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Seminar structure
• What is biotechnology

• Biotechnology and sustainability 

• Status of modern aquaculture

• Genetic resources in aquaculture: the interplay between farming and 
conservation’ 

• What is sustainable agriculture and sustainable agriculture

• Agriculture Biomass

Waste and Wealth• Waste and Wealth

• Crop Adaptation

• Role of Researchers and research



Moving forward

• The Green Revolution brought spectacular yield gains 
to many crops in many parts of the developing world. 

• Focus now - the potential of agricultural biotechnology 
to produce traits that reduce risk, rather than 
unconditionaly increase yields 

• Decrease or static land availability – need to efficiently • Decrease or static land availability – need to efficiently 
grow crops – mitigate risk of abiotic and biotic stress –
decrease losses – increase output 

• Need to Respond to climate change

• NEED TO PROVIDE SUSTAINABLE SOLUTIONS



WHAT IS BIOTECHNOLOGY?

OECD definition

“The application of science and technology to 
living organisms, as well as parts, products 
and models thereof, to alter living or non-
living materials for the production of living materials for the production of 
knowledge, goods and services ”

It is not just the science , it really is the 
application and the  business



SUSTAINABILITY IN AGRICULTURE

•Enhancing crop production for sustainable food, feed, fiber

and fuel supplies.

• Promoting resource conservation and energy efficiency.

• Reducing environmental footprint of agriculture.

BIOTECHNOLOGY AND 

SUSTAINABILITY

• Reducing environmental footprint of agriculture.

• Improving economic viability for farmers and communities.

• Advancing product safety.



Status of modern aquaculture

• rapid growth

• many new species - trialed

• most culture stocks are ‘wild’

• future - genetically-improved breeds

• requires domestication and stock improvement programs

• strategic exploitation of genetic diversity



• large genetic gains - last 50-100 years

• significant change in production phenotypes

• strategic exploitation of GV resources

Genetic resources in aquaculture: the interplay between 
farming and conservation’ 

Genetic improvement of terrestrial species

Broiler chickens
(skeleton to muscle mass !)



Genetic resources in aquaculture: the interplay between 
farming and conservation’ 

Impact of genetic improvement

‘Auroch’ - ancestor of ‘Auroch’ - ancestor of 
modern cattle

‘wild salmon’ ‘cultured salmon’

grows ~100% faster
on 50%

food intake



Genetic resources in aquaculture: the interplay between 
farming and conservation’ 

Sources of GV in terrestrial animal husbandry
• what is left in farmed breeds

• wild progenitors are long extinct

• artificial selection has eroded exploitable GV

• limited GV left to exploit within breeds• limited GV left to exploit within breeds

• some industries forced to crossbreed 

e.g. beef cattle 
in Australia



Genetic resources in aquaculture: the interplay between 
farming and conservation’ 

Genetic improvement of aquatic species

• few species - improved

• wild populations - often abundant

• limited knowledge of GV in wild stocks

• wild stock declines and local extinctions are increasing

• genetic resource is being lost rapidly



‘Genetic resources in aquaculture: the interplay between 
farming and conservation’ 

Wild’ genes - important in agriculture

• resistance to 32 major diseases identified in 
wild populations 

• bred into commercial cultivars 

other traits - insect resistance

e.g. tomatoes

• other traits - insect resistance
- temperature tolerance
- salinity/drought tolerance
- water-logging tolerance

• adds USD$1 billion to commercial crop value a year



What is Sustainable Agriculture

• “An integrated system of plant and animal production 
practices having a site-specific application that will over the 
longer term;

• Satisfy human food and fiber needs;

• Enhance environmental quality and the natural resource 
base upon which the agriculture economy depends;base upon which the agriculture economy depends;

• Make the most efficient use of non-renewable resources 
and on farm resources and integrate where appropriate, 
natural biological cycles and controls;

• Sustain the economic viability of farm operations;

• Enhance the quality of life for farmers and society as a 
whole.”



Sustainable biotechnology 

• Satisfy human food and fiber [and fuel] needs

• Increased Yield = More Food

Proven success : Biotech Corn: 30 percent increase 
in yield since 1996 ,- Biotech Soybean: 22 percent 
increase in yield since 1996
in yield since 1996 ,- Biotech Soybean: 22 percent 
increase in yield since 1996

• Consumer Benefits = societal well being

• Now also shown to  contribute to Climate change 
mitigation

• Bioeconomy solutions to 21st century problems



Lazell 2007 ABIC



BIOTECHNOLOGY & 

SUSTAINABILTY #1

BIOTECH CROPS

Focus





The use of transgenic crops has the potential 
to reduce Green House Gases via several 

ESTIMATED CONTRIBUTION TO 

CLIMATE CHANGE MITIGATION

to reduce Green House Gases via several 
mechanisms.



Global environmental impact of biotech crops 

since commercial introduction in 1996.

• Focuses on the impacts associated with 

changes in the amount of insecticides and 

herbicides applied to the biotech crops 

relative to conventionally grown alternatives.relative to conventionally grown alternatives.

• Examines the contribution of biotech crops 

towards reducing global greenhouse gas 

(GHG) emissions.



Biotech provides the “toolbox” to help 

produce yield sustainably

• 1. Greenhouse gas (GHG) emission reduction

• 2. Crop adaptation

• 3. Crop protection and increased yield from • 3. Crop protection and increased yield from 

less available arable land



Agriculture is a major source of 

greenhouse gas emissions.

• Deforestation, cattle feedlots and fertilizer use 

- currently account for about 25% of all 

greenhouse gas emissions and 14% of all EU 

CO2 emissions.CO2 emissions.

• a major source of methane and nitrous oxide 

(N2O), with latest estimates showing that it 

accounts for 48% of methane emissions and 

52% of N2O emissions in the EU.



Decrease in pesticide use through 

insect resistant biotech crops

• in terms of greenhouse gases, in the USA each litre of 
tractor diesel consumed is estimated to contribute an 
estimated 2.75 kg of CO2 into the atmosphere

• Fuel savings associated with fewer spray runs (relative

• to conventional crops) resulted in permanent cuts in • to conventional crops) resulted in permanent cuts in 
CO2 emissions.

• In 2007 reduction of 1,144 million kg of CO2 (arising 
from a reduction of 416 million litres of fuel). 

• 1996 to 2007 the cumulative permanent reduction in 
fuel use was estimated at 7,090 million kg of CO2 
(arising from a reduction of 2,578 million litres of fuel).

Barfoot and Brookes’ (2009)



Reduced Till systems

• Herbicide tolerant Biotech Crops

• estimated an additional saving of 13.1 BN kg CO2 

in cases where the use of herbicide-tolerant 
varieties had facilitated the use of min-till or non-
till systemstill systems

• Fuel savings

• Carbon sequestration in soil

• No calculation for effective

engineered microbes



Carbon sequestration

• 2007,  no-till area nearly doubled in the US 

• 5-fold increase recorded in Argentina, with GM 

herbicide tolerant (HT) soybeans estimated to 

account for 95% of the no-till soybean areaaccount for 95% of the no-till soybean area

• additional amount of soil carbon sequestered 

since 1996 has been equivalent to 83,179 million 

tonnes of carbon dioxide which would otherwise 

have been released into the global atmosphere

Barfoot and Brookes’ (2009)



• The UN Food and Agriculture Organization 
(FAO, 2008)have quantified the contribution 
of conservation tillage to carbon 
sequestration.

• Soil carbon sequestration during the first 
decade of adoption of best conservation 

• Soil carbon sequestration during the first 
decade of adoption of best conservation 
agricultural practices is 1.8 tons CO2 per 
hectare per year, with better cycling of 
nutrients and avoiding nutrient losses among 
the key benefits to farmers. 



Europabio 2009



• The most 

successful involves 

pest resistance 

conferred by the 

Bacillus 

thuringiensis (Bt) thuringiensis (Bt) 

gene and Herbicide 

tolerant gene (HT)



BIOTECHNOLOGY  

AND SUSTAINABLITY 

#2 

AGRICULTURE BIOMASS  

Biotechnology for Renewables



Sustainable Biofuels

Current scenario

• Biotechnology has provided enabling technologies for

- Yield increases and conversion processes for fuel 
crops such as corn ethanol  and soy biodiesel;

• 2nd generation biofuels – even more sustainable as • 2nd generation biofuels – even more sustainable as 
does not compete with food or feed use

– No till cropping for greater residue collection  

for cellulosic biomass (fronds, trunks etc);

– Dedicated energy crops (jathropha, switch grass, 
algae)



Biomass in Malaysia

• Biomass –organic matter available on a 
renewable basis –includes forest and mill 
residues, wood wastes, agricultural crops 
and wastes, animal wastes and Municiple
solid wastes

• Agriculture biomass abundant in Malaysia > 
70 million tonnes collected / year from 
plantations alone

• Produced throughout the year–high sunlight 
intensity/time and high rainfall

• Main contributor of biomass is the palm oil 
industry (ligno-cellulosics)

• Large potential for agriculture production of 
other biomass crops – room to explore 
other crops that may be used in Malaysia



More than 35 projects in Biomass 

Conversion in 9th Malaysia Plan
No. Project Title Project Leader/Entity Instituitions

1
Solvolysis and Hydrotreatment of Biomass to 

Produce Fuel
Sarani binti Zakaria UKM

2

Studies on palm oil biomass properties and 

energy data for combustion enhancement in 

boilers

Mohd Zamri bin Zainon @ Baharom UM

3
Renewable Energy Production from Agro-industry 

Biomass using Microwave Technology
Rozita binti Omar UPM

4

Investigation on the suitability of biomass 

component of Cerbera odollam as bio 

preservatives for wood and wood based 

composites

Rokiah Hashim USM

Development of Novel Catalyst for the Production 

5

Development of Novel Catalyst for the Production 

of Hydrogen from Oil Palm Biomass Under 

Supercritical Water Technology

Lee Keat Teong USM

6

Development of a membrane acid recovery 

system for the production of bioethanol from 

lignocellulosic biomass 

Lim Koon Ong USM

7
Thermochemical Conversion of Biomass to 

Synthetic Gasoline
Ye Lwin UniMAP

8
INTEGRATED ANALYSIS OF SAGO PALM AS A 

COMMERCIAL BIOMASS 
Abdul Manan bin Dos Mohamed CRAUN

9
A study on the carbon-sulphur-nitrogen fluxes 

during experimental burning of tropical biomass
Nik Meriam binti Nik Sulaiman UM

10

Development Of A Domestic Wastewater 

Treatment System With A Reed Bed For 

Environment Sensitive Areas

Siti Rozaimah Sheikh Abdullah UKM



Opportunity in Biomass improvement 

through Biotechnology

• Biotechnology approach through Marker Assisted  

selection of high yielding Biomass crops

• Improvement of Biomass crops through genetic 

engineering to increase oil content, cellulose engineering to increase oil content, cellulose 

content/availability, growth characteristics, biotic 

and abiotic stress resistance

• Advance Biotech R&D include developing self-

digesting plants to improve conversion 

• PRIORITY FOR R&D 



Oil palm biomass and carbon offsets
• Borneo Post Online

• 12 August, 2010

• KOTA KINABALU: An American-based company that aims to become a leader in the global carbon 
offset marketplace, has started operations in Malaysia and is already managing two plants in 
Sabah that utilize oil palm affluent to produce biomass energy in the form of steam.The plants, 
located in Lahad Datu and Sandakan, were started by a predecessor of the company, GenPower
Carbon Solutions Services (Malaysia) Sdn Bhd.

• “The two plants in Sabah are each producing 32 tonnes of steam an hour, round the clock, 24 hours 
a day, giving biomass energy to the oil palm mills there,” Gerald P Hamaliuk, the chief technology 
officer of GenPower Carbon Solutions, said here.

• GenPower Carbon Solutions is engaged in investing, developing, constructing, operating and 
marketing projects that reduce greenhouse gas emissions and produce Certified Emission marketing projects that reduce greenhouse gas emissions and produce Certified Emission 
Reductions (CERs) or other fully tradable certified carbon offsets under the Kyoto Protocol

Biotechnology  based 

opportunities



Cultivation of Tropical Algae as 

biomass
• Abudance of freshwater and marine 

species

• Ease of growth

• Underutlised

• Biomass potential for applications in 
renewable energy, food and feed, 

University of Malaya,

University Malaysia Sabah 

University Malaysia Terenganu, renewable energy, food and feed, 
industrial applications

• Established research groups with 
regional and international links

• Biotech improvement possible

• Identified within the  National 

Key economic area 

University Malaysia Terenganu, 

University Putra  Malaysia

MARDI

National Agribiotechnology Institute 

SME Biotech companies



Why Biomass from Algae?

• provides a means to re-use CO2 in large 

volumes,

• yields much higher levels per acre than all 

other biofuel sources, andother biofuel sources, and

• Algal biodiesal degrades in the natural 

environment much faster than petrodiesel.

• utilizes land area not suitable for biodiesel 

feedstock crops or food based agriculture



BIOTECHNOLOGY & 

SUSTAINABILITY #3

WASTE TO WEALTH

Contribution of Industrial Biotechnology to climate change mitigation



Unido 2009



UNIDO, 2007



WWF (2009)

• Biorefineries are able to transform any 

biobased waste material into a valuable 

feedstock for the production of other 

biobased materials. biobased materials. 

• The possible emission reductions for such 

processes are estimated to be as high as 633 

million tons of CO2  



BIOTECHNOLOGY AND 

SUSTAINABILITY  #4

CROP ADAPTATION

Biotechnology approaches to selecting and adapting crops to new 

climatic conditions



• Agriculture accounts for 70% of all water use; if current 
trends continue, predicted water shortages in agriculture 
have been identified as the single most significant 
constraint on crop production over the next 50 years

• New Biotechnology Crops with drought resistance are being • New Biotechnology Crops with drought resistance are being 
developed

• The Water Efficient Maize for Africa (WEMA) partnership, 
led by the African Agriculture Technology Foundation 
(AATF), 

• five-year public-private partnership aiming to develop new 
African drought-tolerant maize varieties incorporating the 
best technology available internationally



The C4 Rice project (IRRI)



http://beta.irri.org/projects15/en/aboutus-c4rice



Value proposition of C4 rice

• Increased water use efficiency. C4 rice would need less water because 
water loss will be reduced and the water used more efficiently. C4 plants 
would have the pores in the leaves (stomata) partially closed during the 
hottest part of the day. Also C4 plants absorb more CO2 per unit of water 
lost. C4 plants are able to do this because of the compartmentalization 
and concentration of CO2 that occurs in the bundle sheath cells.

• Increased nitrogen use efficiency. C4 rice would increase nitrogen-use • Increased nitrogen use efficiency. C4 rice would increase nitrogen-use 
efficiency by 30% because the plant will need lower amounts of Rubisco, 
an abundant enzyme that fixes CO2 into sugars. By requiring less Rubisco
for the same amount of CO2 fixed, C4 rice can achieve the same 
productivity with fewer enzymes, which means less nitrogen. (enzymes 
and proteins contain 15% nitrogen).

• Yield benefits. Models show that increased water and nitrogen use 
efficiencies and other characteristics would support yield increases of 30% 
to 50% based on comparative studies between rice and maize



Future Directions in Crop Biotechnology

Health food and 

quality

- Amino acids

Plant production platforms

- Vitamines

- Fatty acids

- Enzymes

Adaped from R.Fischer 2010

1997 2005 2015 2025

Efficient 

agriculture

- Bt technology

- Herbicide 

resistance

- Amino acids

- Oil

- Starch

Plant protection

- Viruses,Nematode

- Fungi,Insects

- Bio-polymers

- Pigments

- Pharmaceutical products

Stress resistance

- Cold

- Drought

- Salinization

Biomass



Biotech crop research in Malaysia



Plant Biotech Research Group
CEBAR

Members:

Prof Dr Rofina Yasmin Othman

Prof Dr Norzulaani Khalid

Assoc Prof Dr Jennifer Ann Harikrishna

Assoc Prof Dr Zulquarnain Mohamed



Plant Biotech Research Group

Mission

To conduct world class 

research in plant 

biotechnology to 

Vision

To be at the forefront of 

plant biotechnology biotechnology to 

support postgraduate 

and undergraduate 

training and Malaysian 

Industry

plant biotechnology 

for application in the 

tropics



Plant Biotech Research Group

International Linkages:
• University of Queensland, 

Australia

• Beijing Genome Institute, China

• Penn State University, USA

• Katholieke Universiteit Leuven, 
Belgium

National Linkages:
• Sime Darby Plantations

• Global Satria Sdn Bhd

• Malaysian Agri-Food 
Corporation (MAFC)

• Johor Plantech Sdn Bhd

• MOSTIBelgium

• National Academy of Agricultural 
Science (RDA), Korea

• National Institute of Infectious 
Diseases, Japan

• Nara Institute of Science & 
Technology (NAIST), Japan

• University of Tsukba, Japan

• University of Alberta, Canada

• MOSTI

• DOA

• ABI

• MGI

• UPM

• UKM

• MARDI

• MPOB

• FRIM



GENOMIC RESEARCH AND BREEDING 

Research Group
BSc in Genetics & Molecular Biology Program

Members:Members:

Dr Subha Bhassu

Prof Dr Rofina Yasmin Othman

Assoc Prof Dr Jennifer Ann Harikrishna

Dr Faruq Gholam

Assoc Prof Dr Zulqarnain Mohamed

Prof Dr Norzulaani Khalid

Dr Nazia Abdul Majid
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