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Aquaculture: Meeting the Challenge

Currently a 30 million ton, $45 billion industry,
aquaculture must increase production 3-4 times by 2025

Become more efficient and cost-effective
Overcome biological obstacles
Strong input from modern biology and biotechnology




Principle Platforms of Biotechnology

Chromosome-set manipulation
Fermentation

Cloning

Protein expression and production
Gene transfer and transgenics

Genetic immunization

DNA fingerprints and genetic markers
Genomics / bioinformatics

Post / functional genomics



“Bottlenecks” in Commercial
Aquaculture

Reproduction
Early (larval) development
Growth
Nutrition
Disease / health management
Interactions with the environment

“Blosecurity”



Reproduction:
The Issues
No ovulation and spawning

Unpredictable ovulation and spawning

Reproduction / growth interactions

Sterlllty
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Captive versus....

Wild fish




‘ Regulation of Fish Reproduction

Env1r0nment
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GnRHs (1) ¢ (+/-) Catecholamines

Pituitary
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Ovulation, spawning Spermiation




Fish Gonadotropin-Releasing Hormone
(GnRH)
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pGlu-His-Trp-Ser-Tyr-Gly-Trp-Leu-Pro-GlyNH?2

Effect of native GnRH on GtH secretion in seabream
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Peptide Engineering: GnRH and GnRH Analogs
1 2 3 4 5 6 7 8 9 10

pGlu-His-Trp-Ser-Tyr-Gly-Trp-Leu-Pro-GlyNH?2

pGlu-His-Trp-Ser-Tyr-DAla-Trp-Leu-Pro-NEt
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GnRHa and LH Levels After Treatment With Different
GnRHa Sustained-Release Delivery Systems
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Application of GnRHa Sustained Release Technology to
Induce Ovulation, Spawning and Sperm Production

Gilthead seabream Plaice High hats
Red seabream Flounder

Red porgy (Pagrus) Sturgeon

Dentex Snook

European seabass Pompano

Striped bass Atlantic salmon

White bass Coho salmon

American shad Sockeye salmon

Gray mullet Chinook salmon

Grouper Rainbow trout

Turbot Brown trout



GnRHa-based delivery systems
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ReproBoosT™

GnRH implants are
commercially available

Immature Mature

AQUAPHARM
Technologies Corp.




Emerging Technologies for the
Manipulation of Spawning

Understand the nature of the captivity-induced
alterations in the GnRH system and correct them
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Inducer (environmental, hormonal)
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FOM, Ovulation & Spawning



Early Development:
The Issues

Low survival rates
Dependency on live food

Very specific nutritional requirements
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“Food Chain” in Larviculture

O. Zmora et al., NCM



Heterotrophic Mass Culture of Algae
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Algae Species Grown Heterotrophically

Cyclotella
AnKkistrodesmus
Chlamydomonas
Chlorella

Chlorococcum
Crypthecodinium (DHA)
Amphora

Dunaliella (pigments)
Euglena
Nannochloropsis
Nitzschia (EPA)
Ochromonas
Tetraselmis
Schizochytrium



Lipid and DHA/EPA Ratios in Artemia

A Comparlsonof Varlous Enrichment Dlets

B[I@*MARHNE
_ALGAMAC-2000

Diet Lipid (%) DHA/EPA Ratio
Microdiet 15.08 + 1.47 0.78 +1.47

DHA Selco 20.58 + 0.28 1.4 +0.1

Algamac 2000 17.70 + 3.80 23+0.1
Aquagrow 26.36 + 2.58 3.75+0.17

Harel, Place & Behrens, 2000



Genetic Engineering of Heterotrophic Microalgea
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Glutl-GFP transformed Zaslavskaia et al., Science, June 2001



Delivery of Beneficial Compounds to Larvae
(The Ghent Group')

‘ Nutrients

Therapeutics
Recombinant Vaccines

(algae, bacteria, <

Hormones
yeast)

Enzymes
Pigments
- DNA

T

Improved
Genetically modified —



Fatty acid concentration in enriched rotifers
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Recombinant Growth Hormone: Enhancing Larval

Growth and Survival in Seabream
GROWTH
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Growth:
The Issue

Long time to market size




“Extraordinary Salmon Growth”

ssGH-I genomic DNA

ssMT promoter AfG T‘AlG

e

Devlin et al., 1994
(coho salmon)




Growth Rate in Transgenic Atlantic Salmon
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Transgenic,
Fast Growing
Salmon Are

Commercially
Available
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Transgenic Fish: Public Concerns

Time
Magazine,
March ‘00

Make Way

What happens to these ordinary salmon if tf
genetically modified lunkers ever get loose?

By FITERCISE S0l DA

METHER SENVED W8 AW SUNRI,
Erellond] wteak oo im thein smokod

slicwsn, mend ol the wlmon you |

ol thewe dign s med ibee ok
st Baby that has been & Bs
worite o anglery wwe Lisal Waltswy Tt
tather & chusnby, duggik covabarr raiaed
o gty Drsheesd, calreen cosglhd in Che
wild scovsanis for bew than bl of &l
walemm sl a1l U7 S
Majrw prrer splicors have cooles) up s
il souirads ke & fish Lade o
B Call i @l
rwiwow a6 Faal, resisl dinesse snd oul-
L L T | e e T
proericde puntein t eallarss of peagile ol a
Vistvar B fiady stechn apr pendossly bre
Fluf s puss mid b eupeCl W Cribo ane
wurpeng. They cotviicher Dhe vupserd e o
baadragisal fumer bosrads Qhast comalid dle=stuery
Ubsr potmuning ng reafurad nabesson proygslet ws
wiwl wiwak ciber sdovcoronawatsl o To

wwn imltehe
|

thawn. the wapwwsalmawy is molibang lews
{Ssam 8 " Frankenfah.”
Lnkke by  gonclically  seedifld]

fwmbs —sr-ralbad Frarbendomds - the waper- |
| wurefish, tillapia aned shtosp- de offern

mifwrei wm leen ahest  scelbemiadh
At 30 posry sps. @ Budy prsnarcher in

S Sl Fosimed thost even thaoegh s, |

il wley Lank Fased Provws, thee Thownados in @
survrvenl Aubipbed B0 cy Caraedion waber,
e By Fuairersd] Cng® e bhavy o Greer . bnown
ot b gullan findhwrs, that s miltskn
frewir paudieirn, Wik byl o sples this
Ermsr mrdin sl mews wm @ e ool B green
i gokiler walers, sciendisbs masde & second
s bt B meey s Bl fisined thas whils

| Bk regulasdy ewr

ther growr dhela herp the e Snee
hrrrsteg, & fusrtion of B wbee oSked
webn & sl s -l

ahi'n Maritmee guwinies. The hops b el

larwr s will wmes be prodocineg roes for | Lmseen wial rv-..-.
correnerrial apeseulury el it e Canssls gl wiBeudn *-&-‘

Iskt i New Vemlanad, ¥ Xiille and e U155
mell Thlw:ﬁlﬂrm-ﬁﬂ-
Tt Firdtin, AF s purwntiend, Fady ﬁr—-lﬂ
bl prodstee sl doubdieg ool
baasme (b fnby crererrtn ool intn Lody
s i trikacth rewore el aently ﬂ-uﬂhur_p

wadmen. That b sy would sean “meoce | .l

ur n‘lhlllf—m-

By o petere purcgalle ot -b-lfpnn—
Biut thon sormblad bdor

ekt g by 175 ahmares bor @ e bulle ﬂ:lhu-u;h i-'\.h et d Enhrrf e fan
| prne scheribks b the U8, haoe Been L

krring with & varsely al matine crosfubrs—
paiell wnly walewen aeed] o bat sdwe carp

wre draering coifrso v bo Tt dirocs -

v ﬂg:
o

she iedrenl s ualde v g j. el
andwrevrieryed ol risk.”
Entis and others repdy thed wiase™
ehe ok of puaglel Fae byl iy allowed £
Bry ruisingd the fndy in ol tenbo, pa=1

wil 4 grectcslly swddied keods. Opge- | iy in arm gl pes, S0 ase=T

verrfn, wha comaplein sbeod the frotdamn

N ta mambor crerenboratus onodes g B

b

m]tﬂ-:fhlﬂhm o ooastal | Fertilieed oggs wn hery crval fish il 27

ety oy thee finh larwie, s eepercially e
ernverd alemat Bl potiesdis] empact om e
e prad They ke el desssmticmbond
[rim theria poons: irsim
Fhw wridad arad with malive slocle, wp-
wetRing thee baslasstn ol nature

i A ~—

wonll prprialare— g s yvgur
il ke Bitvg B PETiRatowr g Te
Eanle gmte  romderrd  pationg] -
;ﬂ-.lphn! ks,

& st e H.-du

Better?

'!'hlnl.'

_“: |_:.u_h.blﬂl:ﬂ ‘
._"' [ alm 2o |

Es il




Transgenic Fish:
Addressing Public Concerns

Use “all fish” constructs
Avoid viral promoters
Make the transgenic fish sterile

Contain GM fish in recirculated aquaculture
systems



Enhancing Muscle Growth by Regulating
Myostatin (GF) Activity

DOMINANT NEGATIVE
CONTROL ACTRIIB FOLLISTATIN

Lee and McPherron; PNAS, August 2001



Disease / Health Management:
The Issues

Intensification of aquaculture is accompanied
by increased susceptibility to pathogens

L.osses due to disease are in the billion $
range annually



Animal Health:
The Challenges

Early diagnostics (histology, immune,
molecular)

Efficient vaccination (microbes, expressed
antigens, DNA)



“Real-time” Quantitative RT-PCR: TaqgMan

IEW

PCR Detectlon of Bacteria in
Seven Minutes

Phillip Belgrader,* William Benett, Dean Hadley, James Richards,
Paul Stratton, Raymond Mariella jr., Fred Milanovich

Science (1999) 284 (5413): 449-450

Amplification — = GnRH GFN/IFN_7 /20 result

Ct Threshold
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Genetic / DNA Vaccination

gene for plasmid
Pathogen antigen .

plasmids
syringe [| muscle

altered
plasmid

genetic
material

particles
gene gun [1 skin




Genetic Immunization Against Infectious

Hematopoietic Necrosis (IHN) Virus
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Fish Vaccination - Labor Intensive




Interactions with the Environment:
The Issues
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Interactions with the Environment:
The Issues

Effect of aquaculture on the environment

- Chemical pollution (nutrients, antibiotics)

- Biological pollution (escapees, , disease)
Effect of the environment on aquaculture

- Pollutants

- Algal blooms

- Pathogens

- Suboptimal conditions



Recirculated, Fully Contained
Marine Aquaculture

No pollution, disease-free, clean, flexible, generic,
and non-native species

Applicable for rural and urban locations




Characterization and Improvement of

Microbial Communities in Biofilters
s+ DGGE fingerprinting
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Gene Transfer, Transgenics:
Potential Applications

Improve performances

Reproduction; early development; growth; digestion;
disease resistance; aggression

Develop new feeds

Plant-stuff with adequate proteins and lipids
Tailor fish to the market

Taste; tlesh color; fat content; body form

Basic research
Reproduction, development, growth, immunology



Post / Functional Genomics:
From Genes to Functions

DNA microarrays / gene chips

Measure differential gene expression of the entire genome on 1 chip

PROTEIins encoded by the genOME

Full array of all proteins present in an organism, a tissue or a cell

Protein microarrays / chips

Measure differential abundance of thousands of proteins on one chip
(with specific antibodies)

Tissue microarrays / chips
Monitor gene and protein expression patterns in hundreds of tissues
on one chip

Protein activity chip.... (still a dream...)



DNA Microarrays / Gene Chips

Fast groivth; healthy Slow growth; diseased
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Functional Genomics: Gene Chips

Robotic ‘arrayer’

The entire yeast genome on a chip!: Dr. Patrick Brown, Stanford U.
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Microinjecting DNA into zebrafish embryos




Proteome Analysis

eSe
v

egg proteins

egg proteins

2D PAGE analysis

- .
& deadll ] ‘

. Lo
2 1% . -
L b

-.; E T ¢ T v
", ] " g d
SRR e
E2 ¢ VB s i AR
ol \ 4 -"':t.o..
1 e :'_ ‘---' -

W) oy,

L ;;"
K

TE

identification
characterization



Genetic Selection:
Integrating Molecular Genetics

Identify beneficial traits:

Growth rate; food conversion; flesh quality;
fecundity; age at maturity; disease resistance

Identify and map the relevant gene(s):
Single genes; multiple genes (QTLs)

(Danzmann et al., 1999; Rodriguez et al., 1999; Davis and
Hetzel, 2000)

Link gene markers to gene(s) of interest
Perform marker-assisted selection



Gene Linkage Mapping in
Crustaceans and Finfish

Z.ebrafish

Salmon
Catfish
Tilapia
Kuruma shrimp

Tiger shrimp

Kelly et al., 2000

Lie et al., 1997
Liu, 1999

Kocher et al., 1999
Moore et al., 1999
Moore et al., 1999



Gene Transfer, Transgenics:
Future Directions

Better delivery of transgenes
Vectors; sperm; lipofection; gene guns
Better integration of transgene

Transposable elements (Ivics, Z., Izsvak, Z. & Hackett, P.B.,
1999); NLS (Collas, P., Husebye, H. & Alestrom, P., 1996)

Knock out /knock in technology

Embryonic stem cells (Hong, S., Chen, S. & Schartl, M., 2000)
Spatial and temporal-specific expression
Promoters; constructs



Expression of Recombinant Substances:
Potential Applications

Hormones (GH, Prol, GtHs, GFs,...)
Protective antigens (viral coat proteins,...)
Enhancers of immune system (glucans,...)
Antibacterial compounds (peptides, lysozymes)
Enzymes (phytase, cellulase, desaturase.,...)
Others (antifreeze proteins,...)



Regulation of Fish Reproduction

Environment

1

Brain

GnRHs (1) ¢ ¢ (+/-) Catecholamines

Pituitary
g FSH v (+) VY LH

Ovulation, spawning Spermiation




Genetic Engineering for the
Control of Reproduction
Inducer (water, feed)

~

Inducible Promoter Anti-GnRH or GnRH
Anti-GnRH mRNA GnRH

\

Spawning

/

Uzbekova, Alestrom, Hanley & Breton, 2000
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Peptide Engineering: GnRH and GnRH Analogs
1 2 3 4 5 6 7 8 9 10

pGlu-His-Trp-Ser-Tyr-Gly-Trp-Leu-Pro-GlyNH?2
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Ultrasound Enhanced Uptake of Calcein

Calcein w/o ultrasound
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Ultrasound-mediated delivery of
biopolymer/DNA nanospheres

overhead

Cross sections

control particles US (40 s) US (60 s)

0 0
particles particles

Frenkel et al., 2000
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Biological Filtration
N2

Anaerobic ’
Nitrosomonas Nitrobacter
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Modes of GnRHa administration in gilthead seabream
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Plasma hormone

Plasma hormone levels and ovulation in striped bass females
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Monitoring Larval Development Through
Gene Expression: Real Time RT-PCR
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Nutrition:
The Issues

Food cost accounts for S0% of growout expenses

Aquaculture industry spends $ 6 billion/year on
feed

Projections for 2010 are $ 10 billion

Heavy dependence on fish meal (1/3 of all
fisheries; 6 mmt/year)

Source: USDA; FAO



The Immediate Challenge:
Replace Fish Meal with Plant Meal

“Production of fatty acid components of high
value drying oils in transgenic soybean embryos”

Cahoon et al.; PNAS, 1999

Develop “algal meal”
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