Epidemic of a novel, cancer-causing viral disease may be
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Genomics Research uncovers a viral-induced
sighature correlated with adult sockeye salmon
mortalities in the river
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“Unhealthy” sockeye entered the Fraser River faster and suffered 9-16x higher mortality
en route to spawning grounds than healthy fish
At spawning grounds, only 18% of “unhealthy” fish spawned (Weaver)
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Viral Signature Observed in Multiple Tissues
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Gill 2006: 60% Liver 2005: 40%  Brain 2005: 30%

* Viral profiles highly correlated among tissues, but there are some
notable differences
— Gill profiles congruent with early stage infection enhanced from SW-FW
— Liver profiles are already at an advanced infection stage in SW — no sig
Change SW-FW

— Brain profiles at an advanced infection stage in SW, but also contain
stimulation of the sensory region of the brain (visual, olfaction, taste),
enhanced maturation signals, and tumour-associated signalling
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No Tumours

Healthy Brain

External View
Clear and white,

No heavy vascularization
or bleeding

clear and white



Onne ad 2009 tumour 3239
Stuart Fish ...

(Middle River) Collected
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Large dark attached tumour mass

3201 Close up: Inside and outside of the brain (note that
inside the optic lobe with mass flipped out there remains
pink tissue attached and vascularised)
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Optic lobe is has large tumour mass and is hemorrhagic
(tumours are attached, blood is a different consistency)
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Tumour-Associated in-River Mortality of Adult Sockeye Salmon
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Percentage Adult Sockeye Brains with Tumours

80

70

60

,//A

%

7

i

)
%%

//
7

50

7
.

2

ovY2006
[E Y2008
Y2009

40

2

o

30

20

10

Qcean FW Entry FW 1-2 weeks Spawning

2008 unprecedented levels of mortality of a wide range of stocks in the river
Declines in Tumours in FW in 2008 indicate enhanced river mortality (N=250)

2009 sockeye salmon did not show up
20% decline in Tumours between SW-FW in 2009 indicates enhanced SW mortality in the SOG
could account for 0.9 million tumour-assoc fish going missing in the SOG (N=62)
2005 brood year—over 75% of adults positive for viral signature in at least one tissue

Increased SW-FW tumour prevalence in 2006/2008 may indicate
1) Sampling artefact (temporal/diversion variation),
2) Faster river entry assoc with tumour (some data support),
enhanced fishing mortality with longer ocean residence (no fishing 2009)
3) Lower ocean mortality associated with tumour
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Tumour-Associated Early Ocean Mortality of Smolts of
Chinook, Coho and Sockeye Salmon
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Percentage Smolts with Ocular Tumours
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Chinook Coho Sockeye
Declines in Tumours from June-Sept indicate tumour-associated early ocean mortality

2009 data based on SOG sampling only
2008 on OQuter coast (June) (except sockeye) and SOG (Sept)—so reflect different stocks

Data are based on 289 brain dissections total—more to come (we have thousands)
Tumours observed in a wide range of stocks in all three species (not just Fraser River)

CAN185457_0010



Strong Linkages of Genomic and Brain Tumour Data

With Plasmacytoid Leukemia caused by the Salmon Leukemia Virus
&




Chinook Salmon Coho Salmon Sockeye Salmon

1983
Ramp up hatchery production in BC

1994

Experimental SLV challenge
100% infected

1996-present

Sockeye Behavioural Alterations
Altered River entry timing
of Late-run FR sockeye salmon
High fluctuating losses in river
Role of Temperature

1977
Chinook Declines Begin

1986
Coho Declines Begin

1993

Large crash in coho Begins Huge losses in the Fraser River

of Adult salmon returning to spawn
1994 Many stocks affected

Experimental SLV challenge N

70% infected S
RN w\*\%.\\\\\\\\\\%té\‘n SR
1993 1995-1996 | ehiiming salion. only 20% &t soawning
Vertical transmission demonstrated PL/SVL in 5.9% cultured Coho in Chile . \ \
Some evidence for horizontal transmission Less common/virulent in Atlantics, but challenge 2009
1994 from infected Atlantic caused disease in coho Sockeye salmon don’t show up
Experimental SLV challenge (Atlantics as carriers) Only 1.3 of the expected >10 million sockeye
100% infected Return to the Fraser River to spawn

Note: Linkages of PL/SLV with cultured fish may be an artefact, as there is no regular fish health/disease screening
on wild salmon. Fish health experts are only brought in when we observe fish dying. In wild fish, we don’t observe
mortality events (especially in the ocean), fish simply disappear.
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Our Data Indicates 30-70% “Viral/Tumour” Positives in
Brain, Gill, Live

SLV infection levels may currently be >90%
in Coho, Chinook and Sockeye salmon —
well over the estimated 6% infection rates
in wild Chinook salmon in the early 1990’s

Ho that conditions in the external
environment affect the virulence of SLV
l.e. stressed fish will be more adversely
affected

SLV infected fish could be easier prey



If SLV is a primary factor in the salmon declines in BC

e

Potential for Mitigation

rapid molecular-based broodstock screening in hatcheries to
minimize vertical transmission

improved husbandry to minimize horizontal transmission
requires information on viral transmission

Potential for Enhanced Forecasting
molecular screening to establish levels of infection smolts/adults
requires better data on role of environmental stress (models)

New environmental playing field—not mismanagement or over-fishing

Not likely an effect of salmon aquaculture, but there could be linkages
with the expansion of hatchery production
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Tumours
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