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Tuesday, May 15th, 2012 

8:30 – 8:45  Opening Address  
Lining Tian 
Co-chair, 8th Canadian Plant Biotechnology Conference  
Southern Crop Protection and Food Research Centre, Agriculture and Agri-Food Canada,1391 Sandford 
St., London, ON, N5V 4T3, Canada 
 
 

Session I : Plant Regeneration and Genetic Engineering 
 
Co-chairs: Daina Simmonds, Alison Ferrie 
 
8:45 – 9:30  Identification of regulatory regions for control of transgene expression  
John Finer  
OARDC/The Ohio State University, 1680 Madison Ave., Wooster, OH 44691, USA  
 
9:30 – 9:45  The Agrobacterium T-DNA-derived nano-complex for transformation of monocots 
Alicja Ziemienowicz1, Youn-Seb Shim2, Aki Matsuoka1, Francois Eudes2 and Igor Kovalchuk1  
1Department of Biological Sciences, University of Lethbridge, 4401 University Dr., Lethbridge, AB, T1K 
3M4, Canada; 2Agriculture and Agri-Food Canada, Lethbridge Research Centre, 5403 – 1 Ave. S., 
Lethbridge, AB, T1J 4B1, Canada  
 
9:45 – 10:00  Protoplast isolation, proliferation, and electrofusion in American Elm (Ulmus 
americana)  
A. Maxwell P. Jones1, Abhishek Chattopadhyay1, Mukund Shukla1, Jerzy Zoń2 and Praveen K. Saxena1  
1Gosling Research Institute for Plant Preservation, Department of Plant Agriculture, University of 
Guelph, 50 Stone Rd. E., Guelph, ON, N1G 2W1, Canada; 2Laboratory of Molecular Chemistry, 
Department of Medicinal Chemistry and Microbiology, Faculty of Chemistry, Wrocław University of 
Technology, Wybrzeze Wyspiańskiego 27, PL-50-370 Wrocław, Poland  
   
10:00 – 10:15  Microspore transfection and the production of transgenic doubled haploid plants 
through macroinjection of nanocarrier:DNA complexes into immature floral buds  
Patricia L. Polowick, Pankaj K. Bhowmik, Joan Dirpaul, Jennifer Brost and Alison M. R. Ferrie  
National Research Council - Plant Biotechnology Institute, 110 Gymnasium Pl., Saskatoon, SK, S7N 0W9, 
Canada   
 
10:15 – 10:30  Auxin reponse factor functions in plant regeneration - molecular control of de novo 
shoot formation 
Wenzislava Ckurshumova, Naden T. Krogan, George Stamatiou, Tatiana Smirnova, Adriana E. Caragea 
and Thomas Berleth 
Department of cell and Systems Biology, University of Toronto, Toronto, ON, Canada 
 
10:30 – 11:00  Coffee break 
 
11:00 – 11:15  Agrobacterium mediated transformation of Bienertia sinuspersici  
Sarah Schoor, Victor Lee and Simon Chuong  
University of Waterloo, 200 University Ave. W., Waterloo, ON, Canada  
 
11:15 – 11:30  Agrobacterium mediated transformation of distylous Turnera joelii (Passifloraceae)  
Paul Chafe and Joel Shore  
York University, 4700 Keele St., Toronto, ON, Canada  
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11:30 – 11:45  Integration of transgenic plants into alternative cover crop mulch systems 
illustrates a paradigm and a platform for sustainable agriculture 
Tahira Fatima1, Anil Neelam1, Anatoli Sobolev2, John R. Teasdale, 1 Jim Bunce1, Aref A. Abdul-Baki1, 
Avtar K. Handa3 and Autar K. Mattoo1 

1The Henry A. Wallace Beltsville Agricultural Research Center, USDA-Agricultural Research Service, 
Beltsville, MD, USA; 
2Instituto di Metodologie Chimiche, CNR, 00015 Monterotondo, Rome, Italy; 
3Purdue University, West Lafayette, IN, USA 
 
11:45 – 12:00  PlantBiosis Ltd. – service provider for your next generation sequencing needs 
Igor Kovalchuk 
PlantBiosis, 16 Sandstone Rd. S., Lethbridge, AB, T1K 7X8, Canada 
 
12:00 – 13:00  Lunch 
 
13:00 – 14:00  Poster session 
 
 

Session II: Biomaterials and Molecular Farming 
 
Co- Chairs: Larry Holbrook, Francois Eudes 
 
14:00 – 14:45  Plant expression of rAbs against breast cancer, microbial toxins, and environmental 
contaminants  
J. Christopher Hall  
CRC in Recombinant Antibody Technology, School of Environmental Sciences, University of Guelph, 
Guelph, ON, N1G 2W1, Canada  
 
14:45 – 15:00  The expression and characterization of new active lipase from Acremonium 
alcalophilum using tobacco plants as bioreactor  
Eridan Orlando Pereira1,2,  Adrian Tsang 3, Tim McAllister 4 and Rima Menassa1,2  
1Southern Crop Protection and Food Research Centre - Agriculture and Agri-Food Canada, 1391 
Sandford St., London, ON, N5V 4T3, Canada;  
2Department of Biology, The University of Western Ontario, London, ON, N6A 5B7, Canada;  
3Faculty of Arts and Science, Concordia University, Montreal, QC, H4B 1R6, Canada; 
4Agriculture and Agri-Food Canada, Lethbridge Research Centre, Lethbridge, AB, T1J 4B1, Canada 
     
15:00 – 15:15  Production of a subunit vaccine candidate against porcine post weaning diarrhea in 
high biomass transplastomic tobacco  
Igor Kolotilin1, Angelo Kaldis1, Bert Devriendt2, Jussi Joensuu3, Eric Cox2 and Rima Menassa1.  
1Southern Crop Protection and Food Research Centre, Agriculture and Agri-Food Canada, 1391 
Sandford St., London, ON, N5V 4T3, Canada;  
2Laboratory of Veterinary Immunology, Faculty of Veterinary Medicine, Gent University, Merelbeke, 
Belgium;  
3VTT Technical Research Centre of Finland, Espoo, Finland  
 
15:15 – 15:30  A novel one-step purification of recombinant proteins from plants using genetic 
fusion to soybean agglutinin  
Shengwu Ma1, Anthony M. Jevnikar1, Paul G. Arnison2 and Larry Holbrook2  
1Plantigen Inc., 375 South St., London, ON, N6A 4G5, Canada;  
2Prairie Plant Systems Inc., Saskatoon, SK, S7H 0W2, Canada 
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15:30 – 15:45  Utility of the P19 suppressor of gene-silencing protein for production of therapeutic 
antibodies in Nicotiana expression hosts 
 Freydoun Garabagi1,2, Erin Gilbert1,2, Andreas Loos3, Michael D. McLean1,2, J. Christopher Hall1,2 
1School of Environmental Sciences, University of Guelph, 50 Stone Rd. E, Guelph, ON, N1G 2W1, 
Canada; 
2PlantForm Corporation, 1920 Yonge St., Suite 200 Toronto, ON, M4S 3E2, Canada; 
3Department of Applied Genetics and Cell Biology, BOKU-Vienna, Austria  
 
15:45 – 16:15  Coffee break 
 
16:15 – 16:45  Nanocarriers-cargoes technology for engineering plant cells genomes  
François Eudes  
Agriculture and Agri-Food Canada, P.O. Box 3000, Lethbridge, AB, T1J 4B1, Canada  
 
16:45 – 17:00  Recombinant Fusion Proteins Expression and Deposition into ER Derived Protein 
Bodies in Various Transgenic Wheat Tissues  
Imran Khan1,2, Elsa Arcalis1, Thomas Radimacher3 , Rainer Fischer2,3 and Eva Stoger1  
1Vienna Institute of Biotechnology (VIBT), University of Natural Resources and Life Sciences, Muthgasse 
18, 1200 Vienna, Austria ; 
2Institute for Molecular Biotechnology, RWTH Aachen University, Worringerweg 1, 52074 Aachen, 
Germany;  
3Fraunhofer Institute for Molecular Biology and Applied Ecology (IME), 52074 Aachen, Germany  
 
17:00 – 17:15  Characterizing the critical elements of protein body biogenesis by transient 
expression of elastin-like polypeptide and hydrophobin fusion tags in N. benthamiana leaves  
Reza Saberianfar1,2, Sonia Gutierrez1,2, Jussi J. Joensuu 3, Susanne Kohalmi1,2 and Rima Menassa1,2  
1Biology Department, BGS, Western University, London, ON, N6A 5B7, Canada; 
2Southern Crop Protection and Food Research Centre - Agriculture and Agri-Food Canada, 1391 
Sandford St., London, ON, N5V 4T3, Canada; 
3VTT Biotechnology, VTT Technical Research Centre of Finland, 11 Siltakatu, Espoon Keskus, Espoo, 
02070, Finland   
    
17:15 – 17:30  The first infectious cDNA clone of a foveavirus: construction, biological activities and 
implications for biotechnological applications  
Srividhya Venkataraman1, Caihong Li1, Weizhou Wang1, Cathy Dayan-Glick2, Munir Mawassi2 and 
Baozhong Meng1  
1Department of Molecular and Cellular Biology, University of Guelph, Guelph, ON, N1G2W1, Canada; 
2The Plant Pathology Department - The Virology Unit, Plant Protection Institute Agricultural Research 
Organization, The Volcani Center, Bet-Dagan 50250, Israel; 
3Department of Plant Agriculture, University of Guelph, Vineland, ON, Canada  
 
17:30 – 17:45  Preclinical validation of plant-produced trastuzumab by PlantForm Corporation 
Michael D. McLean1,2, Frey Garabagi1,2, Gabrielle Richard2,3, John Teat1, Erin Gilbert1,  Jessica Rouleau1, 
Wing-Fai Cheung1, Don Stewart1, Herta Steinkellner4 and J. Christopher Hall1,2 

1PlantForm Corporation, 1920 Yonge St., Suite 200, Toronto, ON, M4S 3E2, Canada; 
2School of Environmental Sciences, University of Guelph, 50 Stone Rd. E., Guelph, ON, N1G 2W1, 
Canada; 
3Institute of for Biological Sciences, National Research Council of Canada, 100 Sussex Dr., Ottawa, ON, 
K1A 0R6, Canada; 
4Institute of Applied Genetics and Cell Biology, Muthgasse 18, 1190 Vienna, Austria 
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Wednesday, May 16th, 2012 
 

Session III: Molecular Breeding and OMICS 

Co-Chairs: Igor Kovalchuk, David Hunter 
 
8:30 – 9:15  Phenomics to reveal new genes responsible for plant development and pest resistance 
Sharon Regan  
Department of Biology, Queen’s University, Kingston, ON, Canada 
 
9:15 – 9:30  Gene silencing in cereal rust fungi by host expression of double-stranded RNA  
Vinay Panwar1, Brent McCallum2 and Guus Bakkeren1  
1Agriculture and Agri-Food Canada, Pacific Agri-Food Research Center, Summerland, BC, V0H 1Z0, 
Canada;  
2Agriculture and Agri-Food Canada, Cereal Research Centre, Winnipeg, MB, R3T 2M9, Canada  
   
9:30 – 9:45  Functional characterization of the L-type amino acid transporters in Arabidopsis 
thaliana  
Rowshon A. Begam1 and Allen G. Good1  
1Department of Biological Sciences, University of Alberta, Edmonton, AB, Canada 
 
9:45 – 10:00  Towards an AcTPase Expression System  
N. Dylan Lamb-Palmer1, Manjit Singh1, John Dalton2 and Jaswinder Singh1  
1Department of Plant Sciences, McGill University, Ste Anne de Bellevue, QC, H9X 3V9, Canada; 
2Institute of Parasitology, McGill University, Ste Anne de Bellevue, QC, H9X 3V9, Canada  
 
10:00 – 10:30  Coffee break  
 
10:30 – 10:45  Enhancing traditional grape breeding through genomic ancestry selection: a 
preliminary method  
Jason Sawler1 and Sean Myles1 

1Nova Scotia Agricultural College, 32 Main Street, Kentville, NS, B4N 1J5, Canada 
 
10:45 – 11:00  Photosynthesis and Flowering Enhancement Affected by the Action Spectrum 
Saeid H. Mobini, Hai Ying Yuan, Monika Lulsdorf, Albert Vandenberg  
Crop Development Centre, University of Saskatchewan, 51 Campus Drive Saskatoon, SK, Canada 
 
11:00 – 11:15  Functional genomics of Malting quality QTLs using Ac/Ds transposons in Barley  
Surinder Singh, Manjit Singh, Ravneet Kaur, Neil Dylan Lamb-Palmer and Jaswinder Singh.  
Department of Plant Science, McGill University, 21111 Rue Lakeshore, Ste Anne De Bellevue, QC, H9X 
3V9, Canada  
 
11:15 – 11:30  Genetic relationships among Puccinellia Nuttalliana populations determined on the 
Basis of AFLP Markers  
Yining Liu and Dr. Bruce Coulman  
University of Saskatchewan, 51 Campus Dr., Saskatoon, SK, Canada  
    
11:30 – 11:45  Association mapping of canopy traits and plant branching in the flax core collection  
Tao Zhang1, Braulio J. Soto-Cerda2, Aaron Beattie1, Sylvie Cloutier2 and Helen Booker1  
1University of Saskatchewan, 51 Campus Dr., Saskatoon, SK, Canada;  
2Cereal Research Center, Agriculture and Agri-Food Canada 
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11:45 – 12:00  Research activities at Prairie Plant Systems Inc. 
Larry Holbrook, Chief Scientific Officer 
Prairie Plant Systems Inc., Saskatoon, SK, S7H 0W2, Canada  
 
12:00 – 13:00  Lunch 
 
13:00 – 14:00  Poster session 
 
 

Session IV: Metabolism and metabolic engineering 

Co-Chairs: Edward Yeung, Frederic Marsolais 
 
14:00 – 14:45  How a plant makes morphine – can we teach this trick to a microorganism?  
Jillian Hagel1, Eun-Jeong Lee1, Isabel Desgagné-Penix1, Thu Thuy Dang1, Akpevwe Onoyovwe1, Scott 
Farrow1, Guillaume Beaudoin1, Donald Dinsmore1, Crystal Bross1, Elena Fosatti2, Andy Ekins2, Vincent 
Martin2 and Peter Facchini1  
1Department of Biological Sciences, University of Calgary, Calgary, AB, T2N 1N4, Canada; 
2Biology Department, Concordia University, Montréal, QC, H4B 1R6, Canada  
 
14:45 – 15:00  Overexpression of asparaginase alters protein concentration in soybean seed  
Sudhakar Pandurangan1,2, Agnieszka Pajak1, Ronald P. Beyaert3, Daniel C. Brown1 and Frédéric 
Marsolais1,2  
1Department of Biology, Western University, London, ON, N6A 5B7, Canada;  
2Southern Crop Protection and Food Research Centre - Agriculture and Agri-Food Canada, Genomics 
and Biotechnology, London, ON, N5V 4T3, Canada;  
3Southern Crop Protection and Food Research Centre - Agriculture and Agri-Food Canada, Research 
Farm – Delhi, 711 Schafer Side Rd., RR#2, Delhi, ON, N4B 2W5, Canada  
 
15:00 – 15:15  Characterization of dihydroflavonol 4-reductase (DFR) gene paralogs in common 
bean (Phaseolus vulgaris)  
Mahbuba Siddiqua, Zeinab Yadegari and K. Peter Pauls  
University of Guelph, 50 Stone Rd. E., Guelph, ON, Canada  
 
15:15 – 15:30  Enhancing the carotenoid profile of canola seeds  
Lisa Amyot1, Bianyun Yu2, Margie Gruber2, George Haughn3, Erin Gilchrist3, Bruce Reynolds4 and 
Abdelali Hannoufa1  
1Southern Crop Protection and Food Research Centre - Agriculture and Agri-Food Canada, 1391 
Sandford St., London, ON, N5V 4T3, Canada;  
2Agriculture and Agri-Food Canada, 107 Science Pl., Saskatoon, SK, S7N 0X2, Canada;  
3University of British Columbia, 3529-6270 University Blvd. Vancouver, BC, V6T 1Z4, Canada;  
4Southern Crop Protection and Food Research Centre - Agriculture and Agri-Food Canada, 711 Schafer 
Side Rd., Delhi, ON, N4B 2W5, Canada  
 
15:30 – 16:00  Coffee Break 
 
16:00 – 16:30  Epidermome enriched biosynthesis of monoterpenoid indole alkaloids and secretion 
to the plant surface may be common in the Apocynaceae family of plants  
Sayaka Masada-Atsumi, Dylan Levac, Elizabeth Edmunds, Kyung-Hee Kim and Vincenzo De Luca  
Department of Biological Sciences, Brock University, 500 Glenridge Ave., St Catharines, ON, L2S 3A1, 
Canada  
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16:30 – 16:45  Generation of stress tolerant plants through targeted stress applications – epigenetic 
approach 
Andriy Bilichak1, Youli Yao1, Melanie Kalischuk1,2, Zoe Migicovsky1, Andrey Golubov1, Lawrence 
Kawchuk2 and Igor Kovalchuk1 
1Department of Biological Sciences, University of Lethbridge, Lethbridge, AB, Canada; 
2Agriculture AgriFood Canada, Lethbridge Research Station, Lethbridge, AB, Canada 
  
16:45 – 17:00  The cross-talk between plant hemoglobin and nitric oxide during flooding stress and 
senescence  
Jay K. Shah1, Michael Wagner Christiansen2, Kim Hebelstrup2, Per L. Gregersen2and Abir U. 
Igamberdiev1  
1Department of Biology, Memorial University of Newfoundland, St. John's, NL, A1B 3X9, Canada;  
2Department of Molecular Biology and Genetics, Aarhus University, Forsoegsvej 1, 4200 Slagelse, 
Denmark  
 
17:00 – 17:15  De Novo Assembly of American Ginseng root transcriptome and analysis of gene 
expression during development 
Di Wu1,2, Ryan Austin2, Sijun Zhou1,2 and Dan Brown1, 2,3  
1Western University, 1151 Richmond St, London, ON, Canada;  
2Southern Crop Protection and Food Research Centre - Agriculture and Agri-Food Canada, 1391 
Sandford St., London, ON, N5V 4T3, Canada;  
3Canadian Centre for Agri-food Research in Health and Medicine (CCARM), St. Boniface Hospital, 351 
Taché Avenue, Winnipeg, MB, Canada  
 
17:15 – 17:30 Analysis of expression of polyphenol oxidase gene family in potato (Solanum 
tuberosum L.) by quantitative PCR  
Ming Chi1,2, Basdeo Bhagwat1, Yin-quan Su2 and Yu Xiang1   
1Agriculture and Agri-Food Canada, Pacific Agri-Food Research Center, Summerland, BC, V0H 1Z0, 
Canada;  
2College of Forestry, Northwest A & F University, Yangling, Shaanxi, China  
 
17:30 – 18:30  Cash bar open 
 
18:30 – 21:00  Conference dinner and awarding  
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Thursday, May 17th, 2012 
Session V: Commercialization of Plant Biotechnology 

Co-Chairs: Co-Chairs: Jaswinder Singh, Travis Banks 
 
8:30 – 9:15  The development and U.S. regulatory approval of ‘HoneySweet’, a genetically 
engineered Plum pox virus resistant plum variety  
Ralph Scorza  
US Department of Agriculture, Agricultural Research Service, Appalachian Fruit Research Station, 2217 
Wiltshire Road, Kearneysville, West Virginia 25430, USA  
  
9:15 – 9:30  Application of a tomato male-sterile system in hybrid seed industry  
Vipen K. Sawhney  
Department of Biology, University of Saskatchewan, Saskatoon, SK, S7N 5E2, Canada  
 
9:30 – 9:45  KeyBase™: targeted mutagenesis in crop species 
Sijun Zheng, Bipna Shrestha, Joke Fierens, Esther Beurskens-Goossens, Miriam van de Belt, Robert 
Sevenier, Paul Bundock, Michiel de Both and Edwin van der Vossen  
KEYGENE N.V., P.O. Box 216, 6700 AE Wageningen, The Netherlands  
 
9:45 – 10:00  Comparison of RNA purification methods from challenging plant samples and the 
effect on viroid detection 
W.-S Kim1, M. Simkin1 and Y. Haj-Ahmad1,2  
1Norgen Biotek Corp., 3430 Schmon Pky., Thorold, ON, L2V 4Y6, Canada; 
2Brock University, 500 Glenridge Ave., St. Catharines, ON, L2S 3A1, Canada 
 
10:00 – 10:30  Coffee Break 
 
10:30 – 10:45  Improving agricultural productivity under climate variability through genetic 
engineering of heat and drought stress tolerance  
Yafan Huang, President and Chief Scientific Officer  
Performance Plants, Inc. 
 
10:45 – 11:00  Assessing effects of GM canola on soil microflora  
Ravneet Kaur1, Danis Pageau2, Suha Jabaji1 and Jaswinder Singh1  
1Department of Plant sciences, McGill University, Ste Anne de Bellevue, QC, H9X 3V9, Canada;  
2SCRDC of Agriculture and Agrifood Canada, Normandin, QC, Canada 
 
11:00 – 11:15  The next green revolution will occur from underground 
Amy Turnbull and George Lazarovits 
A&L Biologicals, 2136 Jetstream Rd., London ON, N5V 3P5, Canada 
 
11:15 – 11:30  Repressors of jasmonic acid and ethylene signaling pathways modulate stomatal 
apertures differently during plant-bacteria interactions 
Sherif Sherif 1,2, Islam El-Sharkawy I2, Gopinadhan Paliyath1 and Jayasankar Subramanian2† 
1Department of Plant Agriculture University of Guelph, Guelph, ON, Canada; 
2Vineland Research Station, Department of Plant Agriculture, University of Guelph, Guelph, ON, Canada 
 
11:30 – 11:45  VRIC presentation 
Travis Banks 
Vineland Research and Innovation Centre, Vineland Station, Ontario, Canada 
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11:45 – 12:00  Conference closing remarks  
Peter Pauls  
Co-chair, 8th Canadian Plant Biotechnology Conference, 
Department of Plant Agriculture, University of Guelph, Guelph, ON, Canada 
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KEYNOTE PRESENTATION 
 
Identification of regulatory regions for control of transgene expression  
John Finer  
OARDC/The Ohio State University, 1680 Madison Ave., Wooster, OH 44691, USA  
   
The commercial products of plant biotechnology have led to a major retooling of crop production 
practices for the major North American crops including soybean, maize, cotton and canola. Prior to the 
release of any new transgenic, large efforts are required to first produce and then evaluate  
transgenic plants. Although there are many factors that can limit transgenic approaches for both basic 
and applied research, improvements in the efficiency of transgenic plant production and control of 
transgene expression are still needed. This is especially true for transgenic soybean, where gene 
introduction and regulation is especially challenging. To improve soybean transformation, efforts are 
underway to merge an efficient embryogenesis regeneration system with Sonication Assisted 
Agrobacterium-mediated Transformation. For regulation of transgenes, promoters and the regulatory 
elements within are being isolated and characterized using robotics and image analysis. Following the 
introduction of different promoters and promoter elements with the green fluorescent protein gene, 
expression in target tissues was recorded over time. Gene expression intensity profiles has led to the 
identification of over 100 different soybean promoters as well as many potential elements within 
selected promoters with desirable expression patterns. These efforts should assist the greater 
biotechnology community in the development of transgenics for both basic and applied research.  
   
Presenting Author: John J. Finer; Email: finer.1@osu.edu  
 
 
BIOGRAPHY  
 
John J. Finer 
B.S., Miami University (Ohio) 
M.S., Ph.D., Texas A&M University (Roberta Smith, Advisor) 
Professor, Department of Horticulture and Crop Science 
Ohio Agricultural Research and Development Center 
The Ohio State University, Wooster, Ohio 44691, USA 
Email - finer.1@osu.edu 
  
The primary research interests in the Finer Laboratory are development of genetic transformation 
systems, gene introduction and promoter analysis. Although efforts have focused on genetic 
manipulation of soybean and more recently sunflower, some success has also been obtained with corn, 
wheat, white pine, Chinese yam, bentgrass, bluegrass and Ohio buckeye. In soybean, an 
embryogenesis transformation system was developed which has been used by many labs for soybean 
transformation. Current efforts in the lab have focused on promoter isolation and characterization, using 
promoter-driven gfp expression with an automated image collection and analysis system, which was 
also developed in his laboratory. For promoter evaluation, promoters regulating GFP are introduced 
into target tissue and images are collected over time. GFP-expressing tissues are both quantitatively 
analyzed for GFP expression and used to generate time-lapse animations of tissue growth and gene 
expression. The animations reveal unique features of the subject materials, which are clearly not visible 
from single time point image collections. 
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ORAL PRESENTATIONS 
 
The Agrobacterium T-DNA-derived nano-complex for transformation of monocots  
Alicja Ziemienowicz1, Youn-Seb Shim2, Aki Matsuoka1, Francois Eudes2 and Igor Kovalchuk1  
1Department of Biological Sciences, University of Lethbridge, 4401 University Dr., Lethbridge, AB, T1K 
3M4, Canada; 2Agriculture and Agri-Food Canada, Lethbridge Research Centre, 5403 – 1 Ave. S., 
Lethbridge, AB, T1J 4B1, Canada 
 
Genetic transformation of monocotyledonous plants still presents a challenge for plant biologists and 
biotechnologists, since monocots are difficult to transform with Agrobacterium tumefaciens, whereas 
other transgenesis methods, such as gold particle-mediated transformation, result in poor transgene 
expression due to integration of truncated DNA molecules. We developed a novel method of transgene 
delivery into monocots. This method relies on the use of in vitro prepared nano-complex consisting of 
T-DNA, VirD2 and RecA proteins delivered to triticale microspores with the help of Tat2 cell penetrating 
peptide (CPP). We showed that this approach (i) allowed for single transgene copy integration events, 
and (ii) prevented degradation of delivered DNA, thus leading to the integration of intact copies of the 
transgene into the genome of triticale plants. This resulted in transgene expression in all transgenic 
plants regenerated from microspores transfected with full T-DNA/protein complex. This approach can 
easily substitute bombardment technique currently used for monocots and will be highly valuable for 
plant biology and biotechnology.  
 
Presenting Author: Alicja Ziemienowiczh; Email: alicja.ziemienowicz@uleth.ca  
 
 
Protoplast isolation, proliferation, and electrofusion in American Elm (Ulmus americana)  
A. Maxwell P. Jones1, Abhishek Chattopadhyay1, Mukund Shukla1, Jerzy Zoń2 and  
Praveen K. Saxena1  
1Gosling Research Institute for Plant Preservation, Department of Plant Agriculture, University of 
Guelph, 50 Stone Rd. E., Guelph, ON, N1G 2W1, Canada; 2Laboratory of Molecular Chemistry, 
Department of Medicinal Chemistry and Microbiology, Faculty of Chemistry, Wrocław University of 
Technology, Wybrzeze Wyspiańskiego 27, PL-50-370 Wrocław, Poland  
   
Protoplast technologies offer unique opportunities for fundamental research and development of novel 
germplasm. Applying protoplast technologies to develop Dutch elm disease resistant American elm 
(Ulmus americana L.) hybrids has been unsuccessful in large part due to the resistance of their cell 
walls to enzymatic degradation and resulting difficulties isolating responsive protoplasts. This study 
suggests the resistance to enzymatic degradation is due to water soluble phenylpropanoids. Culturing 
American elm tissue in the presence of 2-aminoindane-2-phosphonic acid (AIP; 10-150 μM), an 
inhibitor of phenylalanine ammonia lyase (PAL), reduces flavonoid content, decreases tissue browning, 
and increases isolation rates from 11.8% (SE±3.27) to 65.3% (SE±4.60). Protoplasts isolated in this 
system develop cell walls by day 2, have a division rate of 28.5 % (SE +/- 3.59) by day 6, proliferate 
into callus by day 14, and are amenable to somatic hybridization via electro-fusion. This study 
describes a novel approach of modifying phenylpropanoid biosynthesis to facilitate efficient protoplast 
isolation in Amercian elm. These results provide the first evidence of sustained protoplast division, 
callus regeneration, and the potential application of somatic cell fusion in American elm. This advance 
has potential implications in other woody species for fundamental and applied research which require 
availability of viable protoplasts.  
   
Presenting Author: Max Jones; Email: amjones@uoguelph.ca  
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Microspore Transfection and the Production of Transgenic Doubled Haploid Plants through 
Macroinjection of Nanocarrier:DNA Complexes into Immature Floral Buds  
Patricia L. Polowick, Pankaj K. Bhowmik, Joan Dirpaul, Jennifer Brost and Alison M. R. Ferrie  
National Research Council - Plant Biotechnology Institute, 110 Gymnasium Pl., Saskatoon,  
SK, S7N 0W9, Canada   
 
We have developed an efficient microspore transformation system that involves macroinjection of 
nanocarrier:DNA complexes into immature donor floral buds. This has resulted in regeneration of 
transgenic doubled haploid (DH) Brassica napus plants. In addition to transient expression, molecular 
confirmation of reporter gene integration included PCR, Southern hybridization, and sequence analysis 
in both the primary regenerants and their offspring. The transfection method, carrier used, vector and 
the ratio of nanocarrier:DNA largely determine uptake and the ultimate efficiency of stable expression. 
Different types of nanoparticles are able to interact non-covalently with DNA and can act as carriers for 
DNA and protein into plant cells. We have had success with four classes of nanocarriers and two 
genotypes of B.napus and preliminary results that suggest this method could be applicable with a wide 
range of species. Efficient delivery of DNA to microspores and development of a routine, efficient 
doubled haploidy protocol are both equally important for successful utilization of this technology. The 
unique combination of efficient microspore transformation and successful regeneration of transgenic 
DH plants, homozygous in one generation, has the potential to have a significant impact on many basic 
and applied research areas, including gene editing for the development of new traits.  
   
Presenting Author: Patricia Polowick; Email: Patricia.Polowick@nrc-cnrc.gc.ca  
 
 
Auxin Reponse Factor functions in plant regeneration - molecular control of de novo shoot 
formation 
Wenzislava Ckurshumova, Naden T. Krogan, George Stamatiou, Tatiana Smirnova, Adriana E. 
Caragea and Thomas Berleth 
Department of cell and Systems Biology, University of Toronto, Toronto, ON, Canada 
 
In vitro regeneration of entire organisms from adult cell types remains one of the most fascinating 
properties of plants and is of great biotechnological importance.  Despite recent genetic and genomic 
approaches, the molecular basis of regeneration is still largely unclear and many important crop plants 
have remained recalcitrant to regeneration. Apart from species-specific variations, the established way 
of inducing organogenesis in tissue culture involves a two-step process. First, exposure to a non-
transported auxin induces callus formation followed by either auxin-induced root initiation or cytokinin-
induced shoot generation. During the latter, several developmental stages, characterized by sets of 
molecular events can be distinguished.  
Because of the pivotal role of auxin in the regneration process, we began a systematic evaluation of the 
specific roles of the evolutionary conserved Auxin Response Factor (ARF) family during in vitro 
organogenesis. Using loss-of function mutant, mis/overexpressor and gain-of–function genotypes, we 
define the functional relationship of various ARFs, and define their roles in establishing the signaling 
landscape during stages of in vitro organogenesis. Our data suggests that ARF genotypes have 
profound impact on regeneration properties in Arabidopsis and presumably in a wide variety of plant 
species and we show that ARF-derived constructs could serve as genetic tools to improve regeneration 
in recalcitrant species.  
 
Presenting Author: Wenzi Ckurshumova; Email: wenzi.ckurshumova@utoronto.ca  
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Agrobacterium mediated transformation of Bienertia sinuspersici  
Sarah Schoor, Victor Lee and Simon Chuong  
University of Waterloo, 200 University Ave. W., Waterloo, ON, Canada  
 
Bienertia sinuspersici is one of three plant species known to perform single-cell C4 photosynthesis 
without Kranz anatomy by segregating biochemically distinct chloroplasts into two separate cytoplasmic 
compartments of chlorenchyma cells. In order to further develop B. sinuspersici as a model system for 
single-cell C4 photosynthesis, Agrobacterium tumefaciens mediated transformation was pursued. To do 
so, A. tumefaciens (GV3101) was electroporated with either pCAMBIA 1305.1 (35S::GUS) or pPZP-RC 
S2-Bar (35S::EGFP) vectors. Callus generated from sterilized Bienertia stems on callus induction 
media (CIM; Murashige and Skoog media pH 5.7 [MS], 30 g/L sucrose, 2.5 mg/L 2,4-D and 0.5 mg/L 
kinetin) were then soaked (co-cultivated) in a mixture of Agrobacterium (OD 0.5), acetosyringone and 
MS media for 15 minutes, then placed back on CIM plates. After five days co-cultivation, Agrobacterium 
was removed by transferring callus to CIM containing carbenicillin and cefatoxime. To further select for 
only transformed cells, CIM media was supplemented with the appropriate antibiotics: after screening 
for two months, homogeneously expressing callus were moved to shoot induction media (MS media, 
0.1 mg/L TDZ). To date we have obtained tissue stably expressing our binary constructs, leading us to 
conclude that Agrobacterium is a viable gene delivery system for B. sinuspersici.   
   
Presenting Author: Sarah Schoor; Email: sschoor@gmail.com   
 
 
Agrobacterium mediated transformation of distylous Turnera joelii (Passifloraceae)  
Paul Chafe and Joel Shore  
York University, 4700 Keele St., Toronto, ON, Canada  
   
Turnera is a predominantly neotropical genus of weeds to woody perennials. Some species have been 
used or explored in the pharmaceutical industry. The majority of species in the genus are distylous and 
strongly self-incompatible, but there have been several instances of the evolution of self-compatibility. A 
preliminary step in the evaluation of genes involved in distyly in Turnera may be explored by the 
generation of transgenic plants. Here we report the first Agrobacterium tumifaciens mediated genetic 
transformation of distylous Turnera joelii. Agrobacterium tumifaciens harboring the pGREEN II vector 
was used in the transformation of Turnera joelii leaf and stem explants. We recovered 18 transgenic 
plants. The majority of transformants have normal phenotypes, high pollen fertility, and were able to 
transmit the transgene to their offspring. Turnera joelii has strong self-, and intramorph, incompatibility, 
however, one of the transformants is self-compatible. The cause of the self-compatibility is currently 
under investigation. We have begun evaluation of both self- and outcrossed progeny from this plant. 
Initial results indicate that the cause of the induced compatibility is due to loss of pollen morph 
specificity. Inheritance studies reveal that the mutation does not readily transmit through pollen or 
ovules.  
   
Presenting Author: Paul Chafe; Email: pchafe@yorku.ca  
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Integration of Transgenic Plants into Alternative Cover Crop Mulch Systems Illustrates a 
Paradigm and a Platform for Sustainable Agriculture 
Tahira Fatima1, Anil Neelam1, Anatoli Sobolev2, John R. Teasdale, 1 Jim Bunce1, Aref A. Abdul-Baki1, 
Avtar K. Handa3 and Autar K. Mattoo1 

1The Henry A. Wallace Beltsville Agricultural Research Center, USDA-Agricultural Research Service, 
Beltsville, MD, USA; 2Instituto di Metodologie Chimiche, CNR, 00015 Monterotondo, Rome, Italy; 
3Purdue University, West Lafayette, IN, USA 
 
Adoption of transgenic technology that integrates genetic modification of crops with ecologically based 
soil management systems could enhance our potential for achieving a sustainable agriculture. We 
compared both conventional black polyethylene (BP) and cover crop-based leguminous hairy vetch 
(HV) or non-legume rye systems in defining their effects on the agronomic characteristics, metabolome 
and gene expression of five novel transgenic tomato genotypes. We observed modulation of 
metabolome as well as expression of specific genes. In general, most of the transgenic lines performed 
equally well in both HV and rye mulches compared to BP. Fruit set, size and yield of HV and rye grown 
transgenic plants were equivalent to, or higher than, those grown on BP except for one hybrid 
transgenic line. Specific genotype (G) X mulch (E) interactions were exemplified by differential 
metabolic profiles and expression patterns of the indicator genes. A high level of synergism was 
apparent between HV mulch and some transgenic tomato lines in regulating N:C and other regulatory 
signals. We suggest a new paradigm for sustainable agriculture that is consistent with the sustainable 
paradigm proposed for soil management, but relies on genotypes, built with novel transgenes, 
adaptable to sustainable soil conditions and efficient use of nutrient cycling.  
 
Presenting Author: Tahira Fatima; Email:  tfatima@uwo.ca 
 
 
PlantBiosis Ltd. – service provider for your next generation sequencing needs 
Igor Kovalchuk 
PlantBiosis, 16 Sandstone Rd. S., Lethbridge, AB, T1K 7X8, Canada 
 
PlantBiosis is a biotechnology company located in Lethbridge, Alberta that provides a full scale service 
for: 
 
I.               High throughput genetic and epigenetic analysis  - As home to an Illumina iScan beadarray 
reader and GAIIx sequencer, we are fully equipped to complete genotyping, expression analysis, 
methylation, histone modification and small RNA profiling as well as de novo and re-sequencing 
projects.  
  
II.             Plant transformation – Currently, PlantBiosis holds five patents for unique transformation 
techniques including specialized media composition, nano-complex mediated gene transfer and 
meristem transformation. We are experienced at working with a wide range of plants including 
Arabidopsis, tobacco, canola, poplar, castor, wheat, triticale and poppy. 
  
III.           Analysis of plant medicinal properties – At Plantbiosis, we are attempting to isolate and 
identify a number of anti-cancerous and anti-microbial compounds with the aim of transforming ‘bio-
farm” crops for the massive production of active metabolites.   
 
 Presenting Author: Igor Kovalchuk; Email: igor.kovalchuk@uleth.ca 
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KEYNOTE PRESENTATION 
 
Plant Expression of rAbs Against Breast Cancer, Microbial Toxins, and Environmental 
Contaminants  
J. Christopher Hall  
CRC in Recombinant Antibody Technology, School of Environmental Sciences, University of Guelph, 
Guelph, ON, N1G 2W1, Canada  
   
Antibodies (Abs), due to their exquisite specificity and binding capacity for a diverse array of targets, 
have widespread applications outside the immune systems of vertebrates. These applications include 
medical therapeutics, bioremediation, and protection against biological weapons. Recombinant 
antibodies (rAbs), assembled using recombinant DNA technology, are attractive for many Ab 
applications due to the ease of gene isolation and manipulation for improving specificity, sensitivity, and 
cost-effectiveness. Specifically, cloned antibody genes can be amplified and selected from phage 
display, cell-surface display, or cell-free display libraries for an unlimited range of antigens including 
proteins, carbohydrates, nucleic acids and small molecular weight haptens (<1000 Da) such as organic 
environmental contaminants. A particularly useful feature common to all these display systems is the 
linking of genotype and phenotype during selection, thereby allowing co-selection of the desired 
antibodies and their encoding genes based on the binding characteristics of the displayed antibodies 
The selected DNA can be further manipulated for high-level expression, post-translation modification, 
and/or affinity and specificity improvements to suit their particular applications, and subsequently 
expressed in planta. For example, we used an antibody fragment with affinity to the auxinic herbicide 
picloram to confer specific resistance when expressed in plants. These transgenic tobacco plants were 
protected from picloram’s effect in a dose-dependent manner. We also transformed tobacco with an 
optimized, synthetic gene encoding an anti-botulinum neurotoxin antibody to examine the potential of 
using transgenic plants as bioreactors for the production of antidotes for this potential biological 
weapon. In vitro muscle-twitch assays demonstrated the functional utility of this Ab, after its extraction 
from tobacco, to neutralize paralysis caused by the toxin at neuromuscular junctions. Finally, we have 
been working on production of trastuzumab, a biosimilar version of the anti-HER2 monoclonal antibody 
marketed under the trade name Herceptin, which is used for treatment of specific breast cancers that 
over express HER2 (human epidermal growth factor receptor 2). A scalable production process for 
trastuzumab has been developed at Kentucky BioProcessing, LLC, using Nicotiana benthamiana plants 
and the magnICON® virus-based transient expression system. Trastuzumab has been produced and 
purified from both wild-type and genetically modified N. benthamiana plants that post-translationally 
modify proteins with mammalian-type glycosylations. Plant-produced trastuzumab has been compared 
with commercially available, CHO-cell produced Herceptin using biochemical analyses to ascertain its 
similarity to the commercial antibody; comparison analysis included determination of binding kinetics to 
the specific ligand (HER2), pharmacokinetic persistence in mice and glycosylation pattern. We have 
also used plant-produced trastuzumab, with both wild-type and mammalian-type glycosylations, in an in 
vivo mouse cancer model to determine their degree of bioequivalence with commercially available 
Herceptin. Our results confirm that development of plant-produced antibodies as therapeutic biosimilar 
drugs is a realistic near-term goal for researchers and pharmaceutical companies working in this area.  
 
Presenting Author: J. Christopher Hall; Email: jchall@uoguelph.ca 
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J. Christopher Hall, B.Sc. and M.Sc. (Univ. Guelph), Ph.D. (Univ. Alberta)  
Canada Research Chair in Recombinant Antibody Technology  
   
Hall is a native of Sault Ste. Marie, Ontario, Canada. He graduated from the University of Guelph with a 
B.Sc.(Physical Sciences, 1976), B. Sc. (Agriculture, 1978) and then received his M. Sc. (herbicide 
physiology/biochemistry, 1980). In l985 he graduated from the University of Alberta with a Ph.D. in 
herbicide physiology/biochemistry. In 1985 Chris joined the Department of Environmental Biology, 
Ontario Agricultural College, University of Guelph. Hall is now a professor and Canada Research Chair 
in Recombinant Antibody Technology in the School of Environmental Sciences, University of Guelph. 
His research focuses on two main areas, antibody technology and herbicide physiology/biochemistry. In 
the first area, Hall’s research group studies antibodies in plants for a range of applications, including 
human immunotherapy. His research group also develops polyclonal, monoclonal, and recombinant 
antibodies against food- and water-borne pathogens, biological weapons and environmental 
contaminants such as pesticides and drugs using ribosomal- and phage-display antibody libraries 
constructed from mice, llamas and humans. In the second area, Hall and his research group study the 
mode and mechanism of action of herbicides, specifically on the bases for the selective action of 
herbicides in weed and crop plants with emphasis in recent years being placed on the mechanism of 
action of the auxinic herbicides in susceptible and resistant weed species. During his tenure at the 
University of Guelph he has published over 180 peer reviewed manuscripts.  
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The expression and characterization of new active lipase from Acremonium alcalophilum using 
tobacco plants as bioreactor  
Eridan Orlando Pereira1,2, Adrian Tsang3, Tim McAllister4 and Rima Menassa1,2  
1SCPFRC - Agriculture and Agri-Food Canada, 1391 Sandford St., London, ON, N5V 4T3, Canada; 
2Department of Biology, The University of Western Ontario, London, ON, N6A 5B7, Canada; 3Faculty of 
Arts and Science, Concordia University, Montreal, QC, H4B 1R6, Canada; 4Agriculture and Agri-Food 
Canada, Lethbridge Research Centre, Lethbridge, AB, T1J 4B1, Canada     
   
Due to the variability of biomass feedstock availability and substrate complexity, the use of a 
specialized enzymatic cocktail for every feedstock is extremely important for a more efficient 
decomposition of the plant cell wall carbohydrates into fermentable sugars. With the recent genome 
sequencing of Acremonium alcalophilum, an organism that thrives in alkaline conditions, a large 
number of genes encoding lignocellulose degrading enzymes were made available and it is important 
that their potential use for the cellulosic ethanol industry be analyzed. Using Escherichia coli, Pichia 
pastoris and a transient expression system in Nicotiana benthamiana, a new lipase gene from A. 
alcalophilum was expressed and characterized. The enzyme, when targeted to the ER of tobacco 
plants, accumulated to high levels (more than 9% of total soluble protein) and its biochemical 
characterization showed activity towards p-nitrophenol substrates of various carbon chain lengths. 
Activity towards acetylated compounds such as xylose tetra-acetate and oat spelt xylan was also 
observed. The optimum pH and temperature of the purified plant expressed protein were 8.0 and 40 oC, 
respectively. Besides the fact of this being the first report of the heterologous expression of a gene from 
A. alcalophilum, the use of tobacco as bioreactor was the only successful system where it could be 
achieved.  
 
Presenting Author: Eridan Orlando Pereira; Email: erodri5@uwo.ca  
 
 
Production of a subunit vaccine candidate against porcine post weaning diarrhea in high 
biomass transplastomic tobacco  
Igor Kolotilin1, Angelo Kaldis1, Bert Devriendt2, Jussi Joensuu3, Eric Cox2 and Rima Menassa1.  
1SCPFRC - Agriculture and Agri-Food Canada, 1391 Sandford St., London, ON, N5V 4T3, Canada; 
2Laboratory of Veterinary Immunology, Faculty of Veterinary Medicine, Gent University, Merelbeke, 
Belgium; 3VTT Technical Research Centre of Finland, Espoo, Finland  
   
Post-weaning diarrhea (PWD) in piglets is caused by Enterotoxigenic Escherichia coli (ETEC) and 
results in severe worldwide economic losses. F4 fimbriae of ETEC are highly stable proteinaceous 
polymers, mainly composed of the major structural subunit FaeG, with a capacity to evoke mucosal 
immune responses, thus demonstrating a potential to act as an oral vaccine against ETEC-induced 
porcine PWD. In this study, we used a transplastomic approach in tobacco to produce a recombinant 
variant of the FaeG protein, rFaeGntd/dsc, engineered for expression   as a stable monomer by N-
terminal deletion and donor strand-complementation (ntd/dsc). The generated transplastomic tobacco 
plants accumulated up to 2.0 g rFaeGntd/dsc per 1 kg fresh leaf tissue (more than 1% of dry leaf tissue) 
and showed normal phenotype indistinguishable from wild type untransformed plants. We determined 
that chloroplast-produced rFaeGntd/dsc protein retained the key properties of an oral vaccine, i.e. binding 
to porcine intestinal F4 receptors (F4R), and inhibition of the F4-possessing (F4+) ETEC attachment to 
F4R. Additionally, the plant biomass matrix was shown to delay degradation of the chloroplast-
produced rFaeGntd/dsc in gastrointestinal conditions, demonstrating a potential to function as a shelter-
vehicle for vaccine delivery. Our findings therefore present a feasible approach for developing an oral 
vaccination strategy against porcine PWD.  
 
Presenting Author: Igor Kolotilin; Email: igor.kolotilin@agr.gc.ca  
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A novel one-step purification of recombinant proteins from plants using genetic fusion to 
soybean agglutinin  
Shengwu Ma1, Anthony M. Jevnikar1, Paul G. Arnison2 and Larry Holbrook2  
1Plantigen Inc., 375 South St., London, ON, N6A 4G5, Canada; 2Prairie Plant Systems Inc., Saskatoon, 
SK, S7H 0W2, Canada  
   
We recently developed a new method for high-level expression and one-step purification of 
recombinant proteins from plants, based on genetic fusion to soybean agglutinin (SBA). SBA, 
synthesized naturally in the developing seeds of Glycine max at high levels, is a homotetrameric lectin 
protein that binds to N-acetyl-D-galactosamine. Previously it was shown that high-purity native SBA 
could be recovered from soybean with an efficiency of greater than 90% following one-step purification 
using N-acetyl-D-galactosamine-agar columns. To demonstrate the utility of SBA as a new affinity tag 
for purification of SBA-tagged recombinant proteins expressed in plants, we constructed an SBA fusion 
protein containing the reporter GFP protein and transiently expressed it in Nicotiana benthamiana 
plants. We achieved over 2.5% of TSP accumulation in leaves of N.benthamiana. Confocal microscopic 
analysis demonstrated in vivo activity of the fused GFP partner. Importantly, high purity of rSBA-GFP 
can be recovered from crude leaf extract with ~90% yield via one-step affinity purification on N-acetyl-
D-galactosamine-agar columns. This system has been further evaluated for the expression and 
purification of a high-value therapeutic protein, human interleukin-10, in plants, and delivered 
convincing results. Taken together, these results indicate that the SBA tag can serve as a valuable tool 
for simple, easy and high quality purification of genetically fused proteins from plants.  
 
Presenting Author: Shengwu Ma; Email: sma@uwo.ca  
 
 
Utility of the P19 Suppressor of Gene-Silencing Protein for Production of Therapeutic 
Antibodies in Nicotiana Expression Hosts 
 Freydoun Garabagi1,2, Erin Gilbert1,2, Andreas Loos3, Michael D. McLean1,2, J. Christopher Hall1,2 
1School of Environmental Sciences, University of Guelph, 50 Stone Rd. E, Guelph, ON, N1G 2W1, 
Canada; 2PlantForm Corporation, 1920 Yonge St., Suite 200 Toronto, ON, M4S 3E2, Canada; 
3Department of Applied Genetics and Cell Biology, BOKU-Vienna, Austria  
 
To study how the P19 suppressor of gene-silencing protein can be used effectively for the production of 
recombinant proteins the following factors were examined: the genetic elements that drive the 
expression of recombinant proteins; the impact of P19 dosage; importance of the genetic background 
of Nicotiana tabacum to the action of P19; stability of silencing mechanisms in RNAi-based 
glycomodified N. benthamiana upon application of P19. Thus, the heavy and light chains of a 
therapeutic monoclonal antibody, trastuzumab, were cloned into five plant expression vectors 
containing different 5’ and 3’ UTRs. Transient expression of the antibody in N. benthamiana resulted in 
different levels of trastuzumab accumulation, the highest being 460 mg of antibody per kg of fresh 
weight (~ 2.3% of TSP). P19 increased the concentration of trastuzumab 15- to 20-fold depending on 
the combination of genetic elements. The effect of P19 was additionally tested in five different N. 
tabacum cultivars, and four of these showed a marked discoloring of the infiltrated areas of the leaf and 
decreased antibody expression upon co-infiltration with P19. Our results demonstrate the applicability 
of P19 for increasing recombinant protein expression in plants and its utility for enhancing the 
production of protein-based therapeutics.  
 
Presenting Author: Freydoun Garabagi; Email: garabagi@uoguelph.ca  
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Nanocarriers-cargoes technology for engineering plant cells genomes  
François Eudes  
Agriculture and Agri-Food Canada, P.O. Box 3000, Lethbridge, AB, T1J 4B1, Canada  
   
Cell-penetrating peptides (CPPs) have property to translocate across cell membranes and target 
specifically subcellular localizations. CPPs also have the capacity to non-covalently bind to cargo 
molecules, such as nucleic acid and protein, and transport them specifically to subcellular destinations: 
the nucleus, the chloroplast and the mitochondria. We report extensive use of the dimer of Tat 49-57 
RKKRRQRRR basic domain (the nanocarrier) in nuclear transfection of wheat and triticale, and the co-
delivery of dsDNA, ssDNA and/or proteins, which assemble in various cargoes. ssDNA binding proteins 
such as RecA, Rad51, SSB and VirD2 increased the integrity of ssDNA or target site specific 
integration in the haploid plant genome of microspore. Organelle transfection mediated by new classes 
of CPPs will also be presented. CPPs offer an alternative to Agrobacterium and biolistic mediated 
transformation for the production of transgenic plants and for functional genomics studies. CPP 
mediated transfection in plant microspore open new possibilities for precision genetic engineering of the 
three organelles of this unique cell type and crops of commercial importance.  
 
Presenting Author: François Eudes, Email: francois.eudes@agr.gc.ca  



13 
 
Recombinant Fusion Proteins Expression and Deposition into ER Derived Protein Bodies in 
Various Transgenic Wheat Tissues  
Imran Khan1,2, Elsa Arcalis1, Thomas Radimacher3, Rainer Fischer2,3 and Eva Stoger1  
1Vienna Institute of Biotechnology (VIBT), University of Natural Resources and Life Sciences, 
Muthgasse 18, 1200 Vienna, Austria; 2Institute for Molecular Biotechnology, RWTH Aachen University, 
Worringerweg 1, 52074 Aachen, Germany; 3Fraunhofer Institute for Molecular Biology and Applied 
Ecology (IME), 52074 Aachen, Germany  
   
Cereals are favoured for molecular farming because the chimeric proteins can be targeted to storage 
organelles, such as Endoplasmic reticulum (ER), Protein Bodies (PB) and Plant Storage Vacuole (PSV) 
for higher and stable expression. Lower overall protein accumulation and poor purification are the root 
cause for lower yield in seed/plant made recombinant proteins which can be solved by targeting 
recombinant proteins to different storage organelles. γ-Zein, the maize prolamin storage protein and 
fusion such sequences to proteins of interest has been proved in formation of dense PB-like organelles 
containing recombinant protein both in the seed and as well as the non-seed tissues. In the present 
study we explore endogenous and artificially induced protein storage organelles as preferred 
intracellular destination for recombinant proteins in wheat seed using γ-Zein and DsRed as model 
recombinant fusion protein under constitutive promoter. The red fluorescent protein (DsRed) has been 
found as useful tool for subcellular recombinant protein trafficking but also as selection fluorescent 
marker to monitor transgene expression during wheat transformation. The objective of the present work 
describes protein fusion-based technology for foreign protein production via induced protein bodies in 
transgenic wheat lines to achieve high accumulation and localization of recombinant fusion protein in 
various wheat tissues. We have demonstrated that the model fusion protein has induced the protein 
bodies where the recombinant protein has been expressed and localized in wheat seed and vegetative 
tissues. The formation of recombinant DsRed bodies in various wheat tissues i.e. endosperm, embryo 
and leaves had no harmful effect on the viability and development of transgenic wheat plants. We 
confirmed the feasibility of using γ-Zein for targeting recombinant protein into wheat protein bodies by 
molecular, protein and microscopic analysis. Stability of the model fusion proteins was validated in 
transgenic wheat plant tissues i.e. leaf, endosperm and embryo. In all cases, the recombinant 
fluorescent proteins showed the expected intracellular localization in the induced protein bodies. Our 
finding has confirmed the potential use of γ-Zein fusions to the value added recombinant protein for the 
deposition and accumulation into protein bodies for higher yield in wheat seed. The described fusion 
based production system would improve accumulation and expression for those proteins which are 
difficult to produce due to host toxicity and poor secretion.  
 
Presenting Author: Imran Khan; Email: imran.khan@boku.ac.at   
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Characterizing the critical elements of protein body biogenesis by transient expression of 
elastin-like polypeptide and hydrophobin fusion tags in N. benthamiana leaves  
Reza Saberianfar1,2, Sonia Gutierrez1,2, Jussi J. Joensuu 3, Susanne Kohalmi1,2 and Rima Menassa1,2  
1Biology Department, BGS, Western University, London, ON, N6A 5B7, Canada; 2SCPFRC - 
Agriculture and Agri-Food Canada, 1391 Sandford St., London, ON, N5V 4T3, Canada; 3VTT 
Biotechnology, VTT Technical Research Centre of Finland, 11 Siltakatu, Espoon Keskus, Espoo, 
02070, Finland 
   
Elastin-like polypeptides (ELP) and hydrophobin (HFBI) are two types of fusion tags that are shown to 
increase the accumulation levels of recombinant proteins when transiently expressed in Nicotiana 
benthamiana. In a recent breakthrough in our lab, it has been shown that ELP and HFBI fusion tags are 
capable of inducing the formation of protein bodies (PBs) in leaves. PBs are endoplasmic reticulum 
(ER) derived organelles originally found in seeds and required for accumulation of large amounts of 
protein. The mechanism by which the ELP and HFBI fusion tags induce the formation of PBs is not well 
understood. I have investigated the effects of protein concentration as a critical factor in the formation 
of PBs along with the ELP and HFBI fusion tags. My results show that: 1. A clear size difference was 
observed in distribution patterns of PBs induced by ELP or HFBI 2. PB formation is a concentration-
dependent mechanism in vivo 3. Fusion tags positively affect the induction of PBs but are not 
necessary for PB formation 4. ER retrieval of proteins is beneficial for PB formation, and 5. Secretory 
proteins can integrate to the PBs if co-expressed with the PB inducing proteins.  
   
Presenting Author: Reza Saberianfar; Email: ssaberi3@uwo.ca  
 
 
The First Infectious cDNA Clone of a Foveavirus: Construction, Biological Activities and 
Implications for Biotechnological Applications  
Srividhya Venkataraman1, Caihong Li1, Weizhou Wang1, Cathy Dayan-Glick2, Munir Mawassi2 and 
Baozhong Meng1  
1Department of Molecular and Cellular Biology, University of Guelph, Guelph, ON, N1G 2W1, Canada; 
2The Plant Pathology Department - The Virology Unit, Plant Protection Institute Agricultural Research 
Organization, The Volcani Center, Bet-Dagan 50250, Israel; 3Department of Plant Agriculture, 
University of Guelph, Vineland, ON, Canada  
  
Grapevine rupestris stem pitting-associated virus (GRSPaV) is a member of the genus Foveavirus 
within the family Betaflexiviridae. As one of the most prevalent viruses in grapevines, GRSPaV is 
associated with Rupestris stem pitting, vein necrosis and Syrah decline. In this work, we engineered a 
full-length cDNA clone of GRSPaV and its GFP-tagged variant, both under the transcriptional control of 
the constitutive 35S promoter from Cauliflower mosaic virus. Based on agrobacterium-mediated 
inoculation, we have demonstrated that both viral clones are infectious in grapevines and the 
experimental herbaceous host, Nicotiana benthamiana. Kinetics of viral replication was studied through 
protein expression using fluorescence microscopy and Western blotting as well as viral genomic and 
subgenomic RNA expression through Northern analysis. Interestingly, GRSPaV does not cause 
systemic infection in any of the commonly used herbaceous plants tested, even in the presence of the 
movement protein of Red Clover Necrotic Mosaic Virus or during co-infection with Potato Virus X. The 
GRSPaV infectious cDNA clones are the first of the genus Foveavirus and would facilitate studies on 
the mechanisms governing different aspects of replication for these viruses, and perhaps other viruses 
within the Betaflexiviridae. Furthermore, this work will allow testing of the potential use of GRSPaV as a 
vector for protein expression and functional genomics.  
   
Presenting Author: Srividhya Venkataraman; Email: svenkata@uoguelph.ca  
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Preclinical validation of plant-produced trastuzumab by PlantForm Corporation 
Michael D. McLean1,2, Frey Garabagi1,2, Gabrielle Richard2,3, John Teat1, Erin Gilbert1, Jessica 
Rouleau1, Wing-Fai Cheung1, Don Stewart1, Herta Steinkellner4 and J. Christopher Hall1,2 

1PlantForm Corporation, 1920 Yonge St., Suite 200, Toronto, ON, M4S 3E2, Canada; 2School of 
Environmental Sciences, University of Guelph, 50 Stone Rd. E., Guelph, ON, N1G 2W1, Canada; 
3Institute of for Biological Sciences, National Research Council of Canada, 100 Sussex Dr., Ottawa, 
ON, K1A 0R6, Canada; 4Institute of Applied Genetics and Cell Biology, Muthgasse 18, 1190 Vienna, 
Austria 
 
Production of therapeutic proteins by plant bioreactors offers the pharmaceutical industry alternative 
systems for manufacture of valuable protein-based drugs with tremendous potential for improved 
production capacity, cost-savings and safety over classical animal cell-based production systems. We 
have been working on a biosimilar version of trastuzumab, a therapeutic antibody that is used for 
treatment of breast cancers that specifically over-express human epidermal growth factor receptor 2 
(HER2). A scalable production system for trastuzumab has been developed that involves transient 
infection of Nicotiana benthamiana plants. Plant-produced trastuzumab is >99% pure and has been 
shown to entirely lack plant-specific a1,3-fucose and b1,2-xylose post-translational glycomodifications. 
Plant-produced trastuzumab has identical HER2-binding kinetics with Herceptin®, its commercial 
counterpart produced by Chinese hamster ovary (CHO) cells. Also, plant-produced trastuzumab has 
similar potency to Herceptin® in an in vitro antibody-dependent cell-mediated cytotoxicity (ADCC) 
assay targeting specific human cancer cells that over-express HER2. We are currently developing an 
animal model of breast cancer by transplanting human cells that over-express HER2 into 
immunodeficient mice. This model will be used to test whether plant-produced trastuzumab and 
commercial Herceptin® have equivalent efficacies for arresting the growth of HER2-specific cancer.    
 
Presenting Author: Michael D. McLean; Email: mike.mclean@plantformcorp.com  
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Phenomics to reveal new genes responsible for plant development and pest resistance  
Sharon Regan 
Department of Biology, Queen’s University, Kingston, ON, Canada  
 
Plant phenomics refers to using the phenotype of mutants to identify genes responsible for a trait of 
interest. While this has been highly successful in Arabidopsis, this approach is less common in other 
plants. Our lab has created large activation tagged populations of poplar and potato as tools for 
phenomics. In both cases, activation tagging is very well suited for these plants because the phenotype 
can be identified in the primary transformant when the T-DNA is still heterozygous. This is critically 
important in poplar since it takes 10-15 years for the trees to flower, and in potato because it is a 
tetraploid genome and creating homozygous lines would also take many years. We have characterized 
the mutants in the greenhouse as well as field trials and find the visible phenotype rate to be much 
higher than similar populations in Arabidopsis. With these valuable resources well established in the 
lab, we are currently identifying genes responsible for tree stature, wood development, growth rate and 
pest resistance in poplar, while in potato we are focusing on late blight resistance.  
   
Presenting Author: Sharon Regan; Email: sharon.regan@queensu.ca  
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Sharon Regan is Associate Professor in the Department of Biology at Queen’s University. She received 
her PhD in 1993 from the University of Waterloo working on flower development in Arabidopsis. For her 
post-doctoral research switched to forest trees, first working on Spruce flower development at Natural 
Resources Canada at the Petawawa National Research Institute from 1993-1996 and then became 
part of a large team creating genomic resources in poplar as well as investigating the role of ethylene in 
wood formation at the Swedish University of Agricultural Sciences in Umea Sweden from 1996-1999. 
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International in 2000, focusing on genomic strategies to breed disease resistant potatoes. She was 
Assistant Professor at Carleton University from 2000-2004 before joining Queen’s where she held a 
Canada Research Chair in Fundamental Plant Biology. Her research is focused on understanding the 
molecular basis of plant development using Arabidopsis, potato and poplar. Critical to this research has 
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Gene silencing in cereal rust fungi by host expression of double-stranded RNA  
Vinay Panwar1, Brent McCallum2 and Guus Bakkeren1  
1Agriculture and Agri-Food Canada, Pacific Agri-Food Research Center, Summerland, BC, V0H 1Z0, 
Canada; 2Agriculture and Agri-Food Canada, Cereal Research Centre, Winnipeg, MB, R3T 2M9, 
Canada  
   
Rust fungi (Pucciniales) are obligate biotrophic pathogens that present major constraints to wheat 
production worldwide. Despite their agricultural importance and available genome sequences, little 
progress has been made towards studying Puccinia pathogenicity and virulence genes. Recently, gene 
silencing, induced by small RNAs (RNA interference or RNAi) has emerged as a possible method to 
develop disease control measures against different plant pathogens. The ability to trigger RNAi in rust 
pathogens by in planta expression of parts of fungal genes would allow the study of their function and 
possibly identify targets to develop resistance strategies in wheat. We have developed two different 
methods to transiently express RNAi molecules in wheat by targeting fungal genes, using the Barley 
Stripe Mosaic Virus (causing virus-induced gene silencing), and T-DNA delivery by Agrobacterium 
tumefaciens. In both expression systems we succeeded in inducing host-expressed in vivo silencing of 
three different wheat leaf rust fungus (P. triticina) pathogenicity genes leading to disease suppression. 
We show at a molecular level production of RNAi molecules and silencing of endogenous fungal target 
genes. Of interest are underlying mechanisms of timing and location of the generation and cross-
species transfer of the “silencing molecules”.  
 
Presenting Author: Vinay Panwar; Email: vinay.panwar@agr.gc.ca  
 
 
Functional characterization of the L-type amino acid transporters in Arabidopsis thaliana  
Rowshon A. Begam1 and Allen G. Good1  
1Department of Biological Sciences, University of Alberta, Edmonton, AB, Canada  
 
The L-type amino acid transporter (LAT) family, which in Arabidopsis contains five members, remained 
unknown in plants, except a recent report on the LAT1, where a polymorphic variation of the LAT1 
showed variable paraquat tolerance in Arabidopsis. We characterized three members of the 
Arabidopsis LAT family to investigate their role in the amino-N distribution in Arabidopsis. We 
characterized LATs through in silico studies, subcellular localization, organ- and tissue-specific 
expression, heterologous expression and in planta studies. Mutant or over expressing lines were used 
in phenotypic growth studies, free AA analysis, analysis of nitrogen (N) and carbon (C) content in the 
seeds, and radio-labeled AA transport studies. In planta studies of a mutant lat4-1, together with the 
tissue specific expression, provided evidence that LAT4 mediates AA export from green tissues under 
low C conditions. The LAT5 mediated bi-directional AA-transport, depending on the cellular C content. 
In the lat5-1 mutant, decreased leaf size and increased AA accumulation in the stem was associated 
with an increased AA translocation to the siliques and total N content in the seeds. A LAT1 over 
expressing line showed increased AA export capacity at seedling and mature stage with decreased N 
content and altered C/N ratio in the seeds.  
 
Presenting Author: Rowshon A. Begam; Email: begam@ualberta.ca   
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Towards an AcTPase Expression System  
N. Dylan Lamb-Palmer1, Manjit Singh1, John Dalton2 and Jaswinder Singh1  
1Department of Plant Sciences, McGill University, Ste Anne de Bellevue, QC, H9X 3V9, Canada; 
2Institute of Parasitology, McGill University, Ste Anne de Bellevue, QC, H9X 3V9, Canada  
   
It is well documented that the Maize Activator (Ac) transposase recognizes and excises Dissociation 
(Ds) sequences and mediates insertion elsewhere in the genome. Ds insertion lines are frequently used 
in functional genomic studies by identifying gene sequences disrupted by insertions. This system may 
also have potential in transgenic applications and plant evolutionary biology. This study looks to 
develop and optimize a system for expressing and purifying of the 818aa (~90kDa) AcTPase for later 
functional and structural assays. Ac cDNA was synthesized with an N-terminal 6xHis tag for later 
purification. Expression vector (pTrcAc) was cloned in BL21 and Rosetta2(DE3) E. coli lines and 
cultured for 24hours in ZYP-5052 autoinduction media. Neither denaturing nor native purification 
produced elution bands at the expected range. Prominent bands at ~40 and 70kDa were observed in 
elution fractions. Western blots using anti-hexa-histidine antibodies were performed and identified a 
single band at ~40kDa. Significant elution bands were excised and analysed with trypsin digestion and 
mass-spectrometry. AcTPase was positively identified in these peptide samples. Our data indicate that 
the current expression system can only express truncated protein therefore requires alternate systems 
to purify full-length functional AcTPase.  
 
Presenting Author: Neil Dylan Lamb-Palmer; Email: neil.lamb-palmer@mail.mcgill.ca  
 
 
Enhancing traditional grape breeding through genomic ancestry selection: a preliminary 
method  
Jason Sawler and Sean Myles 

Nova Scotia Agricultural College, 32 Main St., Kentville, NS, B4N 1J5, Canada 
 
Generation time and associated cost are the major obstacles to breeding new cultivars of woody 
perennial plants like apples and grapes. Marker assisted selection (MAS) is enhancing traditional 
breeding as the costs of DNA sequencing and genotyping continue to drop. However, MAS continues 
to be limited by the small number of marker-trait associations identified to date in most crops. Selection 
based on ancestry proportions estimated from genomic data provides an alternative method that could 
increase the efficiency of breeding programs without relying on marker-trait associations. Here we 
demonstrate that the proportion of wild Vitis and domesticated Vitis vinifera ancenstry in hybrid grape 
cultivars can be accurately estimated using ~3000 genetic markers. We also show that as few as 40 
ancestry informative markers are sufficient for accurate ancestry estimates. Our method of ancestry 
deconvolution provides insights into how wild Vitis material has been used during the past 100 years of 
grape breeding. Moreover, we provide a first step towards selection at the seed or seedling stage for 
desirable admixture profiles, which will aid in introgressing traits from wild Vitis species while retaining 
the desirable characteristics of elite V. vinifera cultivars.  
 
Presenting Author: Jason Sawler; Email: jason.sawler@agr.gc.ca  
  



20 
 
Photosynthesis and Flowering Enhancement Affected by the Action Spectrum 
Saeid H. Mobini, Hai Ying Yuan, Monika Lulsdorf, Albert Vandenberg  
Crop Development Centre, University of Saskatchewan, 51 Campus Drive Saskatoon, SK, Canada 
 
The growth rates and flowering of plants are affected by different wavelengths of light. The type of the 
chlorophyll, plant type (short, long day or neutral) and growth stage may influence growth rates and 
flowering of plants. Phytochromes in plant absorb and reflect different wavelength,  based on plant 
reaction to light spectrum. The aim of this study was to determine the favorable light quality for 
flowering of lentil (Lens culinaris) as a long-day plant. Using radiometric method, the quality and 
quantity of different light sources and their composition were compared. Modifying ratio of Red to Far 
Red and light intensity in the spectrums, effective days to flowering, length of internodes, rate of 
branching, leaf thickness and leaf chlorophyll content were evaluated. It is concluded that R: FR ratio 
>2.5 delayed flowering and inhibited internodes extension in lentil. Correction of Far-Red deficit of 
incandescent bulbs by using tubes rich in near infrared increased the inter nodes length and leaflet 
size, and further hastened the flowering. Any light measurement must consider both quality and 
quantity of the light to provide light use efficiency, so current modern artificial light technology give us 
opportunity to fulfill the optimum light requirements of plant in growth chambers/greenhouses.  
   
Presenting Author: Saeid H. Mobini; Email: s.mobini@usask.ca 
 
 
Functional genomics of Malting quality QTLs using Ac/Ds transposons in Barley  
Surinder Singh, Manjit Singh, Ravneet Kaur, Neil Dylan Lamb-Palmer and Jaswinder Singh  
Department of Plant Science, McGill University, 21111 Rue Lakeshore, Ste Anne De Bellevue, QC, 
H9X 3V9, Canada  
 
Among various functional genomic tools to characterize genes in plants, the Activator/ Dissociation 
(Ac/Ds) transposon-based approach offers great potential, especially in barley, due to its limited 
success of genetic transformation and large genome size. The bias of the Ac/Ds system towards genic 
regions and its tendency toward localized transpositions can greatly enhance the discovery and tagging 
of genes linked to Ds. Barley is a key ingredient in malting and brewing industry; therefore, gene 
discovery in relation to malting has an industrial perspective. Malting quality in barley is a complex and 
quantitatively inherited trait. Two major quantitative trait loci (QTLs) affecting malting quality traits have 
been located on chromosome 4H. In this study, Ds was reactivated from parent transposants (TNP) 
lines, TNP- 29 and TNP-79, where Ds was mapped in the vicinity of important malting QTLs. 
Reactivation of Ds was carried out both by conventional breeding and in vitro approaches. A threefold 
increase in reactivation frequency through the in vitro approach enabled the development of a new 
genomic resource for the dissection of malting QTL and gene discovery in barley. Identification of 
unique flanking sequences has further emphasized the new location of Ds in the barley genome and 
provided new transposon mutants especially in β-GAL1 and β-amylase-like gene for functional genomic 
studies.  
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Genetic relationships among Puccinellia Nuttalliana populations determined on the Basis of 
AFLP Markers  
Yining Liu and Dr. Bruce Coulman  
University of Saskatchewan, 51 Campus Dr., Saskatoon, SK, Canada  
   
Puccinellia Nuttalliana is native grasses in North America, well known for salt tolerance. Little is known 
about the genetic diversity of this species in natural populations. The amplified fragment length 
polymorphism (AFLP) technique was applied to assess the comparative genetic diversity of twenty-four 
natural populations of Puccinellia Nuttalliana in Western Canada. Five AFLP primer pairs were 
employed to screen a total of 347 samples representing about 15 genotypes per population and 185 
polymorphic AFLP bands were scored for each sample. Analyses of these scored bands revealed that 
>96% of the total AFLP variation was present within the natural populations. The among-population 
variation was relatively small (4%). No significant association of AFLP variation with geographic origin 
was detected. This study shows that AFLP markers can be used to differentiate phenotypically similar 
Puccinellia Nuttalliana populations, which will aid in future Puccinellia Nuttalliana breeding projects.  
   
Presenting Author: Yining Liu, Email: liy011@mail.usask.ca   
 
 
Association Mapping of Canopy Traits and Plant Branching In the Flax Core Collection  
Tao Zhang1, Braulio J. Soto-Cerda2, Aaron Beattie1, Sylvie Cloutier2 and Helen Booker1  
1University of Saskatchewan, 51 Campus Dr., Saskatoon, SK, Canada; 2Cereal Research Center, 
Agriculture and Agri-Food Canada, Canada  
   
Association mapping is a method for detection of gene effects based on linkage disequilibrium (LD) in 
molecular plant breeding. The flax core collection consists of approximately 381 accessions which were 
selected from Plant Gene Resources of Canada (PGRC). Canopy traits like the Leaf Area Index (LAI) 
show great connection to the yield. The plant branching is an important trait to classify the cultivated 
flax. Characterizing flax accessions from gene bank collections is particularly important for plant 
breeders to meet the challenge of breeding flax varieties adapted to the Northern prairies. 375 SSR 
markers were used to conduct the association mapping analysis. The population structure analysis 
assigned 381 flax accessions into two groups. P-values were calculated through different models which 
combing Q matrix or Kinship. Significant associations were identified.  
   
Presenting Author: Tao Zhang; Email: taz755@mail.usask.ca  
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Research Activities at Prairie Plant Systems Inc. 
Larry Holbrook 
Prairie Plant Systems Inc., Saskatoon, SK, S7H 0W2, Canada 
 
Prairie Plant Systems (PPS), a small private company in Saskatoon, was started in 1988 with 
micropropagation of fruit tree clones for commercial production. It has maintained the model of having 
product sales before reinvesting in new research activities. There is a continuing production of fruit 
trees and annual large scale production of seed potato lines through micropropagation and greenhouse 
generation. A unique aspect to plant growing was development of biosecure chambers in underground 
mine sites which led to a Health Canada contract for GMP production of medical marijuana which is 
now in its’ 10th year. Profits from commercial activity have been returned into new strategic 
development areas of further plant made pharmaceutical production with human adenosine deaminase 
currently a lead project. Two new plant production platforms were developed for such molecular 
farming applications. Further developments include suggested needs for collaborations amongst 
Canadian researchers in molecular farming technology. 
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How a plant makes morphine – can we teach this trick to a microorganism?  
Jillian Hagel1, Eun-Jeong Lee1, Isabel Desgagné-Penix1, Thu Thuy Dang1, Akpevwe Onoyovwe1, Scott 
Farrow1, Guillaume Beaudoin1, Donald Dinsmore1, Crystal Bross1, Elena Fosatti2, Andy Ekins2, Vincent 
Martin2 and Peter Facchini1  
1Department of Biological Sciences, University of Calgary, Calgary, AB, T2N 1N4, Canada; 2Biology 
Department, Concordia University, Montréal, QC, H4B 1R6, Canada 
 
Among the vast catalogue of plant natural products are ~2500 known benzylisoquinoline alkaloids 
(BIAs) that include the narcotic analgesic morphine produced in opium poppy. Genes corresponding to 
most morphine biosynthetic enzymes and others that function in BIA branch pathways leading to the 
antimicrobial sanguinarine, the vasodilator papaverine and the potential anticancer drug noscapine 
have been identified. The first committed step in BIA biosynthesis is catalyzed by a unique member of 
the pathogenesis-related (PR)10 protein family. All other known enzymes belong to a limited number of 
families including cytochromes P450, O- and N-methyltransferases, FAD-linked oxidoreductases, 2-
oxoglutarate-dependent dioxygenases, acyl-CoA-dependent acyltransferases and NADPH-dependent 
reductases. Biochemical genomics and cell biology have accelerated our understanding of BIA 
metabolism in opium poppy. Tapping into the enzyme variants responsible for the extensive BIA 
diversity beyond opium poppy requires genetic resources for exotic plant species and the development 
of a common functional genomics platform. Deep transcriptome resources for 20 BIA-producing 
species have been generated using next-generation sequencing. Yeast strains are being engineered 
using known biosynthetic genes with the aim of producing morphine and other BIAs. These strains also 
allow the discovery of novel BIA biosynthetic genes using plug-and-play synthetic biology, which 
complements plant functional genomics tools. The prospects for synthetic biology targeting BIA 
metabolism will be discussed.  
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postdoctoral research at the University of Kentucky and the Université de Montréal prior to his faculty 
appointment at the University of Calgary in 1995. His research is focused on basic and applied aspects 
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past two decades toward a comprehensive understanding of the biochemistry, molecular and cell 
biology of pharmaceutical alkaloid metabolism in opium poppy, and he is regarded as the international 
authority in the field. His research team has made numerous important scientific contributions including 
the isolation of several key genes involved in the biosynthesis of morphine, codeine and other 
compounds, the establishment of the world’s largest collection of genomics resources for opium poppy 
and related plants, the identification of the specific cell types that participate in alkaloid biosynthesis, 
and the metabolic engineering of economically important plants. His research is funded from diverse 
sources ranging from the Natural Sciences and Engineering Research Council of Canada to industrial 
contracts. He has been awarded two Canada Foundation for Innovation grants for major research 
infrastructure, and is the Project Leader for a large-scale Genome Canada grant 
(www.phytometasyn.com) aimed at the commercial production of high-value plant metabolites in 
synthetic biosystems. He has published over 100 research papers and scholarly articles. Among 
numerous media appearances, his work has been featured on the CBC National News and the 
Discovery Channel, in the Globe and Mail and the National Post, and in newspapers and current events 
programs around the world. He received the C.D. Nelson Award in 2003 from the Canadian Society of 
Plant Physiologists as the outstanding young plant biologist in Canada. 
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Overexpression of asparaginase alters protein concentration in soybean seed  
Sudhakar Pandurangan1,2, Agnieszka Pajak1, Ronald P. Beyaert3, Daniel C. Brown1 and Frédéric 
Marsolais1,2  
1Department of Biology, Western University, London, ON, N6A 5B7, Canada; 2SCPFRC - Agriculture 
and Agri-Food Canada, Genomics and Biotechnology, London, ON, N5V 4T3, Canada; 3SCPFRC - 
Agriculture and Agri-Food Canada, Research Farm – Delhi, Southern Crop Protection and Food 
Research Centre, 711 Schafer Side Rd., RR#2, Delhi, ON, N4B 2W5, Canada  
 
In soybean, seed protein concentration is an important trait for end use and therefore relevant to crop 
value. An association was previously established between high levels of free asparagine in the 
developing embryo and protein concentration at maturity. This relationship suggests that free Asn may 
represent a physiological marker, and possibly a metabolite signal regulating protein concentration. To 
test this hypothesis, a common bean asparaginase 2 cDNA (PvASPG2) was expressed under the 
control of a seed-specific promoter. Three independent transgenic lines were compared to a control line 
expressing a neutral protein, beta-glucuronidase. Asparaginase activity was enhanced by 20- to 40-fold 
in developing embryos at 150 mg seed weight. This was associated with a decreased concentration of 
nitrogen and extractible globulins in two of the lines. This phenotype was correlated with the amount of 
asparaginase protein detected by Western blot in developing seed extracts. These results contribute to 
our understanding of the physiological processes determining protein concentration in soybean seed.  
 
Presenting Author: Frédéric Marsolais; Email: Frederic.Marsolais@agr.gc.ca    
 
 
Characterization of Dihydroflavonol 4-reductase (DFR) Gene Paralogs in Common Bean 
(Phaseolus vulgaris)  
Mahbuba Siddiqua, Zeinab Yadegari and K. Peter Pauls  
University of Guelph, 50 Stone Rd. E., Guelph, ON, Canada  
   
DFR is the first committed enzyme of the flavonoid pathway leading to the production of antioxidant 
compounds, anthocyanins, and proanthocyanidins.The current work was initiated to obtain information 
about DFR paralogs in common bean to facilitate the development of genomic tools to select varieties 
with high levels of beneficial antioxidant compounds. The objectives of the work were to: 1) identify 
DFR paralogs in common bean, 2) clone DFR paralog cDNAs, express DFR proteins in a heterologous 
system and study the catalytic activities of the enzymes, and 3) identify correlations between DFR gene 
expression and anthocyanin and proanthocyanidin levels in beans. The paralogs were cloned, 
sequenced, and named PvDFR-1, PvDFR-2, and PvDFR-3, respectively. They were 65-87% similar at 
amino acid level. Differential mRNA expression of DFR paralogs was observed in common bean. The 
differential expression patterns of the DFR paralogs suggest that they might have tissue- and 
developmental- specific roles in common bean and may differ in their catalytic activities. Therefore, 
PvDFR-2, and PvDFR-3 were cloned into a pGAPZα C expression vector for heterologous expression. 
Both PvDFR-2 and PvDFR-3 enzymes were expressed into Pichia pastoris for looking into their 
catalytic activities.  
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Enhancing the carotenoid profile of canola seeds  
Lisa Amyot1, Bianyun Yu2, Margie Gruber2, George Haughn3, Erin Gilchrist3, Bruce Reynolds4 and 
Abdelali Hannoufa1  
1SCPFRC - Agriculture and Agri-Food Canada, 1391 Sandford St., London, ON, N5V 4T3, Canada; 
2Agriculture and Agri-Food Canada, 107 Science Place, Saskatoon, SK, S7N 0X2, Canada; 3University 
of British Columbia, 3529-6270 University Blvd. Vancouver, BC, V6T 1Z4, Canada; 4Agirculture and 
Agri-Food Canada, 711 Schafer Side Road, Delhi, ON, N4B 2W5, Canada  
   
Owing to its high protein quality, canola seed is a potential source of ingredients for fish and livestock 
feed formulations. Our goal is to boost its nutritional value by enhancing the levels of β-carotene, which 
is a significant source of provitamin A. β-carotene production occurs at the branch point of the 
carotenoid biosynthesis pathway where its precursor, lycopene, undergoes cyclization to either form 
carotenoids with two β-rings or with both a β- and ε- ring. In order to shift carotenoid production in 
favour of β-carotene formation, RNAi technology was employed to down-regulate the gene encoding Ɛ-
cyclase (Ɛ-CYC). In addition to enhanced production of β-carotene, the transgenic lines also had a 
higher total seed carotenoid content. We then used the TILLING (Targeting Induced Local Lesions IN 
Genomes) technology to generate non-transgenic mutant lines with disruptions in the Ɛ-CYC gene. 
Twenty-four TILLING mutants have been generated for this locus, 10 of which are predicted to have 
either a nonsense or missense mutation. Preliminary analysis revealed that some lines have an 
enhanced seed carotenoid content relative to the parental control. This project will produce non-GMO 
canola seeds for incorporation into breeding programs.  
 
Presenting Author: Lisa Amyot; Email: Lisa.Amyot@agr.gc.ca  
 
 
Epidermome enriched biosynthesis of monoterpenoid indole alkaloids and secretion to the 
plant surface may be common in the Apocynaceae family of plants 
Sayaka Masada-Atsumi, Dylan Levac, Elizabeth Edmunds, Kyung-Hee Kim and Vincenzo De Luca  
Department of Biological Sciences, Brock University, 500 Glenridge Ave., St Catharines, ON, L2S 3A1, 
Canada 
   
Monoterpenoid indole alkaloids (MIA) are among the largest and most complex group of nitrogen 
containing secondary metabolites that are characteristic of the Apocynaceae, Loganiaceae, and 
Rubiaceae plant families. This complexity has been the source of useful drugs for treating various 
cancers, neurological disorders and cardiovascular conditions. The preferential expression of MIA 
pathways in the leaf epidermis of Catharanthus roseus and the exclusive accumulation of catharanthine 
in leaf wax exudates of 4 different species of Catharanthus [PNAS 107, 15287 (2010)] suggested that 
secretion of MIAs might be a more widespread phenomena, than previously anticipated. This study 
shows most of the MIAs of Eurasian Vinca minor, African Tabernaemontana elegans and 5 Amsonia 
species, including North American Amsonia hubrichitii and Mediterranean A. orientalis, accumulate in 
leaf wax exudates, while the rest of the leaf is almost devoid of alkaloids. Biochemical and molecular 
studies with V. minor and T. elegans show that MIA biosynthesis occurs preferentially in leaf epidermis. 
These observations suggest that epidermal specialization for MIA biosynthesis may have evolved to 
facilitate secretion of alkaloids to the leaf surface as a common feature in MIA-producing members of 
the Apocynaceae. The biotechnological implications of this discovery will be discussed.  
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Generation of stress tolerant plants through targeted stress applications – epigenetic approach 
Andriy Bilichak1, Youli Yao1, Melanie Kalischuk1,2, Zoe Migicovsky1, Andrey Golubov1, Lawrence 
Kawchuk2 and Igor Kovalchuk1 
1Department of Biological Sciences, University of Lethbridge, Lethbridge, AB, Canada; 2Agriculture 
AgriFood Canada, Lethbridge Research Station, Lethbridge, AB, Canada 
 
As sessile organisms, plants need to continuously adjust their responses to external stimuli to cope with 
changing growth conditions. The plasticity of plant phenotypes can not be simply explained by genetic 
changes such as mutations. Since many environmental stresses persist for only one or several plant 
generations, other mechanisms of adaptation must exist. The heritability of reversible epigenetic 
modifications that regulate gene expression without changing DNA sequence makes them an attractive 
alternative mechanism.  
We hypothesized that exposure of plants to stress at precise time during development allows them to 
switch on the mechanisms of acclimation/adaptation and to pass the information about stress to next 
generation, establishing transgenerational stress tolerance. Here we provide examples of 
environmentally induced transgenerational epigenetic effects that include the appearance of new 
phenotypes in successive generations of plants stressed with abiotic and biotic stress. We also 
describe several cases in which exposure of Arabidopsis thaliana, Nicotiana tabacum or Brassica rapa 
to stress leads to non-random heritable but reversible changes in stress tolerance in the progeny of 
stressed plants. We demonstrate that observed changes in plant tolerance are regulated by epigenetic 
mechanisms, such as changes in DNA methylation and histone modifications. We suggest that 
application of stress or stress-mimicking agents at a defined developmental stage can be used in 
agricultural practices for establishing transgenerational priming. 
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The cross-talk between plant hemoglobin and nitric oxide during flooding stress and 
senescence  
Jay K. Shah1, Michael Wagner Christiansen2, Kim Hebelstrup2, Per L. Gregersen2 and Abir U. 
Igamberdiev1    
1Department of Biology, Memorial University of Newfoundland, St. John's, NL, A1B 3X9, Canada; 
2Department of Molecular Biology and Genetics, Aarhus University, Forsoegsvej 1, 4200 Slagelse, 
Denmark  
 
Senescence is an age-dependent process in plants, but can also be induced by various factors such as 
darkness, stress, temperature and hormones. It is a complex, well-coordinated process involving 
programmed cell death. Plants face hypoxia and anoxia during flooding and submergence. Under these 
conditions, accumulating nitrite can be reduced by the mitochondrial electron transport chain forming 
free radical nitric oxide (NO). Class I hemoglobin (Hb) plays an important role to ensure the efficient 
scavenging of NO to nitrate. It has been reported that Hb modulates the levels of NO and ethylene 
under stress. NO plays a role in senescence induced by methyl jasmonate and ABA. Considering the 
function of Hb in NO turnover in plants under hypoxia and in modulating ethylene levels, it was 
hypothesized that Hb could play an important role in regulating the onset of senescence in plants under 
hypoxia and flooding. The present study aims to determine the role of Hb in dark-induced senescence. 
The results obtained will demonstrate the broad applications of Hb overexpression in crop 
biotechnology. The upregulation of Hb under hypoxia and hence the increased NO turnover will not 
only delay dark-induced senescence, but also support mitochondrial function in low oxygen conditions.  
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De Novo Assembly of American Ginseng Root Transcriptome and Analysis of Gene Expression 
during Development 
Di Wu1,2, Ryan Austin2, Sijun Zhou1,2 and Dan Brown1,2,3 
1Western University, 1151 Richmond St, London, ON, Canada; 2SCPFRC - Agriculture and Agri-Food 
Canada, 1391 Sandford St., London, ON, N5V 4T3, Canada; 3Canadian Centre for Agri-food Research 
in Health and Medicine (CCARM), St. Boniface Hospital, 351 Taché Ave., Winnipeg, MB, Canada 
 
American ginseng (Panax quinquefolius L.) is a widely used medicinal plant. Ginsenosides are 
considered to be the major bioactive compounds even though detailed genomic information is lacking 
and its various biosynthetic pathways remain largely unexplored. In response to this, root tissue from 
seven development stages of American ginseng was subjected to 454 sequencing, producing an 
average of 362 mega bases of sequence for each sample. In total, 4,848,633 high quality reads (~ 1.85 
GB), with an average length of 383 bases, were generated. De novo assemblies for each stage 
reconstructed from 9,689 to 16,864 transcripts with a comprehensive root reference transcriptome 
assembly producing 41,623 full length transcripts.  A total of 93% of American ginseng Genbank 
rhizome-specific ESTs were represented in the assembly (E<1e-20).  Also, 83.8% and 84% of 
transcripts in the final transcriptome were annotated by BLAST similarity search against the Genbank 
NR and Uniprot PPAP databases respectively. In addition, 5,717 unique sequences were assigned to 
metabolic pathways by the Kyoto Encyclopedia of Genes and Genomes. Using bioinformatics analysis, 
we were able to identify all of the known enzymes involved in ginsenosides backbone biosynthesis 
pathways.  Finally, a number of unique candidate genes potentially involved in ginsenosides 
biosynthesis pathways were identified. 
 
Presenting Author: Di Wu; Email: dwu86@uwo.ca  
 
 
Analysis of expression of polyphenol oxidase gene family in potato (Solanum tuberosum L.) by 
quantitative PCR  
Ming Chi1, 2, Basdeo Bhagwat1, Yin-quan Su2 and Yu Xiang1   
1Agriculture and Agri-Food Canada, Pacific Agri-Food Research Center, Summerland, BC, V0H 1Z0, 
Canada; 2College of Forestry, Northwest A & F University, Yangling, Shaanxi, China  
   
Real-Time quantitative Reverse Transcription PCR (qRT-PCR) provides a sensitive method for 
detection of gene expressions. A qRT-PCR protocol was developed for quantification of the 
expressions of polyphenol oxidase gene family in potato tissues. Five housekeeping genes were 
evaluated as internal controls for normalization of qRT-PCR data. Our results revealed that all 
evaluated housekeeping genes showed significant difference in gene expression level among the 
samples from different types of potato tissues. Over 30 candidate PCR primer pairs were designed and 
tested for their efficacy in detection of four different PPO genes in potato. Of these, eight pairs showed 
specific amplification of the targeted PPO genes. Expression of different potato PPO genes was 
profiled using our developed qRT-PCR protocol.  
 
Presenting Author: Ming Chi; Email: ming.chi@agr.gc.ca    
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The development and U.S. regulatory approval of ‘HoneySweet’, a genetically engineered Plum 
pox virus resistant plum variety  
Ralph Scorza  
US Department of Agriculture, Agricultural Research Service, Appalachian Fruit Research Station, 
2217 Wiltshire Road, Kearneysville, West Virginia 25430, USA  
   
Genetic engineering (GE) has the potential to revolutionize fruit tree breeding. It is an approach that 
can target specific genetic improvements and allow for the development of novel, useful traits. While 
GE does not provide a panacea for all of the difficulties associated with fruit tree breeding, it can be a 
useful approach to increase the efficiency and effectiveness of breeding programs. In spite of the 
potential utility of GE for fruit and nut tree improvement, the technology has not, to date, been widely 
exploited in these species. Over 16,000 field tests of transgenic plants have been approved in the U.S. 
since 1987, while less than 0.15% have involved fruit or nut tree species. Nevertheless, there are 
examples of GE fruit and nut trees under test that are advancing towards the market. Over the past 20 
years an intensive international research project has focused on the development of GE resistance to 
Plum pox virus (PPV) the causative agent of Sharka, one of the most destructive diseases of plum and 
other stone fruits. A result of this effort has been the development of ‘HoneySweet’ plum, a GE variety 
that has proven to be highly resistant to PPV, as demonstrated in over 15 years of study and field 
testing in the U.S and Europe. The efficacy and safety of ‘HoneySweet’ have been validated through 
the successful regulatory approval of this PPV resistant GE plum variety in the U.S. The international 
collaborative program that produced ‘HoneySweet’ demonstrates the potential for publicly-fund 
research and development to provide safe, efficacious GE products for the benefit of growers and 
consumers. The development and release of ‘HoneySweet’ provides roadmap to product development 
for programs working on the application of GE for the improvement of fruit and nut crops. 
 
Presenting Author: Ralph Scorza; Email: Ralph.Scorza@ARS.USDA.GOV   
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Application of a tomato male-sterile system in hybrid seed industry  
Vipen K. Sawhney  
Department of Biology, University of Saskatchewan, Saskatoon, SK, S7N 5E2, Canada  
   
We have developed a photoperiod-sensitive male-sterile system in tomato which is being used in hybrid 
seed production. 7B-1 is a single gene recessive mutant and is male–sterile under long days in field 
conditions; the flowers produce shrunken stamens in which pollen development breaks down at an 
early stage and the style and stigma are extruded for easy pollination. Under short days, the mutant 
produces normal stamens with viable pollen which upon pollination of mutant flowers yield 100% male-
sterile seed. This seed generates all male-sterile plants and can be used as female parents for F1 
hybrid seed production. The female fertility is not affected in the mutant and plants grow vigorously 
producing many flowers, presumably because of the lack normal fruit set. The mutant is also resistant 
to high osmoticum, various salts, and low temperature, as shown by seed germination, and this trait 
and male sterility have been related to high ABA in the mutant. The mutant has been grown at various 
field locations around the world and this technology has been licensed to seed companies in Italy, India 
and Holland, and on Material Transfer Agreements to some Agricultural universities.  
 
Presenting Author: Vipen Sawhney; Email: vipen.sawhney@usask.ca  
 

KeyBase™: targeted mutagenesis in crop species  
Sijun Zheng, Bipna Shrestha, Joke Fierens, Esther Beurskens-Goossens, Miriam van de Belt, Robert 
Sevenier, Paul Bundock, Michiel de Both and Edwin van der Vossen  
KEYGENE N.V., P.O. Box 216, 6700 AE Wageningen, The Netherlands  
   
The increasing availability of genomic information allows an unprecedented ability to link phenotypes 
with genotypes and subsequently to identify key genes involved in important agronomic traits. Crops 
with improved characteristics can then be produced by the targeted introduction of subtle mutations into 
such genes. KeyBase™ is a targeted mutagenesis technology to introduce single point mutations into 
plant genes of interest, which is achieved by the introduction of chemically modified oligonucleotides 
into plant protoplasts. The sequence of the oligonucleotide is identical to the target gene except at the 
position of the desired mutation and this mismatch drives the alteration of the genomic sequence. The 
chemical structure and the design of the oligonucleotides have been optimized for plant cells. KeyBase 
oligonucleotides contain locked nucleic acid residues (LNAs) for increased targeting efficiency. Efficient 
protoplast techniques have allowed the regeneration of fully fertile plants carrying specific mutations 
after KeyBase treatment in tobacco, tomato, Petunia and oilseed rape. All KeyBase mutations have 
been confirmed by sequencing, and correct Mendelian transmission of the mutations to the offspring 
after selfing of the mutant plants demonstrate the stability of the mutations. KeyBase is now a routine 
method to produce herbicide-tolerant plants. Currently, the technology is being developed for rice and 
maize. As for rice, thousands of microcalli derived from protoplasts were generated in several 
independent experiments, reaching estimated plating efficiencies of up to 20 %. The average plant 
regeneration efficiency from protoplast derived calli was 14 %.  
  
KeyGene owns patent applications covering the KeyBase™ technology and has filed trademark 
registration for KeyBase.  
 
Presenting Author: Sijun Zheng; Email: Sijun.zheng@keygene.com  
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Comparison of RNA purification methods from challenging plant samples and the effect on 
viroid detection 
W.-S Kim1, M. Simkin1, Y. Haj-Ahmad1,2  
1Norgen Biotek Corp., 3430 Schmon Pky., Thorold, ON, L2V 4Y6, Canada; 2Brock University, 500 
Glenridge Ave., St. Catharines, ON, L2S 3A1, Canada 
 
High quality plant RNA purification is a prerequisite for many downstream applications, such as reverse 
transcription polymerase chain reaction (RT-PCR), cDNA library construction, RNA sequencing and 
gene expression profiling using microarrays. Unlike animal tissues, purification of high quality RNA from 
plant tissues has been a challenging process because of the high concentration of polysaccharides, 
polyphenols and other secondary metabolites which can be complexed with RNA. Phenol/chloroform-
based RNA purification, which is known as the gold standard protocol, was compared with two market-
leading spin column methods. RNA quality and quantity, RIN (RNA Integrity Number) value, gDNA 
contamination level, small RNA accumulation and processing time were all evaluated using difficult and 
moderately challenging plant samples. Large differences in RNA yield and quality among protocols 
were found with the more challenging samples. The effect of RNA purification methods on viroid 
detection will also be discussed.     
  
Presenting Author: Won-Sik Kim; Email: Wonsik.kim@norgenbiotek.com  
 
 
Improving agricultural productivity under climate variability through genetic engineering of heat 
and drought stress tolerance  
Yafan Huang, President and Chief Scientific Officer 
Performance Plants, Inc. 
 
Recent agronomic and economic studies indicate that small and gradual temperature rises world-wide 
over a growing season of many staple crops such as corn, soybean, rice, and wheat make measurable 
negative impact on their eventual yields.  Especially, heat stress that occurs at the reproductive stage 
causes significant yield reduction.  Furthermore, combined stress of heat and drought triggers multiple-
folds of higher damage in crop productivity than a single stress.  Therefore, improvement of dual stress 
tolerance to heat and drought in crop plants has become a top priority for the development of 
agricultural biotechnology.  Aiming to solve this problem, we employed forward genetic screens in 
plants to discover a series of genes that are involved in the regulation of heat and drought 
tolerance.  Results from extensive laboratory and field trial studies indicate that these genes are the 
effective targets for genetic engineering of crops for yield enhancement through increased tolerance to 
multiple climatic stresses.  
 
Presenting Author: Yafan Huang; Email: huangy@performanceplants.com 
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Assessing effects of GM canola on soil microflora  
Ravneet Kaur1, Danis Pageau2, Suha Jabaji1 and Jaswinder Singh1  
1Department of Plant sciences, McGill University, Ste Anne de Bellevue, QC, H9X 3V9, Canada; 
2SCRDC of Agriculture and Agrifood Canada, Normandin, QC, Canada 
   
New approaches are being devised to produce GM plants suitable for changing climate, resistance to 
pests and herbicides, produce increased amounts of nutrients. Despite having great future promises, 
general public is concerned about the influence of GM plants on the ecosystem. Some believe that GM 
plants can spread the transgene to normal plants or theoretically even to bacteria. The health risks of 
horizontal gene transfer (HGT) include antibiotic resistance or other such genes spreading to 
pathogenic organisms. Therefore, it is necessary to evaluate the probability of an unintentional HGT 
from GM plants. We studied the risk of HGT from glyphosate tolerant canola to soil microflora. 
Glyphosate tolerant canola was grown under natural conditions for two subsequent years 2010-11 and 
the probability of HGT was evaluated. DNA from roots of GM canola showed, as expected, the 
presence of 5-enolpyruvylshikimate-3-phosphatesynthase (EPSP) gene imparting herbicide tolerance. 
However, EPSP gene was not detected in DNA isolated from rhizosphere soil containing microbes. 
These results indicated no HGT of EPSP gene to soil microflora under field conditions. In addition, we 
also assessed the effect of glyphosate application on soil fungal population and qPCR analysis 
indicated no negative effects on soil microflora.  
 
Presenting Author: Ravneet Kaur; Email: ravneet.kaur@mcgill.ca  
 
 
The next green revolution will occur from underground 
Amy Turnbull and George Lazarovits 
A&L Biologicals, 2136 Jetstream Rd., London ON, N5V 3P5, Canada 
 
In the last 70 years, agriculture has become reliant on application of synthetic fertilizers and pesticides 
to increase yield of monocultures. This has resulted in several-fold increases in crop yields  but in 
recent years many growers are finding that yields have either plateaued or are decreasing. The ever 
increasing cost of fertilizers and the decreasing global reserves mandates a fundamental shift in 
agriculture to feed the growing world population. One aspect that has been overlooked is the role that 
biology has on crop productivity. Our company believes that by understanding the beneficial 
interactions in soil we can improve plant growth and reduced grower costs. We are using molecular and 
culture-dependent techniques to find microorganisms that are indicators of healthy, productive soil. We 
are also developing standardized molecular methods to determine the types of fungal and nematode 
pathogens present in soil. We will use such measurements to modify microbial communities using 
organic amendments to create disease suppressive conditions and promote plant health. 
 
Presenting Author: Amy Turnbull; Email: aturnbull@alcanada.com  
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Repressors of Jasmonic Acid and Ethylene Signaling Pathways Modulate Stomatal Apertures 
Differently During Plant-Bacteria Interactions 
Sherif Sherif 1,2, Islam El-Sharkawy I2, Gopinadhan Paliyath1 and Jayasankar Subramanian2† 
1Department of Plant Agriculture University of Guelph, Guelph, ON, Canada; 2Vineland Research 
Station, Department of Plant Agriculture, University of Guelph, Guelph, ON, Canada. 
 
Jasmonic acid (JA) and ethylene (ET) signaling pathways are well known to have synergetic 
interactions in response to biotic stimuli. Here, we investigated the gene expression as well as the 
putative function of JA and ET signaling repressors during the interaction of peach with Xanthomonas 
campestris pv. pruni, the causal agent of bacterial spot disease in stone fruits. Jasmonate Zim-Domain 
(JAZ) and Ethylene Response Factors (ERFs) with EAR repressor domain are known suppressors for 
JA and ET signaling, respectively. Genes encode these proteins were cloned from peach cDNA library 
and their expression was monitored in resistant and susceptible peach varieties after different times of 
inoculation. While six genes encode for JAZ proteins showed variable expression patterns after 
bacterial infection, three genes encode for ERF repressors exhibited higher transcript levels in the 
susceptible peach variety. To further investigate the role of these proteins in stomatal responses to 
bacterial pathogens, one member of JAZ family, Pp-JAZ1 and one of ERF family, Pp-ERF3b were 
overexpressed in tobacco (Nicotiana tabacum). Transgenic tobacco plants were evaluated for their 
resistance against Pseudomonas syringae pv. tabaci. Although Pp-JAZ1 tobacco plants showed less 
disease symptoms than wild-type, Pp-ERF3b plants were more susceptible to the bacterial infection. 
Records of stomatal apertures at 1h post-inoculation (HPI) indicated that most stomata were closed in 
both types of transgenic plants as well as wild-type, which could be explained as a basal defense 
mechanism. However, at 3 HPI, the highest percentage of closed stomata was recorded in JAZ1 plants 
and the lowest percentage of closed stomata was recorded in ERF3b plants. These effects on stomatal 
apertures were associated with the upregulation of defense inducible genes in Pp-JAZ1 tobacco plants 
and contrary responses in ERF3b plants. Taken together, these results suggest that synergetic cross-
talks between JA/ET signaling pathway during disease resistance might occur downstream the entry of 
bacteria through stomata.  
 
Presenting Author: Sherif Sherif; Email: ssherif@uoguelph.ca 
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I-1 
Doubled haploidy, a tool for oat breeding  
K. Irmen1, B.G. Rossnagel2, A.D. Beattie2 and A.M.R. Ferrie1  
1National Research Council of Canada, 110 Gymnasium Pl., Saskatoon, SK, Canada; 2Crop 
Development Centre, University of Saskatchewan, Saskatoon, SK, Canada  
 
Doubled haploidy technology is a useful tool in applied and basic plant research. There are many 
examples where doubled haploidy has been beneficial in varietal development. However, to date, the 
only method by which to develop doubled haploids in oat has been to use wide hybridization with maize 
and the results have been summarily unsuccessful at a practical level even for basic research 
purposes, let alone breeding. Oat doubled haploid research was carried out more than 15 years ago. 
Since then, there have been a few publications attempting to develop oat microspore/anther culture 
systems, but consistent, efficient in vitro protocols have not resulted. In our lab, both anther culture and 
isolated microspore culture have been used to generate doubled haploid plants. Eighteen genotypes 
have been screened for androgenic response. We also evaluated a number of factors (i.e. media 
composition, pretreatments, culture conditions) influencing microspore embryogenesis. From anther 
culture experiments, embryo-like structures emerged from the anther and were observed free floating in 
the medium. These structures regenerated to haploid albino plantlets or green plantlets. Utilizing 
isolated microspore culture, we have obtained microspore-derived embryos and haploid plants. 
Chromosome doubling methods were developed to generate doubled haploid plants of oat.  
   
Presenting Author: A.M.R. Ferrie; Email: Alison.Ferrie@nrc-cnrc.gc.ca  
   
 
I-2 
A rapid method for identifying sites of T ‐ DNA integration in activation ‐ tagged potato  
Daniel Frank1, Jeremy Duguay1, Sharon Regan1 and Helen Tai2  
1Biology Department, Queen's University, Kingston, ON, K7L 3N6, Canada; 2Potato Research Centre, 
Agriculture and Agri ‐ Food Canada, P.O. Box 20280, Fredericton, NB, E3B 4Z7, Canada  
 
Late blight is a major disease of potato caused by Phytophthora infestans, an oomycete pathogen 
which necrotizes leaf and tuber tissue. Emerging fungicide resistance of P. infestans demonstrates a 
need to leverage endogenous traits within potato to reduce pathogen susceptibility and reliance on 
fungicide control. The Canadian Potato Genome Project (CPGP) has generated over 6000 lines of 
activation tagged potato plants for discovery of gene function and value added traits in potato. Sites of 
T ‐ DNA integration in transgenic lines screened for improved late blight resistance may reveal genes 
involved in improved performance. Here, a technique for identification of sites of T ‐ DNA integration in 
activation ‐ tagged potato has been developed. Pulldown of biotinylated probes annealing to T ‐ DNA 
loci using streptaviden ‐ conjugated paramagnetic beads provides an efficient method for targeted 
capture of genomic DNA flanking sites of T ‐ DNA integration and identification of the genetic basis of 
improved pathogen resistance.  
   
Presenting Author: Daniel Frank; Email: 9df@queensu.ca   
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Preservation and Authentic Expression of Transgene via Artificial Seeds in Alfalfa 
Wenting Liu1,2, Zongsuo Liang1, Susan Sibbald2, Xinhua Wang2 and Lining Tian2 
1College of Life Sciences, Northwest A ＆ F University, Shaanxi, China 712100; 2Southern Crop 
Protection and Food Research Centre, Agriculture and Agri-Food Canada, London, ON, N5V4T3, 
Canada 
 
Proper preservation of transgenes is important for wider use of transgenic technology in plant. Here, we 
report stable preservation and authentic expression of transgene via artificial seed technology in alfalfa. 
DNA constructs containing the uid reporter gene coding for β-glucuronidase (GUS) driven by 35S 
promoter or tCUP promoter were introduced into alfalfa via Agrobacterium-mediated genetic 
transformation. Somatic embryos were subsequently induced from transgenic alfalfa plants via in vitro 
technology. Somatic embryos were treated with abscisic acid (ABA) to induce desiccation tolerance. 
The embryos were subjected to water loss process. After desiccation process, the water content in 
embryos was at about 12-15% which was equivalent to that in true seeds. The dried somatic embryos 
showed high degrees of viability and exhibited normal germination upon water rehydration. Full plants 
were subsequently developed and recovered in a greenhouse. Plants developed from dried somatic 
embryos showed active GUS enzyme activity and the GUS expression level was comparable to that of 
plants developed from somatic embryos without desiccation process. Polymerase chain reaction (PCR) 
and Southern blot analyses indicated that the transgene was stably retained in plants germinated from 
desiccated somatic embryos. The research showed that the transgene and the new trait can be well 
preserved via dry somatic embryo technology. This provides a new method for transgenic germplasm 
preservation in different plant species. 
 
Presenting Author: Lining Tian; Email: Lining.Tian@agr.gc.ca 
 
 
I-4 
In vitro propagation of Holy Basil (Ocimum sanctum L.): A model for introducing ethnic 
medicinal plants in Canada  
Annaliese Kibler, Mukund Shukla and Praveen K. Saxena  
Department of Plant Agriculture, University of Guelph, Guelph, ON, N1G 2W1, Canada  
   
Holy Basil (Ocimum sanctum L.) is a medicinal plant originating from southern Asia and recommended 
for a variety of health issues, from basic colds to diabetes due to its adaptogenic, and anti-oxidant 
properties. The main issue associated with holy basil propagation is the extreme variability in the 
phytochemical content, mostly due to environmental variability, biotic and abiotic stress. The current 
study was under taken to standardize protocol of holy basil micropropagation with the major objective to 
optimize biomass production and phytochemicals. Nearly 80 ecotypes from various sources have been 
established under in vitro conditions and 15 ecotypes were identified with higher anti-oxidant value 
using DPPH bioassay. Shoot tips from green-house grown plants were used as initial explants and 
cultured on MS medium with different concentrations of BA (0, 1.1, 2.2 and 4.4 µM). The highest 
percentage of shoot development and multiplication observed was in medium containing 1.1 µM BA 
followed by MS basal medium. In vitro grown shoots rooted best on MS medium supplemented with 0.5 
µM IBA and acclimatized in mist chambers with a 90% survival rate. Due to strong regulations of 
natural health products, micropropagation in conjunction with green-house production will ensure 
consistency and quality of holy basil, encouraging introduction into the Canadian natural health product 
market.  
   
Presenting Author: Annaliese Kibler; Email: akibler@uoguelph.ca  
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Effect of culture medium and growth regulators on optimizing in vitro embryo culture of Salvia 
leriifolia Benth.  
Modarres, M1,3*, Lahooti, M1, Gangali, A1 and Asili, J2  
1*Department of Biology, Faculty of Science, Ferdowsi University of Mashhad; 2Department of 
pharmacognosy, faculty of pharmacy, Mashhad University of Medical Sciences; 3 Faculty of Science, 
prophet Mohamad University of Mashhad  
 
Salvia leriifolia (Lamiaceae) is endemic of Khorasan and Semnan province and an endangered plant. 
Poor germination of seeds of this plant has a serious problem with the high production. The first step to 
improve this precious plant is to produce sterile plantlets in order to prepare explants of appropriate 
vigor. In this study, in vitro culture of Salvia leriifolia embryo was performed through a factorial 
experiment in the form of completely random design including culture medium in 3 types 
(MS.1/2MS,B5), BAP of 4 levels(0,1,2,3 mgl-1), NAA at 3 levels(0,0.5,1 mgl-1) and 3 replications. 
Statistical analysis was performed according to the JMP software. The results showed that, MS and 
1/2MS appeared to be more efficient than B5 medium and significant differences were observed. 
Efficient concentrations of BAP and NAA were 1 mg/lit and had a significant effect in regeneration and 
growth of embryos. So that the entire seedling were obtained ten days after planting .Direct 
regeneration whit minimal Somaclonal variation through embryo culture in MS and 1/2MS media 
supplemented with 1mg/lit BAP and NAA as the best option for fast access to resistant seedling to the 
usability genetic engineering and biotechnology and propagation of Salvia leriifolia is recommended.  
 
Presenting Author: Masoomeh Modarres; Email: M_modarres70@yahoo.com   
 
 
I-6 
In vitro polyplodization of Echinacea purpurea using oryzalin and trifluralin  
Priya Padmanabhan, Mukund Shukla, and Praveen Saxena  
Department of Plant Agriculture, University of Guelph, Guelph, ON, N1G 2W1, Canada  
 
Echinacea purpurea L., commonly known as purple coneflower, is one of the most popular and best 
selling medicinal herb with a long history of use for a wide variety of illnesses. The current study was 
under taken to induce polyploidy in Echinacea with the main objective to enhance phytochemical 
content and plant improvement. Sterilized seeds were cultured on MS basal medium under in vitro 
condition after treating with oryzalin and trifluralin at different concentrations (10, 20, 50, and 100 µM) 
for 24 h. Germination percentages ranging from 0 to 30 % were observed at different concentrations of 
both the mutagens. Flow cytometry data indicated that oryzalin and trifluralin treatment at 50 µM 
yielded 50 and 66 % of polyploids respectively. Seedlings were not showing any ploidy change at lower 
concentrations (10 and 20 µM) for both the mutagens. Higher percentages of tetraploids were observed 
in both the mutagens compared to octaploids and mixoploids. All polyploids are growing slowly under in 
vitro conditions on MS basal media as compared to normal diploid plants and further multiplication was 
achieved through adventitious shoot culture. Important phytochemicals were analyzed and histological 
studies were also conducted.  
 
Presenting Author: Priya Padmanabhan; Email: padmanab@uoguelph.ca  



39 
 
I-7  
Production of transgenic Plants of Strawberry Tranformed by Agrobacterium 
tumefaciens Harboring Melatonin Synthetase Genes  
Yuhua Wang, Jianguo Hao, and Jingfen Jia  
Biotechnology Laboratory, College of Life Sciences Northwest University, Xi’an, 710069, Shaanxi 
Province, China  
 
Arylalkylamine N-acetyltransferase (AANAT) and Hydroxyindole O-methyltransferase (HIOMT) are key 
regulation enzymes in the mammalian melatonin biosynthesis pathway. Using Agrobacterium 
tumefaciens-mediated method, both AANAT and HIOMT genes were transferred into strawberry ( 
Fragaria ananassa Duch cv. zaohong). The segments of leaves or petioles were used as explants. 
Factors influencing the efficiency of transformation were optimized. The results showed that 2-3 days of 
pre-culturing explants, the concentration of Agrobacterium OD600 = 0.3 ～ 0.5, 15 min of infection time 
and 3 days of co-culture duration were proved to be appropriate for transformation. Several putative 
transgenic plantlets were obtained through the selection on the MS medium containing 100 mg/L 
gentamycine. PCR analysis, PCR -Southern blot and RT-PCR detection confirmed the integration of 
AANAT and HIOMT genes into the genome of strawberry plants. Further aim will be to use transgenic 
plants with higher level of melatonin to investigate the melatonin functions in plants.  
   
Presenting Author: Jingfen Jia; Email: JIAJF38@NWU.EDU.CN  
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The Biological Activity of the tzs Gene of Nopaline Agrobacterium tumefaciens Strain GV3101 in 
Plant Regeneration and Genetic Transformation 
Zhao-Fen Han1,2, Susan Sibbald2, Ji-Shu Zhang1, Lining Tian2 

1College of Life Science, Northwest A&F University, Yangling, Shanxi Province, P.R. China 712100; 
2SCPFRC - Agriculture and Agri-food Canada London, ON, N5V 4T3, Canada  
 
Agrobacterium tumefaciens has been widely used in plant genetic transformation. Hormone-encoding 
genes residing in T-DNA region have been removed, resulting in disarmed Agrobacterium strains that 
are used in various transformation experiments. Nopaline Agrobacterium strains, however, carry 
another hormone gene, tzs (trans-zeatin synthesizing), that codes for trans-zeatin in the vir region of 
the Ti-plasmids. We investigated the activity and function of the tzs gene of a nopaline Agrobacterium 
GV3101 in plant in vitro regeneration. Leaf explants of Tobaccum nicotiana and Nicotina benthamina 
were co-cultured with the GV3101. The explants exhibited active shoot regeneration in the media 
without adding plant growth regulators. The regeneration efficiency was comparable to the explants 
cultured on medium containing cytokinin. Transgenic shoots could also been induced from the explants 
co-culture with GV3101 containing binary vectors in medium without plant growth regulators. Enzyme-
linked immunosorbent assay showed that cell-free extracts of Agrobacterium GV3101 culture contained 
0.86 µg/L of the trans-zeatin. Polymerase chain reaction using tzs specific primers showed that the tzs 
gene was present in GV3101 strain but not in other Agrobacterium strains. The study showed that tzs 
gene in GV3101 actively expressed and trans-zeatin produced can promote plant shoot regeneration. 
 
Presenting Author: Lining Tian; Email: Lining.Tian@agr.gc.ca  
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Efficient system for hazelnut micropropagation using bioreactor  
Jyoti, Mukund Shukla, and Praveen K. Saxena  
Department of Plant Agriculture, University of Guelph, Guelph, ON, N1G 2W1, Canada  
   
Hazelnut (Corylus avellana L.) is the 4th most economically important nut crop after cashew, almond 
and walnut. Production in Canada is limited due to low acreage, constrained by the lack of an efficient 
propagation protocol. Conventional methods of propagation are difficult and time consuming for large 
scale production of cultivars suitable for Ontario with high quality standards. This study was conducted 
to improve micropropagation of hazelnut. An efficient protocol using both semi-solid medium and a 
liquid based bioreactor system was developed. Shoot cultures of the cultivars Geneva, Epsilon, and 
Jefferson, were established in vitro on semi solid DKW basal medium. The maximum proliferation of 
axilliary buds was obtained by transferring shoots from the semi-solid medium to a bioreactor 
containing modified liquid DKW medium with BA (17.6µM), GA3 (0.29µM) and 200mgl-1 EDDHA. 
Cultivars differed significantly with respect to multiplication rates in the liquid bioreactor system. 
Individual shoots were transferred onto liquid DKW medium supplemented with IBA (5.0 µM), resulting 
in 84 % rooting. Plantlets were acclimatized in a mist bed for two weeks and then established in the 
greenhouse with a 90% survival rate. These results suggest that large-scale multiplication of hazelnut 
shoots in bioreactors is possible using this system.  
   
Presenting Author: Jyoti; Email: jyoti@uoguelph.ca  
   
 
I-10 
The antioxidant melatonin boosts recovery of cryopreserved shoot tips  
E.E. Uchendu1, M.R. Shukla2, B.M. Reed3 and P.K. Saxena4  
1,2,4Gosling Research Institute for Plant Preservation, Department of Plant Agriculture, University of 
Guelph, Guelph, ON, Canada; 3USDA-ARS National Clonal Germplasm Repository, Corvallis, OR, USA  
   
Many useful plant species found in Canada are of conservation concern. In vitro storage and 
cryopreservation techniques guarantees safety of these species and have potential applications which 
may result in sustainable agriculture. Shoot tips of in vitro-grown plantlets of American elm, St John’s 
Wort, tobacco and dormant winter buds of American elm were successfully cryopreserved in liquid 
nitrogen at -196 °C under controlled environment conditions following antioxidant treatment and cold 
acclimation with either vitrification or encapsulation-vitrification protocols. Explants of St John’s Wort 
and tobacco had optimal regrowth following cryopreservation, when treated with the Plant Vitrification 
Solution #2 (PVS2) for 20 min on ice and those of American elm for 10 min on ice. Melatonin (0.1 µM), 
added to both preculture and regrowth medium significantly enhanced regrowth compared to the 
control (p<0.05). Under optimized conditions for cryopreservation of these species, the two protocols 
resulted in 80 to 100% regrowth for all plant types. Shoot tips of dormant winter buds of the American 
elm consistently produced nearly 100% regrowth with both techniques. This study indicates that 
addition of the antioxidant melatonin during cryopreservation produced excellent recovery of these 
species and is a very viable option for long-term storage of these economic species.  
   
Presenting Author: Mukund Shukla; Email: mshukla@uoguelph.ca 
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Characterization and Evaluation of a Recombinant Hyperthermostable α-Amylase Expressed in 
Tobacco  
Hong Zhu1, Jim Brandle2, and Rima Menassa1  
1SCPFRC - Agriculture and Agri-Food Canada, 1391 Sandford St., London, ON, Canada; 2Vineland 
Research and Innovation Centre, Vineland Station, ON, Canada  
   
An α-amylase gene from the hyperthermophilic archaeon Pyrococcus furiosus (PFA) was expressed in 
Nicotiana tabacum in both transient expression and stable transgenic plants. Plant-expressed PFA 
forms dimers at native conditions and this dimer formation is important for its enzymatic function and 
hyper-thermostability. A predicted glycosylation site at N179 is glycosylated by plants. The optimal 
temperature for PFA enzymatic activity is 100 °C. PFA maintains over 90%, 60% and 40% of enzymatic 
activity at 90, 100 and 110 °C, respectively, after 8 hours, and over 60% of enzymatic activity after 24 
hours at 90 °C. The functional pH range for PFA is 4.5-10 and the optimal pH is 5-7. After 24 hours, 
over 80% activity remains when incubated at pH=6, over 60% activity remains when incubated at pH=5 
and 7, and over 30% activity remains when incubated at pH=8, 9 and 10. Therefore, Incubation at 95-
100 °C and pH=5.5-6 is optimal for both function and stability. The specific activity of PAGE purified is 
514 units/mg, equivalent to1080 units/g freeze dried leaf tissue and 220 units/g fresh leaf weight, when 
a unit is defined as the amount of enzyme that releases 1  mol of reducing sugar in 1 minute.  
   
Presenting Author: Hong Zhu; Email: hong.zhu@agr.gc.ca  
 
 
II-2 
Multiple virus resistance conferred by expressing partial untranslatable coat protein genes of 
three viruses under single promoter control  
Vinay Panwar  
College of Agriculture and Natural Resources, National Chung Hsing University, Taiwan  
   
Viral diseases are a major concern in agriculture and globalization of economic activities will boost 
existing problems demanding improved strategies to control viral pathogens. Since under field 
conditions plants can be attacked by several viruses, developing transgenic varieties resistant to a 
single virus has practical limitations. Therefore, pyramiding gene segments from different viruses in a 
single chimeric form can provide a potential alternative to generate multiple virus resistance. To test 
this hypothesis in a commercial cucurbit crop, untranslatable coat protein gene segments of three 
different cucurbits infecting viruses were fused together under the control of a single promoter. The 
constructed binary vector was used to genetically modify melon (Cucumis melo L.) by Agrobacterium-
mediated T-DNA transformation. Transgenic lines generated were tested for resistance to the three 
target viruses. Upon challenge inoculation various degrees of resistance was obtained against the 
corresponding viruses. Transgene induced resistance was associated with production of small 
interfering RNAs (siRNAs), indicating that post-transcriptional gene silencing was the mechanism 
involved. Together, this work demonstrates that the chimeric transgene strategy offers great potential 
for developing multiple virus resistance in an agriculturally important crop.  
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Expressional efficacy of artificial microRNA constructs in transgenic plants can be predicted by 
an in vivo transient expression system   
Basdeo Bhagwat1, Ming Chi1,2, Li Su1,3, Haifeng Tang4, Guiliang Tang5 and Yu Xiang1  
1Agriculture and Agri-Food Canada, Pacific Agri-Food Research Center, Summerland, BC, V0H 1Z0, 
Canada; 2College of Forestry, Northwest A & F University, Yangling, Shaanxi, China; 3College of 
Horticulture, Northwest A & F University, Yangling, Shaanxi, China; 4Department of Plant and Soil 
Sciences and KTRDC, University of Kentucky, Lexington, KY 40546 USA; 5Department of Biological 
Sciences, Michigan Technological University, Houghton, MI 49931 USA  
 
MicroRNAs (miRNAs) are a class of ~21 nt small, non-coding RNAs that down-regulate gene 
expression in eukaryotic cells. Artificial microRNAs (amiRNAs) technology, which incorporates miRNA 
gene backbone to produce gene specific small RNAs, is a new strategy for creation of gene knockdown 
mutant. In this study, an Arabidopsis thaliana microRNA168 (miR168) precursor structure was modified 
to generate amiRNAs in plants. The expressional efficacy of this miR168-based plant gene amiRNA 
expression vector was examined by both an Agrobacterium-mediated transient expression system and 
stable plant genetic transformations. We found that there appeared to be a  
strong correlation in productions of the amiRNAs between the transient and stable expression systems. 
It provides a method for rapid validation of amiRNA designs prior to a time-consuming plant genetic 
transformation.  
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II-4 
Expression of anti-atrazine antibody fragment (scFv) in duckweed (Lemna minor) for 
remediation of atrazine-contaminated surface waters 
Siripen Leelachao, Asma Ziauddin, Kieth R. Solomon and J. Christopher Hall 
School of Environmental Sciences, University of Guelph, Guelph, ON, N1G 2W1, Canada 
 
Atrazine is widely used as the main active ingredient for broadleaf weed control in corn, sugarcane and 
sorghum crops.  Atrazine is an environmental concern since water resources may be contaminated with 
atrazine from runoff emanating from corn and sorghum fields.  An anti-atrazine single chain variable 
fragment (scFv) gene was randomly inserted into the genome of common duckweed (L. minor), an 
aquatic macrophyte, to sequester atrazine in the transformed plant.  Transgenic L. minor was produced 
via Agrobacterium-mediated transformation.  The molecular weight and expression of the poly-histidine 
tagged scFv with was confirmed by Western blot.  It was determined using dose-response analysis 
(EC50) that the wild-type versus transgenic L. minor was more sensitive to atrazine 7 days after 
exposure.  EC50 values for wild-type and transgenic L. minor were significantly different (0.10 versus 
0.13 mg /L). The results of this proof of concept study suggest that antibody expression in plants can 
potentially be used for phytoremediation of waters contaminated with atrazine. 
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II-5 
Protein body formation in stable transgenic plants of Nicotiana tabacum expressing elastin-like 
polypeptide and hydrophobin fusions  
Sonia Gutiérrez1,2, Reza Saberianfar1,2, Andrew Conley3, Jussi Joensuu3 and Rima Menassa1,2  
1SCPFRC - Agriculture and Agri-Food Canada, 1391 Sandford St., London, ON, N5V 4T3, Canada; 
2Department of Biology, University of Western Ontario, London, ON, N6A 5B7, Canada; 3VTT 
Biotechnology, VTT Technical Research Centre of Finland, 11 Siltakatu, Espoon Keskus, Espoo, 
02070, Finland 
 
Plants are recognized as an efficient and inexpensive system to produce valuable recombinant proteins 
such as industrial enzymes, vaccines and antibodies. However, the use of plants as bioreactors still 
faces two main limitations: the low accumulation levels of some recombinant proteins and the lack of 
efficient purification methods. Plant seeds are known for their natural ability to store complex proteins 
over long periods in a stable environment. A key step in the storage of proteins in monocot seeds is the 
sequestration of proteins in large, dense, endoplasmic reticulum (ER)-derived accretions called protein 
bodies (PBs). Two different fusion partners, elastin-like polypeptides (ELP) and hydrophobin (HFBI) 
were found to increase the accumulation of recombinant proteins and induce the formation of PBs 
when targeted to the ER in transient expression assays. In this study we examined the effect of these 
tags for recombinant protein accumulation and PBs formation in stable transgenic plants of two 
cultivars of Nicotiana tabacum, when fused to green fluorescent protein (GFP). Our findings suggest 
that these tags induce the formation of PBs and increase the accumulation levels of the recombinant 
proteins in our stable transgenic plants in a concentration dependent manner.   
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Nanocarrier mediated genome editing in plants  
Palak Kathiria1 and François Eudes1  
1Agriculture and Agri-Food Canada, 5403 1st Ave. S., Lethbridge, AB, Canada  
   
Introduction of novel genes and editing of host genome information are important steps in crop 
improvement. Nanocarrier based transfer of cargoes to plant cells has opened new avenues of 
research. These nanocarriers are short peptides that are able to bind with various molecules including 
DNA and proteins. Once bound, the nanocarriers are internalized by cells and subsequently released in 
target organelles. This gives opportunity to use nanocarriers for transient or stable 
integration/expression of genes of interest in host plant’s genome. The present study is aimed at 
developing efficient technology for genome editing in monocots. Nanocarriers will be used to deliver a 
reporter gene based construct in Wheat or Triticale microspores. The construct will allow simultaneous 
monitoring of type of gene integration event (gene targeting vs. random integration) and editing of the 
host gene. Once a confirmed gene targeting event is obtained, the sequences required for monitoring 
are removed. The result will be a clean gene editing, suitable for commercial use. Using this system, 
treatments which may enhance genome editing efficiency in monocots will be tested. The study will 
demonstrate feasibility of using nanocarriers for genome editing. It will also increase our understanding 
of the process of genome editing.  
 
Presenting Author: Palak Kathiria Email: Palak.Kathiria@agr.gc.ca  
 
 
III-2 
Understanding the role of trichomes in growth rate and pest resistance in poplar  
Michal Pyc, Jonathan Plett, and Sharon Regan  
Department of Biology, Queen’s University, Canada  
   
Trichomes are specialized epidermal cells that generally play a role in reducing transpiration and act as 
a deterrent to herbivory. In a screen of activation-tagged Populus tremula x Populus alba trees, we 
identified a mutant line, fuzzy, with increased foliar trichome density. This mutant also had a 35% 
increase in growth rate, a 200% increase in the rate of photosynthesis as compared with wild-type 
poplar, and significant resistance to feeding by white-spotted tussock moth larvae (Orgyia leucostigma), 
a generalist insect pest of poplar trees. The fuzzy trichome phenotype is attributable to activation 
tagging and increased expression of gene PtaMYB186, which encodes for a MYB-related transcription 
factor. To contrast this study, we are now investigating an activation tagged mutant called baldy that 
exhibits significantly decreased foliar trichome density. We have identified the location of the T-DNA 
insert and have determined that one nearby gene is significantly down-regulated in the baldy line. The 
contrasting phenotypes of fuzzy and baldy mutants present a unique opportunity to study the effects of 
trichome density on growth rate and insect herbivory resistance in perennial trees. Further analysis on 
baldy can help to determine how trichome production in poplar is related to growth rate.  
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Investigating the potential involvement of a microRNA in altering wood color in poplar  
Bradley Jackson1, Claire Chesnais1, Shawn Mansfield2 and Sharon Regan1  
1Department of Biology, Queen’s University, Kingston, ON, Canada; 2Department of Wood Science 
University of British Columbia, Vancouver, BC, Canada  
   
With the completion of its genome sequence and the ongoing development of genomic tools, 
opportunities for the use of poplar as a model to study tree-specific traits have increased in the last 
decade. One such genomic tool has been the development of an activation-tagged population of poplar 
trees in our lab (Harrison et al, 2007). Activation tagging is an insertional mutagenesis technique which 
results in increased transcription levels of an endogenous host gene. From this population we have 
identified a mutant which has rose-coloured wood, named rosewood. Rose-coloured wood suggests a 
modification of the lignin pathway, as it has been observed in several transgenic plants down regulated 
for key enzymes involved in the monolignol biosynthesis pathway. However in this mutant, the 
alteration is the result of a change in two anthocyanins. Usually activation tagging results in the 
activation of a nearby gene coding for a protein, but in this case the activated gene is a previously 
unknown microRNA gene. The strategies used to identify this gene as well as the targets of the 
microRNA will be discussed.  
 
Presenting Author: Bradley Jackson; Email: 8bj4@queensu.ca  
 
 
III-4 
Determining Cell Specific Gene Expression in two Soybean Mutants using Laser Capture 
Microdissection  
H. Majithia1, C. Ide1, L.O. Vodkin2 and M.V. Strömvik1  
1Department of Plant Sciences, McGill University, 21,111 Lakeshore Rd., Sainte-Anne-de-Bellevue, 
QC, H9X 3V9, Canada, 2Department of Crop Sciences, University of Illinois at Urbana-Champagne, 
1201 West Gregory Dr., Urbana, IL 61801, USA  
   
Soybean, Glycine max (L.) Merr., normally has three leaflets per compound leaf and is covered with 
trichomes. However, mutant genotypes exist that are trichome-less (glabrous) or that have five leaflets 
(5-LF) per compound leaf. Recent studies have discovered that three genes (HYPO 01, HYPO 11 and 
a BURP-domain containing gene) are differentially expressed in the shoot tips of a glabrous and a 5-LF 
cultivar compared with their background cv. ‘Clark’. The functions of the HYPO01 and HYPO11 genes 
are unknown, whereas the BURP-domain gene likely codes for a transcription factor. In this study we 
investigate whether the differential expression of the three genes seen among the three soybean 
cultivars can help explain the development of the extra leaves and no trichomes in the mutants. Using 
Laser Capture Microdissection (LCM) technique, the meristem and epidermal cells of the Shoot Apical 
Meristem (SAM) are isolated, RNA is extracted and gene expression of the two mutant cultivars and 
two control cultivars is measured using real-time PCR. The second part of the study aims to explore the 
transcriptome of the two mutant SAMs against the standard ‘Clark’. Cells will be isolated using LCM, 
and the transcriptome will be analyzed by RNA sequencing.  
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Towards Identification of a Major Resistance Gene in Common Bacterial Blight Resistant 
Common Dry Bean Variety OAC Rex  
Denise Cooper1, Greg Perry1 and K. Peter Pauls1  
1University of Guelph, 50 Stone Rd., Guelph, ON, Canada  
   
Common bacterial blight (CBB) is a serious disease of common bean (Phaseolus vulgaris L.) and is 
caused by bacterial pathogen Xanthomonas axonopodis pv. phaseoli (Xap). Symptomatic lesions affect 
the leaves, stems, pods and seeds of the plant, and reduce yield. Since CBB is primarily spread 
through diseased seed, the use of resistant varieties of common bean, such as OAC Rex, is an 
effective method of control. Although resistant varieties exist, extending the knowledge of molecular 
mechanisms involved in resistance would be beneficial for further improvements. A binary bacterial 
artificial chromosome 2 (BiBAC2) genomic library has previously been created for OAC Rex and clones 
associated with resistance marker PV-ctt001 were sequenced. Two candidate resistance genes were 
identified using basic local alignment search tool (BLAST) search comparing library clone sequences to 
known nucleotide binding site - leucine rich repeat (NBS-LRR) sequences. Both candidate genes 
encode LRR proteins and are believed to have a role in recognizing the presence of pattern molecules 
of Xap. Isolation and cloning of candidate genes into Agrobacterium tumefaciens transformation vectors 
are in progress, which will be used to transform Arabidopsis thaliana, which is susceptible to CBB, to 
confirm the role of candidate genes in conferring disease resistance.  
   
Presenting Author: Denise Cooper, Email: dcooper@uoguelph.ca  
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Histone acetyltransferases in rice (Oryza sativa L.)- phylogenetic analysis, subcellular 
localization and expression  
Xia Liu1,2, Jun Duan1, Keqiang Wu1, Hui Fang2,3 and Lining Tian2  
1South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China; 2SCP 
FRC, Agriculture and Agri-Food Canada, London, ON, N5V 4T3, Canada; 3Department of Biology, 
University of Western Ontario, London, ON, N6A 5B7, Canada  
   
In eukaryotes, the genomic DNA is compacted into structures called chromatin. The nucleosome, a 
structure in which ~146bp of DNA is wrapped around a protein octamer consisting of two subunits from 
each of histones H2A, H2B,H3 and H4, is the basic core particle of chromatin. Histone 
acetyltransferases (HATs) causing acetylation of histones induces relaxation of chromatin structure and 
is associated with transcriptional activation. Eight HATs (OsHATs) were identified in rice and organized 
into four families, namely CBP family, TAFII250 family, GNAT family and MYST family. Based on 
phylogenetic and domain analysis, both monocotyledonous and dicotyledonous CBP family proteins 
are divided into two distinct groups, namely Group I and Group II in monocotyledonous and Group A 
and Group B in dicotyledonous, suggesting the possibility of functional diversification. Similarities of 
protein sequences, conserved domains and three-dimensional models were identified among OsHATs 
and their homologues in Arabidopsis and maize. RT- qPCR analysis demonstrated these eight OsHATs 
were expressed significantly differently in leaves examined in transcript abundance. The expression of 
OsHATs was modulated by abscisic acid and salicylic acid as well as abiotic factors such as salt, cold 
and heat. These suggest that these proteins may play important roles in plant defence responses.  
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Silencing of the Host Factor eIF(iso)4E Gene Confers Plum Pox Virus Resistance in Plum 
Xinhua Wang1,2, Susanne Kohalmi1, Antonet Svircev2, Aiming Wang2, Hélène Sanfaçon3 and Lining 
Tian1,2*   
1Department of Biology, University of Western Ontario, London, ON, N6A 5B7, Canada; 2SCPFRC - 
Agriculture and Agri-Food Canada, London, ON, N5V 4T3, Canada; 3Pacific Agri-Food Research 
Centre, Agriculture and Agri-Food Canada, Summerland, BC, V0H 1Z0, Canada  
 
Plum pox virus (PPV) causes the most economically-devastating viral disease in Prunus species. 
Resistance through screening for naturally resistant germplasm has long been sought for the control of 
PPV but few natural resistance genes are available. Recessive resistance to some potyviruses is 
associated with mutations of eukaryotic translation initiation factor 4E (eIF4E) or its isoform eIF(iso)4E. 
In this study, we used an RNA silencing approach to manipulate the expression of eIF4E and 
eIF(iso)4E towards the development of PPV resistance in Prunus species. The eIF4E and eIF(iso)4E 
genes were cloned from plum (Prunus domestic L.). The sequence identity between plum eIF4E and 
eIF(iso)4E coding sequences is 60.4% at the nucleotide level and 52.1% at the amino acid level. 
Quantitative real-time RT-PCR analysis showed these two genes had a similar expression pattern in 
different tissues. Transgenes allowing the production of hairpin RNAs of plum eIF4E and eIF(iso)4E 
were introduced into plum via Agrobacterium-mediated transformation. Gene expression analysis 
confirmed specific reduced expression of eIF4E and eIF(iso)4E in the transgenic lines and this was 
associated with the accumulation of two species of siRNAs. Transgenic plants were challenged with 
PPV-D strain and resistance was evaluated by measuring the concentration of virus RNA. Eighty-two 
percent of the eIF(iso)4E transgenic plants were resistant to PPV, while eIF4E transgenic plants did not 
show PPV resistance. Physical interaction between PPV-VPg and plum eIF(iso)4E was confirmed and 
no PPV-VPg/eIF4E interaction was observed. These results indicate that eIF(iso)4E is involved in PPV 
infection in plum, and that control of the eIF(iso)4E gene can lead to PPV resistance in plants. 
 
Presenting Author: Lining Tian; Email: Lining.Tian@agr.gc.ca 
 
 
III-8 
Subcellular Localization of AROGENATE DEHYDRATASES Suggest Differential Functional 
Roles  
Travis Howes1, Crystal Bross1,2 and Susanne Kohalmi1  
1University of Western Ontario, 1151 Richmond St. N., London, ON, N6A 5B7, Canada; 2University of 
Calgary, 2500 University Dr. N.W., Calgary, AB, T2N 1N4, Canada  
   
Phenylalanine is an aromatic amino acid that is essential for human life. Plants, fungi and many 
bacteria are able to synthesize phenylalanine while animals have to acquire it through their food intake. 
In Arabidopsis thaliana, AROGENATE DEHYDRATASES (ADTs) are a family of six enzymes that 
catalyze the final step in phenylalanine biosynthesis. They decarboxylate and dehydrate arogenate to 
synthesize phenylalanine. Constructs for the expression of ADT-CFP fusion proteins were infiltrated 
into Nicotiana benthamiana leaves using Agrobacterium mediated transformations. The transient 
expression of the ADT-CFP fusion proteins was observed by confocal microscopy. We are able to show 
that ADT-CFP fusion proteins mainly localize to stromules, stroma filled protrusions of the chloroplast. 
Localization to stromules was confirmed by co-localization with a known stroma marker. This 
localization to stromules is consistent with the enzymatic role of ADTs in phenylalanine biosynthesis as 
stromules are predicted to increase organelle surface area and enhance organelle to cytosol transport. 
We predict that stromule localization facilitates transport of phenylalanine to the cytosol to be used in 
protein synthesis. In addition, we will provide evidence for novel non-enzymatic roles for two of ADT 
family members. Here we present the subcellular localization patterns for all six ADTs.  
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Role of ARGONAUTE4_9 genes during seed development in small grain cereals  
Manjit Singh1 and Jaswinder Singh1  
1Department of Plant Science, McGill University, 21,111 Lakeshore Rd., Ste-Anne-De-Bellevue, QC, 
H9X 3V9, Canada  
 
Epigenetic mechanisms play an important role in plant development. To investigate the role of 
epigenetic modifications during seed development in small grain cereals we are characterizing genes of 
the RNA-dependant DNA Methylation pathway in barley and wheat. Argonaute proteins of the AGO4_9 
clade are key players in DNA silencing. Our results show that the two AGO4_9 class genes in barley 
i.e. AGO1002 and AGO1003 are preferentially expressed in ovaries at meiosis and in embryos 25 days 
after pollination. We observed significant decrease in the expression of AGO1003 in 25 DAP embryos 
of seed dormant genotypes compared to non-dormant genotypes. The observed expression pattern of 
AGO1002 and AGO1003 suggests a possible role in pre- and post-fertilization seed development 
including seed dormancy. We have identified transcripts of six distinct wheat homeologs which 
correspond to AGO1002 and AGO1003 genes. Preliminary studies have shown that these genes are 
differentially expressed in the embryos during seed development. Overall these results imply a role for 
DNA methylation in seed development and seed dormancy in small grain cereals. Mutations in 
AGO4_9 genes are being identified using transposon insertion lines and TILLING population for 
functional characterization to corroborate the gene expression studies.  
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Association mapping of seed phenolics in common bean (Phaseolus vulgaris L.)  
Yarmilla Reinprecht, Thomas H. Smith and K. Peter Pauls  
University of Guelph, Department of Plant Agriculture, Guelph, ON, N1G 2W1, Canada  
   
Dry beans contain nutraceutical phytochemicals such as lignans, isoflavones and phenolics, 
synthesized by phenylpropanoid pathway, that have potential to promote human health, and function in 
plants to increase disease resistance, determine seed coat colour and enhance nodulation. However, 
information about the genes that determine seed phenolic levels is not available. The objective of this 
study was to map quantitative trait loci (QTL) for seed phenolics by association mapping with a 
population of 42 cultivars/lines belonging to different bean market classes. The germplasm was 
genotyped with phenylpropanoid pathway gene-specific markers, SSR and SNP markers and analyzed 
for the levels of seed phenolics and the activities of the phenylpropanoid pathway genes in developing 
seeds. An initial analysis of marker positions was performed with the Graphical genotyping software. 
The UPGMA clustering analysis divided the genotypes into two major branches representing 
Mesoamerican (small seeded – white, black and pinto) and Andean (large seeded – kidney and 
cranberry) gene pools. Significant associations of markers (on chromosomes 4, 6, 7 and 8) were 
detected for the most of the traits. The identification of key factors in biosynthesis of seed phenolics will 
facilitate rapid introgression of genes controlling the synthesis of these important secondary metabolites 
into new dry bean cultivars.  
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Characterization Male Sterility Mutant in Barley  
Marie-Josée Cardinal, Manjit Singh, Ravneet Kaur, Surinder Singh and Jaswinder Singh 
Department of Plant Sciences, McGill University, Sainte-Anne-de-Bellevue, QC, H9X 3V9, Canada 
   
Capitalizing on the properties of the maize Ac/Ds transposable element system, researchers are now 
using transposon-based insertional mutagenesis to aid in the identification of gene function in several 
heterologous species. At McGill University, we have created ~300 new mutants with Ac/Ds system. 
From this repository, a male sterile mutant was identified. The objective of this study is to characterize 
and determine the genetic nature of male sterile mutant. Phenotypic analysis revealed many of the F ₂ 
generation plants are either sterile or partially fertile. TAIL PCR mediated cloning and sequencing of 
flanking regions of Ds insertions indicated the disruption of cytochrome P450 gene which is associated 
with male fertility which need further investigation. Molecular analysis by Ac, Ds and flanking PCR can 
determine if there is a correlation between the Ds insertion and the male sterile phenotype.  
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Molecular Characterization of wild barley germplasm  
Prabhjot Singh Nandha, Sajjad Ahmad, Surinder Singh, Manjit Singh and Jaswinder Singh*  
Plant Science Department, McGill University, Ste Anne De Bellevue, QC, H9X3V9, Canada  
 
The process of selection and domestication of cultivated barley has led to the loss of its genetic 
diversity. Wild barley, a progenitor species of modern cultivated barley (Hordeum vulgare L.), is a rich 
source of genetic variability and can serve as a potential gene donor for the improvement of cultivated 
barley. However, molecular assessment of this usable variation is not well documented. Among the 
various available tools to assess genetic variation at molecular level, 5S rDNA repeats and molecular 
markers, such as transposons and microsatellites or SSRs have the potential to evaluate genetic 
diversity between different genotypes. Long term objective of this study is to develop new molecular 
breeding tools for the discovery of novel alleles from wild barley. This study focuses on assessing 
genetic diversity of wild barley accessions including exploitation of transposable elements in wild barley 
genome. We have assessed 27 wild barley genotypes on the basis of 5S rDNA diversity and 
microsatellites (SSRs). Our preliminary analysis indicates high degree of polymorphism in different wild 
barley accessions, which can be exploited in wide hybridization and molecular breeding.  
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III-13 
Analysis of genetic variation in Pisum spp using diverse molecular markers  
Sajjad Ahmad, Manjit Singh, Neil Dylan Lamb-Palmer, Mark Lefsrud and Jaswinder Singh.  
McGill University, Ste Anne de Bellevue, QC, H9X 3V9, Canada  
 
Field pea (Pisum sativum L.) is an important Canadian pulse crop for its use as protein-rich source of 
food and feed. Currently, there is scarcity of genetic diversity data of pea germplasm for breeding 
programs. To assess genetic diversity, 35 diverse Pisum accessions were analyzed using 40 different 
microsatellite marker sets. A total of 41 polymorphic alleles were observed in the collection of 35 Pisum 
accessions with maximum number of 4 alleles in marker A9. Polymorphic information content (PIC) 
values of 15 microsatellite markers ranged from 0.054 to 0.586 for markers AA 206 and AB 72 
respectively. The cluster analysis divided 35 pea accessions into two major groups with minimum 
genetic similarity of 7.4% between Maple and line 45760 and maximum genetic similarity of 87.5% 
between Galena and Dakota. This study showed the utility of microsatellite markers in genetic purity 
analysis, genetic diversity studies and may be useful in marker assisted selection (MAS) and novel 
cultivar breeding programs.  
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IV-1 
Role of two RNA-binding proteins in carotenoid and chlorophyll biosynthesis and stress 
adaptation  
Ying Wang1,2, Lisa Amyot1, Ziqin Xu2, Lining Tian1,3 and Abdelali Hannoufa1,3  
1SCPFRC - Agriculture and Agri-Food Canada, 1391 Sandford St., London, ON, N5V 4T3, Canada; 
2College of Life Sciences, Northwest University, 229 North Taibai Rd., Xi’an, Shaanxi, China, 710069; 
3Department of Biology, University of Western Ontario, London, ON, N6A 5B7, Canada  
   
In plants, RNA-binding proteins (RBPs) play critical roles in all aspects of post-transcriptional gene 
regulation, which affects various developmental processes and adaption to environmental conditions. 
We identified two homologous RBPs from Lotus japonicus, Lj-RBP47Ca and Lj-RBP47Cb. Two 
independent transgenic RNAi lines of Lj-RBP47C showed changed levels of carotenoids and 
chlorophylls relative to the wild type control. We further investigated the expression patterns of key 
genes related to carotenoid biosynthesis. We found phytoene synthase and lycopene β-cyclase to be 
upregulated and violaxanthin de-epoxidase downregulated in transgenic Lj-RBP47C RNAi lines. We 
also found that Lj-RBP47Ca to be induced by light and gibberellic acid relative to Lj-RBP47Cb, which 
was induced more by various biotic and abiotic stresses. Lj-RBP47C promoter-GUS fusion experiments 
revealed that Lj-RBP47Cb had a more ubiquitous expression pattern compared to Lj-RBP47Ca. Taken 
together, our results indicate RBP47Ca might play a role in the biosynthesis of carotenoids and 
chlorophylls through phytochrome-interacting factors, whereas Lj-RBP47Cb might be involved in plants 
response to various abiotic and biotic stresses. Further experiments will investigate the potential 
relationship between Lj-RBP47Ca and secondary metabolism.  
    
Presenting Author: Ying Wang; Email: ying.wang2@agr.gc.ca   
 
 
IV-2 
Characterization of CrTPT2, a member of pleiotropic drug resistance family of ATP binding 
cassette transporters, in alkaloid transport in Catharanthus roseus  
Fang Yu and Vincenzo De Luca  
Department of Biological Sciences, Brock University, 500 Glenridge Ave., St Catharines, ON, L2S 3A1, 
Canada 
   
Madagascar periwinkle (Catharanthus roseus) remains the sole source of the monoterpenoid indole 
alkaloids (MIAs), vindoline and catharanthine, components of the commercially important anticancer 
dimers, vinblastine and vincristine. The biosynthesis of MIAs involves extensive spatial and temporal 
cross-talk within (chloroplast, vacuole, nucleus, endoplasmic reticulum and cytosol) and between 
different cells (epidermis, internal phloem-associated parenchyma, laticifers and idioblasts) in 
Catharanthus leaves. In order to unravel the molecular mechanisms of MIA translocation, we 
characterized an ABC-transporter, CrTPT2 that is expressed in the epidermis of young leaves, is 
coordinately regulated with MIA biosynthesis and is up-regulated by methyl jasmonate treatment. 
CrTPT2, belonging to the sub-family of pleiotropic drug resistance transporters, was shown to transport 
the MIAs, catharanthine and tabersonine, when expressed in yeast. When two ATP-binding domains 
were deleted from CrTPT2, the truncated transporter protein lost its alkaloid transport activity 
suggesting its behavior as a typical ABC transporter. Suppression of CrTPT2 by Virus-induced gene 
silencing in Catharanthus plants produced a reduced growth phenotype combined with higher dimeric 
MIA accumulation. Together, these findings suggest that CrTPT2 is likely involved in the translocation 
of alkaloids in C. rosues leaf epidermis.  
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IV-3 
The Effect of H2 Treatment on Soil Bacterial Community Structure and Gene Expression 
Yinan, Zou and Zhongmin, Dong 
Saint Mary’s University, Halifax, NS, B3H 3C3, Canada 
 
As a by-product of N2 fixation process in legume root nodules, H2 is often released to rhizosphere due 
to the lack of uptake hydrogenase activity in some symbiosis (HUP-). Evidences suggested that H2 
exposure to soil partially accounts for rotation benefit with legume plants. H2-oxidizing bacteria that live 
in rhizosphere are found being responsible for enhancement of plant growth with HUP- nodules. The 
newly developed technology named next generation RNA sequencing was carried out to detect the 
effect of H2 on soil bacterial transcription activities and soil bacterial community changes. Result 
showed that soil bacterial community altered significantly after H2 treatment. Populations of β-
proteobacteria and δ-proteobacteria were stimulated by H2 exposure whereas Actinobacteria was 
suppressed. Transcription of many genes are up-regulated dramatically by H2 treatment including those 
encoding hydrogenase, ribulose-1, 5-bisphosphate carboxylase oxygenase (RuBisCO) and electron 
transferase which are related with H2 oxidation, CO2 fixation and electron transportation chain 
respectively. Some genes with high expression level still remain unknown, such as hypothetical protein 
AnaeK_3670 gene. Future studies may focus on effects of those unknown genes on plant growth 
promotion. 
 
Presenting Author: Yinan Zou; Email: nanguadaheng@hotmail.com 
 
 
IV-4   
Expression of Auxin-Binding Protein1 during plum fruit ontogeny supports the potential role of 
auxin in initiating and enhancing climacteric ripening  
Islam El-Sharkawy1, Sherif Sherif1, Kamal Abubaker1 and Subramanian Jayasankar1  
1University of Guelph, Department of Plant Agriculture, 4890 Victoria Ave. N., P.O. Box 7000, Vineland 
Station, ON, L0R 2E0, Canada  
   
Auxin-binding protein1 is an active element involved in auxin signaling and plays critical roles in auxin-
mediated plant development. Here we report the isolation and characterization of a new sequence from 
Prunus salicina L., PslABP1. The predicted protein exhibits a similar molecular structure to maize-
ABP1; however, PslABP1 displays more sequence polarity in the active-binding site due to substitution 
of crucial amino acid residues predicted to be involved in auxin-binding. PslABP1 expression was 
assessed throughout fruit ontogeny to determine its role in fruit development. Comparing the 
expression data with the physiological aspects characterizing fruit development stages indicate that 
PslABP1 up-regulation is usually associated with the signature events that are triggered in an auxin-
dependent manner. However, the diversity in PslABP1 expression profile during the ripening of early 
and late plum cultivars seems to be due to the variability of endogenous auxin levels, which 
consequently can change the levels of autocatalytic ethylene available for the fruit to co-ordinate 
ripening. The effect of auxin on stimulating ethylene production and in regulating PslABP1 was 
investigated. Our data suggests that auxin is involved in the transition of the mature green fruit into 
ripening phase and in enhancing the ripening process in both auxin- and ethylene-dependent manners 
thereafter.  
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IV-5 
How ethylene regulates tree stature in a Populus tremula x Populus alba dwarf mutant  
Martin Williams1, Mathieu Dubuc2, Sharon Regan2 and Tannis Beardmore1  
1Natural Resources Canada, Atlantic Forestry Centre, Fredericton, NB, Canada; 2Department of 
Biology, Queen’s University, Kingston, ON, Canada  
   
In an activation tagged population of poplar, we identified an extreme dwarf mutant. The internode 
length is so severely affected that a 7-year-old tree is still less that 40 cm tall. The gene that is up 
regulated in this mutant is an ACC SYNTHASE and results in a 15X increase in ethylene levels. Since 
ethylene alone is not known to specifically cause dwarfism, we investigated whether ethylene could be 
interacting with other hormones or other pathways to cause this phenotype. We will present our findings 
on how ethylene is interacting with gibberellic acid, auxin and phytochrome as well as our findings on a 
potential role for cyanide over production in these trees.  
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IV-6 
Colonization efficiency of the nitrogen fixing bacterium Gluconacetobacter diazotrophicus in 
Zea mays  
Nikita Eskin1,2, Hugh Henry1 and Lining Tian1,2 
1Western University, 1151 Richmond St., London, ON, N6A 3K7, Canada; 2 SCPFRC - Agriculture and 
Agri-Food Canada, 1391 Sandford St. London, ON, N5V 4T3, Canada 
   
Corn production is very important to the agricultural industry. The most yield limiting factor associated 
with growing corn is nitrogen. To achieve high yields, corn fields are supplemented with nitrogen 
fertilizers. Nitrogen fertilizers are expensive, account for a significant portion of corn production costs, 
and are harmful to the environment. Gluconacetobacter diazotrophicus, an endophytic non-nodule 
forming nitrogen-fixing bacterium has been found to supply its natural host sugarcane with a significant 
amount of nitrogen. This study investigated the colonization of G. diazotrophicus in seven different corn 
genotypes consisting of sweet and grain corn via three different methods of inoculation: soil drench, 
root dip, and aseptic inoculation; sucrose content was also analysed. Colonization was confirmed by 
nested PCR analysis using 16S rDNA primers. G. diazotrophicus colonization only occurred under 
aseptic conditions, in which colonization efficiency was found to range from 90-100%. Sucrose 
concentrations did not appear to play a role with colonization efficiency. This research is an important 
step towards the utilization of this bacterium for nitrogen fixation in corn.  
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IV-7 
H2 oxidization increases soil ACC deaminase activity as part of rotation benefit  
Jin Wang1, Yantai Gan2 and Zhongmin Dong3  
1Shaanxi Normal University, 199 South Chang’an Rd., Xi'an, Shaanxi 710062, China; 2Agriculture and 
Agri-Food Canada, Gate 3 Airport Rd., Swift Current, SK, S9H 3X2, Canada; 3Saint Mary's University, 
923 Robie St., Halifax, NS, B3H 3C3, Canada 
  
Crop rotation with legumes has been widely used in agriculture practice to promote plant growth and 
yield. N left over from legumes in the field has often been considered as the main cause of benefit to 
cereals. Recently, H2 released from nodules has been reported as a major factor in the rotational 
benefit from legume plants. Regulation of plant ethylene production by H2 stimulated rhizobacteria has 
been proposed as one of the mechanisms to explain the H2 fertilization. To understand the bacterial 
activity on plant ethylene control, eight sets of DNA primers were designed and used to detect bacterial 
ACC deaminase gene in soil samples. ACC deaminase genes belonging to different taxonomic groups 
were cloned. Real-time PCR results showed that copies of ACC deaminase gene in H2-treated soil is 
about 7 times that of air-treated soil. This suggests that the population of bacteria carrying the ACC 
deaminase gene has been increased by H2 treatment. ACC deaminase gene expression levels will be 
tested in rhizospheric and bulk soil samples. The entire ACC deaminase gene from H2-oxidizing 
isolates will be cloned by Genomic Walking and expressed in E.coli to test the gene activity and 
function on plant growth.  
 
Presenting Author: Jin Wang; Email: lovely_860@163.com   
   
 
IV-8 
Soil Microbial Community Changes Induced by Pulse Crops and Rotation Benefit  
Xuan Yang1, Yantai Gan2 and Zhongmin Dong1   
1Saint Mary’s University, Halifax, NS, B3H 3C3, Canada; 2Agriculture and Agri-Food Canada, Swift 
Current, SK, S9H 3X2, Canada 
 
H2 released from N-fixation process in legume nodules has been recognized to play an important role in 
crop rotation. As members of legume family, pulse plants are important crops in western Canada. To 
understand the effect of pulse plant on the soil microbial community and their rotation benefit, lentils, 
peas, chickpeas, dry beans, and faba beans were used to study their effect on growth of barley in 
greenhouse conditions and the changes in soil microbial community around pulse nodules. Twenty five 
different pulse varieties have been tested. All the pulse nodules collected lack uptake hydrogenase 
(HUP-), and release H2 into surrounding soil. Soil samples around nodules showed higher H2 uptake 
rate than rhizosphere soil of the control plants. Inoculation of barley seeds with soil collected around 
nodules at the rate of 1 ml soil/seed increased both barley shoot and root dry mass dramatically after 8 
weeks growth with half strength Hoagland solution. The inoculation also promoted barley tiller numbers. 
The preliminary results of this study suggest that H2 evolved from pulse nodules has positive effects on 
the growth of succeeding crops. The T-RFLP analysis indicates that H2-induced changes in soil 
microbial community are possible explanation for plant growth promotion effect.  
   
Presenting Author: Xuan Yang; Email: sylvia8316@hotmail.com 



55 
 
IV-9 
Effect of Genetic modification and Storage on the Physico-chemical Properties of Potato dry 
matter and Acrylamide content of Potato chips  
Reena Pinhero1, Rinu Pazhekattu2, A.G.Marangoni1, Qiang Liu3 and Rickey Y. Yada1  
1Dept of Food Science, University of Guelph, Guelph, ON, N1G2W1, Canada; 2Schulich School of 
Medicine and Dentistry, University of Western Ontario, London, ON, N6A 5C1, Canada; 3Guelph Food 
Research Centre, Agriculture and Agri-Food Canada, Guelph, ON, N1G 5C9, Canada 
 
The present study was conducted in which various physicochemical properties (potato dry matter and 
acrylamide in potato chips) of a transgenic Snowden potato and the untransformed control during 
storage at 12°C and 5°C were characterized. The dry matter from the untransformed potato contained 
high amylose content during the various storage periods whereas significantly (p ≤ 0.05) higher 
phosphorus content was observed in the transgenic potato, before and after storage. Resistant starch 
was significantly (p ≤ 0.05) higher in the transgenic potato before and after storage for 14 days at 12°C. 
Chips made from the transgenic tubers stored at 5°C had significantly lower acrylamide content (i.e., 
59-69% less) as compared to those from the untransformed controls. A high positive correlation (p ≤ 
0.05) between acrylamide and glucose, fructose and reducing sugars and a lower correlation with 
sucrose was observed. High negative correlation (p ≤ 0.05) between chip score and acrylamide was 
also observed. The present study shows that overexpression of Arabidopsis pyruvate decarboxylase in 
transgenic Snowden had increased resistant starch and phosphorus contents of dry matter, and 
decreased acrylamide levels in potato chips made from these potatoes.  
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IV-10 
Control Mechanism of Bacillus amyloliquefaciens BM01 against Brown Rot Pathogen Monilinia 
fructicula   
Xiu-Zhen Li1, Xiuling Chen1,2 and Ting Zhou1  
1Agriculture and Agri-Food Canada, 93 Stone Rd. W., Guelph, ON, N1G 5C9, Canada; 2College of Life 
Science, Northeast Agricultural University, Harbin, Heilongjiang, 150030, P.R. China  
 
Brown rot caused by Monilinia fructicula is a serious postharvest disease on stone fruit. A bacterial 
strain, Bacillus amyloliquefaciens BM01 isolated from food in this lab, controlled peach brown rot 
effectively and showed a strong inhibitory activity against the fungal pathogen, M. fructicula. This study 
was to elucidate the mechanism of this antifungal activity. PCR method was used to detect 
antimicrobial genes in BM01 to determine the potential of BM01 to produce antifungal metabolites. 
Antimicrobial iturin A, surfactin, fengycin, bacilysin, difficidin and macrolactin encoding genes were 
detected in BM01; certain those antimicrobials have already been known to have antifungal functions, 
implying that they may play roles in the inhibitory activity of BM01 against M. fructicula. Genes 
encoding other known Bacillus producing antimicrobials such as bacilliomycin D and bacillaene were 
not found in BM01. Further study needs to focus on whether BM01 may produce unique antifungal 
compounds, as well as if other mechanisms, such as inducing fruit resistance and inhibiting activities of 
pathogenesis enzymes of the pathogen, are involved in the biological control system.  
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IV-11 
Applied Rapid Generation Technology in Pulse Crop, Focusing on Pea and Faba bean  
Saeid H. Mobini, Monika Lulsdorf, Tom Warkentin and Albert Vandenberg  
Crop Development Centre, University of Saskatchewan, 51 Campus Drive Saskatoon, SK, Canada 
 
Continuous genetic improvement and introduction of new cultivars in an increasingly complex 
marketplace is an important means of maintaining competitiveness and profitability. Since pulse crops 
produce few seeds in early generations and have a low seed increase ratio compared to cereals and 
canola, genetic improvement requires considerable financial input. The length of the pulse breeding 
cycle from seed to seed is a limiting factor especially in a) backcrossing specific high value traits, b) the 
development of recombinant inbred lines, and c) the full exploitation of molecular marker technology. 
Rapid generation technology is based on the principle of growing miniature plants in an artificial 
medium in in-vitro condition, allowing them to produce a few flowers, which develop seeds that are 
harvested prior to normal seed maturity. Our recent results show that this method has potential for 
integration into breeding for all pulse crops. Six generations per year for pea and eight generations for 
faba bean are possible. The cycle is repeated until the plants become genetically stable in 5-7 
generations. Compared to the single seed descent method, Rapid Generation produces more 
generations per year, is less labour intensive, has fewer environmental fluctuations, and no disease or 
insect problems. 
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IV-12 
Fibre Gene Identification and Quantitative Trait Loci (QTL) Mapping in Soybean Stem Residue  
Yarmilla Reinprecht1, Mohammad Arif1, Evan Mann, Vaino W. Poysa2, Gary R. Ablett3, Istvan Rajcan1 
and K. Peter Pauls1  
1University of Guelph, Department of Plant Agriculture, Guelph, ON, N1G 2W1, Canada; 2Agriculture 
and Agri-Food Canada, Greenhouse and Processing Crops Research Centre, Harrow, ON, N0R 1G0, 
Canada; 3University of Guelph, Ridgetown Campus, Ridgetown, ON, N0P 2C0, Canada 
   
The use of plant fibres in automotive parts is an attractive new market for agricultural biomass but is 
limited by their poor performance in composite materials. The objectives of this research were to 
identify genes for soybean fibre performance in composites, map quantitative trait loci (QTL) for fibre 
traits and develop cell wall gene-specific markers related to those traits. PCR primers for genes 
involved in cell wall biosynthesis were designed and screened with genomic DNA of parents (RG10 and 
OX948) of a recombinant inbred line (RIL) mapping population. Fifty RILs (selected based on height/ 
lodging index) and parents were evaluated and tested for fibre compositional traits over two years in 
three Ontario locations. Significant negative correlations were detected between lignin and cellulose, 
and lignin and hemicellulose compositions, while cellulose and hemicellulose compositions were 
positively correlated. Fibre performance QTL, which explained up to 40% of the trait variability, were 
detected throughout the soybean genome. Several co-localizations   or associatations of fibre QTL with 
the fibre genes were detected on several chromosomes. This work will allow identification of key factors 
in fibre quality and the development of rapid, marker-based screening methods to facilitate selection of 
new soybean cultivars   with good fibre quality.  
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V-1 

Fate and Transport of Herbicides used in Growing Transgenic Canola in Quebec  
Harvinder Singh Syan, Shiv Prasher and Jaswinder Singh  
 
Canola is the second most important oilseed crop after soybean. More than 90% of the canola crop 
grown in the world is transgenic. Before this crop is grown more extensively in Quebec, there is a need 
to assess environmental risks associated with genetically engineered canola, mainly Roundup Ready 
(glyphosate-resistant) and Liberty Link (glufosinate-resistant) varieties. We have conducted a field 
study to compare and contrast the fate and transport of glyphosate and glufosinate herbicides in soil, 
applied to transgenic canola, with trifluralin, herbicide commonly used with conventional canola cultivar, 
at the Macdonald Campus Farm of McGill University. Three treatments were assigned, in 
quadruplicate, in a completely randomized block design. Soil samples were collected from two depths, 
0-15 cm and 15-30 cm, at different times (after 1, 7 and 20 days of herbicide application) during the 
growing season. As predicted, significant yield differences were observed between herbicide-resistant 
and conventional canola. Glyphosate was found to be the least persistent herbicide, while trifluralin was 
found to have longer persistence in the soil. Trifluralin was also found at the lower depth at 7 and 20 
days after herbicide application.  
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V-2 
 
An Improved Protocol for Micropropagation of North American Ginseng (Panax quinguefolius 
L.) and Field Performance of Transplants  
Sijun Zhou1, Di Wu1 and Daniel C.W. Brown1, 2  
1Western University, 1151 Richmond St, London, ON, Canada; 2Canadian Centre for Agri-food 
Research in Health and Medicine (CCARM), St. Boniface Hospital, 351 Tache Avenue, Winnipeg, MN, 
Canada 
   
A six-step micropropagation protocol (Zhou et al. 2006. PCR 25: 166-173 ) for NA ginseng was limited 
in its efficiency in the later embryo development and field establishment phases. The approach has 
been significantly improved by using two-week-old seedlings as starting material to induce somatic 
embryos. Seedlings from ½ MS containing 0.5 mg l-1 GA3 and 0.1 mg l-1 BA give the best results. 
Compared to the old protocol, in which embryos were induced from cotyledons excised from stratified 
seeds on MS medium without regulators, the frequency, number and quality of embryos induced from 
seedling explants on MS medium containing 1.0 mg l-1 2,4-D and 1.0 mg l-1 NAA are higher; that is, 
embryogenesis frequency was increased from 70% to 95%. In addition embryo quality is improved over 
those from seedling explants as they are largely separate from each other. The quality of embryos was 
further improved by placing cotyledonary-stage embryos on a new maturation medium, ½ MS 
containing 0.5% activated charcoal, and incubating for a prolonged period (2 to 4 months) at 15oC. 
Consequently, the germination rate of the high quality embryos was raised from 54% to 70%. The use 
of a perforated transparent plastic cover on the tray with newly potted plants resulted in an easy and 
high efficient acclimation of the plants. Field performance results indicated that there were no significant 
morphological and phytochemical differences between micropropagated plants and seed-derived 
plants. With the protocol, lines can be established in 24 weeks. Two hundred lines have been 
established from heritage germplasm and 120 lines have been transplanted in the field.  
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Field Trial Exploring the Effectiveness of Corn Silage Retting as a New Biological Fibre 
Extraction Technique  
Rachel G. Campbell Murdy and Raymond L. Legge  
University of Waterloo, Waterloo, ON, N2L 3G1, Canada 
  
Current biological fibre extraction techniques are water retting and dew retting, which use bacteria and 
fungi, respectively. Microbial action results in release of the cellulose fibres due to modification of the 
pectin, hemicellulose and lignin content from parenchyma cells and the middle lamellae. The overall 
objective of this research is to explore silage retting as a new pre-processing technique allowing use of 
available farm infrastructure and contained retting conditions to produce plant-derived fibres with 
improved physical and chemical characteristics suitable for application in biocomposites. Previous 
laboratory scale research had shown that cornstalk composition and thermostability varies depending 
on genotype and that bacterial retting of the material results in fibres with a more uniform 
thermostability. A field trial was conducted to investigate the effectiveness of corn silage retting under 
field conditions. Samples were collected at harvest and after silage treatment from 30 farms across 
Southwestern Ontario. Corn variety, absence or presence of inoculant and silo type (bunker, tower or 
bag) was recorded for each sample. Thermogravimetric analysis was performed to compare biofibre 
properties, and composition was determined for selected pre- and post-silage samples. Retted fibres 
showed a reduction in cellulose and hemicellulose content as well as an increased thermostability.  
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