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Viral diseases: a threat to aquaculture

Infection can lead to high mortality

As seen in infectious salmon anaemia (ISA) outbreaks in Scotland in 1998-9

and in Chile in 2007-8 which led to large losses of farmed salmon.

Infection can lead to poor growth

Salmonid alpha virus (SAV) causes chronic infection.



Virus Abbreviation Genome Taxonomic Aquaculture | Geographic
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Virus detection and activation of antiviral pathways
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Anti-viral defences in vertebrates <E ABERDEEN

The “antiviral state”

o

Viral RNA
= degradation

— § 0AS—— { ribonuclease

_ = Viral protein
I PKR lelF l synthesis

f Mmx, Viperin, etc

OAS = 2’, 5’ oligoadenylate synthetase

PKR = protein kinase R — phosphorylates elF, which becomes inactive
elF = eucaryatic translation initiation factor

Mx = GTPase, able to block the traffic of viral proteins
Viperin = virus inhibitory protein, down-regulates viral structural proteins needed for virus assembly
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Sadler & Williams, Nature Reviews Immunol 8, 2008, 559-68.



In mammals type | IFNs occur as multiple genes
and multiple subgroups - a, B, x, &, ®, T, 9, C

Eg Human type | IFNa genes are clustered, on chr 9

13 alpha interfeions in humans
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Major events in fish interferon research
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Crystal Structure of Zebrafish Interferons I and II Reveals
Conservation of Type I Interferon Structure in Vertebrates'+ Immunogenetics (2009) 61:315-325

Ole Jensen Hamming,' Georges Lutfalla,” Jean-Pierre Levraud,** and Rune Hartmann'*



Antiviral functions of fish IFNs are conserved XBEEE{SEE%

Trout type | IFNs
enhance host resistance

against viral infection Trout RTG-2 cells were incubated

with rIFN for 4 h prior to virus challenge.

Zou et al, J Immunol, 179, 2007, 3859-71.
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Tetrapod 4 Cys
group

Mammalian 2 Cys
group (IFN-P and ¢)

Fish 4 Cys
group

Fish 2 Cys
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Analysis of 3 trout BAC clones

770C03
149654 bp
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- 5 IFN
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of IFN genes and % UFN-cl
g o2 IEN IFN-¢5 1FN-c6
pSeuao genes are - . s TN
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X Tt IFN
£ -3 IFN ':',r:' IFN L
IFN-bS ‘7 IEN I’ IFN
5 IFN IFNoed 23 IEN
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Zou et al, J Immunol 193, 2014, 2273-86.



18-33% sequence identity
between subgroups

>81% sequence identity
within a subgroup
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18-33% sequence identity
between subgroups

>81% sequence identity
within a subgroup
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IFN-a fold change

IFN-e fold change
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Interferon
expression in
kidney and
spleen of trout
following viral
challenge (with
VHSV).



Diversifications of type | interferon subfamilies in teleosts
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Seabream

Type | IFN repertoire of Sea bass

I Barred knifejaw

] i Large yellow croaker
Acanthopterygian fish caker
orange spotted grouper
convict grouper

59 Flounder
< d > Fugu

5 100 Tetraodon
- Tilapia

Tilapia

68 h Medaka

99

100
——ll

Killifish
99 Barramundi
i < Turbot
-,;_Li C Stickleback
72

Large yellow croaker
\ E Spiny chromis
— Tilapia

Tilapia burtoni
‘I Zebra mbuna
P. nyererei
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IFN gene cloning strategy

RESEARCH ARTICLE

Genome Sequencing of the Perciform Fish
Larimichthys crocea Provides Insights into A GENETICS
Molecular and Genetic Mechanisms of Stress @ PLOS ‘
Adaptation

Jingqun Ao'®, Yinnan Mu'®, Li-Xin Xiang®*, DingDing Fan®*, MingJi Feng®®, et al.

Forward

7 —> IFN genes =—> H:—:H —>

: : Reverse
Large yellow

croaker genome



UNIVERSITY OF
ABERDEEN

IFN genes have been cloned in meagre

IFN1

ATGacacttcagtcctcttcagtcctecttgtectecectgecaggtctacagectcaagttg
M T L Q S S S V L L V L L O V Y S L K L
atggtggctgccatgccgacctgtcagectggaaggagacctggtccagtecggeccaccac
M VA A MUPT S Q L E G DL V Q S A H H
ctgctcagagacctgggggcggcecgtttecctgtceccactgectgecgtacaacgeccaacgte

tcctttccaagctececgecttececctgetgecacageccaatcatcctcagtgeecgtaaagea
ttatgggtggtgcatgaatccctgecgggaggcggggctaatattccaggacaatgacata
cctgtcggagagggcggggtcacctggaacgaccagaaactcgaagacttccagaacttg
cagtaccgactggtggaggaggggagctgtctgtccecgtgtcaatggttcaggtgttttg

tcgtcttacttcagtaacgtgacggcagttcttcaagagcaggacagtgctgectgtggt

tggatggctctgaggagagatctgctctgggtcctaaagtctgececctgecagaaacaccac
R DL L WV L K S ATUL Q K H H

acctgctttacctggagaggtgtccgcTAA

T CF T WU R G V R -
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) IFN2

ATGctcagcaggatcttgtttgtgtgectgtctetcagtetgtacagtgecaggctecteg
M L S R T L F V C L S L S L Y S A G S
ctaagctgcagatggatggatcataaattcagacagtacagtgaaaattctttggatcta
L s C R W
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1]
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T H L M R A D Q L V S S
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L L N T N -

2 Cysteines

IFN3

ATGgttaactggaccggcgtgctcttegtectetgtggggecctectgactectgeacte
M V N W T G V L F V L C G A L L T P A L
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Meagre type | IFN genes UNIVERSITY OF
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Large yellow croaker

Meagre
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Interferon expression during development

Sampling Whole animal Tissues
I A
( \ | |
Larva Metamorphosis Juvenile Adult
]
8 15 29 40 43 60 85 96 120

Days Post Hatch
Feeding regime

Rotifers Artemia to day 31

Commercial feed from day 21
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Interferon expression during development ABERDEEN

Larva Metamorphosis Juvenile Adult
8 15 29 40 43 60
2 IFNc 0,004 - i
0,0035 - 1PN 0.9 IFNh
) 0,007 -
1,5 - 0,003 - oo _\
0,0025 T 0'005 4
1 - 0,002 7 0'004 -
0,0015 7 0'003 -
0,5 _j 0,001 7 i ' i 0'002 _j
0,0005 - |
, 0,001
0 I T - T T i T i T -_V 0 _j T T T T T i_V 0 _ T - T I i I i I -_\

Day8 Day15 Day29 Day40 Day47 Day 60 Day 8 Day 15 Day 29 Day 40 Day 47 Day 60 Day8 Day15 Day29 Day40 Day47 Day60
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Interferon expression during development ¥ ABERDEEN
Larva Metamorphosis Juvenile Adult
85 96 120
14 - IFNc % Day 85 0,007 IFNd 0,007 IFNh ® Day 85
1,2 - O Day 96 0,006 - 0,006 O Day 96
1 - B Day 120 0,005 - ® Day 85 0,005 M Day 120
08 - oooa | Dav96 0,004
! M Day 120
0,6 n 0'003 . 0,003
0,4 0,002 - 0,002
0,2 - . 0,001

el

Gill

gut hk

sp

0,001

Gill gut

hk

sp

Gill gut hk sp

High expression of all 3 in spleen

IFNc expression is the highest
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Meagre tissue stimulation setup ABERDEEN

In Vivo

IR Vitro
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Interferon expression in different tissues ABERDEEN

following PAMP stimulation in vivo

B pPBS B Poly I:C: 100 pg/mL LPS: 50 ug/ [ B-glucan: 50 pg/mL
mL

IFNc IFNd IFNh

12

10

o - N w =] (O] (o] ~

o N = [e)} oo

Gill GUT HK SP Gill Gut HK SP Gill Gut HK SP

HK = head kidney; SP = spleen
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Interferon expression in ABERDEEN

cultured splenocytes

] PBS
EN B Poly I:C: 100 pg/mL
C
B LPS: 50 pg/mL
[ B-glucan: 50 pg/mL
IFNd
4 - IFNh
3 . 20 - .
2 - 15 -
Time (h) 1 ] 10 -
0 _
5 .
Time (h) 0.
4 12 24

N/B Similar results with HK cells i
Time (h)
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Conclusions PABERDEEN

» Meagre have a complex IFN system, with multiple IFN subgroups present

» Meagre IFNs are transiently up-regulated when fed a commercial diet

» Meagre IFNc is relatively highly expressed in embryos and spleen

» Meagre IFNs are induced by poly I:C in vivo and in vitro, indicating an
involvement in antiviral defence

» In cultured meagre splenocyte IFNh is the most highly induced IFN

» Submitted to Dev. Comp. Immunol. — and the reviews are in!!
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