCR (Q-PCR) analysis

Validation of the results and corroboration of the altered transcript abundance levels were
analyzed by real-time reverse transcription-PCR (RT-PCR) on the individual sample of
100 ng total RNA from each pig at each time point. Real-time RT-PCR was done in 25 pl
reaction volumes using the SuperScript III Platinum SYBR green One Step qRT-PCR kit
(Invitrogen, Carlsbad, CA) according to the supplier’s specifications. The IFITM primer

sets used for this analysis are shown in Table 1. IFN-a, (Ss03394862 gl) and IFN-3
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(Ss03378485_ul) primers were purchased as Tagman® Custom Probe/Primer sets from
Applied Biosystems (Carlsbad, CA). All primers were used at 200 nM. PCR cycling
conditions were 50°C for 3 minutes, 95°C for 5 minutes followed by 40 cycles of 95°C
for 15 seconds, 60°C for 1 minute, and then, for dissociation curve analysis: 95°C for 15
seconds, 60°C for 15 seconds and 95°C for 15 seconds using an fluorescent thermocycler
7900 (Applied Biosystems, Carlsbad, CA). For real-time PCR, 18S served as the internal
control. Relative transcript abundance levels for the other genes were calculated by the 2

AACT method (Livak and Schmittgen, 2001).

3. Results and Discussion

3.1 Structural conservation of pig IFITM family genes

The current assembly of the pig genome (Build 10.2) indicates the presence of 12
potentially functional gene loci in the IFITM family (IFITM1, IFITM2, IFITM3,
IFITM1LL, IFITM1L2, IFITM1L3, IFITM1L4, IFITM5, IFITMSL, IFITM3L1, IFITM3L2
and IFITM10), while humans and mice possess only 5 (IFITM1, IFITM2, IFITM3,
IFITMS and IFITM10) and 7 (IFITM1, IFITM2, IFITM3, IFITM5, IFITM6, IFITM7 and
IFITM10) members, respectively (Figure 1). These loci were manually annotated for
validation and to comparatively discover all other IFITM family members in pigs using
expressed sequence tags (ESTs) and non RefSeq RNA resources, i.e. those outside of the
limits of the curated RefSeq database of 21,415 distinct “named” organisms

(ftp:/ftp.ncbi.nlm.nih.gov/refseg/release/) such as DDBJ/EMBL/GenBank the primary

sequence archive, as evidence. The current draft pig genome assembly has 11 IFITM

family members located on chromosome 2, and 1 member on chromosome 1. The
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annotated gene loci, gene symbols, chromosome coordinates, model RefSeq accession
numbers and their genomic structures and elements for those porcine IFITM family

members with EST evidence are detailed in Table 1.

These data raise two questions: 1) how many pig IFITM family members would be
confirmed with ESTs and/or non RefSeq RNA support as evidence and 2) what is the fate
for both IFITM6 and IFITM7 in the pig genome as they are not found in the human
genome, but are in the mouse genome? BLAST searches using the model RefSeq
sequences of pig IFITM family members against both pig EST and non RefSeq RNA
databases confirmed the annotation of pig IFITM1 (XM_003124230.1), IFITM2
(NM_001246214.1), IFITM3 (NM_001201382.1), IFITM5 (XM_003124229.3),
IFITM1L1 (XM 003354415.1) and IFITM1L4 (XM _003124235.2) (Table 2 and Figure
2). The deduced amino acid sequences indicated two annotated loci (IFITM1L2,

XM _003354408.1/XM_003354411.1 nd IFITM5L, XM 003354416.2) might be
annotated duplications as they had the same protein sequences to XM _003354415.1 and
XM 003124229.3 (Figure 2). At least three ESTs (HX217039, HX212553 and
HX213228) provided evidence for existence of IFITM6 and one EST (AJ648852) for
IFITMY7 in pigs. Several non RefSeq RNA entries (AK234776, AK396508 and
AK348267) also supported a new IFITM1-like gene (IFITM1LN) in the species (Figure
2). However, we did not find any ESTs and/or non RefSeq RNA to support the model
RefSeqs for LOC100621926 (XM 003353647.2), LOC100627740 (XM _003354422.2)
and LOC100627649 (XM_003354421.1) (Table 2). The continuous gene locus of

porcine IFITM2 was not defined, but the 5°- and 3’-parts of its transcripts (see Fig. 2 for
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the ESTs containing the full-length of IFITM2 coding region) were detected and found to
be identical to exon 1 of IFITM3 and exon 2 of IFITM1 (or IFITM1L4), respectively. We
have isolated IFITM2 cDNA clones from alveolar macrophages that show diverse 3’-
regions identical to exons 2 of IFITM1, IFITM1L2 or IFITM1L4 genes, respectively,
(data not shown). Therefore, there are multiple porcine IFITM2 variants originating
through alternative splicing or exon shuffling. In addition, sequence on an unplaced
genomic scaffold (NW_003541064.1, Sscrofal0.2) was found to have 100% identity to
the N-terminal ~160 nt of human IFITM10 (Fig. 1), but no EST evidence was detected

for porcine IFITM10.

Our annotation and validation revealed that eight members of pig IFITM family have
partial or entire genomic DNA sequences available in two contigs: CU928488.2 and
FP565362.1. These members all have a conserved genomic organization: two exons and
one intron (Figure 2). The intron regions are completely sequenced for IFITM1, IFITM3,
IFITMS, IFITM1L1 and IFITM1L4, and partially sequenced for IFITM6 and IFITM1LN.
There are two forms of 3’UTR regions: a long 3’UTR over 1 kb in length and a short
3’UTR less than 250 bp in length. The putative core promoter regions of the porcine
IFITM genes, except two IFITM5-like isoforms, are predicted to contain interferon

stimulated response elements (ISRE) (Figure 1 and Table 2).

Although their current nomenclatures are arguable, these members encode proteins that

are relatively different in N- and C-terminus regions compared with a highly conserved

CD225 superfamily domain that includes one or two transmembrane regions (Figure 3A).
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Except for IFITMS5 and the tentative IFITM7, other porcine IFITM proteins appear to be
combinations with different types of N-terminus regions and C-terminus regions (Figure
2). Phylogenic analysis of all IFITMs from humans, mice and pigs shows that IFITM5
orthologs from the three species form a separate cluster, whereas all other IFITMs have
evolved from a common ancestor undergoing gene duplication and conversion in each
species (Figure 3B) (Hickford et al., 2012; Sallman Almen et al., 2012; Siegrist et al.,
2011). Because human IFITM1-3 and mouse IFITM3 isoforms have been found to
restrict influenza virus replication and infection (Brass et al., 2009; Everitt et al., 2012;
Huang et al., 2011), we predict that pigs may have as many as seven IFITMs (IFITM1,
1L1, 1L2, 1L3, 1L4, 2 and 3) within the IFITM1-3 cluster (Figure 3B) that potentially
exert anti-influenza activity apart from two (CD225-truncated IFITM3L1 and 3L2) that
are functionally unknown “mutants”. Generally grouped as IFITMs, the subcellular
localization and membrane integration of IFITMs are dynamically regulated by post-
translational modifications (PTMs) involving addition of hydrophobic groups for
membrane localization (Mann and Jensen, 2003). These PTMs, including myristoylation,
palmitoylation and prenylation, could be critical in the regulation of IFITM antiviral
activity as shown for the S-palmitoylation of human IFITM3 (Yount et al., 2010). We
have identified the predicted conserved cysteine and glycine residues in porcine IFITMs
(Figure 3A), which are potentially involved in the PTMs for regulation of IFITM
membrane localization and antiviral activity. We applied three programs for predicting
the subcellular location of eukaryotic proteins using a hybrid approach (Hslpred,

http://www.imtech.res.in/raghava/hslpred/), the algorithms were based on single/multiple

sites (Euk-mPloc (Chou and Shen, 2010)), and a decision tree of several support vector
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machines (MemLoci (Pierleoni et al., 2011)). These programs consistently predicted that
IFITMS orthologs are cytoplasmic proteins, while most human or porcine IFITM1-3
isoforms appear to be localized in cytoplasm, cell membrane, mitochondria or secreted
into extracellular spaces (Table 3). We conclude that antiviral IFITMs should be
dynamically regulated through PTMs for their correct sub-cellular location to exert

biological, including antiviral, function.

3.2 Clinical evaluation

A comparative study of four swine viral respiratory diseases was completed to evaluate if
transcriptome changes in TBLNs were virus-specific, or if they reflected a common
response to viral pneumonia regardless of the viral pathogen. PRRSV, PRV, and PCV2
produce a systemic infection in contrast to SIV that primarily infects epithelial tissues in
the respiratory tract. However, each virus is capable of replicating in the lung and
causing disease therein, the magnitude of which can be dependent on many factors
including the viral isolate used. Each virus challenge induced a respiratory disease that
resembled what was expected based on experimental and natural infections (as reviewed
in (Straw, 1999). Briefly, SIV induced a mild acute clinical disease most apparent
between 1 and 3 dpi that was resolving by 14 dpi. The onset of moderate clinical disease
in PRRSV- and PRV-infected pigs began 3-6 dpi and was maximal at 14 dpi with some
animals beginning convalescence by 14 dpi. In contrast, minimal to no clinical disease or
lesions were recognized in PCV2-infected pigs during the experiment. Based on clinical
signs, the respiratory disease observed in this study can be separated into an acute

response that was resolving by 6 dpi (SIV), a slightly delayed response that developed
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maximum lesions by 6 and 14 dpi (PRV and PRRSV) (Brockmeier et al., 2002), and a
delayed/minimal response throughout each time-point in the PCV2-infected pigs. In
general, for each treatment group a direct relationship was found between virus load and
magnitude of disease. For example, in the case of SIV-infected pigs the detection of
replicating challenge virus peaked quickly and the pigs had almost cleared the virus by 6
dpi and were negative by 14 dpi. In contrast, the PCV2-infected pigs developed a

relatively small virus load throughout the experiment.

3.3 Expression dynamics of pig IFITM family genes

We used TPM (tags per million) values to show basic expression features of pig IFITM
family members in TBLN of pigs infected with SIV. In addition to SIV, our experiment
also involved PRV, PCV2, and PRRSV, plus sham-inoculated controls for comparison.
In brief, we made a total of 24 DGETP libraries, including 16 derived from four virus
challenges and 8 samples from two sets of control at 1, 3, 6 and 14 dpi. Due to sequence
similarity, we found that IFITM1LN and IFITM2, IFITM1L4 and IFITM1LN, IFITM3 and
IFITM1L1 shared the 3’ most Dpnll cut tags: TTTTGAAAAAAAAAAA,
TTTTGATGTTGAAAAA and AACATCCGAAGCGAGA, respectively. However, an
allelic tag (TTTTAAAAAAAAAAAA) was identified for [IFITM2, while unique tags
(CTGGGCCTCATTCTGA, AGAAGGTGGCTGGAGA and
ACCATCCCCAGGGAGA) were found for IFITM1, IFITMS and IFITM®6, respectively.
As the tentative IFITM7 has an incomplete cDNA sequence, we excluded it in the
analysis. These tag sequences can be found in the mRNA sequences listed in Figure 2.

The validity and kinetics of transcript abundance of IFITM1, IFITM1L1, IFITM1L2,

16



IFITM1L3, IFITM1L4, IFITM2, IFITM3, IFITM3L1, IFITM3L2 and IFITM5 were
evaluated using real-time RT-PCR (Fig. 5). Regardless of the member ambiguities
caused by sequence similarity between IFITM members in Figure 4, the expression
dynamics of IFITM1, IFITM2, IFITM3, IFITM1L1 and IFITM1L4 were similarly
examined using both DGETP and RT-PCR, and were found to be consistent, particularly
in the tissues infected with SIV, PRV and PCV2. However, the expression dynamics of
IFITM family members in PRRSV-infected tissues showed different profiles between the
two quantitative techniques, i.e. earlier stimulation in DGETP in contrast to the latter

stimulation in the RT-PCR assays. This may require further investigation.

The abundance of gene expression in the present study is quite different among the pig
IFITM family members regardless of virus. As shown in Figure 4 in the DGETP data,
IFITM2, IFITM1L4, IFITM1LN and IFITM6 seem abundantly expressed, but none
expressed more than 400 TPM per library. However, expression of IFITM1 and
IFITM3/IFITMI1L1 increased in response to infection dramatically, with instances
reaching over 3,000 TPM per sample (Figure 4). We also noted that the relative
abundance of gene expression detected was quite different among the DGETP and RT-
PCR data (Figure 4 and 5) as seen in other studies the DGETP method often produced
higher transcript ratios (in either direction) than real-time quantitative RT-PCR (David et
al., 2010). (Liu et al., 2011) also observed a systematic bias for RNA-Seq in the analysis
of genes with relatively low expression levels. Specifically, DEGs missed by RNA-Seq
(i.e. false negatives) were characterized by low expression levels in the examined

samples, as indicated by lower RNA-Seq read counts and higher raw C, values by real-
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time qPCR. While the expression levels of IFITM1 and IFITM3/IFITM1L1 had 10-100
fold higher expression than others in the DGETP data (Figure 4), the gene-specific RT-
PCR analysis showed more uniform expression abundance among different IFITM
members, except IFITM2 that had the highest expression particularly at 3 dpi of PRV
infection. Considering that the DGETP analyses probably assigned multiple IFITM1-like
(including IFITM1 and IFITM1L1-1L4) and IFITM3-like (including IFITM3 and
IFITM3L1-3L2) homologs under IFITM1 and IFITM3, the higher abundance of IFITM1
and IFITM3 in DGETP data was understandable. In addition, IFITMS5 was expressed at
low levels in porcine TBLN, as the DGETP analysis TPM ranged from 0 to 1.2 in both
virus-challenged samples and controls and in RT-PCR there was no noticeable fold
change from control in the virus-infected samples. As shown in Table 2, IFITMS does not
contain an interferon stimulated response element (ISRE) in its promoter region
indicating the gene is not interferon inducible. Therefore, it does not surprise us that

expression of the pig IFITM5 was not induced by virus.

Gene expression response timing depends on the type of virus. As illustrated in Figure 4,
the IFITM family members responded to SIV infection relatively slowly, as their up-
regulated peaks appear at 3 dpi (five out of six instances). However, in the TBLN of pigs
infected with PRV, PCV2 or PRRSV, the IFITM family members responsed more
quickly and peaked at 1 dpi (four, six and five out of six instances for PRV, PCV2 and
PRRSV, respectively). It is interesting that although the IFITM family transcriptome
profile was repressed in response to SIV compared to the other viruses (with the possible

exception of IFITM1), SIV was the only virus cleared by the pigs over the 14-day
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duration of the experiment. The comparatively lower and slower up-regulation of most
porcine IFITM genes in response to SIV infection as compared to the response to the
other viruses may imply IFITMs were particularly targeted for suppression by SIV,
indicating a rational feasibility for combating SIV through timely stimulation of porcine

IFITM expression.

The ability of a virus to up-regulate the gene family differed. For each chart in Figure 4,
we include the expression mean and its 95% confidence interval in the controls for each
tag. PRV elicited the highest transcription levels, while PCV2 shows the weakest
transcriptional activation by the IFITM family. Among a total of 24 instances (6 tags x 4
time-points), the PRV caused 9 instances of up-regulation by over 4-fold, while PCV2
produced a single instance with over 4-fold up-regulation. PRRSV also strongly
stimulated high expression of the gene family, but the gene family reacted to SIV in a
comparatively mild manner (Figure 4). However, SIV up-regulated IFITM1 by 5.9 fold
at day 3 post infection, the second highest to 6.5 fold at the same time-point with PRRSV

infection.

Our current research revealed a limitation associated with the DGETP-based RNA-seq
method, i.e., one tag can represent different genes/transcripts, particularly when gene
family members have highly similar sequences. Our understanding is that RNA-seq
cannot solve this problem either. The Illumina sequencing techniques usually produce
sequences with a maximum of 100 bp in length. The highly conserved protein sequences

shown in Figure 2 for several members of pig IFITM family are actually encoded by the
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highly similar RNA molecules. As such, the same piece of the sequence provided by
RNA-seq cannot be unequivocally assigned to any individual member in the gene family.
In addition, the major drawbacks of whole transcriptome shotgun sequencing or RNA-seq
include insufficient detection of genes/transcripts with low levels of expression, uneven
sequencing depth along the length of a transcript and impossible usage of spreadsheet
software for data processing due to large file size, (as reviewed by (Malone and Oliver,
2011). Our solution was to use different enzyme combinations and then identify a
signature tag specifically for each member. For example, we found that a combination of
four enzymes: TspS091 (AATT), Nlalll (CATG), MspI (CCGG) and Dpnll (GATC)

covered 99.64% of the Sus scrofa transcriptome.

3.4 Differentially expressed TBLN transcriptomes of pigs infected with SIV: an overview
Overall, we used a Bayesian framework approach and determined a total of 1,503
differentially expressed (DE) genes/transcripts in TBLN of pigs infected with SIV in the
present study. Annotation of these DE genes/transcripts, based on their orthologous
human counterparts, revealed a list of 1,286 functionally known genes. DAVID assigned
1,221 of them to 403 functional clusters. The top ten enriched functional clusters
included genes associated with lysosomes (enrichment Score: 9.89), membrane-bounded
vesicles (enrichment Score: 8.32), isopeptide bonds (enrichment Score: 6.10), apoptosis
(enrichment Score: 5.95), regulation of apoptosis (enrichment Score: 5.71), inflammatory
response (enrichment Score: 5.32), protein transport (Enrichment Score: 4.51), RNA
binding and processing (enrichment Score: 4.28), protein biosynthesis (enrichment Score:

4.25) and the nucleoplasm (enrichment Score: 3.97).
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Among the pig IFITM family members, only IFITM1 and IFITM3 were identified as DE
genes in TBLN of pigs infected with SIV. Both members are involved in gene clusters as
integral to membrane. In addition, IFITM1 is also associated with the regulation of cell
proliferation pathways involving 89 genes identified in the present study: NAMPT, NBN,
AIF1, OSMR, TSG101, STAT5A, IL18, BTC, PPARG, NAP1L1, BAP1, SKAP2,
TGFB1, CXCL10, SIPR2, MAGED1, MEN1, GPX1, CDCA7, GPC3, NDUFS4,
CDKN2D, HMOX1, ILK, SERPINE1, SHC1, PDGFC, LTB, AKIRIN2, AGPATI,
MAP2KS, CTBP1, ARHGEF2, RBBP4, LYN, CD164, PPP1CB, MAPK1, TNS3, CD38,
HHEX, BTG1, CD33, GRN, VEGFA, PDGFRB, ADAM17, EMP3, VSIG4, CNBP,
CAV1, CCL2, LSTI, IFITM1, GNAI2, PML, COMT, TIMP2, FTH1, CDHS5, TIMP1,
CD9, TSPAN31, CDC123, CAMK2D, TGM2, THBS1, LAMBI, PPAP2A, CD5,
TXNIP, PTPRC, BECN1, PHB, ANXA1, DUSP22, SKI, IGF2, STATI1, CAPNI,

CDC25B, PLA2G4A, CDKN1B, CCL14, HDACI, FABP3, FABP4, HGS and ENG.

IFITM3 was assigned to an immune response pathway associated with 91 genes: NBN,
IL27RA, IL16, IL18, PPARG, TLR1, TIRAP, PRDX2, TLR4, NFKB2, LY9, CXCL12,
PRDXI1, C1QC, TGFB1, CXCL10, CFP, LTB, FCGR3B, AKIRIN2, LAIR1, C5ARI,
SIT1, BST2, LYN, LY96, SLA2, CNPY3, HLA-A, SERPINGI, CD164, SIGIRR,
C1QB, VEGFA, ADAM17, CTSC, MADCAM1, SEMA4D, VSIG4, LCP1, GBPI,
YWHAZ, CCL2, LST1, HLA-DRBI, C3, IFITM3, TFE3, CXCL9, ACPS5, CALCOCO2,
OASI, FCGRT, C185, OAS2, FTH1, CCL26, SQSTM1, FCN1, FCERIG, C2, THBSI,

DHX58, ARHGDIB, FYB, MSH6, PTPRC, ST6GALI, CR2, SWAP70, CFB, SAMHDI,
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CCL19, C4BPA, PSMBS, CD1D, CYBA, GPI, LAT, OASL, TNFSF10, CCL14, RGSI,

FCGR2B, CXCL14, CXCL13, CD209, ANXA11, HSPDI1, CD14 and IFI6.

As indicated above, IFITM family members responded to SIV, PRV, PCV2 and PRRSV
differently. IAV belongs to the family of Orthomyxoviridae viruses. The pig is a natural
host and a “mixing vessel” for IAV cross-species transmission particularly to humans
(Ma et al., 2008; Vincent et al., 2008). Critically, influenza in pigs resembles influenza in
humans: i) The same influenza A subtypes (H1 and H3) are predominately circulating
and many are capable of causing disease in both human and swine populations; ii)
Infected pigs display similar clinical symptoms as found in humans, such as fever,
coughing, lethargy, anorexia and nasal discharge; iii) both species have a similar viral
clearance phase of around 7-10 days. Therefore, the pig is a good mammalian model to
study zoonotic influenza A virus (Kuiken et al., 2011; Ma and Richt, 2010; Torremorell
et al., 2012). Although vaccines against influenza are available for humans and farm
animals, it remains a challenge to control outbreaks of influenza infections because the
virus evolves rapidly to evade host immunity through antigenic drift and shift. I[FITMs
are a group of transmembrane proteins that respond differentially to IFN induction and
viral infections. Figure 6 shows the IFN-a; and IFN-f transcript abundance elevated at 3
dpi for PRRSV and PCV-2 (IFN-q, only), and at 1 and 14 dpi for IFN-B for PRV, as
measured by RT-PCR in the TBLN of the infected pigs compared to controls. This IFN
transcript data agrees with previous findings of a delayed or inhibited IFN response in
PRRSV infection (Albina et al., 1998; Lee et al., 2004; Loving et al., 2007; Miller et al.,

2004; Van Reeth et al., 1999). In the case of influenza A virus, the viral non-structural
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protein 1 (NS1) has been described to act as a powerful antagonist of IFN induction (Hale
et al., 2008) and this may explain why IFN-o/p transcript abundance was not elevated in
the TBLN of the SIV-infected pigs. Alternatively, it is possible we do not detect high
levels in the TBLN of SIV-infected pigs because induction of IFN-o/f usually occurs
with 2 hr post-infection (Solorzano et al., 2005) and the peak transcript abundance may
have been missed at our 1dpi time-point. Our data highlights that porcine IFITMs, the
family of early response IFN-stimulated genes (ISGs) are part of the pig’s antiviral

response against influenza (Brass et al., 2009; Everitt et al., 2012; Huang et al., 2011).

This report presents the first description of the TBLN transcriptome responses of porcine
IFITM and the genomic organization of the IFITMs in relation to the mouse and human
genomes. These data indicate a need for more extensive transcriptional and functional
characterization of porcine IFITMs, which will further our understanding of the IAV-host
interaction and discovery of the host defense potential of IFITMs against pandemic SIV

infection.
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Tables

Table 1. IFITM primers.

PCR primers Sequence 5'-3' Len. Tm Amplicon (bp)
F-IFITM1-197 CTTCTGACATCCAGACACAGC 21 59 295
R-IFITM1-491 GTCTCCCACCATCTTCCGGT (iden. to 2,3, ILs) 20 61

F-IFITM2-128 CGGTGATCAACATCCGAAGCG (iden. to 3, 1L1, 112, 114 and 3L2) 21 62 253
F-IFITM2-380 ACAAACACCAGAAGAACAGTGGC (iden. to 1) 23 61

F-IFITM3-173 TCTGGTCCCTGTTCAACACC (iden. to 1,2, 3Ls) 20 59 209
R-IFITM3-381 GCCAGTGGTGCAAACGATG 19 60
F-IFITM1L1-384 ATGGTGGGAGACATCACTGG (iden. to 2, 1L3) 20 59 286
R-IFITM1L1-669 GAACCCAGTTGTGGACAGGT (iden. to 1) 20 59
F-IFITM1L2-389 GGTGGGAGACATCATTGGGG 20 59 285
R-IFITM1L2-635 TGAACCCAGTTGTGGACAGG 20 60

F-IFITM1L3-106 GGTTCAGCTCCCATGACCAG 20 60 276
R-IFITM1L3-381 TGCAAACACCAGAAGAGCGA (iden. to 1, 2, ILs) 20, 60
F-IFITM1L4-473 GTCGCTCTTCTGGTGTTTGC 20 59 269
R-IFITM1L4-741 GGCGAGCCTGTAACTTCTCT 20 59

F-IFITM5-195 CAAGGCCCGAGATCAGAAGG 20 60 204
R-IFITM5-398 GAGTCGTCGAACTTGGTGCT 20 60

F-IFITM3L1-93 CCTTCTTCACTGGTGCCCAT 20 59 238
R-IFITM3L1-330 TCAGGGCCCACCTTCACG 18 61
F-IFITM3L2-115 TGATCAAGAGCCAGCACGAG 20 60 197
R-IFITM3L2-311 GGGCATGGCCACCTTCA 17 59

Table 2. Porcine IFITM gene locus and structures based on current swine genome

assembly (Sscorfa 10.2).

Gene locus Symbol Chromosome coordinates RefSeq ISRE  Exon1 Intron Exon2  ESTs
LOC100127358 IFITM1 SSC2: 162099157.162100564 (-) XM_003124230.1 Yes 464 623 321 Yes
LOC100620056 IFITM2 SSC2: Gene ID: 100620056 (-) NM_001246214.1 Yes 319 NJA 1219 Yes
LOC100518544 IFITM3 SSC2: 162072261.162072507 (-) NM_001201382.1 Yes 247 419 192 Yes
LOC100627004 IFITM1L1 IFTIM1L2 SSC2: 162339710.162341038 (-) XM_003354415.1 Yes 368 637 324 Yes
LOC100626247 (4 transcript variants) SSC2: 162076668.162094496 (-) XM_003354411.1 Yes 352(v1) 289(vl) 324(v1) Yes
LOC100621926 IFTIM1L3 (3 exons) SSC1:296319106.296331356 (+)  XM_003353647.2 Yes 40 1153 206 No
LOC100519082 IFTIM1L4 SSC2: 162095298.162097522 (+)  XM_003124235.2 Yes 358 636 1230 Yes
LOC100518184  IFITM5 SSC2: 162116292.162117532 (+)  XM.0031242293  No 198 682 361 Yes
LOC100627180  IFITM5L SSC2:162317991.162319234(-)  XM_003354416.2  No 201 682 361 Yes
LOC100627740  IFITM3L1 (partial) SSC2:162353100.162354440 (+)  XM_003354422.2  Yes 323 964 53 No
LOC100627649 [FITM3L2 SSC2: 162333055.162334436 (+)  XM_003354421.1 Yes 302 987 91 No

ISRE, interferon-stimulated response element in core promoter regions; ESTs, expressed sequence tags.

Table 3. Predicted subcellular localization of human and porcine IFITMs.

Subcellular localization®

HslPred Euk-mPLoc BaCelLo
PIFITM1 M (] MT
pIFITM2 cp M cp
pIFITM3 M M Ccp
PIFITM1L1 cp M MT
PIFITM1L2 cp M MT
PIFITM1L3 cp ™ EC
pIFITM1L4 CpP ™ MT
PIFITM3L1 CpP ™ CP
pIFITM3L2 MT ™ EC
pIFITM5 CP EC CP
PIFITM5L CP EC CP
hIFITM1 M M cp
hIFITM2 M M cp
hIFITM3 M M Ccp
hIFITM5 cp EC. MT Ccp

*predicted with three programs for eukaryotic proteins using hybrid
approach (Hslpred), or algorithms based on a decision tree of several sup-
port vector machines (Euk-mPloc and MemiLoci). CP, cytoplasmic protein;
CM, cell membrane; EC, extracellular; MT, Mitochondrial protein.
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Figure 1. Chromosomal location of IFITM genes and the existence of interferon-
stimulated response element (ISRE, red bars) in their putative proximal promoter region.
Green lines represent two strands of chromosomal DNA and black vertical bars represent
exons of IFITM genes with the orientation of transcription indicated by the arrows.
Human and mouse IFITM gene information was adapted from Siegrist et al., 2011, with
modification. A piece of sequence on an unplaced genomic scaffold (NW_003541064.1,
Sscrofal0.2) was detected to show 100% identity to N-terminal ~160 nt of human

IFITM10.
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® 5'UTRE Exon 14 Intron m Exon 2 & 3'UTR

AKISI5T0 HLREEHEVAFLGAPOTSAPYAT I VINIRSE T SYP=0YVRSLF LG VAP AT SVKARDRITY G LGAGS YASTAKCLNIMALYLGEFL TIGAYLLYY RYTTRYI-LERAKSHRGY
. T REEE oL AT Srp T VTRGE P DR Mo WMBCEL VA MY ARSI GO VAT AL AT AL WL GTFLY LFRYITAN-LERESHRY
24235 L REEHEVAVL GAPOTSAPYATTVINIRSETSVP-DHVVISLFRAL AYSVRARDRITVGITTGALS YRST) A TTAT-LERAKSHRE
FSE07482 HLREEHEVAVLGAPQTSAPVAT TVINIRSE TSVP-DNVVRSLFRAL FHIRCCL GFYAFRYSVEARDRKNVENTTGAGSYASTAKCL NTWAL VLGIFL TIGAVLL VY RCIAVYEHALOHAKSHRGY 167 186 189  IFITMIL4
FOROSATE HLREEHEVASL V] L FHRC RYSVEARDRINVENTTRAQSYRSTAKCL NTHAL TRVYEHAL OHARSHRGY
i R I A R ST 152
FS0567 TRELIE AL CAQT T | INIRSEF -1 WAL FARCCL Y Y KRRV AUV ARELMIMRL VLG L1 TGATILL Y AELAYYERRLGPCOHRSY
003354415 LREEHEVAFLGAPUT SAPVATT VINIRSETSVP-DHYVHSLFNAL FIMMCCLGF VAF ARCLAIARC LG L TIGRVALLYFAC IV YENRA MRS 18; IFITM1LT
AK2I4776  HHCRSOPFF TGRHGGPPTYEHLKEEHEVIFL WL FMRCEL GF VA RYSVRARDRINVEOLIGALS YASTAKCLA FRCLAVYEHRL GHAKSHRGY
MKI9ES08  MMCRSOPF F TGRHGGPPT YEMLKCEEHEVAYL JTSHPYAT Mnmnmmlmmnmmwnmr
AKIAE267  HHCRSOPFF TGRHGGPPT YENL KEEHEVAYL GRVRFATSY AKCL
RKTIAG  PCRSOPFF TGRIGGPPTYEN KEEHEVAYL TVINIRSE FSVP-0WVASL NTLF FNBCCL G YR HYSVERRDRXNVGOTTGAGSYRST AKCLNIMAL TLGL TL TIGATYLLVF ¥YTTRYOH-LERMMMEEY 99 246 192 IFITMILN
AKIBA0TZ  PNCRSQPFF TGRHGGPPT YENLKEEHEVAVLGAPATSAPYATTVINIRSETSYP~0YVISLFNTLFINRCCLGF VA Y SVEARDRINYGOTTGAGS YRSTAKCLNIMALTLGLIL TIGATYLLVF VY TTATON-LERAKNNRGY
TP T X VLGP ST TVINIRSE T DL 1L IBACCL GV VMDAV TGS YA AL N TLELTLTIGATVLL VYT LERMOME Y [ T e
FMCRSOPF F TGAHGGPPT YENL KEEHEVAVL GAPUTSAPYAT VINIRSE TSY FNTL FMMCCL BT TGALS YRSTAKCLNIKAL TYLLVF VY TTAYON-1L ERAKSHRGY
M_001246214  HNCRSOPFF TGRHGGPPTYENL KEEHEVAYL GAPOTSAPYAT TYINIRSE TSYP-DHVVRSLFNTL FHNRCCLGFYAFRYSYKARDRIMYGOTTGAQS YRSTAKCLNTHAL TLGLTL urwnm—tmv 78 248 189 IFITM2
AKZIE577  WNCROOPFT TGRHGEPPTYEHL KEEHEVAVL CAPOTSRPVATTVINTRSE | FHMRCCL NIRRT IVCT TS VTP L
AKIAI041  HNCRSOPFT TGRHGGPPTYEN KEEHEVAFLGAPOTSAPYATTVINIRSE FHMACCLGF ENIHACYLLLL I YT GSLVER AL L DXIVRGY
L T Y YR AP A Y RS 4P YA L FSCE O 8 VYRR TT S TRV NI WL TR TIVCTTORL VI 1 U TV 91
MOGA1403  PMMCRSOPY F TGRHGGRP T YEMLKEEHEVAYLGAPOTSAPYAT | VINIRSE | SYP=ORVVISLF NTLF MMRCCLGF VAF ATSYEARDRXNVENLTGA0S YAS TAKCLNIMALVLGLLL
H_001 201382 mmummnﬂmvmmwtvmlmﬂumu&mmﬂmrmxmﬂmmumrmv:mmmmv 69 246 192 IFITM3
00353647 HELYKFLALTLSLGVPHSOOTVIEE QEVAENGPPERSAPHTS TV T IPRE TPHR-DIVVISLFS TLFLNBCCLGFVAFRYSVCARDRNVEDTTGAGS YRS TAKCLNTMAL VLGTFL T TRVYEHALOHAKSHRGY
HIKSOHENDGL TSVP=OHTVMSLFNTL FLNRCEL YRSTAKCLNIWALTLGLILT s RAKSHRGY
AIS24L HIKSQHENDGL TVITIPRE! FLUMCEL TYLLVF Y RAKSHRGY
EUZ7SeL0 MEKSQHENDGLGAPYTSAPYAT VI T IPRETSYP~ORIVRSLANTLFLIMCLL TR L TIGATYLLYFYYETATI-LE
3 MIKSQHENOGL GPATSPYIT VT IPRE TSVP-0II VIS FTLF LKL GF VI 1Y VIARDRINVGOTTGAGS YIS TAKCLNTNL TLGL IL TIGATYLL VT VY ITAYIN-LERIWSHRGY [ W Wl
N_003124230 HIKSQHENDGLGAPOTSAPVAT VI TIPRE TSVP=ORTVRSLFNTL FLNRCEL GF VAFRYSVIARDRINVGO LIGAQS YRSTAKCLNTKAL TLGLTL TIGATVLL W VY TTAYIN-LERRCHRGY
MCIIETER G T TVRSLFNTLFLNRCCLGF VAR T SVIARDRINVEOTTGAGS YRSTAKCLNIMAL ILGLIL TIGATYLLYVYY ARG Y 278 186 189 IFITM1
TVITIPRS VIS VIARDRKMVED LIGAGS YRS TAKCL NIMAL TLGL YL 2
MISHISORFLPARAGLPPSYE T IKEE YGYTEL WILFFNRCCLGF TAYATSVESKORKYG0VIGAQRYRSTAKCLNISSLIFSYLAVIICLLIFSTTSAVVFISLSORRIILISSCRYS o @ IFITM7
217029 WGPPEGSAPHTS TVITIPRE TPHR-DRTVISLF STLFLUBCCLGFVAFATSVEARDRONGOTTGAGS YASTAKCLNTHAL VLGLLL TTTL VSRVEFRLYFRT
W12 STLFLIMCE G L NTANLVLGLLLTITL TR ATVSAVRE R YPRT 150
Y SVRARDRINYGOTTGAGS YRSTI
HHCRSOPFF T L FILRKIFOPPT § 88156 1M1 FiTME
EH4PIRT) n THSVFSTLYLLCEL GFLAL [ W m
_003194029 n RO THSYTSTL YUHLCCLGFLALAYS TEARDQKACOL ERARRL GSXAKCYNILATHAALVPPLLLLAL VWTGALHL SRLAKGSAAFF STRFDDSOYD 2447
_003T54416 HOTSYPREDPRAPTPRXRGAHTRL TLGAPRPPPRIIL TS STL YL NLCCL GFLALAYSTRARDOKSGOL ERARRL GSXAKTYNIL ATHAALYPPULLLALVYTGALHL SR AKGSRAFF STKFDDSOYI),
M_003TA2L HIKSQHENDGLGRPOTSAPYAT TVI T IPRE T SVP-DRIVRSLF NTLFLNRCCLG ¥R RYSVEVRPRREE TRAPGO TRRGLREGHGVS TRETR X 9180 213 IFITMS
HSIFITHL HHKEEHEVRYLGAPPSTILPRS TYINIHSETSYP-DHYYHSLFNTL FLHMCCLGF TAFRYS YK SRORSIVEDVTGAORYRSTAKCLNIHAL TL GILNTIGFTLLL
HSIFITH? - HNHTVOTF-SPYNSGOPPNYENLICEEE VAL GYPHNPRPPHS TV THIRSE TSVP-DIVVISLENTLFHNTCCLGF LNTHAL TLGIFTILLLTIFVLVVORGR
HSIFITHY  HNHTVATFF SPYNSGOPPRYENLICEEHEVAYLGRPHKPRPPTS 1Y THIRSE TSVP=ORVVMSLFNTL FHMPCCL LNIMAL TLGILKTILLIVIPYL TFORYG
HSIFITHS HOTRYPREDTRAPTPSKAGAHTAL TLGAPHPPPRUNL TS Y STL YLMLCCLGFLALFYSTKARDOKYYGOLERARRF GSKAKC THIL ARKTL YPPLLLLGLYYTGALHLARLAKDSARFFSTKFODRDYD
HHIFITHL HPKEQOEVVVLESPHISTSATATT MSLFNTLFINFELL NISSLFFTILTRIWVE
HHIFITH? HPEIQHEVYHGTPHTSTSSTTTLITHP-E ISKPOYYVHSLFNTLFHFECL GF OFASTARCLNISCLTLSVIYILFTT--——FFATRSFYPRLP
HHIFITHZ  HSHNSORFLS T-NAGLPPSYETIKEEVGYTELGEPSHSRYVRT S TS TP ST TICTIFSTTS PGS RORTPHScr
HHIFITHI  HNHTSOAF ITRASGGOPPNYERTKEEYEVAENGAPHESASYRTTVINGS MSLFWTLFIMFCCLGF TRYAY L) lﬂ“
HHIFITHE v GCCLGF TAVTY: T IFI.SLIH'II.N—!.
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Figure 2. Annotation of IFITM family member in pigs with amino acid sequences and
their genomic organizations. The 5’UTR, exon 1, intron, exon 2 and 3’UTR were
proportionally drawn according to their actual sizes if known. “?’ indicates a partially
known region or a totally unknown region in size. “X” means that these model RefSeqs
have no EST or non-RefSeq RNA evidence. Both human and mouse information are

included.
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Figure 3. (A) Sequence and domain structure analyses of porcine IFITM proteins. All
porcine IFITM proteins are centered by a CD225 functional domain of ~90 AA nearly
flanked by two transmembrane (TM) domains, except the two IFITM3L1 and 3L2 having
C-terminal truncated CD225 and only one TM domain. The diversity of N-terminal and
C-terminal sequence among all isoforms is depicted with line fragments of different color
and length. (B) Phylogenic analysis of human, mouse and porcine IFITM proteins rooted
using human IFITM10. All IFITMs from the three species have been evolved from a
closer ancestor than IFITMS5 proteins that form into a separate ortholog cluster. The
mammalian IFITM isoforms that have identified antiviral activity against influenza
viruses are depicted with ball lines; and asterisks (*) label porcine IFITMs predictably to
have anti-influenza activity. Species abbreviation: h, human; m, mouse and p, pig.
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Figure 4. Expression dynamics of IFITM family members in TBLN samples from pigs
infected with SIV, PRV, PCV2 and PRRSV at 1, 3, 6 and 14 dpi. Six porcine [FITM
genes were transcribed, with IFITM1, IFITM3/IFITM1L1abundantly expressed and up-
regulated at 3 dpi in the TBLN of SIV-infected pigs. [, significantly different TPM (95%
confidence interval) from control mean; IFITM, interferon induced transmembrane

proteins; TPM, transcripts per million tags.
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Figure 5. Real-time RT-PCR

Validation by real-time RT-PCR on RNA from the individual samples used in the
DGETP analysis of selected IFITM transcripts showing differential transcript abundance.
Fold change from the mean control transcript abundance (2 ") (left y axis) are shown
for transcripts IFITM1, IFITM1L1, IFITM1L2, IFITM1L3, IFITM1L4, IFITM2, IFITM3,
IFITM3L1, IFITM3L2 and IFITM5 normalized to the 18S endogenous control.
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Figure 6. IFN-a; and IFN-B transcript abundance

Real-time RT-PCR on RNA from the individual samples used in the DGETP analysis of
IFN-a; and IFN-f transcripts showing differential transcript abundance. Fold change
from the mean control transcript abundance (2 “AACY (left y axis) are shown for IFN-o
and IFN-f transcripts normalized to the 18S endogenous control.
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