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PRRSV

« Porcine reproductive and respiratory syndrome virus (PRRSV)
« Positive strand RNA virus, in the family Arteriviridae

+ Two types — PRRSV1 (European), PRRSV2 (North American)

+ Main target cells: monocyte / macrophage
Porcine alveolar macrophage (PAM): ~5%

SYMPTOM
Sows Growing pigs

+ Abortion

+ Early farrowing
+ Stillbirth * Respiratory problems
»  Mummified piglets
*  Weak piglets
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Economic losses by PRRSV

=~ Denmark
. - €60 per som Southeast Asia
PRRSV2 PRRSVL exc0person *__ 2 e
EeL PARVA 53 presumably, extremety high
; ’
\. PRRSV2 Belgium " \
& v ol 1
usA A -
Annusl costs P / Japan
Direct costs. US$ 664 x 10% rd / USS280 million year
st cota 18 471 10 / ;
US § 105-250 per sow A |
p; b8
- Spain | The Netherlands
PRRS outbreaks | PRRS outbreks
Samantn 105,000 £ €59 - 379 (mean €126} per sow
PRASV1 222,000 po farm €80 154 par iy
: =
Sublype : Westam Europe e S

‘Subtypes IV Eastem Europe
PRRSV 2

* PRRS is one of the most costly disease in pig industry

* In Europe and North America, the cost of PRRSV to the industry: $6.25-$15.25 USD per pig marketed
(Holtkamp et al., 2013; Nathues et al., 2017)

« Economic losses in Korea (PRRSV1) (Kim et al., 2022)
@ KRW 99,378 per mated female for the breeding-farrowing phage
@ KRW 8,968 per pig for the nursery growth phage
3 KRW 245,174 per sow in the post-outbreak period

https:/fwww.prrscontrol.com/prrs-the-disease/

PRRS host genetics consortium

Participating organizations

Yo oA .

National pork board

lowa State University Kansas State University Agricultural research service
Why was it established? Consortium approach Expected contribution
PRRSV infection shows Standardized PRRSV "7"’ Identify host genetic factors
large variation in viral challenge in commercial © linked to PRRS resistance
< ’ cc?nrol and growth 1 pig populations 25 and resilience

performance among

commercial pigs Core phenotypes: viral Improve understanding of

load, weight gain, host biclogy and i
immune response mechanisms of protection

PHGC was established

to test whether this SNP " s Provide a foundation for
variation has a denoype kiegraan m mechanism-based PRRS

genetic basis across experimental sites ool
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Host genetics approach and limitation for PRRS resistance

1 Measument of key phenotypes 2. Identification of host genetic factors

oes

Weight Gain

(Rowland ef af., 2012)

Results

3. Resistance-associated markers
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Limitations

W

+  PHGC aimed to identify host genetic factors and breed pigs
with genetic resistance in lowa

+  Viral load and weight gain were measured as key
quantitative phenotypes after PRRSV infection

+  QTL/GWAS analyses identified Sus scrofa chromosome 4
(SSC4)/WUR-GBPS, associated with lower viral load and
partially improved weight gain

1. Unclear transmission control
- No apparent WUR effect on infectivity or susceptibility
- - = e T 2. Environment-dependent effect
1Y) Cheas-Topiiy Sen £920) (Heen 2t 20) - WUR effects on growth and viral clearance differed by strains
E 3. Single-marker limitation

; ~ i
‘ W uilw"'l"'i"’ - One marker is not robust across diverse viral

environments

(IAD Paploski et al.,, 2019)

9
Genome Editing Approaches : Strategy, and Limitation
Target receptor and editing strategy
AT ELT 4 AL
E—— E———. By gm
4t & e maded:
- — . a:
* PRRSV entry depends on CD163, making receptor editing a direct intervention strategy
+ E529G reduced serum viral load under PRRSV challenge while preserving CD163
related physiological function
Limitation of GE-based PRRS resistance
r Partial Protection Only A r Long-term observation required r Lack of single-strain verification -
s i i i i i I
e d| ‘_ -—
[ THS,
« JXA1 challenge: viral load ~2 log|, WT + CD163 = M2 marker, Hb-Hp scavenger, + PRRSV-2: 9 lineages, frequent
2/3 died vs E529G 3/3 survived HO-1 anti-inflammatory multifunctional recombination, shifting dominant strains
+ But fever/symptoms present — partial receptor « Tested only against single strain
protection, not sterilizing + Short-term function preserved; long- JXA1 — escape/cross-ineage defense
(Pan etal,, 2024) term/multi-animal/multi-environment unevaluated (Zhang et al,, 2024)
unverified (Thomsen et al, 2013)
10
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PRRS Research Shift: Host-Virus Interaction

Viral variation as an environmental factor of mechanistic
change
+ Viral variation is a major challenge in PRRSV control as an
environmental factor

+ Evolving PRRSV may alter viral entry, pathogenicity, and
disease outcomes

+ Marker-based approaches are insufficient to overcome
viral diversity
Host-virus interaction as a sustainable framework

+ Mechanisms may vary, but the interaction-based
perspective provides a sustainable framework

;ﬁ%sv + This perspective shifts interpretation from marker
1‘“ association to biological mechanisms

(Zhang et al., 2024)

A model comprehensively capturing host-virus interactions is necessary

Animal Model for Phenotype Evaluation

P=G+E

* P : Phenotypic Value. G : Genotypic Value. E : Environmental Deviation

@*E
= G effected by E
= |t cause the transformations of the phenotype

Environment
~'.‘ 7‘.

Genotype

geneticeducation.co.in
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Functional Genomics ‘MO/’
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Multi-Omics Integration ‘MOJI’

Scientific Reports, 2018

Animal Genetics, 2018 & 2019
Functional Integrative & Genomics, 2019
Veterinary Research, 2020

Absolute fold change (FC) 2 4
Absolute correlation coefficient 2 0.9

630 nodes
7565 edges

+  Node color: Tissue and day

O Lung 3 dpi
o Lung 10 dpi
. Lung 21 dpi
. Lung 28 dpi
. Lung 35 dpi

O Lymph 3 dpi

O Lymph 10 dpi
O Lymph 21 dpi
© Lymph 28 dpi
@ Lymph 35 dpi

* Node size: Total max value

+ Edge color: Up down

— UP

« Edge width: Correlation coefficient value

— DoWN

O Tonsil 3 dpi
Q) Tonsil 10 dpi
@ Tonsil 21 dpi
@ Tonsil 28 dpi
. Tonsil 35 dpi

Cluster 1
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Integrative time-serial network based on cell

deconvolution of whole blood transcriptome
unveils systemic antiviral activities and cell-
specific immunological changes against
PRRSYV infection

Veterinary Research, 2025
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1 Experiment design & phenotypes

4-week-old piglets (n = 8)
Landrace (J) x Yorkshire (2) x Duroc (&)

” PRRSV (JA142) infection

Acclimation
—

8 pigs x 6 time points = total 48 samples
Bulk RNA-seq using 45 samples (high quality)
(Paired-end, 100 bp, lllumina HiSeq4000)

L 1 1l 1l il 1 ]
b L T T ¥ ¥ 1
-7 dpi 0dpi 3 dpi 7 dpi 14 dpi 21 dpi 28 dpi  dpi: days post infection
| Whole blood |
60 3.0
E £
850 2 25
a0 2520
- $3
§530 5 1.5
= 2o
S%20 3210
E 2
31.0 s 05
N <
200 . —— 0.0 .
- 03 7 14 21 28 03 7 14 21 28

Days post infection (dpi)

Days post infection (dpi)

17
1 cCell deconvolution
Bulk RNA-seq scRNA-seq Deconvolution
Bulk Sample 1 e
1SNE_1
Single-Cell Reference 2
E; 02 04 o8 o8 10
= Cell type proportions
Bl
Lo
05 82 04 08 68 1ol (Dong et al., 2021)
,,,,,,,,,,, s O . ... SO
To estimate cell proportions in bulk whole blood samples
18
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I2 DEG profiling

7 dpi 14 dpi 21 dpi 28 dpi
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3 Gene co-expression network
623 nodes (genes) KEGG enrichment
44,327 edges (interactions) Erythrocyte- & Platelet-specific
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7 Coronavirus disease - COVID-19+ 6 “loguPvalue
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25 05 Porphyrin melabolism | [ ]
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% 5
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:: T cell-specific Protein processing in endoplasmic reticulum 4 3 . [
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2 os Chagas disease 4 6
Foo
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10
15 Viral protem interaction with cylokin and cylokine receplor o 5
20
- LR Complement and coagulation cascades 5
dpi
° ] Transcriptional misregulation in cancer 4 ¥
o}
o 1
Monocyte- & Neutrophil-specific T cell- & NK cell-specif Rap1 signaling pathway 6
25 25 & o &
20 20 &« © _\@P';@
15 15 1 R
o 10 et AN A ) . . -
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oo oo o
.?_05 3-05 e .
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Er 5
e ais e 2R o e I cell- & NK cell-specific: Innate & adaptive responses
dpi dpi

Monocyte- & neutrophil-specific: Inflammatory responses

20
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4 Gene modulation

Cytokine-cytokine receptor interaction

Viremia-specific T cell- &NKoeIIspeclr“c M yte- & neutrophil-specifi
IR | [ [ [ __l_I_ Module
D03 I
Do7 .
| | | D14 .
D21
- 1 -2
D28 I
S g O (9 & P00 2> orc
O < 0
¢ \‘<‘§Q§: & d‘ £z

+ OSM (activated T cells, monocytes, and macrophages), IL5 (activated T cells), TNFSF10 (activated T cells, NK cells, and
macrophages), CXCL10 (activated T cells, neutrophils, and monocytes), and CSF1 (monocytes)

+ STAT3 (OSM and IL5) and STATS (IL5 and CSF1) in JAK/STAT signaling are crucial factor for differentiation of Thy; and T .,

contributing adaptive immune responses
+ CSF1 (activation of phagocyte system), TNFSF10 (apoptosis), and CXCL10 (chemoattraction of monocytes and T cells)

.

IL10 (anti-inflammatory), IFNG (pro-inflammatory), and CCL5 (chemoattraction) are

contributing adaptive immune responses

+ JL18 is marker for antigen presenting cells, and it stimulates both innate and adaptive immune responses

21

Conclusions

« Antiviral activities by various immune cells and T cell differentiation through

JAK/STAT signaling pathway at early times after PRRSV infection are up-

regulated

+ T cell populations are increased through chemoattraction regulation

* Innate and adaptive immune signaling through mainly activated T cells are up-

regulated at early times and maintained at late times after the infection

+ Circulating monocytes and neutrophils migrate to local target organs such as

the lung, indicating down-regulation of inflammatory responses in blood

22
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Integrated time-serial transcriptome networks

reveal common innate and tissue-specific
adaptive immune responses to PRRSV
infection

Veterinary Research, 2020
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I 1 Experiment design & phenotypes

A Landrace (3) x Yorkshire (§) x Duroc (&) 4-week-old piglets (n = 40)
n PRRSV (JA142) infection
Acclimation %
‘h:i ﬂ:pl J:pl 1I'I'¢p| Zl-dpl ﬂ-dpl H:pl
| | | l
| Blood, Lung, BLN, Tonsil |
I | | ——
| Antibodies | I Viral loads I I Bulk RNA-seq |

(High-quality 36 samples,
Paired-end, 100 bp, lllumina HiSeq4000)

55 55 =5 35
50 1 50
;u %”
Eao - &a2s
gu e
LET) gzn‘
28 | z
2 ﬁtl
[ = 3
Eu F10
g "
SDJ‘
Serum viral loads
(T St e S . M 00

) s 10 2 E
Days post infaction (dpi)

10 Ell
Days post infection (dpi)

24
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? DEG profiling

25
* [55 gonem (330)
3
. TLLLLLI
. 4
V30 (ALED
a1
630 nodes (Genes)
7,565 edges (Interactions)
26
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I 4  Functional enrichment

Influenza A
ine receptor interaction

Cylokine-cytoki
RIG-I-like receptor sig_naling paum_my

Herpes simplex infection

Cytosolic DNA-sensing pathway

Measles

Hepatitis C
. . JAK-STAT signalii
3 dpi-specific W"Uﬁm

Toll-like receplor signaling pathway
Chemokil

ine signaling pathway

(Antiviral responses, Malaria

Sensing pathways) Piok=AN ok Mimgﬁ"” B
Tuberculosis

Rheumaloid arthritis

HIF-1 signaling pathway

Cytokine-cytokine receplor interaction
Neuroactive ligand-receptor i .

-og,, P-value
60

interaction
Lung-specific Cell adnesion (CAMs)

in cancer

(ll signalir\g pam

Pancreatic secretion

P

AMPK signaling pathway

Phagosome

PPAR signaling pathway
Nitrogen i

-og,, Pvalue
30

BLN-specific

20

o Niroge
(Lipid metabolism, i~ e
Phagosome) i bon In cancer

ing pathway

Glucagon signali

o

27

Viral infection
pathways

Common up-regulation of antiviral

DDX58 and IFIH1 (molecules for
recognizing virus-infected cells)
RSAD2, MX1, RNASEL (interferon-
inducible antiviral protein)

OAS2 (activation of RNASEL)

High expression in lymphoid organs
(BLNs and tonsils)

« IFN-ALPHAOMEGA encodes IFN-a
+ IFNB1 encodes IFN-8

responses in target tissues

28
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6 Gene modulation (lung-specific)

Ligand
+ CCL20 functions as chemoattraction
» TNFSF11 (T cells) increases ability of DCs

Immune signaling to stimulate naive T cell proliferation

pathways ) ) ) .
« CD70 (antigen-presenting cells, activated
JI ¥ T "'/C T and B) activates T and B cells
1 e - \ \
oG )
@ Receptor

\ + CXCR3 (T cells) acts as a receptor of
various chemokines

+ TNFRSF4 (activated T cells) acts as

interaction with antigen-presenting cells

TNFRSF9 (T cells) acts as interaction with

antigen-presenting cells and T cells

Lung-specific up-
regulation of adaptive

immune responses

29

Conclusions

» Antiviral and innate immune signaling at early times after PRRSV infection are
up-regulated

+ Adaptive immune signaling through activated T cells at late times in lungs are
up-regulated

+ Phagosome is down-regulated by modulation of lipid metabolism in BLNs after

the infection, which can affect viral persistent infection

30
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Integrative time-serial networks for genome-

wide IncRNA-mRNA interactions reveal
interferon-inducible antiviral and T-cell
receptor regulations against PRRSV infection

Developmental and Comparative Immunology, 2023
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I 1 Data processing

MAPPING De novo ASSEMBLY

Quality check (FastQC)

|

| Trimming (Tlrimmomutic)
1 |

|

Mapping (HISAT2)

______ e e ki

Rfam E.value < 0.001 (BLASTN)

Bronchial lymph node (BLN)

I
Overlapping sample =1 (Custom) W 28,830

3 Novel IncRNA GTF(.gtf)
_________________________ -
Known 21,280 mRNAs
Known 6,790 IncRNAs Final combined GTF (.gtf)
Novel 28,830 IncRNAs

Tonsil 44 Counting (featureCounts) 1 a2
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| 1
: l Length < 200 & exon number = 1 (Custom) J I
1

1 I
1 ORF 2 300 (TransDecoder) 160,201 |}

1 5 1
I
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i 1
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2

Characteristics of novel IncRNAs

A, B)
Novel IncRNA
000075 Krsivss oA,
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£ 0.00050 H
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000000 0.0
[] 10600 20000 30000 40000 50000 a 2 40 80 (]
Length Exon number
(©€) (F) 56% Novel 28,830 IncRNAs
Known 6,790 IncRNAs
0.004
£
snmz
48.7%
oo [] 2500 5000 7500 10000
Orf length
13.1%
(D) (E)
K (M) ae%
12 .| ‘|‘ | |\' 8.2%
il : g ‘.‘ i Bidwectional
X £ ol Sense exonic
! o H g | ‘ Antisense exonic.
£ i | S I Sense intronic
L i | | ‘.‘ Antisense intronic
Ay d =
o ——— ' |
——— T 33
3 Time series of DE IncRNAs
- DE IncRNAs (Black) - B
(A) DE mRNAs (Other colors) (B) mRNAS IncRNAs
34
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4 Gene co-expression network (3 dpi-specific)

Q
o LN e e
\ 7:0_"5;“0532335
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mRNA @ ¢ & 21dpi : i ¢ /
® & @ 28dpi TCONS_00303287 N/
IncRNA ® @ @ 35dpi IFN-ALPHAOMEGA
o QO
TCONS_00382869 . » P
S}
[ B

13 IncRNA-mRNA interactions
Hepatitis C

[ infuenzaa’] 1
Cylosolic DNA-sensing pathway i
Measies as + Antiviral responses
Coronavirus disease - COVID-19
[

Herpes simplex virus 1 infection
RIG-I-like receptor signaling pathway [ ]

0

~logy, P-value
56

10 + Sensing pathways

20 40 60
Fold Enrichment 35

5 Gene co-expression network (Lung-specific)

TCONS_00219259

o @
3dpi
10 dpi
® e o 2dpl
mRNA e o @ 28dpi
IncRNA ® ® @ 35dpi

* Innate immune responses

+ Adaptive immune responses

Lung-specific 142 IncRNA-mRNA interactions
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Primary immunodeficiency 21

Intestinal immune network for IgA production
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6 Modulation by IncRNAs

Network LncRNA Chr! Location Type Target mRNA  Regulation Corr?
204,833,179- .
2172 § J
TCONS_00217280 13 304.841.410 Intergenic RNASEL trans 0.90
124,859,372- . IFN-
2 5 ; .92
TCONS_00382869 1 124.872.401 Intergenic . o o MEGA trans 0.9
204,833,171- . "
5 ; 5
TCONS_00259835 13 204.835.980 Intergenic DDX38 trans 0.92
Yellow St
,250,188- Sense -
25 e 2
TCONS_00303257 14 101.254.619 il DDX58 trans 0.92
ENSSSCG00000045477 14 7,260,030 Intergenic MX1 trans 0.90
7,371,718
130,590,032- Antisense
5
TCONS_00932830 8 130.501.714 exonic RSAD2 trans 0.66
170,029,025- Antisense <
2192 -
TCONS_00219259 13 170,034,400 intronic CXCR> trans 0.94
Lung el ENSSSCG00000042827 4 69,183,628 Intergeni IL2IR 0.92
1 282 60.404.114 ntergenic trans .92
I Chromosome, ? Correlation
(Positively regulated by IncRNAs)
+ T cell receptor genes (CXCR5 and IL21R) (Negatively regulated by IncRNAs)
CXCRS5, encodes a receptor for CXCL13, plays a role in the process of B cell migration in lymph nodes
IL21R encodes receptor for IL21 that enhances proliferation of Th,; and B cells
37

Conclusions

* Interferon-inducible and an interferon genes related to antiviral and innate
immune signaling were positively regulated by IncRNAs at early times in all
tissues after PRRSV infection

+ T-cell receptor genes, contributing changes in T and B cells, related to adaptive

immune signaling were negatively regulated by IncRNAs at late times in the lungs

38
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Single-cell transcriptomic landscape in BALF

with varying PRRSV virulence levels reveals
the mechanisms for lung recovery and
bystander cell death regulation by exosomal
miRNAs

Nature Communications, 2025
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I 1 Experiment design & phenotypes
Negative (n = 12)
Landrace (&) x Yorkshire () x Duroc (3) NAB: low virulence, mild (n = 6)
R JA142: intermediate virulence, acute, recoverable (n = 12)
4-week-old piglets (n = 36) NA10: high virulence, peracute, non-recoverable (n = 6)
g PRRSV (NAS or JA142 or NA10) infection
Acclimation Negative & JAL42
® e P...0 o o
! = T T T
rm ﬁ_ Serum (2,3,6,8) &/i" Nasal swab (2)
BALF (6) o
I @
[ Exosome | BALF cell (5,7) Clinical outcome & Immune responses
Small RNA-seq scRNA-seq
E - ® BB <z ‘\/ : ;
e N = - a & i
== \ e i T
Heatiicnicn foet L g Aligament & Lelltype  viral tracking 1. Weight loss 2.viralload 3. PRRSV-specific1gG 4. Pathological evaluation
lr- GENEONTOLOGY '.-" (RN ] B -
@ ko By ¥ ﬁ T | B 1] ;.- J‘{)
= e RS S pal P Y7 Fal =
@ R ;_,_r K g ‘.’ i N I; - s s
0 een Network ""‘:,?;ﬂﬁﬁf‘“" RNAvelocity  GSEA 5. Flow cytometry 6. Cytokine immunoass: ay  7.RT-qPCR 8. Kyn/Trp ELISA
40
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?  Phenotypes

Serum Viremia Anti-PRRSV ELISA Lung Viral Load
58 2z 4
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% 3 g 20 Iga I = * NAS
g, i:: gaf | T - JAN42
g, = 08 = 1 . - NATO
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e
- |
g :
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E
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" 3
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Epithelial
pithelia I.

306,052 cells

42
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4 cCell distribution & Viral tracking
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I 5  Macrophage and DC subpopulation
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6

NK and T cell subpopulation

Masure NK coll
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/ B cell subpopulation
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I 8 Functional enrichment

Infected vs. bystander macrophages

+ Infected macrophages are

down-regulated in metabolic,

I immune, and cell signaling

(including apoptosis)

. (NA10 < JA142)

JA14Z (itormediate)
MATD (High)

e = Metabolic signaling
i —— Immune signaling
== Cell signaling

47

9

Functional enrichment

Bystander vs. negative macrophages

Bystander

macrophages are up-

regulated in immune

signaling at peak-

damage point (NA10 >

JA142)

+ Bystander macrophages are

up-regulated in necroptosis and

pyroptosis (inflammatory cell
death) (NA10 > JA142)

48
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10 Exosomal miRNAs

S PE wanil NA10 7 dpi vs. JA142 14 dpi
o0 " . .
DE exosomal miRNA o reBle 20%“2 (comparison of peak-damage points)
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B St
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N
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Predicted target gene ‘3’39 See®e” @
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+ High cell death leads high expression of miRNAs @aeﬁ >

+  Similar enrichment results (including cell death)

miR-145-5p, contributes anti-infl

miR-124-3p and miR-423-5p (in NA10) promote cell pyroptosis through regulation of NLRP3

ion by targeting i eptors, result in M2-like

polarization in PRRSV infection (in JA142)

miR-335-5p inhibits inflamm:

atory and innate immune responses of macrophages (in JA142)

Exosomal miRNAs induced by NA10 contribute cell death (pyroptosis)

Exosomal miRNAs induced by JA142 contribute anti-inflammation and M2-like polarization

Normal state
e |
4142 infection HA10 infection
(intermediate virulence) (High viruience)
l Imeversie
Mon rcoreratis
Farcun
Peak-damage stage 3
BALFcoll  BALF
ceur
G
oL
Exci
cuis
|| cupsnes
Conpmet 1
Rt
Ero 2
Dt e
o
JA14Z 14 dpi
Recovery stage PRRSV infected macrophage
1 Wosmal or bystandes macrophage
U Maine racrophags (SPP1.CXCL1Ew macrephage)
. Doad macrophage
Macropha
iRt ® Mool
MK cen 3
iy ® Tem %
Boan s T § Bt
Plasma coll 1 > Plasma coll
@ Eneocye
@ Monocyin
+ Excaome (with anthinflammatory mifNAs)
S +_ Exoaoms (with celldesth miRNAS)

Large-scale comprehensive longitudinal
changes in the immune cell composition of
BALF with varying virulence levels for
PRRSV

Peak-damage points are different

according to varying PRRSV virulence

Anti-inflammatory M2-like macrophages
contributes to lung recovery, regulated by
exosomal miRNAs, from intermediate
virulent infection (JA142)

High virulent infection (NA10) accelerates

bystander cell death (pyroptosis), regulated

by exosomal miRNAs, leads to death
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Single-cell co-expression module-metabolite-

microbe landscape in BALF with varying
PRRSYV virulence reveals tempo-graded
macrophage immune collapse

Lim et al., 2026, In progress

L 4,

,,c# EIGKIH

*’Ha%\

I 1 Experiment design & phenotypes

Negative (n = 12)

Landrace (&) x Yorkshire () x Duroc (3) NAB: low virulence, mild (n = 6)
R JA142: intermediate virulence, acute, recoverable (n = 12)
4-week-old piglets (n = 36) NA10: high virulence, peracute, non-recoverable (n = 6)

PRRSV (NAS or JA142 or NA10) infection

Acclimation Negative & JA142
@ e D it @

rm 3 a_— Serurrt (2,3,6,8) &,i"'uml swab (2) :

BALF (6) &
ﬁ ; *
Metabolome & Microbiome BALF cell (5,7) Clinical outcome & Immune responses

Metabolome (GC-MS) scRNA-seq

o B a 11
N I L,L.L; L I @i o, ‘9{% b/ ‘\/ F
) LT e i ;
- ‘7‘ 4 ‘ ‘ v I
' - Metabolieprofling [} 2. Pty evichmert g ol 1LWeightloss  2.Viralload 3. PRRSV-specific |G 4. Pathological evaluation
Microbiome (Metagenomic shotgun + 165 long-read) ’ &
P [ ] ee e
PR s & s b= ,ﬁ\ o
" — - "f '. ‘,' »' Z gl b+ i - :
e , t‘i v I]_J_- =
] | oW W Eis
1 Taxonomic profiling 2. Functional analysis mﬁ,’,‘n’:k’ RNA velocity GSEA 5. Flow cytometry 6. Cytokine immunoassay 7. RT-gPCR 8. Kyn/Trp ELISA
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Gene module based analysis

2. Gene-gene correlation / module 7|4 84
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4 Gene module based analysis

Fig3F T_M11 — ISG antiviral cassette (mirrors Mac_M19)

B. mean M11 score - strain x dpi €. function blocks within the module - what drives the gradient
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5 Gene module based analysis
Fig2F M42 — Cholesterol efflux / M2 lipid resolution
B. mean M42 score - strain x dpi C. function blocks within the module -~ what drives the gradient
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6

Metabolite analysis
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I Suggestive mechanism

The Vicious Cycle
PRRSV NA10-induced tempo compression drives host collap
bial assault, and pathological lock
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Identification of epigenomic alterations based
on chromatin accessibility and histone
modification against varying PRRSV virulence

Lim et al., 2026, In progress
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Epigenetic alteration by viral infection

%, Respiratory viruses

> «JPRe PAMP -
: Pro-inflammatory |
Pyroptosis Ay TLR1 TLRS ) response \
N » ¥ TLR2 TLRG é-’um Cell Membrane \
R ¥ o " f LR
fie Inlellercms VnmN’:LHj
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Inflammasome + 38RNA

assembly
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/ LRs
NOD1/NOD2 e, :|LGR:1 Viral RNA
(AU Remavs ORD
5/
1 Cytosol "\‘tﬁ‘ 18 “J:\ LGP2
oy —=1.,9)
v N
‘\ Nucleus
f Viral DA I\I\I\I\I\I\I
Expression of type | interferon (IFN a/B) genes
~dsDNA ,"yfaﬂoﬂ cetylation
! TLR
Ml e -
MNDA 5Msmw:y
o m‘ interferes
with signalling
pathways, NFk8 etc
(Saha et al., 2025) 61
Epigenomics
EPIGENETIC MECHANISMS HEALTH ENDPOINTS
are affected by these factors and processes: .
* Development (in utero, childhood) * Autoimmune disease
* Environmental chemicals * Mental disorders
* Drugs/Pharmaceuticals + Diabetes
* Aging
EPIGENETIC
FACTOR
G @ METHYL GROUP
HISTONE TAIL
HISTONE TAIL
DNA accessible, gene active
Histone modification
The binding of epigenetic factors to histone “tails™
Histones are proteins around which | HISTONE alters the extent to which DNA is wrapped
DNA can wind for compaction and DMA inaccessible, gene inactive histones and the availability of genes in the DNA
gene regulation. to be activated.
+ ATAC-seq (Assay for Transposase-Accessible Chromatin using sequencing)
+ ChIP-seq (Chromatin Immunoprecipitation Sequencing)
62
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I 1 Experimental design

n PRRSV (NA8 or JA142 or NA10) infection
Acclimation % NA8 & NA10

7 dpi odpi | 3dpi 7 dpi 14 dpi 21dpi
| Lung & BLN & Tonsil

+ Negative control

* NAB (Low pathogenic)

«  JA142 (Medium pathogenic)
« NA10 (High pathogenic)

1. ATAC-Seq in Lung

2. CUT&Tag in Lung (H3K27ac)

l

Activated enhancer & promoter marker

BALF: Bronchoalveolar lavage fluid
83

I ?  Feature distribution (based on region)

Chromatin accessibility (ATAC-seq) Histone modification (CUT&Tag)

Feature Distribution - Lung Feature Distribution - Lur

e
vomase: (c5148)
romeset (5 24
ot (2:34]
U
um
e

e
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I 4  Feature distribution (based on TSS)

Chromatin accessibility (ATAC-seq)

TSS Distance - Lung

Negative 34
Negative_7 -
Negative_14 4
Negative_21 4
NAB_3-
NAB_7 4
JA142_34
JA142_7 4
JA142_14 1
JA142_ 214
NA10_3
NA10_7 4

s T T e e
50 40 30 20 10 TSS 10 20 30 40 50 60

Binding sites (%) (5'->3")

TSS: transcription start site

Histone modification (CUT&Tag)

TSS Distance - Lung

Negative_3 4
Negative_7 4
Negative_14 4
Negative_21 4
JA142_3
JA142_7A
JA142_ 144
JA142 214

NA10_34

NA10_74

40 30 20 10 TSS 10 20 30 40 50 60
Binding sites (%) (5'->3")

Feature
0-1kb
| BRI
R
[ 50k
[ 10-100k0
| 100k
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I 4 Differential regions

Chromatin accessibility (ATAC-seq)

NAS8 vs Neg 3 dpi, 0

NAS8 vs Neg 7 dpi, O

JA142 vs Neg 3 dpi, 25 up 1 down
JA142 vs Neg 7 dpi, 1 up

JA142 vs Neg 14 dpi, 9666 up 12 down
JA142 vs Neg 21 dpi, 93 up 15 down
NA10 vs Neg 3 dpi, 296 up 12 down
NA10 vs Neg 7 dpi, 45 up 35 down

Histone modification (CUT&Tag based on H3K27ac)

JA142 vs Neg 3 dpi, 18 up

JA142 vs Neg 7 dpi, 1 up

JA142 vs Neg 14 dpi, 2441 up 4972 down
JA142 vs Neg 21 dpi, 25 up

NA10 vs Neg 3 dpi, 68 up

NA10 vs Neg 7 dpi, 206 up 78 down
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5 ' Functional enrichment

Chromatin accessibility (ATAC-seq)

Histone modification (CUT&Tag based on H3K27ac)

JA142 vs Neg 14 dpi, promoter, up (top 10)
« Chemokine signaling pathway

= Osteoclast differentiation

Natural killer cell mediated cytotoxicity

T cell receptor signaling pathway

Human cytomegalovirus infection

B cell receptor signaling pathway

Th17 cell differentiation

Th1 and Th2 cell differentiation

Human immunodeficiency virus 1 infection
Apoptosis

NA10 vs Neg 3 dpi, promoter, up

«  RIG-I-like receptor signaling pathway
Hepatitis C

Influenza A

Coronavirus disease - COVID-19
Measles

Epstein-Barr virus infection

Human papillomavirus infection

Peracute

In peracute high-virulence PRRSV infection, there is insufficient time for epigenetic

JA142 vs Neg 14 dpi, promoter, up (top 10)

Viral protein interaction with cytokine and cytokine receptor
Th1 and Th2 cell differentiation

T cell receptor signaling pathway

Cytokine-cytokine receptor interaction

Cell adhesion molecules

Chemokine signaling pathway

Natural killer cell mediated cytotoxicity

Autoimmune thyroid disease

PD-L1 expression and PD-1 checkpoint pathway in cancer
Graft-versus-host disease

JA142 vs Neg 14 dpi, promoter, down (top 10)

+ Cytoskeleton in muscle cells

+ Focal adhesion

ECM-receptor interaction

PI3K-Akt signaling pathway

Human papillomavirus infection

Protein digestion and absorption

Choline metabolism in cancer

AGE-RAGE signaling pathway in diabetic complications
Signaling pathways regulating pluripotency of stem cells
Axen guidance

Acute

remodeling, whereas in acute intermediate-virulence infection, such remodeling is activated
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Further Perspectives
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From PRRSV Functional Genomics to Ultimate Genotype Engineering
Engineering the Next Generation of Disease-Resilient Pigs Beyond Vaccination

EMERGING THREAT 10 YEARS OF PRRSV FUNCTIONAL GENOMICS (2015-2025) FUTURE DIRECTION

PRRSV New Strain in Korea / / 'x / / \ / \ ULTIMATE GENOTYPE
L'lA - ( ENGINEERING
Emergence & Spread = \M / \*-’-- \\ / \?”-b / \ Can we design pigs that are
naturally resilient to PRRSV?
GWAS/ RNA-seq  scRNA-seq iplgemml: Erosomal  Host-Pathogen A8 Machine
» Genomic (Bull) &Regulatery  mRNA  Interaction  Learning N
* * E 3 Prediction MNetworks  Biomarkers  Networks  Analytics | Al-assisted resistance
S / / W/ predicton
* = fi BIOLOGICAL MECHANISMS DECIPHERED 7
== { /@\ Host resistance gene
*/ . ¥ 3 - . / discovery & validation
" @ r\V/‘ mc-.-m Macrophage Innate Immune S —h
l\ N 7 ﬂ/_ 2\ brecision breeding
» [ } \_ & genomic selection
'3*' Increasing field outbreaks.
High genetic diversity | in: Genome editing
and vial evolutien \ (CRISPR & beyond)
Reduced effectiveness A &
f of current vaccines i | /U_.\ Host-directed therapeutics
Economic losses & 4 & immune modulation
{i public health concern &
W
PIG FOUNDATION MODEL NATIONAL PRRSV FUNCTIONAL
& DIGITAL TWIN ULTIMATE PRRS- RESISTANT PIG GENOMICS INITIATIVE
Healthier pigs = I d industry @ ) C/B
) }" 4/ 14 @
3 sl A Multinstitution  Big Data Data Sharing Global
" . Colabotion Pltform & Standurdization  Patnecship
S ¢ | {
+ Muti-omics integration !
+ Systams biokogy modeling e Building a national platform to
+ Al-driven disease simulation lead global P! ch and control

@ Our Vision athogen-Centered C e a Better Pig.
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