The triploid Atlantic salmon




Taxonomy Location

Genus Scientific.and.vernicularnames Native.distribution

Oncorhynchus

Oncorhynchus nerka (sockeye North Pacific Rim: Japan:
salmon) Columbia River
O. gorbuscha (pink salmon) North Pacific Rim: Korea to
California
O. keta (chum salmon) North Pacific Rim: Korea to
California
O. tshawytscha (chinook North Pacific Rim: Northern Japan
salmon) to California
O. rhodurus (amago salmon) Southern Japan
O. masou (masu salmon) Japan, parts of Russia
N O m e n C | at u re O. kisutch (coho Salmon) North Pacific Rim: Northern Japan to California
O. mykiss (steelhead and North Pacific Rim: Mexico to Russia and Interior of
rainbow trout) N. America mainly east of Rocky Mountains
a n d Q. clarki (cutthroat trout) West Coast of N. America, Alaska

to California. Some interior

d I St rl b u t I O n western strains.
Salvelinus alpinus (Arctic charr) Circumpolar, and southward as relict
area of the

populations

5. malma (Dolly Varden charr) Western North America and Eastern
Asia
t h re e ge n e ra Of S. confluentus (bull trout) North Western North America
. S. fontinalis (Eastern brook charr) Northeastern North America
S a | m O n I d S S. namaycush (lake charr or lake trout) Northern Canada and southward

relict populations

Salmo salar (Atlantic salmon) North Atlantic Ocean and surrounding
land masses and water bodies

Salmo trutta (brown trout ) European continent, U.K, Ireland




Fish tonnage (in tons)

Atlantic salmon (Salmosalar)
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Clearhead icefish (Protosalanx hyalocranius)
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Rainbow trout (Oncorhynchus mykiss)
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Coho salmon (Oncorhynchus kisutch)
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Chinook salmon (Oncorhynchus tshawytscha)
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Table 1: Important breeding traits in the Atlantic salmon

Traits Values
Trait Sample.Size Mean.SD  Heritability.SE

1524 2.57 (0.63) 0.52 (0.05)
: g 1616 2.35(0.58) 0.53 (0.05)
M a Jor traits 1447 092 (0.02) 0.04 (0.01)
Deheaded Weight 1604 2.06 (0.52) 0.52(0.05)
Of t h e Fillet Weight 1516 1.70(0.42) 0.53 (0.05)
Fillet Yield 1363  0.66 (0.04) 0.05 (0.02)
salmons Fat Percentage 1679 122 (558) 0.18 (0.03)
Fillet Colour 1322 29.0(0.73) 0.14 (0.03)

Head Weight 1475 0.32(0.08) 0.21 (0.03)a

Gut Weight 1447 0.42(0.08) 0.30(0.04)a

Body Waste Weight 1426  0.33 (0.12) 0.15(0.02)a
Total Waste Weight 1422  0.65(0.17) 0.32(0.04)a




Known Paleopolyploidy in Eukaryot Genomic
instability
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Salmonid's

ploidy
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Giemsa karyotype of a Coho salmon (2 n = 60) homozygous

European whitefish (Coregonus lavaretus) 80 or 81
Peled (Coregonus peled) 74
Arctic char (Salvelinus alpinus) 78
Brook trout (S. Fontinalis) 84
Atlantic salmon (Salmo salar) 54-58
Brown trout (S. Trutta) 78-84
Sevan trout (S. Ischchan) 80-82
Chinook salmon (Oncorhynchus tshawytscha) 68
Chum salmon (O. Keta) 74
Coho salmon (O. Kisutch) 60
Rainbow trout (O. Mykiss) 58-64
Golden trout (O. Mykiss aguabonita) 58
Masu salmon (O. Masou) 66
Sockeye salmon (O. Nerka) 57 or 58
Danube salmon (Hucho hucho) 82
European grayling (Thymallus thymallus) 102




Took 30 years before
further attempts
were to produce
triploid Atlantic

salmon -unsuccessful

60 years ago - first
reported production
of triploid Atlantic
salmon (Salmo salar)

Pilot-scale evaluation of triploid
Atlantic salmon for aquaculture

Success followed 10
years later




« Pancreas disease & sea lice—Similar resistance in triploid and diploid Atlantic

salmon
— Similar resistance in triploid and diploid Atlantic salmon
Triploid atlantic salmon (Salmo salar L.) post- Impact of Salmonid alphavirus infection in
smolts accumulate prevalence more slowly diploid and triploid Atlantic salmon (Salmo

than diploid salmon following bath challenge salar L.) fry
with salmonid alphavirus subtype 3
Tharangani K. Herath'*, Angela J. Ashby'?, Nilantha S. Jayasuriya', James E. Bron',

Lindsey J. Moore'", Tom Ole Nilsen?, Jiraporn Jarungsriapisit’, Per Gunnar Fjelldal®, John F. Taylor', Alexandra Adams', Randolph H. Richards’, Manfred Weidmann', Hugh
Sigurd 0. Stefansson®, Geir Lasse Taranger', Sonal Patel' * W. Ferguson®, John B. Taggart', Herve Migaud', Mark J. Fordyce®, Kim D. Thompson™®

Triploid and diploid Atlantic salmon show
similar susceptibility to infection with salmon
lice Lepeophtheirus salmonis

Benedikt Frenzl,®* Herve Migaud,® Per Gunnar Fjelldal,®? Andrew P. Shinn,?
John F. Taylor,® Randolph H. Richards,® Kevin A. Glover,© David Cockerilld
and James E. Bron®

* The response of triploids to..."—Bacterial disease —Amoebic gill
disease—\Vaccination

Effect of the triploid on the disease resistance




 Bacterial disease & vaccination
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* Triploids have comparable disease resistance to diploids

* Triploids are not more susceptible to disease as believed in the
past

« Salmon producers can be confident in stocking triploid Atlantic
salmon

Effect of the triploid on the disease resistance




TABLE 1: RESULTS OF POLYPLOID EXPERIMENTS

FISH SPECIES

NILE TILAPIA

RAINBOW TROUT

RAINBOW TROUT

RAINBOW TROUT

COHO SALMON

BROOK TROUT

CHUM SALMON

LAND LOCK ATLANTIC

SALMON

YELLOW PERCH

PACIFIC ABALONE

PACIFIC ABALONE

NOTE: PSI = PRESSURE UNIT, PSI = 6.894 KPA

PRESSURE SHOCK APPLIED

8,000 psI
8,000 psI

7,000 psi
7,000 psi
6.9 x 10 kPaA

700 KG / SQUARE METER
680 KG / SQUARE METER

10,150 psi

9,000 pslI

11,000 psI

200 KG / SQUARE METER
200 KG / SQUARE METER

TIME PERIOD

2 MINUTES
10 MINUTES

4 MINUTES
4 MINUTES

4 MINUTES

6 MINUTES
7 MINUTES

3 TO 6 MINUTES

8 T012 MINUTES

7 MINUTES
22 MINUTES

SHocK TIME

9 MINUTES
40 MINUTES

40 MINUTES

5 10 50 MINUTES

20 10 40 MINUTES

10 MINUTES
13.2 MmN

17 10 14 MINUTES

5 MINUTES

60 MINUTES
60 MINUTES

INDUCTION RATE FOR
PoLypLOIDY

100%

80-90%

3 (4N) +

ANEUPLOIDY

91.842.1 %

REFERENCE

HuUSSAIN ET AL. (1991)

Lou AND PURDOM
(1984)

CHOURROUT (1984)
CHOURROUT (1984)
TESKEREDZIC ET AL.
(1993)

ARAI ET AL. (1989)
YAMAZAKI AND
GOODIER (1993)
BENFEY AND SUTTERLIN
(1984)

MALISON ET AL. (1993)

ARAI ET AL. (1986)
ARAI ET AL. (1986)



Table 4: Artificial or synthetic polyploids used in aquaculture

Taxonomy

Genetics

Manipulations

Family

Species.or.variety

Ploidy

Inducing.or.synthetized.methods

References

1.Fish
Cyprinidae

Cobitidae
Salmonidae

Siluridae
Plecoglossidae
Paralichthyidae
2. Shellfish
Ostreidae

Pectinidae

Grass carp (C. Idella)

“xiangyun” crucian carp

“Xiangyun No. 2” crucian carp
“Changfeng” gibel carp

(Synthetized allopolyploid)

Cyprinid loach (M. Anguillicaudatus)
Rainbow trout (O. Mykiss)

Brown trout (S. Trutta)

Brook trout (S. Fontinalis)
Atlantic salmon (S. Salar)
Chinook salmon (O. Tshawytscha)
Arctic char (S. Alpinus)

Amago salmon (O. Rhodurus)
Masu salmon (O. Masou)

Coho salmon (O. Masou)
Allotriploid rainbow trout amago
.. (X) Salmon hybrids

Rainbow trout Japanese charr hybrids
Thai walking catfish African

.. (X) Catfish hybrids

Ayu (P. Altivelis)

Hirame (P. Olivaceus)

Pacific oyster (C. Gigas)

Catarina scallop (Argopecten ventricosus)

Hydrostatic pressure treatment
Interspecific hybridization and
Interploid crossing
Incorporating an alien

sperm genome

Interploid crossing

Thermal shock or Hydrostatic
pressure treatment

Interploid crossing
Hydrostatic pressure treatment

also NO, Freon, Cytochalasin B

Interspecific hybridization and
Heat-shocked

Interspecific hybridization and
Heat-shocked
Thermal shock or hydrostatic

Pressure treatment
Thermal shock, hydrostatic pressure

Treatment or interploid crossing
Cytochalasin B

(Chen et al., 2009)

(Lietal., 2016)

(Hulata, 2001)(Piferrer et al., 2009b)
(Solar et al., 1984)

(Hulata, 2001)
(Piferrer et al., 2009b)

(Arai, 2001)
(Arai, 2001)

(Arai, 2001)
(Na-Nakorn et al., 2004)

(Arai, 2001)(Hulata, 2001)(Piferrer et al., 2009b)

(X et al., 1996)

! a Triploids (3N) are defined as the natural tetraploid species are regarded as diploids
2 (X) Animal crossing




Diploids Triploids

* Gonadial atrophy

* Defective and reduced gametogenesis

* Fertility (decreased sperm count and motility)

* Fertility of 0 to 10% in salmon (vs. diploid)

Effect of triploidy on fertility and gametogenesis
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e Sperm motility and velocity decreased in Atlantic
salmon for triploids (3N) vs. diploids (2N)

* Fertility is defined by a lower success rate of
reproduction due to less vigorous sperm.

(decreased sperm count and motility)

Effect of triploidy on sperm activity




¢ * Cell cytoplasm increase up to 150%

e More water = Diluted mRNAs

~ * Bigger nucleus 150% bigger.

* Dilution of transcription factors such as EF-1a

* Gene expression expected to be reduced by 1/3rd

rB - "a,‘ ‘.'. ®
- = - BUT ...

Diploid (a) and triploid (b) C‘aspian salmon erythrocytes

Effect of triploidy on cell morphology




0 * Because of the increase in ploidy 2N -> 3N

[ l * Transcript abundance must increase by 1/3rd
B e * The +150% mRNA abundance effect is
cancelled due to +150% cell size.

T » Gene expression in triploid is not too
different from diploids

3nf2n  4n/2n 3n/2n  4n/2n 3n/2n  4n/2n 3n/2n 4n/2n
efla sapdh efla PB-actin

Effect of triploidy on transcription factors
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* However, triploids have a different gene
response for some genes.

* It does not always produce a different
observable phenotype

* As shown previously, the response to
diseases and vaccination in salmon is similar
in 2N, 3N.

Effect of triploidy on gene expression




Advantages &

Disadvantages

- Heterosis
- Gene redundancy
- Unisexual reproduction

- Disrupting changes in

cellular architecture

- Potential difficulties

during meiosis

- Epigenetic instability
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