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•• An interdisciplinary controlled environment research An interdisciplinary controlled environment research 
facility focusing on critical environmental issues and facility focusing on critical environmental issues and 
biotechnologybiotechnology

What is the Biotron?



Principal Investigator

Dr. Norm Dr. Norm HHüünerner, , DSc(hcDSc(hc), FRSC), FRSC
•• Distinguished Research ProfessorDistinguished Research Professor

Plant Physiology, PhotosynthesisPlant Physiology, Photosynthesis
•• Canada Research Chair in Environmental Stress BiologyCanada Research Chair in Environmental Stress Biology
•• BiotronBiotron Scientific DirectorScientific Director



Research MissionResearch Mission

Accelerate our understanding of the Accelerate our understanding of the 
consequences of climate change and other consequences of climate change and other 
forms of environmental stress on ecosystems forms of environmental stress on ecosystems 

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

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



•• Assumption:Assumption: Earth will experience worsening Earth will experience worsening 
circumstances under the current regime of circumstances under the current regime of 
anthropogenic pollutionanthropogenic pollution

Why Now?



ENVIRONMENTENVIRONMENT
AtmosphericAtmospheric COCO22

=> Global 
Warming ??





Environmental Environmental 
ResearchResearch

Examples / Questions Examples / Questions 

How do these stresses affect biodiversity and the survival How do these stresses affect biodiversity and the survival 
and productivity of organisms?and productivity of organisms?

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

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

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

How do we protect our food supply in the face of a How do we protect our food supply in the face of a 
changing environment?changing environment?



Biotechnology Biotechnology 
DevelopmentDevelopment

Examples / QuestionsExamples / Questions

Water purificationWater purification
•• Bioactive paperBioactive paper

Sustainable agriculture and forestrySustainable agriculture and forestry
•• Pest (invasive species), drought, cold resistancePest (invasive species), drought, cold resistance
•• Enhanced nutritional and medicinal properties (e.g. Enhanced nutritional and medicinal properties (e.g. 

gossypolgossypol--free cottonseed)free cottonseed)
•• PostharvestPostharvest preservationpreservation

BioproductsBioproducts
•• Industrial and medical molecules (e.g. vaccines, Industrial and medical molecules (e.g. vaccines, 

antibodies, proteins, enzymes, and polymers)antibodies, proteins, enzymes, and polymers)
•• Renewable Renewable fibresfibres, plastics, plastics
•• BiofuelsBiofuels (e.g. (e.g. biodieselbiodiesel, , bioethanolbioethanol))



$28.4 million project cost$28.4 million project cost
•• Federal (CFI Federal (CFI -- 40%)40%)
•• Provincial (OIT/ORF Provincial (OIT/ORF -- 40%)40%)
•• Western (Western (HHüünerner ))
•• Guelph (Guelph (GrodzinskiGrodzinski))
•• Agriculture & Agriculture & AgriAgri--Food CanadaFood Canada
•• IndustryIndustry
•• DonorsDonors

⅔⅔ Construction : Construction : ⅓⅓ EquipmentEquipment

Award



Tower (UWO)Tower (UWO)



Main Tower (UWO)



North Campus North Campus 
Building (UWO)Building (UWO)

Plants & Algae ModulePlants & Algae Module



UWOUWO--
BiosecurityBiosecurity

Containment Level 3 LabsContainment Level 3 Labs
PHACPHAC
CFIACFIA

Biomes Biomes –– Level 2++Level 2++
Containment Level 2 OverallContainment Level 2 Overall



Biomes



BiomesBiomes

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 



Biomes



BiomesBiomes



Earth SciencesEarth Sciences



Earth Science Climate ChamberEarth Science Climate Chamber

Custom designed :  -40ºC to +40ºC

10,000 kg soil core sample

•Install 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



Earth Science Earth Science 
Climate ChamberClimate Chamber

Custom designed :  

-40ºC to +40ºC 
10,000 kg soil core sample



Containment Level 3 ModuleContainment Level 3 Module

Microbial and Insect Threats



Transgenic PlantsTransgenic Plants

Industrial and medical bioproduct development



MicrobiologyMicrobiology

Microbial Pathogenesis
Microbial Molecular Ecology & Biodiversity



InsectsInsects

Environmentally-acceptable crop pest control
Insect-borne disease control



Plants & AlgaePlants & Algae

Sustainable crop development
Environmental biosensors



IT & ImagingIT & Imaging

Remote access & control
Sophisticated multimedia database
Connectivity to SHARCNET cluster supercomputers
Confocal, SEM, TEM (2), & Digital Light Microscopy



IT & ImagingIT & Imaging



VisionVision

To generate a blueprint for longTo generate a blueprint for long--term, term, 
ecosystem health ecosystem health 

through through 

sustainable economic growth in medicine, sustainable economic growth in medicine, 
agriculture, and energy.agriculture, and energy.

To generate actionable, socially valuable To generate actionable, socially valuable 
recommendations for our leaders in recommendations for our leaders in 
government and industrygovernment and industry

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



Contacts at Contacts at 
UWOUWO

Dr. Norm Dr. Norm HunerHuner, , Scientific DirectorScientific Director
nhuner@uwo.canhuner@uwo.ca
519.661.2111 x 86488519.661.2111 x 86488

AmarAmar Singh, Singh, General ManagerGeneral Manager
a.singh@biotron.uwo.caa.singh@biotron.uwo.ca
519.661.2111 x 81410519.661.2111 x 81410

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


AAFCAAFC--LondonLondon
Environmental Environmental 

ChambersChambers



BiotronBiotron ‘‘s LTRF  in Guelph  s LTRF  in Guelph  
andand Controlled Environment Systems Controlled Environment Systems 

Research Facility Research Facility 



Closed Environment SystemsClosed Environment Systems

Commercial GreenhousesCommercial Greenhouses
Space Exploration ProgramSpace Exploration Program
Guelph CESRF/Guelph CESRF/BiotronBiotron LTRFLTRF
Biodiversity/Biodiversity/BioproductsBioproducts
Environmental Studies (climate Environmental Studies (climate 
change, plantchange, plant--pathogen interactions, pathogen interactions, 
plantplant--microbial interactions, etc.)microbial interactions, etc.)



Whole Plant NCER

Biomass         -YES
Partitioning / 
Quality           - NO



CCARBONARBON, H, HYDROGENYDROGEN AND AND OOXYGENXYGEN

> 96%



Hypobaric Plant Growth ChambersHypobaric Plant Growth Chambers

KSCKSC

CESRFCESRF



ENHANCED COENHANCED CO22 REMOVAL REMOVAL 
& O& O22 PRODUCTIONPRODUCTION



Whole Plant System,
“ORGANISM”

Cuvette Systems
Leaf System, “ORGAN”
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Snapdragon Experiment

•Began with a population of 
Snapdragons (Antirrhinum majus L.)
•Half were treated with root pathogen 
(Pythium aphanidermatum)
•Some of the plants grown in growth 
chambers to measure gas exchange
•Some of the plants attached to 
transducers to measure height
•Monitored for 5 days to characterize 
the impact of the root pathogen
•Metrics:

•Gas exchange
•Height (Destructive, non, 
transducers)
•Leaf Area (Destructive & Non)
•NPQ etc. . .

Experiment
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Discovery 
(STS-114, 2005)

Triangulation



Discovery 
(STS-114, 2005)

Triangulation



  
LCS 

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



Self-Occlusion

Correlation
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Correlation with 
Destructive Harvests

•LCS Measurements 
compared to ruler for height
•LCS measurements 
compared to flat-bed scanner 
for leaf area

•Leaf area shows increasing 
bias with increasing area

• Use the standard curve 
to correct for the bias

Correlation



Pl
an

t h
ei

gh
t (

cm
)

0

8

10

12

14

16

Hours before and after inoculation

-24 -12 0 12 24 36 48 60 72 84 96
Pl

an
t l

ea
f a

re
a 

(c
m

2 )

0

30

40

50

60

B

C

Es
tim

at
ed

 b
y 

3D
 la

se
r s

ca
nn

in
g

Es
tim

at
ed

 b
y 

ro
ta

ry
 m

ot
io

n 
se

ns
or

M
ai

n 
st

em
 e

xt
en

si
on

 (c
m

)

0

2

4

6

Control 
InoculatedA

Inoculation time

Inoculation time

Inoculation timeCorrelation with Linear 
Transducers

•Very good correlation with the 
transducer set
•No need to adjust strings (no 
handling required)

•Leaf area measurements 
have been corrected with std.  
Curve.

Correlation
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Enabling Metrics



CES and Research LevelsCES and Research Levels
Canopy/EcosystemCanopy/Ecosystem
Organism Organism (autotrophic, heterotrophic organs)(autotrophic, heterotrophic organs)

Organ Organ (source leaf)(source leaf)

TissueTissue
CellCell
SubSub--cellularcellular
MolecularMolecular
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THANK YOU



FlaveriaFlaveria speciesspecies

C3 C4 C3-C4
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Air Mesophyll Cell Phloem
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