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An interdisciplinary controlled environment research
facility focusing on critical environmental issues and
biotechnology
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Biotron plants seeds for the future

m Dr. Norm Hiuner, DSc(hc), FRSC

Distinguished Research Professor

m Plant Physiology, Photosynthesis
Canada Research Chair in Environmental Stress Biology
Biotron Scientific Director
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m Accelerate our understanding of the
consequences of climate change and other
forms of environmental stress on ecosystems

Support and stimulate the shift of markets
towards a “bioeconomy”

Assess potential environmental benefits and
risks of emerging biotechnologies on
biodiversity and ecosystem health




Assumption: Earth will experience worsening
citcumstances under the current regime of
anthropogenic pollution




ENVIRONMENT
Atmospheric CO,

CARBON DIOXIDE CONCENTRATION
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GLOBAL TEMPERATURE RISE

due to “business-as-usual” greenhouse gas emissions
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How do these stresses affect biodiversity and the survival
and productivity of organisms?

= What is the effect of transgenic organisms and other
emerging technologies on natural ecosystems?

m How do we identify and minimize the impact of plant
diseases and pests on our agricultural and forestry
industries?

m How can we address the spread of insect-borne diseases
such as West Nile virus?

= How do we protect our food supply in the face of a
changing environment?
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m Water purification
Bioactive paper

m Sustainable agriculture and forestry
Pest (invasive species), drought, cold resistance

Enhanced nutritional and medicinal properties (e.g.
gossypol-free cottonseed)

Postharvest preservation

= Bioproducts

Industrial and medical molecules (e.g. vaccines,
antibodies, proteins, enzymes, and polymers)

Renewable fibres, plastics
Biofuels (e.g. biodiesel, bioethanol)




m $28.4 million project cost
- Federal (CFI - 40%)
- Provincial (OIT/ORF - 40%)
- Western (Huner )
- Guelph (Grodzinski)
- Agriculture & Agri-Food Canada
- Industry

- Donors

75 Construction : 73 Equipment
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m Containment Level 3 Labs

= PHAC [E] IR

| CFI A I . n I Canadian Food Agence canadienne

Inspection Agency  d'inspection des aliments

m Biomes — Level 2++

B Containment Level 2 Overall
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CORRIDOA

PLANT BOME! | mioMEZ || BIOME3 || EUOMES
ACCLIMATION

Assess the impact of environmental
stress at the mini-ecosystem level
Food chain impacts of pesticides
Biorisk assessment — pre-field trials
Carbon dioxide capture and storage
techniques

Scale experiments up or down



QT







(0
D
O
c
Q
@)
)
i
e
| -
qu;
LL]




Earth Science Climate Chamber

sInstall and preserve INTACT
soil samples ranging from
Arctic to modern agricultural

Bioremediation of mine
tailings, landfill leachate, and
other contaminants

*Oil and gas pipeline
optimization in permafrost and
the active layer

INCORPORATED
ASubsidary ol Enconal Tchnolagies nc

Custom designed : -40°C to +40°C
10,000 kg soil core sample



Earth Science
Climate Chamber

INCORPORATED
ASubsidery of Encona Technobges .

Custom designed :

-40°C to +40°C
N 000 ka <o0i
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Industrial and medical bioproduct development
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Microbial Pathogenesis
Microbial Molecular Ecology & Biodiversity

ZZPRAXAIR
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Environmentally-acceptable crop pest control
Insect-borne disease control
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Sustainable crop development
Environmental biosensors
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Remote access & control

Sophisticated multimedia database

Connectivity to SHARCNET cluster supercomputers
Confocal, SEM, TEM (2), & Digital Light Microscopy
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Brotron
Computer Lab for Offline Data Processing,
Analysis. and Repont Generalion
i

Botron
Analytical
Lab Instruments,
Microscopy,
Biome Sensors, etc

UWO Information Technology Sarvicaes (ITS)
Daily Server Backup
(Possibly Archiving)

LEra-High Randwidth Oplical Link

High-Performance Computing Sysiem
Processing and Nebworking
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m To generate a blueprint for long-term,
ecosystem health

through

sustainable economic growth in medicine,
agriculture, and energy.

m To generate actionable, socially valuable
recommendations for our leaders in

government and industry

=  (through collaboration with the Richard Ivey School of Business,
government, and industry partners)



Contacts at
UWO

Dr. Norm Huner, Sczentific Director

nhunetr@uwo.ca

519.661.2111 x 86488

Amar Singh, General Manager

a.singh@biotron.uwo.ca

519.661.2111 x 81410

Canada Foundation for Innowvation
Fondation canadienne pour linnovation

Ontario
Innovation

Trust
s



mailto:nhuner@uwo.ca
mailto:a.singh@biotron.uwo.ca

AAFC-London

Environmental
Chambers




and Controlled Environment Systems
Research Facility




m Commercial Greenhouses
m Space Exploration Program

m Guelph CESRF/Biotron L.TRF

m Biodiversity/Bioproducts

m Environmental Studies (climate
change, plant-pathogen interactions,
plant-microbial interactions, etc.)
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“Macronutrients”

Nitrogen
Potassium
Calcium
Phosphorus
Magnesium
Sulfur

CARBON, HYDROGEN AND OXYGEN

“Micronutrients”

Iron
Chlorine
Manganese
Boron
Zinc
Copper
Molybdenum




Hypobarlc Plant Growth Chambers

KSC




ENHANCED CO, REMOVAL
& 0, PRODUCTION

Daily Carbon Uptake
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Ah'ole Plant System,



Temperature (°C)

Temperature (Set Point)
Temperature (Actual)

T T T T

01/08/07 02/08/07 03/08/07 04/08/07 05/08/0
Time

Guelph’s
Biotron-LTRF

Growth Chamber CO2 Control 510

Version 2.2 May Lake serveral
minutes te stop

FushLine /f.,  Se

Pump BioChamber 1 | BioChamber 2 | BioChamber 3 Mwmher-l!

rnﬁ.mzn-m 3R ] azi@ 1" | . as i@ |

Injection Valve i@ vz @ Wil

Sample Valve vi1@ vz @ i@

€02 Leved (ppm)

€02 Level 797.69 41,75 782.39

Demand CO2 a0 1 400 Y00

Factor | |

€02 Stabilizer v
Factor 2 oy
02 Adjustment i

|File Path 3 C:\Documents and SettingsiAll Uisers\Documents\CO2_Data_Files|2007TNOV13-

Remarks
For Help Contact: M. Javaid Igbal
1 2007 Grodznski Lab, University of Guelph, All rights reserved.
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Neptec

Space qualified system
— Mission STS-105
— August 2001

High immunity to sun

Range 1 mto 10 m
— 01 mm@ 1m
—10mm @ 10 m

30 deg x 30 deg FOV
1.5 um (eye-safe laser)
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Triangulatlon
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Scanning The Plants

Plants scanned from above
«Stand-off distance of 1.2m
*Height & leaf area measured non-
destructively for each plant
*Measured once for destructive
tests

*Measured 1x per day for gas
exchange population

*Measured 6x per day for linear-
encoder population

At the end of the experiment, all
plants scanned and sacrificed to
add to the standard curves

Experiment

-~ 77—7
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Self-Occlusion
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t'\:‘.i.:“ Destructive Harvests

L CS Measurements
compared to ruler for height
L. CS measurements
compared to flat-bed scanner
for leaf area

L eaf area shows increasing
bias with increasing area
» Use the standard curve
to correct for the bias

Estimated by laser scanning
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Leaf area (cm?)

Actual stem length (cm)

10 15 20

120 180 240
Actual leaf area (cm?)

Correlation
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—O— Control
—e— Inoculated

:.-

== | Correlation with Linear
e¢p.| lransducers

Estimated by rotary motion sensor
Main stem extension (cm)

*\Very good correlation with the
transducer set

*No need to adjust strings (no
handling required)
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L eaf area measurements
have been corrected with std.
Curve.

Estimated by 3D laser scanning
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CES and Research Levels

s Canopy/Ecosystem

O Organism (autotrophic, heterotrophic organs)
m Organ (source leaf)

m [issue

= Cell

m Sub-cellular

m Molecular
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Flaveria species
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