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Demand for plant-based fish feed

e Continuing expansion of the aquaculture
industry

* Global scarcity of current constituents of
fish feed ingredients

e Environmental and health concerns

associated with the use of fish meals (e.g.
PCBs...etc)




Canola protein as fish feed

« Good balance of essential amino acids, low
antigenicity, high digestibility

« A CPC could replace 100% protein derived
from fish meal (Higgs et al., 1995)

« CanPro-IP65 replaced up to 75% of fish
meal protein (Maenz et al. 2003)




Canola meal

« Reduce levels of antinutritional factors,
e.g. sinapine, fibre and phytate

e Enhance levels of carotenoids and
xanthophylls
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Carotenoid and xanthophyll content
of canola seed
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Astaxanthin ...

Provides typical pink red color to salmon,
trout, shrimp and lobster

Protects eggs from damage by UV-radiation

Improves growth and survival rates of
juveniles

A potent antioxidant with immuno-
stimulant functions in humans




Astaxanthin ...

Obtained from crustaceans, yeast,
microalgae and chemical synthesis:
- limited yield
- costly preparation

Accounts for ~20% of the total feed cost

Biochemical precursor, &~-carotene,
naturally present in B. napus seed
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Expression of AtPSY gene in B. napus
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Carotenoid content of seeds of B. napus
lines expressing AtPSY gene
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Adonis aestivalis
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Cloning of B-carotene hydroxylase

LeCrtR-b2VGAAVGMEFWARWAHKALWHASLWHVHE . . SERKPREGPRELBV/

VVATVLVMELTAYSVHRWIMHGPLGWGWHKS]glg EEHDHA <NDg 5
VGAAVGMEFWARWAHRALWHASLWNMHE . - SialsKPREGPH NDV 169
VGAAVGMEFWARWAHKALWHASLWHMHE . . SlglgRPREGPH=LIN[DV! 193

FAITNAVPRIA eFFHKGL 1AGLCHEAGLG I TVFGMAYM
YGVVFAVLY CeAYWWPVLWWIALEGMTVYGLIYFIL. - ..
FAIVNAGPRIG eFFNKGLVPGLCHEAGLGITVFGIAYM

DGLVH} YIAHELH
DRI WEFRY IPRRG O AHZLHHAYE
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Cloning of 3-carotene ketolase

S| 1 ARIAVE GSVVPGRPRANAAMEQL VL WIREAGFSWRKM I VGIMA

ST TEAVEGT IAMRNRQLNDFLERVC 1 SIMIAWVFDYNMLHR{4G!

S ITARAWVERTVFPANHR INDWLETAAVGRIAFMPYRELL 1{450Q

ST TEPAWEGT IALRHRQLNDLLEN I C 1 SMIAWVFDY SMLHR{NG!

S ITARAWVEGVVYPKNPR INNF IEKLTL 1 [M4GL L PYKDLLK[\g

fitahdamhgtvipinBriind§ 1o 1yal iy 1| lkh

s RHAGTDDDPDFDHGGPVRWYARF IGTYFGWREGLLLPVI

leNHTGEVGKDPDFHRGNPG I VPWFASFMSSYMSMWQFARLA

alsRFPATGKDPDYHDGEHSGFFQWY LKFMKDYMESRNTPFL 1AGM
Hp 39982 BKTglgNHTGEVGKDPDFHKGNPGLVPWFASFMSSYMSLWQFARLAWWA
Nsp BK s GHPGTDLDPDYYNGHPQNFFLWYLHFMKSYWRWTQ I FGLVMIF
Consensusfi S hhEhBgtidpd S hggR g w B TmEsymEsq |
Psp BK AL ILGDRWMYVVFWPL . . . .PSI . . .LAEI . QlzVIZeWLES
CrtoO VVMQLLGAPMANLLVFMAAAR .1 . . . . LEAFR{EZY[ZeR1Y M5!
Gv BK AVVFGVCTWLMGVPLVNLALFWLLPLVLESLORZY(ZeR1Y LIyl
Hp 39982 BKTVVMQMLGAPMANLLVFMAAAP. I . . . . LSAFRRSY[Eeq1YLIZ:
Nsp BK HGLKNLVHIPENNLIIFWMIPSIH . . . . LESVQEZY(ZeqIFL{xs
Consensus | ne i alph i | gl fyfgtylph

5= 369bp
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Summary

Three B. napus lines that hyper-accumulate -
carotene in the seeds

Full length cDNA clone of 3-carotene
hydroxylase

Partial cDNA sequence of 3-carotene ketolase

Co-expression of -carotene ketolase and f3-
carotene hydroxylase in seeds of B. napus
lines having enhanced levels off3-carotene

Crossing to B. napus lines having reduced
levels of anti-nutritional factors
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