Present day challenges

Natural, Environmental
Food Health & Political Challenges
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RUNNING OUT OF USEFULL GENES AVAAAS

Species population indices from 1970 to 2000 for forest, marine, and freshwater ecosystems, as
included in the 2002 WWEF Living Planet Index
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Published by AAAS




Biotech can provide some answers

Biotech uses scientific and technological innovation to:

wcapture the latent value in biological processes and
renewable bioresources

wutilise these resources, processes and-gwhustrial
clusters to produce sustainable bioproducts, jobs and
Income

wreduce dependence on imports, foskased energy and
Industrial feedstocks




Biotech In Industry
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White Biotech: Product Streams

------------------------------------------------------------
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White Biotech

Ford Looks to Mother Nature to
Cord>

Create Greener, Lighter Plastics

A Efficiency —=
A Less energy

Post-consumer
recycled underbody
systems

A Environmental footprin: g5

Natural fiber-reinforced plastics Polylactic acid (PLA)




The bicbased economy

NEncapsul ates the vis
dependent on fossi | f

Bio- vs. hydrocarborbased Exploitable sources
economies

Greater compositional variety Energy crops

Greater range of technologies Food and feed grains;
to add value Forestry; Algae

Greater geographical Crop and forestry residues
distribution of raw materials
and refineries




1920 2000 Forecast (2030)

B Fossile feedstock (coal, petroleum)
] Bio-based feedstock (algae, plants, etc.)



Linking conservation with income generation

Generating economic value from
biodiversity




PLANT BIODIVERSITY AS AN ECOSYSTEM SER

Provisioning services

Food, medicine, fuel, construction,
clothing, etc.

Regulating services

Climate moderation, disease
regulation, flood regulation

Cultural services

Spiritual, recreational, aesthetic,
inspirational, educational

Supporting services
Soil formation, nutrient cycling, primary production.




SOCIAL, ECONOMIC AND FINANCIAL

RELEVANCE:
the valuing of biodiversity

storm cunningham
Foreword by William H. Hudnut, II

reWealth!

Stake Your Claim in the S2 Trillion reDevelopment
Trend That's Renewing the World

—

Economic value of $2 trillion reDevelopment; revitalising
Ecosystem Services is economies; rebuilding communities;
$30-40 trillion per annum restoring structures; replenishing natural |

resources and degraded lands



Economic Value-Addition to
Biodiversity through Biotech
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Biodiversity conservation: the virtuous
circle

Discover WA Extract/

traits &
biomolecules Develop/Use

| $

Explore Generate
biodiversity income

I Conserve l




Benefits beyond conservation

A Technology transfer through partnerships (public &
private)

A SME development & job creation through product
development, marketing & distribution

A Income generation though licensing agreements,
royalties, etc.

A Upgrading of institutional capacities (regulatory
oversight, management of intellectual assets, etc.)




Technologies




Technology: Bioinformatics &

Biotechnology
. 4 e Genetic & biochemical analysis
= e Ethnobotany
. < | e Bioinformatics
v ® High-throughput screening

. 4 e Biotechnology, bioengineering
S.-a-| e Scale-up, quality control, etc.
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Technology: Enhanced candidate gene
identification
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Meta-analyses of abiotic stress-related transcriptome data identified new_gen
that improve yield during drought stress




Technology: Systems biology can facilitate
the transition from traditional to modern
medicine

The role of Systems Biology

A Systems Biology studies the
interactions of different
components within an
organism to elucidate relevant

physiological functions and
behavior. b|0|0gy
A 1t may help decipher
Technology

V How a herbal mixture may display

diverse activities by interacting with
more than one molecular target, or \1
V How multiple active ingredients in a knowledge

botanical preparation might act
together synergistically




ENHANCING METABOLIC OUTPUT

Technology: Metabolic engineering

OH

Yohimbine
Corynanthe johimbe

Rauvwolfia serpentina

Rischer et al., PNAS (2006)

Catharanthus roseus produces
vinblastine & vincristine

Use: Hodgkin's disease, acute
leukemia, breast cancer
Content in plants: In leaves ~
0.0003 % (500 kg plant material
Is needed to obtain 1 g
vincristine)
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Technology adoption potential depends on
level of development

A Advanced developing countries:
Innovation potential: / dz6 I RS @St 2LISR GKS
only meningitis B vaccine, South Africa a maize streak virus
resistant corn variety

A Developing countries:
Adaptation of imported technology: Imported genetic stock

to improve domestic crops (e.g. Papaya, oil palms and other
crops), licensed technology to develop vaccines

A Least developing countries:

Import of embodied technology: Rely on imports of
pharmaceuticals, agricultural seeds, etc.




Which way to go?

IIBN




Biotech Adoption Considerations
for Industry

. Technical / cost improvement potential of industrial
biotechnology options

. Adoption implications: need to change entire production lines
or only distinct steps?

. Technical maturity of biotech solutions
. Genetic modification involved: issue of public acceptance
. Life Cycle assessment

Adaptedfrom: Alan T. BulBiotechnologyor Industrial SustainabilityKoreanJChemEng 18(2) 137148 (2001)



What are requirements for
Investment in biochemical assets?

1. Further feedstock price differential needed for sustainable
cost advantage

2. Location match of bibeedstock supply markets and
distribution markets necessary

3. Strategic priorities need to be competitive with China and the
Middle East

4. Large network site investments need to be captured

5. Uncertainty about cellulose converting technology needs to
resolve

Source Dr. RaineBrosch TheBostonConsultingsroup Pec2007)



Available options

A Biofuels, chemical
feedstock,
forestry and food

Largescale Smaliscale high

Crops :
P biomass added value
processing niche markets

A Fine chemicals:
herbal medicine;
nutriceuticals




V
V

Promising areas of biotech
commercialisation

Chemical feedstock from agindustrial
residues

Biofuel for rural or local industrial use

Botanicals and nutriceuticals

Rationale:

A

A

Using technologies/products which do not
require stringent regulatory scrutiny

Adapting technologies available in the
public domain

Using technology solutions which no not
interfere with food security concerns (waste
material)

Instead on final products, focus on high-
added value product components,
commercialisation via partnerships

Pros

cons

regulation




The potential

NICHE APPLICATIONS




New markets for neglected crops:
the example of Quinoa

wHighly drought tolerant;

wHealth-conscious market emerging;

wDoctors recommend diet switch to
Quinoa in cases of IBS;

wl in 5 Americans have IBS;

wPossible > $billion market if quality
seed were available;

wGreat investment opportunity! .




Cacaemedical food?

Nature, 424 (28 aug.), 1013
(2003)

Theobroma
cacao

Am J Clin Nutr, 88, 583 (2008)]



