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2nd International Symposium on Innovations in Plant and Food Sciences 
 
Dates: September 8, 9 and 10, 2017 
 
Workshop: Friday September 8 
National Research Council  
 110 Gymnasium Place, Saskatoon, Saskatchewan, S7N 0W9, Canada 
8:30 am (registration), 9:00 am – 4:30 pm 
 
Symposium:  Saturday and Sunday September 9, 10  
University of Saskatchewan 
 112 Science Pl., Saskatoon, Saskatchewan, S7N 5E2, Canada 

Symposium lectures: Biology 106 (Biology Theatre) 
Poster sessions: Natural Science Museum 

8:30 am (registration), 9:00 am – 5:30 pm 
 
Sponsors:  

• University of Saskatchewan:  
  College of Agriculture and Bioresources (http://agbio.usask.ca/) 
  College of Graduate and Postdoctoral Study (http://www.usask.ca/cgps/) 
  Department of Plant Sciences  
   (http://agbio.usask.ca/departments/plant-sciences.php) 
  Department of Food and Bioproduct Sciences  
   (http://agbio.usask.ca/departments/food-and-bioproduct-sciences.php) 
  Office of the Vice-President Research (http://www.usask.ca/vpresearch/) 

• AgWest Bio Inc. (http://www.agwest.sk.ca/) 
• Global Institute for Food Security (http://gifs.ca/) 
• ThermoFisher (https://www.thermofisher.com/) 
• Fisher Scientific (https://www.fishersci.ca/) 
• DuPont Pioneer (https://www.pioneer.com/) 

 
Partner:  

• National Research Council of Canada, Saskatoon, SK (http://www.nrc-cnrc.gc.ca/) 
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Organizing team 
 
2nd IPFS Symposium Organization Committee:  

Takuji Tanaka (Chair), takuji.tanaka@usask.ca, Department of Food and Bioproduct Sciences 
Karen Tanino, karen.tanino@usask.ca, Department of Plant Sciences 
Yuguang Bai, yuguang.bai@usask.ca, Department of Plant Sciences 
Christopher Eskiw, c.eskiw@usask.ca, Department of Food and Bioproduct Sciences 
 

Workshop program:  
Tawhidur Rahman, tawhidur.rahman@agr.gc.ca, Department of Plant Sciences, and Agriculture and 

Agri-Food Canada 
Pankaj Bhowmik, pankaj.bhowmik@nrc-cnrc.gc.ca, NRC-Plant Biotechnology Institute  
Kevin Rozwadowski, kevin.rozwadowski@agr.gc.ca, Agriculture and Agri-Food Canada 
Abidur Rahman, abidur@iwate-u.ac.jp, UGAS, Iwate University 
Karen Tanino, karen.tanino@usask.ca, Department of Plant Sciences 

 
Web coordination and publicity:  

Kira Glasscock, Danielle Baron 
 
Student Awards:  

Yongfeng Ai, yongfeng.ai@usask.ca, Department of Food and Bioproduct Sciences 
Kate Congreves, kate.congreves@usask.ca, Department of Plant Sciences 
Wendy Lyzenga, wendy.lyzenga@nrc-cnrc.gc.ca, NRC-Plant Biotechnology Institute 
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Welcome from the organization committee 
 
Dear Colleagues:  
 
We appreciate your participation in 2nd International Symposium on Innovations in Plant and Food 
Sciences. The IPFS Symposium was first organized by the United Graduate School of Agricultural 
Sciences (UGAS), Iwate University, Japan in their efforts to building international collaborations and 
to expand mutual recognition. The first symposium was so successful that new relations among 
researchers have been structured. We host this symposium to keep the momentum and to ensure further 
success of our international interactions.  
 
The University of Saskatchewan has a deep heritage in agricultural research. The university has diverse 
population groups consisting of aboriginal and Métis people, descendants of early settlers, and new 
immigrants from many countries, allowing colourful traditions in this agricultural land. We have 
learned the importance of mutual recognition and understanding to enhance our success in research and 
education. We believe the university can present a suitable atmosphere to build further interactions 
among people from different countries.  
 
We wish your stay in Saskatoon will be a fruitful experience, building solid relations among the 
participants and institutes.  
 
Takuji Tanaka 
Karen Tanino 
Yuguang Bai 
Christopher Eskiw 
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About the symposium 
1. Lectures 

The symposium is held in Biology Theatre (Biology 106), W.P. Thompson (Biology) Building. 
Lectures are scheduled in either 40- or 25-min slots. Please prepare the presentations to be 
accommodated within this time slot. To leave the time for discussion, please prepare your presentation 
in 33-35 min and 17-19 min, respectively.  
 

2. Poster sessions 
Poster sessions are held in the Natural Science Museum, Geology Building. The poster is set up before 
9 am of Saturday and remains until 4:30 pm of Sunday. The poster sessions are held after lunch. The 
presenters are expected to present their posters during the poster sessions.  
 
Poster presentation instruction: Size of posters should be less than 4 ft in width and 3 ft in height 
(1219.2 x 914.4 mm). Organization committee will assign the space to each poster by showing the 
poster number on the board. Presenter will be required to post the poster before 9 am, September 9th 
and take it down before 5 pm, September 10. Mounting materials will be provided at the reception desk.  

Students' posters are subject to the student poster awards. During the poster sessions, judges will visit 
each poster. Students are requested to present their posters to the judges during assigned time. Odd 
number posters will be visited by at least three judges from 12:20 to 1:20 pm, September 9 and even 
number posters will be evaluated from 12:35 to 1:35 pm, September 10.   

3. Workshop 
Workshop is held in Foyer of NRC Building in the campus. The abstracts are available in the abstract 
book, and the slides are separately downloadable from http://agbio.usask.ca/ipfs2017/program.php.   
 

4. Lunch and refreshments 
Lunches are provided immediately after the morning sessions in the Natural Science Museum. There 
are benches in the building as well as pleasant green spaces (The Bowl) outside of Geology Building. 
In breaks during the symposium, refreshments are provided outside of Biology Theatre. Workshop 
lunch is provided in the foyer of National Research Council of Canada, Saskatoon. Note: please discard 
your wastes in proper ways. Do not scatter your cups/dishes/bottles in the museum space and the Bowl. 
Foods and drinks in Biology Theatre is prohibited.  
 

5. Reception party 
Reception party is held in University Club in the campus in the evening of September 9th. The doors 
open (cash bar opens) at 6:00 pm and the supper is served from 7 pm.  
 

6. Wifi connection 
University of Saskatchewan provides a free wireless connection to the internet for the participants in 
the symposium. Please use a wifi-connection point (uofs-guest). The login ID is "ipfs2017" and 
password is "IPFSinStoon" (note: they are case sensitive). You can connect to the internet during the 
symposium anywhere within the university as far as you are in a building. During the Workshop, NRC 
generously offers wifi-connections for the participants. The ID and password are "pbiwave" and 
"research4canada!", respectively.  
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7. Campus map 
Campus map is provided at the end of this abstract book. Also you can access an on-line, interactive 
campus map at https://www.usask.ca/maps/.  
 

8. Parking 
On Friday and Saturday, you can park in either the underground parking under the Agriculture 
Building (Lot #5), Parking Lot #4, or Stadium Parkade (Lot #2). The rate is similar, but the latter two 
have daily maximum at $10 per exit on Friday or at $4 per exit on Saturday; while Agriculture Parkade 
does not have daily limit. The locations of the parking are indicated on the map on the end of this 
booklet. On Sunday, the metered parking spots are free. Around the Biology Building (Science Place) 
many metered spots exist. Meanwhile, the construction of Biology Building Expansion is going on. 
Please pay attention to the traffics. Also the faculty and student parking lots are free on Sunday. The 
closest parking lot to Biology Building is G lot. (Details are available at 
https://www.usask.ca/parking/index.php or call 306-966-4502) 
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2nd International Symposium on Innovations in Plant and Food Sciences 
September 8, 9, and 10, University of Saskatchewan, Saskatoon, SK, Canada 
 
Workshop: CRISPR-mediated plant gene editing  
National Research Council, 110 Gymnasium Rd., Saskatoon 
 
September 8 
8:30am 9:00 am Registration Desk Opens and Refreshments 
9:00 am 9:05 am Welcome remarks and greetings 
  Karen Tanino, IPFS2017 Organizing Committee, Workshop Chair U of S 
Session 1  
(Chair, Pankaj Bhowmik (National Research Council, Saskatoon)) 
9:05 am  9:50 am  WS-1 Abidur Rahman (Iwate University, Japan) CRISPR Cas9 Background, 

Domain specific function of TBP Associated Factor 2 (TAF2) revealed 
by CRISPR/Cas9. 

9:50 am  10:35 am  WS-2  Xiaomu Niu (Dupont Pioneer, Iowa U.S.A.) Application of CRISPR-
Cas editing technology in maize trait development.  

10:35 am 11:00 am  Break 
11:00 am  11:30 am  WS-3 Sateesh Kagale (National Research Council, Saskatoon) Wheat 

CRISPR: A web-based guide RNA designer for CRISPR/Cas9-
mediated genome editing in Wheat.  

11:30 am  11:45 am WS-4 Brett Dalman (ThermoFisher Scientific) Overview of Plant Solutions.
  

11:45 am 1:00 pm  Lunch 
Session 2  
(Chair, Sateesh Kagale (National Research Council)) 
1:00 pm  1:30 pm  WS-5 Pankaj Bhowmik (National Research Council, Saskatoon) 

   Optimization of the methods for efficient delivery and expression  
   of CRISPR/Cas9 components in wheat. 

1:30 pm  2:00 pm  WS-6 Kevin Rozwadowski (Agriculture and Agri-Food Canada, Saskatoon) 
Detection of CRISPR/Cas9-derived mutations by droplet digital PCR.      

2:00 pm  2:30 pm  WS-7 Udhaya Kannan (Dept. Plant Sciences, University of Saskatchewan) A 
novel system for coexpression of multiple gRNAs using RNA 
polymerase II promoters for multiplex gene editing with CRISPR/Cas9.  

2:30 pm 3:00 pm  Break 
3:00 pm  3:30 pm WS-8 Yerdagul Ferhatoglu (Dept. Plant Sciences, University of 

Saskatchewan)	  Development of metribuzin tolerant chickpea through 
CRISPR/Cas9 editing, a proof of concept study using mesophyll 
protoplasts.  

3:30 pm  4:00 pm WS-9 Tawhidur Rahman (Dept. Plant Sciences, UofS) Genome Editing by 
CRISPR: New developments and applications. 

4:00 pm 4:30 pm  Kevin Rozwadowski, Chair.  Panel Discussion and Future Directions.  
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Symposium and posters  
Biology Theatre and Natural Science Museum, University of Saskatchewan 
 
September 9 
8:30am 9:00 am Registration Desk Opens and Refreshments 
9:00 am 9:05 am Welcome remark and greeting 
   Takuji Tanaka, IPFS2017 Organization Committee Chair, U of S 

  Bob Tyler, Associate Dean (Research), College of Agriculture and 
Bioresources, U of S 

Session 1  
(Chair: Kate Congreves, Dept. Plant Sciences UofS) 
9:05 am  9:45 am  PL-1 Zeba I. Seraj, U of Dhaka, Bangladesh.  Understanding the salt 

tolerance physiology of a rice landrace using next-generation 
sequencing technologies to aid in stress-breeding programs  

9:45 am  10:10 am   L-1 Sina Adl, U of S, Reconstructing soil food webs to understand nutrient 
cycling from biodiversity data 

10:10 am  10:35 am  L-2 Steve Shirtliffe, U of S, Old School Agronomy, Drones and Deep 
Learning 

10:35 am  10:50 am  Break  
 
(Chair: Bill Biligetu, Dept. Plant Sciences UofS) 
10:50 am  11:15 am   L-3 Mohammad Nurul Islam, U of Dhaka, Bangladesh.  Developing 

tomato leaf curl virus resistance in tomato 
11:15 am  11:40 am  L-4 Mohammad Zabed Hossain, U of Dhaka, Bangladesh.  Salt tolerance 

of lentil (Lens culinaris Medik.) varieties cultivated in Bangladesh  
11:40 am  11:50 am   Greetings from AgWest Bio Inc.,Mike Cey, Director of Corporate 

Initiatives 
 
Lunch and Poster Session 1 
11:50 am  12:20 pm  Lunch & Poster viewing 
12:20 pm  1:20 pm  Poster View & presentation/competition (odd number posters) 
1:20 pm  1:25 pm  Break (moving back to Biology Theatre) 
 
Session 2 
(Chair: Yongfeng Ai, Dept Food and Bioproduct Sciences, UofS) 
1:25 pm  2:37 pm  HQP Symposium session 1 

HS-1 Deeksha Shetty1*, Sinisa Vidovic2 and Darren Korber1, 1. U of S, 2. 
University of Minnesota, Saint Paul. The Role of the Extra-
Cytoplasmic Stress Response in Salmonella Antimicrobial Resistance.  

HS-2 Yang Yang* and Jill E. Hobbs, UofS, Narrative Communication 
(Storytelling) of Food Sciences 
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HS-3 Koki Matsushita1*, Daisuke Goshima2, Junki Iwata2, Hiroaki 
Yamauchi1 and Yuji Oda1 1. Iwate U, 2. Obihiro UEffects of aging 
whole wheat flour on the sensory evaluation of whole wheat bread 

HS-4 Hiroshi Okochi1*, Taku Ozaki2, Masao Miyazaki1 and Tetsuro 
Yamashita1, Iwate U, Cytotoxic mechanisms of mitochondrial m-
calpain inhibiting peptide 

HS-5 Chenxuan Wang*, Christopher Eskiw and Xiao Qiu, U of S, 
Nutraceutical potential of oat phenolic compounds 

HS-6 Xi Xie, Dauenpen Meesapyodsuk and Xiao Qiu, U of S, Functional 
analysis of the dehydratase domains of a PUFA synthase from 
Thraustochytrium in Escherichia coli 

 
2:37 pm  2:50 pm  Break 
(Chair: Phyllis Shand, Dept Food and Bioproduct Sciences, UofS) 
2:50 pm  3:30 pm  PL-2 Masao Miyazaki, Iwate U, Japan.  Small felids decrease cholesterol 

biosynthesis by enhancing the shunt of the mevalonate pathway   
3:30 pm  3:55 pm  L-5 Akira Nakajima,  Hirosaki U, Japan.  Anti-dementia effects of 

nobiletin, a citrus flavonoid, in mouse models of Alzheimer’s disease  
3:55 pm  4:05 pm  Break  
4:05 pm  4:30 pm  L-6 Makoto Miura, Iwate U, Japan.  Innovative processing and analysis 

tool for the food research and industry 
4:30 pm  4:55 pm  L-7 Michael Nickerson, U of S, Modifying the quality and functionality of 

plant proteins through processing 
4:55 pm  5:20 pm  L-8 Supratim Ghosh, U of S, High-pressure homogenization of lentil 

protein isolates significantly influences emulsion stability and 
emulsified lipid digestion behavior 

September 10 
8:30am 9:00 am Registration Desk Opens and Refreshments 
Session 3  
(Chair: Helen Booker, Dept. Plant Sciences UofS) 
9:00 AM 9:40 AM PL-3 Michiko Sasabe, Hirosaki U, Japan.  Regulation of plant cytokinesis 

by sequential phosphorylation  
9:40 AM 10:05 AM  L-9 Timothy Sharbel, U of S, Turning off sex in crops to revolutionize 

agriculture 
10:05 AM 10:30 AM L-10 Hong Wang, U of S, From cell cycle regulation to plant sexual 

reproduction 
10:30 AM 10:45 AM  Break  
(Chair: Darren Korber, Dept. Food and Bioproduct Sciences, UofS) 
10:45 AM 11:10 AM L-11 Miwa Yamada, Iwate U, Japan.  Screening of microorganisms which 

are relevant to production of useful materials and biodegradation of 
carbon fiber reinforced plastic 

11:10 AM 11:35 AM L-12 Vladimir Vujanovic, U of S, The Seed Microbiome 
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11:35 AM 12:00 PM L-13 Toshihito Shiono, Yamagata U, Japan.  New antimicrobial active 
metabolites from endophytes 

Lunch and poster session 2 
12:00 PM 12:30 PM Lunch + Poster viewing 
12:30 PM 1:30 PM Poster viewing & presentation/competition (Even number poster) 
1:30 PM 1:35 PM Break (moving back to Biology Theatre)  
 
Session 4 
(Chair: Supratim Ghosh, Dept Food and Bioproduct Sciences, UofS) 
1:35 PM 2:35 PM HQP Symposium session 2 

HS-7 Qiang Li1*, Ioannis Mavraganis2, Liping Wang2, Qian Zheng2, Peng 
Gao2, Wenyun Shen2, D. Brian Fowler1 and Jitao Zou2, 1. U of S, 2. 
NRC Saskatoon, Biochemical insights into lipid pathway coordination 
under cold stress 

 
HS-8 Rajib Podder1*, Bunyamin Tar'an1, Carol J. Henry2, Phyllis Shand3, 

Robert T. (Bob) Tyler3, and Albert Vandenberg1, 1. PLSC, 2. Col 
Pharm & Nutr, 3. FABS, U of , SFortifying Lentil Dal to Alleviate Iron 
Deficiency  – How Simple is That? 

HS-9 Md. Mostafizar Rahman* and Peiqiang Yu, U of S, Application of 
Synchrotron Radiation-based Infrared Microspectroscopy (SR-IMS) to 
Detect Protein Molecular Structure Spectral Features in Cotyledon 
Tissue and Protein Metabolic Characteristics of Newly Developed 
Faba Bean Varieties 

HS-10 Ramadoss Bharathi Raja1,2*, Somanath Agasimani3, Gurunathan 
Selvakumar4, Sarita Jaiswal2, Venkatesan Thiruvengadam1, Sundaram 
Ganesh Ram1 and Ravindra N Chibbar2, 1. Tamil Nadu Agricultural U, 
2. U of S, 3. U of Agric. Sci, Bangalore, 4. DRDO-BU Center for life 
sciences, Characterization of selected rice mutants with alterations in 
the starch granule size and amylopectin chain length distribution 

 
HS-11 Lester Young1*, Jean-Paul Trouve2, Adrian Speck2, Frank You3, Steve 

Robinson3 and Helen Booker1, 1. U of S, 2. Terre de Lin, 3. AAFC. 
Using QTLseq to identify powdery mildew resistance loci in flax 

 
2:35 PM 2:45 PM Break  
(Hong Wang, Dept. Biochemistry, UofS, Chair) 
2:45 PM 3:25 PM PL-4  Yuan Qin, Fujian Agriculture and Forestry U, China.  H2A.Z 

represses gene expression by modulating promoter nucleosome 
structure and enhancer histone modifications in Arabidopsis 

3:25 PM 3:50 PM L-14 Leon V. Kochian, U of S and GIFS. Root Biology Research for 
Developing Country Agriculture: Engineering Crops for Acid Soils. 
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3:50 PM 4:15 PM L-15 Tsuneo Sasanuma, Yamagata U, Japan. Genetic characterization and 
evaluation of bread making quality related-traits in wheat genetic 
resources including its ancestral wild species 

4:15 PM 4:40 PM L-16 Rosalind Bueckert, U of S, New Age Crop Physiology and Crop 
Improvement 

 
4:40 PM 4:45 PM Award presentations 
4:45 PM 4:50 PM Closing remarks: Yuguang Bai, Head, Department of Plant Sciences, U of S 
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Workshop abstracts 
 
WS-1 
Domain specific function of TBP Associated Factor 2 (TAF2) revealed by CRISPR/Cas9 

Abidur Rahman 
Department of Plant Bio Sciences, Faculty of Agriculture, Iwate University, Japan, 
rabidur@gmail.com 

Clustered Regularly Interspaced Short Palindromic Repeats (CRISPRs)/CRISPR associated proteins 
(Cas) system is a newly developed genome editing technology. CRISPR/Cas is a natural defense 
system present in bacteria to protect them from invasion of viruses and foreign DNAs. This bacterial 
system has been simplified by combining transactivating crRNA (tracrRNA) and CRISPR RNA 
(crRNA) into a single modified chimeric guide RNA. Cas9 protein guided by sgRNA cleaves the target 
sequence about 3 bp upstream of the PAM (protospacer adjacent motif), creating doubled strand breaks 
in DNA at specific site, which is then repaired by cellÅfs DNA repair system. This specificity provides 
a huge advantage of creating mutations at targeted position in gene or genome of interest ranging from 
bacteria to human. We also took the advantage of this specificity to insert mutation at the place of our 
interest in TAF2 gene. TAF2 was identified as the regulator of Indole-3-butyric acid (IBA) through 
screening Ethyl Methyl Sulfonate (EMS) mutagenized seeds. Loss of TAF2 in EMS line results in 
altered development of root, including lateral root development. However, the T-DNA insertion line 
for TAF2 showed wild-type like lateral root development. Investigating the mutation site in EMS and 
T-DNA lines revealed that the T-DNA insertion is downstream of a conserved metallopeptidase 
domain, peptidase M1, raising the possibility that this domain may play an important role for lateral 
root development. We tested the functional role of the metallopeptidase domain by inserting mutation 
in the domain using CRISPR/Cas9 technique. The knockout line obtained by CRISPR/Cas9 showed 
EMS mutant like lateral root phenotype, confirming that the peptidase M1 domain of TAF2 plays a 
crucial role in regulating lateral root developmental process in Arabidopsis. 
 
WS-2 
Application of CRISPR-Cas editing technology in maize trait development. 

Xiaomu Niu  
Dupont Pioneer, Iowa U.S.A, xiaomu.niu@pioneer.com 

Genome editing using CRISPR-Cas has been deployed as an advanced breeding technology to 
introduce new traits and products at DuPont Pioneer.  The precise genome modifications enabled by 
CRISPR-Cas makes it a powerful tool for targeted breeding applications increasing both quality and 
efficiency.  This has been enabled by a combination of recent advances in plant tissue culture, high-
throughput sequencing and improved Cas9 technology. The application of CRISPR-Cas technology in 
developing traits such as seed composition and drought tolerance will be presented. 
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WS-3  
WheatCRISPR: A web-based guide RNA designer for CRISPR/Cas9-mediated genome editing in 
Wheat 

Dustin Cram1, Manoj Kulkarni1, Pankaj Bhowmik1, Kevin Rozwadowski2, Andrew G. Sharpe1,3, 
Sateesh Kagale*1  

1National Research Council Canada, Saskatoon, SK, Canada, 2Agriculture and Agri-Food 
Canada, Saskatoon, SK, Canada, 3Global Institute for Food Security, University of 
Saskatchewan, Saskatoon, SK, Canada, Sateesh.Kagale@nrc-cnrc.gc.ca 

CRISPR/Cas9-based gene editing has become a revolutionary technique for crop improvement as it can 
facilitate fast and efficient genetic changes without the retention of transgene components in the final 
plant line. Lack of robust bioinformatics tools to facilitate the design of highly specific functional 
gRNAs and prediction of off-target sites in wheat is currently a significant obstacle to effective 
application of CRISPR technology to wheat improvement. To overcome this limitation, we have 
developed a web-based bioinformatics tool to design specific gRNAs for genome editing and 
transcriptional regulation of gene expression in wheat. A recent collaborative study between the Broad 
Institute and Microsoft Research used large-scale empirical evidence to devise models for predicting 
the on-target activity and off-target potential of CRISPR/Cas9. We apply these prediction models to 
determine on-target specificity and potential off-target activity for individual gRNAs designed to target 
specific loci in the wheat genome. Our tool allows researchers to browse all possible gRNAs targeting 
a gene of interest and select effective gRNAs based on their predicted high on-target and low off-target 
activity scores, as well as other characteristics such as position within the targeted gene. 
 
WS-4 
Overview of Plant Solutions. 

Brett Dalman  
ThermoFisher Scientific, Brett.Dalman@thermofisher.com 

Learn about how our technologies can help you with your Genome Editing projects. Learn about the 
tools to transfect your plants such as the Neon electroporator and ElectroMAXT A. tumefaciens. Create 
your custom gRNA by partnering with our Application Scientists. Validate your gene editing using our 
GeneArtT Genomic Cleavage Detection Kit or use our Attune NxT Flow cytometer for analyzing your 
editing efficiencies. Thermo Fisher Scientific is committed to providing instruments, reagents, and 
technologies that will lead the way to remarkable agricultural discoveries-everything from improved 
crops to sustainable biofuels. Bring your experiments to life with our array of simple, scalable, and 
affordable products. 
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WS-5 
Optimization of the methods for efficient delivery and expression of CRISPR/Cas9 components 
in wheat 

Pankaj Bhowmik*, Venkatesh Bollina, Brittany Polley, Chantal Halsall, Halim Song, Manoj 
Kulkarni, Patricia Polowick and Sateesh Kagale 

National Research Council Canada, 110 Gymnasium Place, Saskatoon, SK, S7N 0W9, 
CANADA, Pankaj.Bhowmik@nrc-cnrc.gc.ca 

Optimization of the methods for the efficient delivery and expression of CRISPR-Cas9 components for 
each particular cell-type and plant species is the first step for successful genome engineering in plants. 
In recent years, there has been resurgence in the use of protoplast systems for rapid screening of 
genome editing components. The haploid single-celled microspore is also an attractive target for gene 
editing experiments as it generates homozygous doubled haploid plants in one generation. Although 
Cas9 components have been used successfully in wheat, rice, sorghum and corn using a range of 
standard delivery methods including PEG-mediated transformation of protoplasts, Agrobacterium-
mediated transfer in embryos and leaf tissue, and/or bombardment of callus cells with plasmid DNA, 
each procedure has its own advantages and disadvantages. In addition, considering the substantial time 
and resources required to generate plant lines, it is important to have a methodology to validate 
constructs and rule out any potentially ineffective gene editing components prior to their extensive use. 
To this end, we have investigated the response of plant protoplasts and microspores to different 
isolation, transfection and early detection protocols using several Cas9 and sgRNA constructs targeting 
multiple genes. These results along with the challenges in validation of CRISPR/Cas9 cleavage 
efficiency in gene editing events in wheat microspores will be presented. 
 
WS-6  
Detection of CRISPR/Cas9-derived mutations by droplet digital PCR 

Kevin Rozwadowski  
Agriculture and Agri-Food Canada, Saskatoon,SK, S7N 0X2, CANADA, 
Kevin.rozwadowski@agr.gc.ca 

Application of CRISPR to develop novel alleles and phenotypes in crop species faces unique 
challenges versus the widespread use of the technology in animal species.  Central among these is the 
complexity of crop genomes, which generally are polyploid and can have large gene families.  
Manifesting a phenotype typically requires modification of all members of a gene family, necessitating 
generation of multiple CRISPR-derived mutant alleles.  Given the variation in efficiency of mutation 
generation, developing homozygous null plant lines requires screening CRISPR-treated lines to 
identify those with all target loci mutated or to combine mutant alleles through genetic crosses.  
Detection and tracking of mutant alleles is thus an essential part of applying gene editing technology.  
Since the nature of CRISPR-derived insertion/deletion (InDel) mutations is generally unpredictable, 
development of an allele-specific detection assay a priori is not possible.  In this context, a mutation 
detection assay should be independent of the type of InDel formed, quantitative to establish the number 
of mutant alleles in a plant line, and have modest cost and bioinformatics resource requirements.  This 
presentation will discuss use of the droplet digital (dd)PCR “drop off” assay in this regard and its 
application to identifying CRISPR/Cas9-derived mutations in the hexaploid oilseed Camelina sativa.  
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The process for gRNA site selection in target loci, development of CRISPR/Cas9 plant lines, 
identification and characterisation of mutant alleles leading to novel phenotypes will also be described. 
 
WS-7  
A novel system for coexpression of multiple gRNAs using RNA polymerase II promoters for 
multiplex gene editing with CRISPR/Cas9 

Udhaya Kannan1,2*, Sateesh Kagalae3, Andrew Sharpe3, Curtis Pozniak1, Kevin Rozwadowski2 
1. University of Saskatchewan, 2. Agriculture and Agri-Food Canada, Saskatoon, CANADA, 3. 
National Research Council, Saskatoon, CANADA, udhaya.kannan@usask.ca 

The CRISPR/Cas9 gene editing system involves the Cas9 nuclease being directed by a single-guide 
RNA (gRNA) to the specified genomic target locus whereupon repair of the resultant DNA lesion leads 
to novel alleles. Given the extensive time involved in applying CRISPR/Cas9 in crops, it is desirable to 
coexpress multiple gRNAs with redundancy to a target locus so as to address differential efficacy of 
gRNAs and help ensure generation of edited alleles. Additionally, coexpression of multiple gRNAs 
enables gene deletion strategies and multiplexed gene editing.  Our study has addressed this need. 
Conventionally, gRNAs are expressed using the RNA PolIII promoters of U6 and U3 small nuclear 
RNAs; however, these promoters have variable expression and obligate the 5' ribonucleotide of gRNAs 
to be a G or A, respectively, limiting target site selection. Exploitation of tRNA processing has enabled 
co-expression of multiple gRNAs via a polycistronic tRNA-gRNA (PTG) assembly; however, this 
system relies upon the U3 promoter and involves a complicated assembly. We have re-engineered the 
PTG system to be compatible with standard RNA PolII promoters by implementation of nuclear 
retention elements, enabling use of well characterised, robust promoters for expressing gRNAs. This 
'PTG-PolII' system is also independent of 5' ribonucleotide constraints on gRNA sites, and has 
simplified assembly. We demonstrate functionality of PTG-PolII for coexpressing four gRNAs and 
employ a paired-nuclease approach to generate prescribed deletions of 46bp to 1.3kb using a transient 
assay in Nicotiana benthamiana. This system is currently being evaluated in wheat and modified for 
CRISPRi applications. 
 
WS-8 
CRISPR/Cas9 components in chickpea protoplast-a proof of concept psbA & PDA editing 

Yurdagul Ferhatoglu1*, Pankaj Bhowmick2, Bunyamin Taraan1 
1. Plant Science, University of Saskatchewan ,2. PBI,NRC Gov. of CANADA, 
ygungor27@gmail.com 

CRISPR/Cas9 technologies enable precise modification of DNA sequences in vivo and have been used 
for crop genome editing and in the development of profitable traits such as herbicide tolerance in crops. 
In chickpea, there is demand for integrated weed management practices.  For example, metribuzin is 
the only registered post emergent herbicide in chickpeas and it can be used safely up to 3 node stage for 
control of broadleaf weeds in chickpeas in Western Canada. It is known that mutations in psbA, a key 
enzyme encoding D1 protein of PSII provides tolerance for metribuzin. In this study, we aim to test 
CRISPR/Cas9 for editing efficiency of plastidic psbA and cytosolic PDS in chickpea protoplasts using 
the soybean codon optimized S. pyogenes Cas9 driven by the 35S promoter, nuclear localization 
signals and gRNA constructs driven by the U6 promoter. 
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WS-9 
Genome Editing by CRISPR: New developments and applications 

Tawhidur Rahman1*, Pankaj Bhowmik2, Karen Tanino 
1Department of Plant Sciences, College of Agriculture and Bioresources, Univ. of 
Saskatchewan, Saskatoon, SK, Canada S7N 5A8, 2National Research Council - Plant 
Biotechnology Institute (NRC-PBI), Saskatoon, SK, CANADA S7N 0W9, 
rahman.tawhidur@gmail.com 

Genome editing by CRISPR has appeared to be a technological revolution for many fields of biology 
and biotechnology. The accuracy, efficiency and versatility of this new technology are enormous in 
generating precise changes in any genome of interest. Many biologists all over the world are now 
exploring the utilities of CRISPR systems to pursue various aspects of targeted DNA manipulations. 
Several targeted editing approaches using CRISPR includes: Site-specific introduction of indel 
mutation and addition of enhancer/inducer; base editing without double strand DNA cleavage to induce 
stop codon and programmable correction of point mutation; multiplex gene editing using CRISPR-
Cpf1; epigenome editing by targeted methylation/demethylation to name a few. Efforts are also 
underway to overcome technical limitations of the CRISPR systems, e.g., reducing the off-target events, 
improving the efficiency and efficacy of the CRISPR-Cas9/Cpf1, and finding quick and cost-effective 
confirmation of target modification and off-target events. To explore the potentials of CRISPR-Cas9 in 
plant genome editing and to become knowledgeable about the latest developments and various utilities 
of this new technology, we recently participated in the genome engineering meeting at Cold Spring 
Harbor Laboratory (CSHL) in New York, USA. A brief update of the meeting highlighting new 
developments and applications of CRISPR mediated genome editing will be presented and discussed in 
the workshop.  
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PL-1 
Understanding the salt tolerance physiology of a rice landrace using next-generation sequencing 
technologies to aid in stress-breeding programs 

Zeba I. Seraj1*, Sabrina M. Elias1,3,4, Taslima Haque1,3, Samsad Razzaque1,3, Mohammad S. 
Rahman2, Thomas E. Juenger3, Abdelbagi M. Ismail4 

1. Plant Biotechnology Lab, Department of Biochemistry and Molecular Biology, University 
of Dhaka, Dhaka 1000, Bangladesh, 2. Plant Physiology Division, Bangladesh Rice Research 
Institute, Gazipur, Bangladesh, 3. Department of Integrative Biology and Institute of Cellular 
and Molecular Biology, University of Texas at Austin, Austin, Texas, USA, 4. International 
Rice Research Institute, Los Banos, the Philippines, zebai@du.ac.bd 

Rising global temperatures and upper riparian water withdrawal has caused saline intrusion with a 
detrimental effect on rice cultivation in the south of Bangladesh. A rice landrace, called Horkuch (HK), 
adapted to these saline conditions north of the Sundarbans has long been noted by farmers. In order to 
study the saline adaptation of HK and the heritability of its tolerance traits, we raised a reciprocal 
population of HK with the high-yielding sensitive rice IR29 (IR) for mapping in an F2:3 approach 
using DArT at both seedling and reproductive stages. Sensitive and tolerant individuals from the 
reciprocal crosses were also grouped and subjected to RNAseq analysis at both developmental stages 
with and without salt stress. At the seedling stage, an important HK-specific QTL for potassium (K) 
content was obtained, which however showed an additional strong covariance for maternal effect from 
HK. In case of reproductive stage, an important QTL for spikelet fertility (SF) originated from HK with 
maternal effects from IR. QTLs for filled grain number and weight (FGN and FGW) and total grain 
weight (TGW) originated from IR with maternal effects also from the same parent. RNAseq studies 
showed the importance of greater enhancement of membrane potential proteins, G-protein coupled 
receptors and cation transport in tolerant plants in roots and shoots at the reproductive and seedling 
stages, respectively. We are also combining expression studies with the mapped SNPs to determine the 
best e-QTLs for pyramiding as well as a more targeted introgression of useful genes from HK into 
commercial varieties. 
 
L-1 
Reconstructing soil food webs to understand nutrient cycling from biodiversity data 

Sina M. Adl*, Manoj Kumar, Lucia Popescu 
Dept. Soil Sciences, University of Saskatchewan, sina.adl@usask.ca 

I present ongoing analysis of DNA sequence biodiversity information from agricultural fields and 
native prairies in Saskatchewan. Eukaryote DNA sequence analysis (MiSeq Illumina v2 nano 300 
cycle) were assigned genus and where possible species names. Fields were sampled to represent a 
chronosequence of duration in no-tillage and in tillage management. Rotations and past management 
practises are known for most fields, especially those at long-term research stations. Using available 
information from the biology of these species, functional analysis allowed reconstruction of food webs. 
Food webs between different types of fields are then analysed for differences in structure and function. 
Functional response curves and feeding rate estimates exist in the literature of the past fifty years. 
Together these allow the reconstruction of rates of nutrient transfer through each type of food web. We 
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are trying to focus on differences in nutrient transformation in agricultural fields based on past and 
current management practice. The ongoing analysis is in parallel to a similar reconstruction of Boreal 
forest ecosystem. Results show there are clear differences between different prairie sites, and with 
agriculture fields. Fields under long-term continuous no-tillage have fewer differences than expected 
with fields under tillage. However, there are significant differences in the structure of the food web 
(and field community structure) between various management strategies, especially under no-tillage, 
that affect root nutrient availability and field organic matter transformations. These types of studies 
also help to reconcile known field and regional biodiversity, with sampling strategies for environmental 
DNA sequence analysis of biodiversity. 
 
L-2 
Old School Agronomy, Drones and Deep Learning 

Steve Shirtliffe  
Department of Plant Sciences, University of Saskatchewan, steve.shirtliffe@usask.ca 

Utilizing remotely gathered imagery has the potential to revolutionize plant breeding and agronomy. 
For plant breeding, phenomics is a new science which seeks to quantify plant phenotypes and 
eventually associate these with regions of the genome. Imagery also has the potential remote crop 
diagnostics and precision agriculture. We will present several examples of current research utilizing 
remotely gathered imagery, including quantifying flowering in canola, lodging in cereals, emergence in 
crops, accessing herbicide damage and crop nutrient status. We will also explore the methodology of 
gathering imagery and discuss the challenges of devolving an image analysis pipeline to extract image 
analysis metrics from terabytes of imagery data. 

 
L-3 
Developing tomato leaf curl virus resistance in tomato 

Mohammad Nurul Islam* 
Plant Breeding and Biotechnology Lab, Department of Botany, University of Dhaka, Dhaka-
1000, Bangladesh, mnurul@du.ac.bd 

Tomato (Solanum lycopersicum L.) is the 3rd most important vegetable crop in Bangladesh and 
ranking forth in the world. The average production of tomato is remarkably low in Bangladesh 
compared to other tomato growing countries. Among the different disease causing agent viruses 
contribute the maximum because an early infection of tomato plant by begomoviruses can cause 100% 
yield loss. Tomato leaf curl virus (ToLCV) a member of the genus begomovirus responsible for this 
damage. So, the present research attempted to develop ToLCV resistant tomato lines following an 
antiviral approach. For this purpose, the ToLCVs prevalent in Bangladesh were identified and a 
monopartite strain was identified and registered in NCBI. Using the Coat protein and Silecing 
suppressor genes different RNAi vectors were constructed asCP/pBI121, asAC4-CP/pBI121 and 
hpAC-AC4/ pH7WG1WG2(II). Besides, the transformation compatible regeneration protocol for local 
tomato cultivar was established using pBI121 vector following Agrobacterium -mediated genetic 
transformation system. 
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L-4 
Salt tolerance of lentil (Lens culinaris Medik.) varieties cultivated in Bangladesh 

Mohammad Zabed Hossain* and Md Mehedi Hasan 
Department of Botany, University of Dhaka, Dhaka 1000, Bangladesh, zabed@du.ac.bd 

The present study compared the salt tolerance among seven varieties (BARI masur-1 to 7) of lentil 
(Lens culinaris Medik.) developed and released by Bangladesh Agricultural Research Institute (BARI). 
Salt (NaCl) solutions with different concentrations (0 mM, 100 mM, 200 mM and 300 mM) were 
applied to plants with four replicates. Plants were grown in sand culture under controlled light and 
temperature. Results showed that height, fresh weight and water content of shoot of all varieties 
significantly decreased under high salt concentrations. However, root length and root to shoot ratio 
significantly increased with the increase of salt concentrations. Root fresh weight, dry weight and water 
content remarkably decreased with the increase of salt concentrations. Principal Component Analysis 
(PCA) done on the correlations among the growth parameters revealed that BARI masur-6 and BARI 
masur-5 were clearly separated from BARI masur-1 and BARI masur-2 along the PC1. PC3 showed 
clear separation of BARI masur-1, BARI masur-4 and BARI masur-6 from BARI masure-3 and BARI 
masur-7. The highest salt tolerance efficiency was shown by BARI masur-5 (168.50%) and the lowest 
was shown by BARI masur-1 (56.32%). Leaf proline content increased with the increase of salt 
concentrations. Cluster analysis, based on salt tolerant indices, segregated the 7 varieties into 4 groups 
where BARI masur-5 was highly salt tolerant, BARI masur-6 as moderately salt tolerant and BARI 
masur-1 and BARI masur-2 as the most salt sensitive. The results of the study are thus relevant for the 
better cultivation of lentil varieties in the salt affected soil. 
 
 
PL-2 
Small felids decrease cholesterol biosynthesis by enhancing the shunt of the mevalonate pathway   

Masao Miyazaki 
Biological Chemistry and Food Sciences, Graduate School of Agriculture, Iwate University, 
Japan, mmasao@iwate-u.ac.jp 

Hypercholesterolemia is a risk factor for atherosclerosis. Statin inhibition of the mevalonate pathway 
for cholesterol biosynthesis prevents hypercholesterolemia. However, the existence of metabolic 
systems that decrease cholesterol biosynthesis without downregulating the pathway has remained 
unknown in mammals. We identified a shunt of the mevalonate pathway, which obligate carnivores 
such as domestic cats utilize to prevent hypercholesterolemia. It begins with the diversion of 
dimethylallyldiphosphate (DMAPP), a cholesterol precursor, from the cholesterol biosynthetic pathway 
by dephosphorylation. The DMAPP metabolites are conjugated to glutathione and hydrolyzed to 
felinine, a non-proteinogenic amino acid known as a catty odor precursor, for urinary excretion. Cat 
hepatocytes overexpress isopentenyldiphosphate isomerase, which produces DMAPP. This enhances 
DMAPP dephosphorylation to downregulate cholesterol biosynthesis but to upregulate felinine 
excretion. Human urine contains small amounts of N-acetylfelinine, demonstrating that the shunt 
functions as a minor pathway in humans.   Bisphosphonates that inhibit enzymes consuming DMAPP 
enhance felinine production in human cells, indicating that the shunt prevents DMAPP accumulation. 
These studies expand the lipid metabolic network and provide potential pharmacological targets for 
hypercholesterolemia treatment. 
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L-5 
Anti-dementia effects of nobiletin, a citrus flavonoid, in mouse models of Alzheimer's disease 

Akira Nakajima* 
Department of Applied Biology and Food Sciences, Faculty of Agriculture and Life Sciences, 
Hirosaki University, anakajim@hirosaki-u.ac.jp 

Alzheimer's disease (AD), which is characterized by the presence of amyloid plaques and 
neurofibrillary tangles accompanied by neurodegeneration, is the most common form of dementia 
among the elderly, and has a devastating impact on society. In the course of our survey of materials 
from natural resources having anti-dementia drug activity, we identified nobiletin, a polymethoxylated 
flavone from citrus peels, as a natural compound enhancing protein kinase A (PKA)/extracellular 
signal-regulated kinase (ERK)/cAMP response element-binding protein (CREB) signaling in PC12D 
cells and cultured hippocampal neurons. Our recent studies have demonstrated that nobiletin 
ameliorates learning and memory impairment in olfactory-bulbectomized mice, amyloid precursor 
protein transgenic mice, NMDA receptor antagonist-treated mice, senescence-accelerated mouse prone 
8 mice (SAMP8), and a triple transgenic mouse model of AD (3XTg-AD) harboring three mutant 
human genes, namely, human amyloid precursor protein (APP) with the Swedish mutation, human tau 
with the P301L mutation, and M146V-presenilin 1. Nobiletin also exerts a wide range of beneficial 
effects against the pathological features of AD, including amyloid beta_ pathology, 
hyperphosphorylation of tau, oxidative stress, cholinergic neurodegeneration, and dysfunction of 
synaptic plasticity-related signaling. Together, the markedly beneficial effects of nobiletin represent a 
potentially useful treatment against  
 
L-6 
Innovative processing and analysis tool for the food research and industry 

Makoto Miura* 
Graduate School of Agriculture, Iwate University, mako@iwate-u.ac.jp 

(1) Crisp texture evaluation of porous foods by acoustic emission measurement and uniaxial 
compression test 
Acoustic emission (AE) characteristics were useful for crispness evaluation for commercial porous 
foods. The performance of crispness estimation model was improved when AE characteristics and 
breaking energy were combined. The results of regression by a single porous food sample was better 
than using a group of samples classified by degrees of starch gelatinization (DSG). Crispness was 
better predicted by nonlinear regression than by linear regression. 
(2) Control of physicochemical properties of leavened solid food and its bolus corresponding to 
dysphagia 
The solid food and its artificial bolus had desirable physicochemical properties formulated with 
glucomannan (G), gum arabic (A) and agar. Glyceryl monostearate (GMS)+A sample with high 
softness and low saliva absorption, and sucrose esters of stearic acid with HLB of 3 (SES3)+G sample 
with low softness and high saliva absorption showed almost the same flow velocity of yogurt. 
(3) Effect of different chemically modified starches on texture and rheology of stirred yoghurt (on-
going) 
Low-fat or non-fat yoghurts are popular due to their nutritional characteristics. However, reducing the 
fat content of yoghurt alters its structural and mechanical characteristics, resulting in poor texture 
characteristics and high syneresis. The objective of this research is to analyze non-fat stirred yoghurt 
made using chemically modified tapioca starches. 
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L-7 
Modifying the quality and functionality of plant proteins through processing 

Michael Nickerson* 
Food and Bioproduct Sciences, University of Saskatchewan, michael.nickerson@usask.ca 

Protein ingredients represent a multi-billion dollar industry, presently dominated by animal derived 
proteins, such as gelatin, ovalbumin, casein and whey. By the end of 2020, the global protein market is 
expected to reach $39.1 billion with the greatest annual growth occurring in the plant protein ingredient 
sector. Market trends are starting to shift towards lower cost more abundant plant-based alternatives 
due to rising costs of dairy-based ingredients, and growing dietary preferences based on religious, 
moral or ethical beliefs. Other market drivers include the rising demand in the functional food, 
beverage and breakfast food sectors as consumers look towards healthier ingredients/products. Despite 
experiencing market growth, the wide spread use of plant proteins has been hindered by their reduced 
solubility (and functionality) and digestibility relative to animal-based products, and in the case of soy, 
its beany flavour, allergencity and tendency to cause flatulence. Pulses also have strong flavour 
characteristics that can negatively affect consumer perception. The presentation will provide an 
overview of how various processing techniques can be used as a means of improving plant protein 
quality (digestibility), reducing the level of anti-nutritional factors and altering ingredient functionality. 
During the talk, fermentation, infrared heating and extrusion studies will be used as examples for the 
potential to alter their performance as food ingredients. 
 
L-8 
High-pressure homogenization of lentil protein isolates significantly influences emulsion stability 
and emulsified lipid digestion behavior 

Maja Primozic, Akaysha Duchek, Michael Nickerson, Supratim Ghosh* 
Food and Bioproduct Sciences, University of Saskatchewan, sug937@mail.usask.ca 

 Lentil protein isolate (LPI) solutions (1 ~2 wt%) were pre-homogenized at 5,000 and 15,000 psi for 6 
cycles before utilizing them to emulsify 5 wt% O/W nanoemulsions (20,000 psi, 6 cycles). Pre-
homogenization significantly improved solubility and surface activity of LPI, while their surface 
hydrophobicity and interfacial storage moduli decreased. All nanoemulsions showed droplet 
flocculation and LPI aggregation, which was increased with protein concentration. The average droplet 
size of the nanoemulsions significantly decreased from ~250 nm for native LPI to less than 200 nm for 
pre-homogenized LPI solutions, while, no significant difference between 5,000 and 15,000 psi pre-
homogenization observed. Homogenizing the LPI solutions before emulsification also improved their 
lipid digestibility, which was ascribed to both the higher interfacial area of smaller droplets and the 
weaker interfacial moduli of pre-homogenized LPI-stabilized droplets. The LPI-nanoemulsions 
production was successfully scaled up in a pilot-plant to determine its potential application in food and 
beverages. The nanoemulsions were mixed with various ready-to-drink beverages at different inclusion 
level, and the stability and sensory behavior of the mixture were tested. Of all the beverages tested, a 
vegetable juice was able to mask LPI nanoemulsion's unfamiliar background flavor, even at a 20 % 
inclusion level. All other beverages were not able to mask the bitter aftertaste and oily mouthfeel of the 
nanoemulsions at similar high inclusion level. Pre-homogenization of LPI could be a novel way to 
utilize pulse proteins in the formation and stabilization of nanoemulsions, improved digestibility under 
gastro-intestinal conditions and in food and beverage industry applications. 
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PL-3 
Regulation of plant cytokinesis by sequential phosphorylation 

Michiko Sasabe* 
Hirosaki University, msasabe@hirosaki-u.ac.jp 

Cytokinesis is the final critical step in cell division. In plant somatic cells, cytokinesis is achieved by 
the formation of cell plate from the interior to the periphery of the cell. The NACK-PQR pathway, 
which is composed by NACK1 kinesin, NPK1 MAPKKK, NQK1 MAPKK and NRK1/NTF6 MAPK 
in tobacco (HINKEL, ANP MAPKKKs, MKK6 MAPKK and MPK4 MAPK in Arabidopsis), is known 
as a key regulator for plant cytokinesis. This pathway is specifically activated during cytokinesis via 
the direct binding between NACK1 and NPK1. We have also reported that cyclin-dependent kinases 
(CDKs) phosphorylate both NPK1 and NACK1 before metaphase, thereby inhibiting the interaction 
between these proteins. Failure to inactivate CDKs after metaphase prevents dephosphorylation of 
these two proteins, causing incomplete mitosis. Thus, timely and coordinated phosphorylation by 
CDKs and dephosphorylation by unidentified phosphatases of the cytokinetic regulators should be 
critical for the appropriate onset and/or progression of cytokinesis. We recently identified a protein 
phosphatase candidate, which is dissimilar to CDC14 phosphatases in animal and yeast cells. We will 
discuss the biochemical and biological functions of this protein phosphatase during plant cytokinesis. 
 
L-9 
Turning off sex in crops to revolutionize agriculture 

Timothy Sharbel, 1,2* 
1. Seed and Developmental Biology Program, Global Institute for Food Security. 2. University 
of Saskatchewan, tim.sharbel@gifs.ca 

“An organism’s choice to reproduce with or without sex has long puzzled evolutionary biologists. 
Apomixis, a natural form of reproduction in plants whereby seeds are produced asexually, has evolved 
repeatedly from sexual ancestors in many taxa.  Apomixis is of interest on a number of levels, ranging 
from population genetics to evolution, but also from an applied perspective, as it represents a disruptive 
technology which could significantly change agricultural practices (e.g. fixing heterosis in hybrid 
crops).  The switch from sex to apomixis is hypothesized to result from deregulation of developmental 
pathways leading to sexual seed development, and the trigger for deregulation involves the global 
genomic effects of hybridization and polyploidy.  We study apomixis in wild plant populations, and 
use evolutionary theory to guide our experimental approaches.  High-throughput methods are employed 
to understand population-level phenotypic (seed production) and genetic (polyploidy, genetic structure) 
variability.  These data are then used to design targeted experiments, whereby candidate genes for 
apomixis are identified using tissue-specific “omics”  methods in particular genotypes.  These 
candidates are then used (1) in transformation experiments to attempt apomixis induction in sexual 
plants, and (2) in population-level studies to understand the origin and evolution of apomixis with 
respect to sexuality in natural populations.” 
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L-10  
From cell cycle regulation to plant sexual reproduction 

 Hong Wang* 
Department of Biochemistry, University of Saskatchewan, how572@mail.usask.ca 

My laboratory has been working in plant cell cycle regulation and protein ubiquitination and their roles 
in plant development. I will briefly review our research activities in these areas, but focus on our recent 
work in cell cycle regulation. In eukaryotes including plants, cell division cycle is regulated by cyclin-
dependent kinases (CDKs) and the activity of CDKs can be regulated positively or negatively through 
different mechanisms. Years ago, we identified in Arabidopsis thaliana a family of plant CDK 
inhibitors called ICKs (interactor/inhibitor of CDK) or KRPs (Kip-related protein), which can bind to 
CDKs.  Since these plant CDK inhibitors differ greatly from the animal CDK inhibitors, they provide 
an excellent tool to understand the unique aspects of cell cycle regulation in plants and also how the 
cell cycle is linked to plant development. We have been working for the last two decades to illustrate 
the functions and regulation of these plant cell cycle regulators. Recently, in terms of ICK regulation, 
we have identified a novel motif in ICK1 important for its degradation. To study their functions, we 
have used a series of Arabidopsis knockout mutants, up to septuple mutant in which all seven ICK 
genes were inactivated. In the septuple mutant, we have observed interesting phenotypes in megaspore, 
embryo sac and embryo development, revealing a critical and novel role of ICKs in plant sexual 
reproduction particularly in megasporogenesis. 
 
L-11 
Screening of microorganisms which are relevant to production of useful materials and 
biodegradation of carbon fiber reinforced plastic 

Miwa Yamada 
Iwate University, myamada@iwate-u.ac.jp 

As the chemical synthesis methods increase the severity of environmental load, material production 
using microbial cells and enzymes has become a global challenge. A microbial production is carried 
out under mild reaction conditions, which can produce fewer undesirable by-products when an enzyme 
with strict substrate specificity is used. It also has a potential to utilize biomass and wastes as raw 
materials. In our research, we focused on the microbial production of useful organic acids (glycolic 
acid and glyoxylic acid) and bio-plastic [polyhydroxyalkanaote (PHA)], from the major components of 
industrial waste. Novel aldehyde oxidase from Burkholderia sp. AIU 129 (1) and alcohol oxidase from 
Ochrobactrum sp. AIU 033 (2) have been found in our research to establish the metabolic pathway for 
production of both glycolic acid and glyoxylic acid from ethylene glycol, the main component of 
antifreezing mixture, in recombinant Escherichia coli. In addition, we isolated Burkholderia sp. AIU 
M5M02 which produced PHA from mannitol, the major sugar included in seaweed, as a sole carbon 
source. On the other hand, developing the waste disposal system for non-biodegradable plastics is also 
an important problem. We searched for microbes which can degrade carbon fiber reinforced plastics, 
and found some candidates. Thus, in this presentation, our challenges to find novel microbes relevant 
to material production and biodegradation of chemically synthesized plastics will be introduced. 
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L-12 
The Seed Microbiome 

Vladimir Vujanovic* 
Food and Bioproduct Sciences, University of Saskatchewan, vlv699@mail.usask.ca 

Recent advances in agri-food sector- based on microbiome technology promise an increased crop 
production for global food security. Indeed, all healthy crops carry a beneficial microbiome, 
encompassing root-, leaf-, and seed-associated endosymbionts. Recent studies have found that 
seed_microbiome relationship and its key translational functions, bear tangible biotechnological 
benefits. Hence, this presentation highlights the role of endophytes as early plant growth promoters and 
protectors in stressful environments. 
 
L-13 
New antimicrobial active metabolites from endophytes  

Yoshihito Shiono* 
Faculty of Agriculture, Yamagata University, yshiono@tds1.tr.yamagata-u.ac.jp 

Japanese oak wilt (JOW) is a fungal disease that affects Japanese oak, Quercus serrata, on the Sea of 
Japan side of Japan.  JOW is caused by a fungal pathogen, Raffaelea quercivora, which is vectored by 
female ambrosia beetles, namely Platypus quercivorus .  It is thought that the mortality caused by JOW 
might be induced by the severe dysfunction of vessel lumens.  Since the late 1980s, JOW has steadily 
been spreading across mainland Japan.  Due to the rapid expansion of JOW, Japanese oaks have died at 
a rate of approximately 1,000 ha/year.  Although the number of affected trees has not increased in the 
last several years, the invasiveness of JOW has caused a significant loss of biodiversity in Japan.   
    In this study, we investigated the endophytes associated with surviving live Japanese oaks in 
Yamagata Prefecture, where JOW is epidemic, and we evaluated the antifungal activity of metabolites 
from the endophytes against the fungal pathogen of JOW, R. quercivora.  Of the several fungal isolates 
tested, methanol extracts of culture of the fungal strains Microdiplodia sp. TT-12 and Cytospora sp. 
TT-10 inhibited R. quercivora in vitro. Herein, I would like to talk the fermentation, isolation, structure 
determination, and biological activities of the secondary metabolites produced by Microdiplodia sp. 
TT-12 and Cytospora sp. TT-10. 
 
PL-4 
H2A.Z represses gene expression by modulating promoter nucleosome structure and enhancer 
histone modifications in Arabidopsis 

Yuan Qin* 
 Fujian Provincial Key Laboratory of Haixia Applied Plant Systems Biology, Center for 
Genomics and Biotechnology, Fujian Agriculture and Forestry University, 
yuanqin@fafu.edu.cn 

Deposition of the histone variant H2A.Z at gene bodies regulates transcription by modifying chromatin 
accessibility in plants. However, the role of H2A.Z enrichment at the promoter and enhancer regions is 
unclear, and how H2A.Z interacts with other mechanisms of chromatin modification to regulate gene 
expression remains obscure. Here, we mapped genome-wide H2A.Z, H3K4me3, H3K27me3, Pol II 
and nucleosome occupancy in Arabidopsis inflorescence. We showed that H2A.Z preferentially co-
localized with H3K4me3 at promoters, while it was found with H3K27me3 at enhancers, and that 
H2A.Z deposition negatively correlated with gene expression. Additionally, we demonstrated that 
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H2A.Z represses gene expression levels by establishing a closed +1 nucleosome structure, and 
maintaining an open -1 nucleosome structure. We further showed that the high measures of gene 
responsiveness correlate with H2A.Z associated closed +1 nucleosome structure. Moreover, we found 
that H2A.Z represses enhancer activity by promoting H3K27me3 and preventing H3K4me3 histone 
modifications. This study provides a framework for future studies of H2A.Z functions and opens up 
new aspects of study for decoding the interplay between chromatin modification and histone variants in 
transcriptional control. 
 
L-14 
Root Biology Research for Developing Country Agriculture: Engineering Crops for Acid Soils. 

Leon Kochian1, 2 
1. Department of Plant Sciences, University of Saskatchewan, 2. Global Institute for Food 
Security, Saskatoon, SK, Canada, leon.kochian@usask.ca 

Acid soils comprise up to 50% of the world’s arable lands, and are especially widespread in the humid 
tropics and sub-tropics, where many developing countries are located. On acid soils, crop production is 
significantly impacted by the dual problems of aluminum (Al) toxicity and phosphorous (P) deficiency. 
Al toxicity occurs because Al3+ ions are solubilized from aluminosilicate clay minerals when the soil 
pH drops below pH 5; Al3+ is quite toxic to roots, resulting in stunted and damaged root systems. This 
Al-induced root damage reduces crop yields due to drought stress and nutrient deficiencies. Acid soils 
are also low in P, and much of the soluble phosphate anions in the soil are fixed to Al and Fe 
hydroxides on the surface of the weathered clay minerals. Hence crop plants on acid soils suffer from 
insufficient P due to both high P soil fixation and low soil P. In this study, results from an 
interdisciplinary research program carried out over the past 10 years will be described where novel root 
phenotyping approaches have been combined with genomics, genetics and molecular breeding to 
identify sorghum Al resistance and P efficiency genes. This information is being used to develop a 
molecular breeding pipeline to generate acid soil resistant sorghum for improved crop production in 
sub-Saharan Africa and South America. 
 
L-15 
Genetic characterization and evaluation of bread making quality related-traits in wheat genetic 
resources including its ancestral wild species 

Tsuneo Sasanuma* 
UGAS, Faculty of Agriculture, Yamagata University, sasanuma@tds1.tr.yamagata-u.ac.jp 

Regarding crop improvement, the importance of genetic resources becomes more and more nowadays 
since the recent molecular techniques enables us to use the genetic resources efficiently. Wheat is one 
of the most important crops in the world. The most produced wheat, common wheat (Triticum 
aestivum), has generated throughout interspecific cross followed by polyploidization between Emmer 
wheat (T. turgidum) and a wild goatgrass Aegilops tauschii. The good bread-making property of 
common wheat is provided from Ae. tauschii. Thus, Aegilops is one of the most important genetic 
resources for wheat breeding as well as landraces. In the recent decade, I have joined several missions 
to survey genetic resources and collected some wheat genetic resources. One of the interesting places 
for wheat genetic resources is the Caucasia since it is the place where the polyploidization between 
Emmer wheat and Ae. tauschii has occurred and the center of diversity of Ae. tauschii. Here I will 
report the genetic characterization of Ae. tauschii newly collected. In addition, the evaluation of bread-
making quality related-traits of genetic resources including Ae. tauschii will be reported. It has been 
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known that Ae. tauschii has provided the good bread making property to common wheat but the 
investigation of bread making related-traits of Ae. tauschii itself is a few to date. These results will help 
to broaden available genetic resources for future wheat breeding.  
 
L-16 
New Age Crop Physiology and Crop Improvement 

Rosalind Bueckert*  
Department of Plant Sciences, University of Saskatchewan, Saskatoon, 
rosalind.bueckert@usask.ca 

Crop physiology is a discipline where field crops are measured from landscape to whole-plant scales, 
and historically physiologists worked out why and how plants operated with the goal of applying this 
knowledge to improve crops and crop management. The golden era for crop physiology lasted from the 
early 1960s into the 1980s, to be eclipsed by spatial (GIS), molecular, and genomic approaches.  
Recently, with advances in data acquisition and lowered computing costs, the discipline has entered a 
renaissance with phenotyping – describing visual and often physiological features of a plant or a plot of 
plants through the growing season.  This New Age uses a wide range of methods, promising that 
everything about a plot of a crop can be distilled into the few essential measurements that will lead to 
improved crop performance.  Using grain legumes as examples, I will illustrate a range of instruments, 
measurements, and the shortcuts that Crop Physiologists are currently using in the New Age of 
phenotyping and phenomics. 
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Student/PDF/RA (HQP) Symposium abstracts 
 
HS-1 
The Role of the Extra-Cytoplasmic Stress Response in Salmonella Antimicrobial Resistance 

Deeksha Shetty1*, Sinisa Vidovic2 and Darren Korber1 
1. Food and Bioproduct Sciences, University of Saskatchewan, 2. Department of Veterinary 
and Biomedical Sciences, College of Veterinary Medicine, University of Minnesota, Saint 
Paul, MN, USA, dms080@usask.ca 

Salmonella enterica, one of the most common causes of food poisoning, is a serious pathogen 
worldwide. A trend towards increasing resistance to older and newer antimicrobial agents in 
Salmonella over the past two decades has made it difficult to control the spread of Salmonella 
infections. Salmonella as a group have evolved various mechanisms to protect themselves against toxic 
molecules, resist antibiotics, and evade immune responses in host. These mechanisms include the 
activation of extra-cytoplasmic (ECF) sigma factors that function to express proteins required for their 
survival under stressful conditions. In view of the above factors, my project was designed to study the 
regulation of major extra-cytoplasmic stress response pathways in Salmonella species. Two pathways 
that potentially play significant roles in providing resistance in Salmonella include the RpoE sigma 
factor and the Cpx two-component signal transduction pathway. To investigate the individual and 
synergistic roles of these pathways, the RpoE and Cpx systems were disrupted by in-frame deletion of 
the rpoE gene and cpxR gene (response regulator gene), respectively.  A comparison of the responses 
of single (RpoE and Cpx mutants) and double-mutant strains (RpoE;Cpx) with that of the wild-type 
Salmonella strain when challenged with various stressors revealed interesting interactions between 
these pathways. Moreover, these regulators also appear to play some undefined role in the formation of 
biofilms, as determined using a model flow cell system in conjunction with confocal laser microscopy. 
To our knowledge, this is the first demonstration of the synergistic role of Cpx and RpoE pathways in 
Salmonella enterica. 
 
HS-2 
Narrative Communication (Storytelling) of Food Sciences 

Yang Yang* and Jill E. Hobbs 
Department of Agricultural and Resource Economics, University of Saskatchewan, 
yang.yang@usask.ca 

Advances in food technologies affect what and how people eat by offering foods with diverse 
characteristics. Consumers' attitudes towards novel food technologies, however, are not uniformly 
positive. This study aims to better understand whether and how different information communication 
strategies can shape consumer' attitudes towards novel food technologies. Consumer data were 
collected from a diverse, national online sample of 804 Canadian adults during the summer of 2016. 
Respondents were randomly assigned to one of the three information conditions: 'no information', 
'logical-scientific information' (information about novel food technologies _ gene editing, genetic 
modification and edible coating _ was developed based on scientific facts and data, and written in an 
impersonal language), and 'narrative information' (written in a more vivid style and developed in a 
story-telling context). After information treatments, respondents were asked to make a set of food 
choices in a choice experiment. They were asked to choose between a set of 500g bags of pre-packaged 
apple slices that vary in features of appearance (non-browning vs. slices turn brown), health benefit 
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(enhanced with antioxidants vs. not enhanced), production method (gene editing, genetic modification, 
edible coating, vs. conventional), and price. Results reveal that, compared with logical-scientific 
information, narrative information (story-telling) shown in a more vivid style appears to help reduce 
the opposition to food technologies. 
 
HS-3 
Effects of aging whole wheat flour on the sensory evaluation of whole wheat bread 

Koki Matsushita1*, Daisuke Goshima2, Junki Iwata2, Hiroaki Yamauchi1 and Yuji Oda1 
1.Iwate University, 2.Obihiro University of agriculture and veterinary medicine, 
basketball41991@gmail.com 

Bread made with whole wheat flour (WWF) has different flavors and aromas when compared to bread 
made with white flour. This difference in characteristics is the one of the reasons that WWF bread is 
not popular in Japan. The typical flavors and aromas of WWF are due to the aging process necessary in 
order to use either white four or WWF in general. After milling, flour is stored at room temperature for 
approximately 3 weeks in order to improve its secondary workability. However, the aging process also 
imparts a harsh and bitter taste to the WWF.  In addition, the components of WWF such as polyphenols 
and free fatty acids are altered during the ageing step. In order to avoid changes in taste, bread made 
with WWF that has not undergone aging treatment (ALW) is used in this study.  
ALW is put into the freezer at -30°C after milling and stored until the next experiment. ALW has lower 
levels of free fatty acids, higher content of polyphenols and higher antioxidant activity when compared 
with aged WWF (AW), which suggests lower levels of oxidization in ALW. In addition, ALW bread 
obtains higher scores in sensory evaluation than AW bread, especially in flavor and taste. These results 
suggest that ALW has higher functionalities than AW and ALW bread has higher accessibilities than 
AW bread. 
 
HS-4 
Cytotoxic mechanisms of mitochondrial m-calpain inhibiting peptide 

Hiroshi Okochi1*, Taku Ozaki2, Masao Miyazaki1 and Tetsuro Yamashita1 
1. Dep. Of Biol. Chem., Fac. Of Agr., Iwate Univ. 2. Dep. Of Biol. Sci., Fac. Of Sci. and Eng., 
Iwate Univ., g0417009@iwate-u.ac.jp 

We previously found that activation of mitochondrial _- and m-calpains cooperatively initiate an 
apoptosis inducing factor (AIF)-dependent apoptic cell death (Ozaki et al, BBA 1793, 1848-1859, 
2009). Mitochondrial m-calpain associates with mitochondrial intrinsic molecular chaperone GRP75 
which is thought to stabilize m-calpain. We identified that the HIV-1 tat-conjugated peptide, Tat-mCL, 
which competitively combines with GRP75 and specifically inhibited the activity of mitochondrial m-
calpain. 
 Based on these findings, we examined whether the peptide inhibitor could protect against retinal 
degradation in the rat model of retinitis pigmentosa by facilitating AIF-dependent apoptosis. 
Intravitreal injection of Tat-mCL made it possible to deliver to the retina, however, it didnÅft prevent 
photoreceptor cell death. Conversely, the retinal degeneration was observed at 3-14 days after injection. 
 Next, we injected 2 _l of 20 mM Tat-mCL to normal rat eyes. Then, the eyes were enucleated after 12 
hours and the retinas were isolated immediately. The retinal cell homogenates were prepared to 
determine the ATP concentrations by luciferase assay. Tat-mCL decreased intracellular ATP 
concentrations in retina by approximately 50 %. To examine the molecular mechanism of ATP 
decrease in the peptide-treated cells, we measured ATP concentration in the cell lysate at 4 hours after 
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treatment. Intracellular ATP concentrations were decreased by approximately 50 % in comparison to 
control. The decrease of ATP concentration was similar to the addition of cycloheximide which 
prevents protein synthesis. 
Our results suggested that Tat-mCL prevented the function of GRP75 on mitochondrial protein import, 
thereby inducing the decrease of intracellular ATP concentration and cytotoxicity. 
 
HS-5 
Nutraceutical potential of oat phenolic compounds 

Chenxuan Wang*, Christopher Eskiw and Xiao Qiu 
Food and Bioproduct Sciences, University of Saskatchewan, chw255@mail.usask.ca 

Oat-derived bioactive compounds provide numerous opportunities for incorporating in functional food 
products or dietary supplements. Oats contain a class of unique antioxidant called avenanthramide, 
which has been used as an active ingredient for skin protection because of its high antioxidant, anti-
inflammation and anti-irritation activity. There is a great need to determine human health benefits of 
consuming avenanthramides or phenolic-rich oat extracts and reveal mechanisms behind those benefits. 
In this research, oat phenolics were extracted from 10 oat cultivars and major avenanthramides in the 
extracts were identified and quantified by HPLC. Antioxidant activities of both phenolic-rich oat 
extracts and pure avenanthramides were determined by both in vitro and in vivo assays. To measure the 
in vitro antioxidant activity of phenolic-rich extract and pure avenanthramides, two free radical systems 
DPPH and ABTS were applied. Intracellular antioxidant activity against H2O2-induced free radicals in 
human normal skin fibroblasts were determined by fluorescence assay and expression analysis of the 
genes encoding antioxidant enzymes. In addition, effect of phenolic-rich oat extracts and 
avenanthramides on the nuclear factor-kB (NF-kB)-mediated inflammatory process were evaluated. 
Furthermore, anti-proliferation effect of phenolic-rich oat extracts and avenanthramides were showed 
on human normal skin cells and cancer cells but the mechanisms are still under investigated. The 
findings of this research so far showed a great potential for using oat phenolic compound as 
nutraceuticals based on its antioxidant, anti-inflammation and anti-proliferation properties. This could 
be a contribution to the growing nutritional demands in the world. 
 
HS-6 
Functional analysis of the dehydratase domains of a PUFA synthase from Thraustochytrium in 
Escherichia coli 

Xi Xie, Dauenpen Meesapyodsuk and Xiao Qiu 
Department of Food & Bioproduct Sciences, University of Saskatchewan, 
xix004@mail.usask.ca 

Thraustochytrium sp. 26185, a unicellular marine protist, synthesizes docosahexaenoic acid, an omega-
3 very long chain polyunsaturated fatty acid (VLC-PUFAs), by a polyunsaturated fatty acid (PUFA) 
synthase comprising three large subunits with multiple catalytic dehydratase (DH) domains critical for 
introducing double bonds at the specific position of fatty acids. To investigate functions of these DH 
domains, one DH domain from Subunit-A and two DH domains from Subunit-C of the PUFA synthase 
were dissected and expressed as stand-alone enzymes in Escherichia coli. The results showed that all 
these DH domains could complement the defective phenotype of a E. coli FabA temperature sensitive 
mutant, despite they have only modest sequence similarity with FabA, indicating they can function as 
3-hydroxyacyl-ACP dehydratase for the biosynthesis of unusaturated fatty acids in E. coli. Site-
directed mutagenesis analysis confirmed the authenticity of active site residues in these domains. In 
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addition, overexpression of the three domains in a wild-type E. coli strain resulted in the substantial 
alteration of fatty acid profiles including productions and ratio of unsaturated to saturated fatty acids. A 
combination of evidences from sequence comparison, functional expression and mutagenesis analysis 
suggest that the DH domain from Subunit-A is similar to DH domains from polyketide synthases, 
while the DH domains from Subunit-C are more comparable to E. coli FabA in catalytic functions. 
Successful complementation and functional expression of the embedded DH domains from the PUFA 
synthase in E. coli is an important step towards for elucidating the molecular mechanism in the 
biosynthesis of VLC-PUFAs in Thraustochytrium. 
 
HS-7 
Biochemical insights into lipid pathway coordination under cold stress 

Qiang Li1*, Ioannis Mavraganis2, Liping Wang2, Qian Zheng2, Peng Gao2, Wenyun Shen2, D. Brian 
Fowler1 and Jitao Zou2 

1Plant Sciences, University of Saskatchewan;  2National Research Council Canada, 
Saskatoon, SK, Canada, qil943@mail.usask.ca 

A key aspect of plant adaptation to temperature variations concerns remodeling of membrane lipids in 
order to maintain membrane integrity and the function of membrane-associated protein functions. The 
overall reason is probably related to the need to maintain membrane fluidity, which is directly affected 
by the unsaturation of the acyl lipid components of the bilayers. Glycerolipids, which are major 
constitutes of cellular membranes, have been a focus of attention since the 1960s for their roles in 
temperature adaptation in plants. In plant cells, glycerolipid biosynthesis occurs primarily in the 
endoplasmic reticulum (ER) and chloroplast and involves a number of enzymatic reactions as well as 
metabolic intermediates. Adaptive responses in membrane lipids include alterations in fatty acid 
desaturation, proportional changes in membrane lipids as well as molecular composition of each lipid 
species. In cereal crops such as wheat (Triticum aestivum L.), one of the major lipid changes under 
cold stress is the reduction of the trans-¿3-hexadecenoic acid (trans-16:1) from phosphotidylgrycerol 
(PG). Clearly, trans-16:1 in PG is another major factor affecting cold tolerance in plants, particularly in 
cereals. This study explored the biochemical and molecular mechanisms mediating such a metabolic 
alteration under cold stress in wheat. 
 
HS-8 
Fortifying Lentil Dal to Alleviate Iron Deficiency  – How Simple is That? 

Rajib Podder1*, Bunyamin Tar'an1, Carol J. Henry2, Phyllis Shand3, Robert T. (Bob) Tyler3, and 
Albert Vandenberg1 

University of Saskatchewan, Canada: 1 Department of Plant Sciences, 2 College of Pharmacy 
and Nutrition, 3 Food and Bioproduct Sciences, rap039@mail.usask.ca 

Two billion people worldwide are iron deficient, especially in developing countries where diets are Fe 
deficient. Lentil (Lens culinaris Medik.) is an important staple grain legume and a potential food 
vehicle for further nutritional improvements. The Crop Development Centre, University of 
Saskatchewan is investigating alternative approaches to increase Fe content and bioavailability by 
fortifying dehulled red lentil (dal).   We developed appropriate methods and optimal dosage for Fe 
fortification of lentil with FeSO4.7H2O (ferrous sulphate hepta-hydrate), NaFeEDTA and FeSO4.H2O 
(ferrous sulphate mono-hydrate). We used colorimetric methods to determine appearance of dal 
fortified at different Fe concentrations and storage conditions. Sensory acceptability tests were 
conducted in Saskatoon and Bangladesh to assess cooked and uncooked lentil fortified with three Fe 
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fortificants at 800, 1600 and 2800 ppm. Relative Fe bioavailability (RB%) of fortified lentil was 
assessed using an in vitro cell culture bioassay. NaFeEDTA was the most suitable fortificant for red 
lentil dal. At 1600 ppm, NaFeEDTA provides 13-14 mg of additional Fe per 100 g of dal. Sensory 
evaluation of dal fortified with NaFeEDTA minimally affected consumer perception of colour, taste, 
texture, odour, and overall acceptability.  Total Fe and phytic acid concentrations differed significantly 
between cooked unfortified and fortified lentil, ranging from 68.7-238.5 ppm and 7.2-8.0 mg g-1, 
respectively. The RB% of cooked fortified lentil was increased by 32.2-36.6% compared to the 
unfortified control. We conclude that fortification of lentil dal is effective and could provide significant 
health benefits to dal-consuming populations vulnerable to Fe deficiency. 
 
HS-9 
Application of Synchrotron Radiation-based Infrared Microspectroscopy (SR-IMS) to Detect 
Protein Molecular Structure Spectral Features in Cotyledon Tissue and Protein Metabolic 
Characteristics of Newly Developed Faba Bean Varieties 

Md. Mostafizar Rahman* and Peiqiang Yu 
College of Agriculture and Bioresources, University of Saskatchewan, mmr833@mail.usask.ca 

This study was aimed to compare: protein molecular structure profiles; protein chemical profiles; 
predicted metabolic characteristics of protein and energy between two varieties of faba beans; and to 
detect association between protein molecular structure and protein chemical and metabolic profiles. 
Two varieties of faba beans differ in tannin content (CDC Snowdrop, low-tannin type; vs FB9-4, high-
tannin type) were evaluated and synchrotron radiation-based infrared microspectroscopy (SR-IMS) was 
used as molecular technique. The ratio of both amide I to II area and height were higher, while the ratio 
of α-helix to β-sheet was lower in CDC Snowdrop compared to FB9-4. The crude protein (CP) content 
and the predicted truly digestible nutrients as well as the energy contents did not vary between the two 
varieties. The CDC Snowdrop had higher rapidly degradable CP fraction and lower moderately 
degradable CP fraction, resulted in higher rumen degradable protein and lower rumen undegradable 
protein content than that of FB9-4. However, the total supply of digestible rumen undegraded feed 
protein was higher in FB9-4 than CDC Snowdrop. Strong positive correlations were found between 
ratio of α-helix to α-sheet and CP contents (R = 0.86, P< 0.01) as well as truly digestible CP contents 
(R = 0.83, P< 0.01); respectively. In conclusion, the results of this study reveal that faba beans protein 
can be metabolized differently based on their tannin content and molecular spectroscopy can be used to 
rapidly delineate feed protein molecular structures along with prediction of their nutritive value. 
 
HS-10 
Characterization of selected rice mutants with alterations in the starch granule size and 
amylopectin chain length distribution 

Ramadoss Bharathi Raja1,2*, Somanath Agasimani3, Gurunathan Selvakumar4, Sarita Jaiswal2, 
Venkatesan Thiruvengadam1, Sundaram Ganesh Ram1 and Ravindra N Chibbar2 

1. Department of Plant Genetic Resources, Centre for Plant Breeding and Genetics, Tamil 
Nadu Agricultural University, Coimbatore-641 003, Tamil Nadu, India. 2. Department of 
Plant Sciences, University of Saskatchewan 3. University of Agricultural Sciences, Bangalore-
560 065, Karnataka, India. 4. DRDO-BU Center for life sciences, Coimbatore-641 046, Tamil 
Nadu, India, brr221@mail.usask.ca 

Mutagenized populations have provided base material for introducing novel variation and identifying 
gene function in crop plants. In this investigation, rice (Oryza sativa L.) mutant lines developed using 
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gamma (¿) radiation, were characterized and compared with the wild type rice (ADT 43) for their 
starch characteristics, non-starch constituents and in-vitro enzymatic digestibility. The mutants 
contained significantly (P < 0.05) higher concentrations of amylose, protein, total dietary fibre (TDF), 
crude fat, total phenol, and ash compared to the wild type whereas, thousand-grain weight (TGW) and 
starch concentration as significantly (P < 0.05) reduced in the mutants compared to the wild type. In-
vitro enzymatic hydrolysis or digestibility of the meal and starch was positively correlated to resistant 
starch (RS) concentration in the mutants RSML 184 and RSML 278. The mutants RSML 184 and 
RSML 278 had higher proportion of bigger starch granules whereas, RSML 352 contained smaller 
proportions of starch granules compared to the wild type. RSML 184 showed lower area of short 
amylopectin chains [Degree of polymerization (DP) 6-12] whereas RSML 278, increased area of 
amylopectin chains, with DP 13-24, was observed in RSML 278. These results attributed starch 
granule size and amylopectin chain length distribution to be associated with RS content and 
digestibility of starch. The mutants can be utilized in the rice breeding programs to develop rice 
varieties with reduced starch digestibility as useful to prevent and management of metabolic disorders 
like diabetes. 
 
HS-11 
Using QTLseq to identify powdery mildew resistance loci in flax 

Lester Young1*, Jean-Paul Trouve2, Adrian Speck2, Frank You3, Steve Robinson3 and Helen 
Booker1 

1. University of Saskatchewan 2. Terre de Lin 3. Agriculture and AgriFood Canada, 
lester.young@usask.ca 

Flax (Linum usitatissimum) is the second most commonly grown oilseed in Saskatchewan, with 
approximately 780 000 acres planted and 474 000 tonnes of seed produced in 2016. One of the diseases 
that affects flaxseed production is Powdery Mildew (PW; Oidium lini). PM is relatively new to flax in 
Western Canada (since 1997) and breeding for resistance to this disease is still under way. We screened 
two RIL populations from France, Aurore x Oliver and Aurore x Adelie for resistance to PM in 
Western Canada and observed segregation rations suggesting a single resistance locus. The most 
resistant and most susceptible lines from both RILs was resequenced using Illumina HiSeq. Secondary 
references were assembled for Oliver and Adelie based on reference genome developed during the 
TUFGEN project and further assembled into 15 pseudomolecules. The resequencing reads were passed 
through the QTLseq pipeline developed by Professor Akira Abe (formerly Iwate University) using the 
Oliver and Adelie secondary references. In both RILs a single significant locus was identified on LG8 
of the flax genome. This result is different from observations made for the same RIL populations 
screened in France as well as a Linda x Bison RIL population screened in the disease nursery in 
Morden, MB. 
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Poster presentation abstracts 
 
P-1  
A comparative rheological study of fenugreek gum and other traditional galactomannans 

Pravin Vasant Gadkari 1*, Sylvana Tu1, Khorametha Chiyarda1, Martin Reaney2 and Supratim 
Ghosh1 

1 Department of Food and Bioproduct Science, 2 Department of Plant Sciences, College of 
Agriculture and Bioresources, University of Saskatchewan, pvg254@mail.usask.ca 

Fenugreek (FG), locust bean (LBG) and guar gum (GG) are naturally derived hydrocolloids with a 
structural similarity that falls under the category of galactomannans with a difference in the ratios of 
galactose and mannose subunits. Although galactomannans, such as LBG and GG have been widely 
used in food formulations as thickener and stabilizer, application of FG is still in its infancy and more 
research on the rheological and physicochemical properties of FG are needed before its application in 
food systems. In the present study, rheological properties of FG at different concentrations and under 
different environmental stresses were investigated and compared with LBG and GG. Intrinsic viscosity, 
a hydrodynamic parameter of the gums, was determined using Huggins and Kraemer equation and it 
was found to be between 1.042 to 1.425 ml/mg. In the concentration range studied (0.125 to 2 wt%) FG 
showed gelation at 1 wt% which was significantly lower compared to both GG and LBG. Further 
studies were carried out at 0.5 wt% as a function of varying pH (3 to 7) and NaCl concentration (0.1 to 
1 M). It was observed that with an increase in pH and NaCl concentration, there was a significant 
increase in viscosity of FG due to molecular aggregation in solution whereas in the case of GG and 
LBG such phenomenon was not observed. This behaviour was explained using the surface charge of 
the molecules under different environmental stress conditions. 
 
P-2 
A new insight into biodegradation and biodetoxification of Fusarium mycotoxins 

Seon Hwa Kim* and Vladimir Vujanovic 
Food and Bioproduct Sciences, University of Saskatchewan, sek049@mail.usask.ca 

Plant diseases and mycotoxin contamination in crops pose a number of significant food safety concerns. 
Biocontrol is an environmentally friendly and sustainable strategy to enhance crop production and 
improve grain quality. Sphaerodes mycoparasitica is a biocontrol agent acting as host specific 
mycoparasite against plant pathogenic and toxigenic Fusarium spp. The mycoparasite proved to be 
promising for suppression of Fusarium growth and down regulation of mycotoxin biosynthetic genes, 
resulting in reduced mycotoxin production. Therefore, we hypothesized that effectiveness of the 
mycoparasite to reduce mycotoxin-producing capacities of Fusarium in co-culture is related to its 
mycoparasitic ability to degrade or detoxify Fusarium mycotoxins. In this study, we examined its 
ability to degrade Fusarium mycotoxins through thin layer chromatography (TLC) combined with high 
performance liquid chromatography_electrospray ionization_high resolution mass spectrometry 
(HPLC_ESI_HRMS). Results showed that the amount of mycotoxins was considerably reduced by the 
mycoparasite compared to control, whereas the degradation products were less toxic. Further, it was 
proposed that deacetylase and sulfotransferase are mainly involved in the biodegradation. These 
findings demonstrate the efficacy of the mycoparasite to degrade pure mycotoxins and transform them 
to less toxic metabolites, which contributes to research and innovation towards efficient biological 
detoxification of the mycotoxins. 
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P-3 
Analysis of the biosynthetic process of fatty acids in Thraustochytrium 

Xianming Zhao* and Xiao Qiu 
Food and Bioproduct Sciences, University of Saskatchewan, xianming.zhao@usask.ca 

Thraustochytrium is a marine protist producing a specific profile of nutritionally important fatty acids, 
including very long chain polyunsaturated fatty acids (VLCPUFAs) docosahexaenoic acid (DHA), 
even chain saturated fatty acids (SFAs) palmitic acid, and odd chain SFAs pentadecanoic acid. To 
study how these fatty acids are synthesized, a series of radiolabeled precursors were used to trace the 
biosynthetic process in vivo and in vitro. When Thraustochytrium was fed with long chain fatty acid 
intermediates such as [1-14C]-oleic acid, linoleic acid and &alpha-linolenic acid, no VLCPUFAs were 
produced, indicating that the aerobic pathway for the biosynthesis of VLCPUFAs was not functional. 
When fed with [1-14C]-acetic acid, both SFAs and VLCPUFAs were labeled; however, when fed with 
[1-14C]-propionic acid, mainly SFAs were labeled, indicating that the type I fatty acid synthase (FAS) 
in Thraustochytrium could use acetic acid and propionic acid as the primers to synthesize even chain 
and odd chain SFAs, respectively, and VLCPUFAs were synthesized by the PUFA synthase using 
acetic acid as the primer. In addition, radioactive acetic acid could label both phospholipids (PL) and 
triacylglycerols (TAG), and VLCPUFAs appeared first and were largely accumulated in PL, whereas 
TAG accumulated much more SFAs than VLCPUFAs. The in vitro assay with [1-14C]-malonyl-CoA in 
presence of type I FAS inhibitor cerulenin showed that the crude protein of Thraustochytrium produced 
only VLCPUFAs, further confirming the role of the PUFA synthase in the biosynthesis of VLCPUFAs. 
These results provide a whole mechanistic picture for the biosynthesis of the fatty acids in 
Thraustochytrium. 
 
P-4 
Antioxidative effects of lentil (Lens culinaris) seed coat on oxidative stability of mechanically 
separated chicken 

Darshika P.M.H. Pathiraja1*, Janitha P.D.  Wanasundara2 and Phyllis J. Shand1 
 1. Department of Food and Bioproduct Sciences, University of Saskatchewan, 2. Agriculture 
and Agri-Food Canada, Saskatoon Research and Development Centre, Saskatoon, SK, 
Canada, pmp158@mail.usask.ca 

Lentil seed contains phenolic compounds with potent antioxidant activity which are concentrated in the 
seed coat. Water and 70% (v/v) aqueous ethanol extracts of the seed coat of lentil were analyzed for 
their antioxidant activity in comparison to four other food grade antioxidant compounds; Herbalox_, 
sodium ascorbate, (+)-catechin, (+/-) - α- tocopherol at 300 ppm concentration. The antioxidant 
activity of lentil seed coat extracts was concentration dependent and showed higher free radical 
scavenging activity than that of Herbalox_ and sodium ascorbate at 300 ppm concentration. The effects 
of added seed coat and its extracts (500 mg/kg) on oxidative stability of raw and cooked mechanically 
separated chicken stored at 4°C and -18°C for 7 days and 6 months respectively, were also investigated. 
The seed coat extracts exhibited antioxidant activity against lipid oxidation in cooked mechanically 
separated chicken greater than the control without added antioxidants and equivalent to other food 
grade antioxidant compounds. However, the seed coat extracts or other antioxidant compounds had no 
significant effect on lipid oxidation or the color of raw mechanically separated chicken. The results of 
this study revealed that lentil is a potential source of natural antioxidants that could enhance the quality 
of cooked meat products. 
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P-5 
Assessing gluten allergenicity in ancient and modern wheat to develop strategies to reduce celiac 
disease causing epitopes in wheat gluten proteins. 

Surinder Singh1*, Ravindra N. Chibbar1, Pierre J. Hucl1, Levinus A. Dieleman2 and Tristan Gjevre1 
1 Department of Plant Sciences, University of Saskatchewan, 2 Division of Gastroenterology, 
University of Alberta, Edmonton, Alberta T6G 2X8, surinder.singh@usask.ca 

Wheat (Triticum aestivum L.) as a staple food is consumed as different products that are ethnically and 
regionally determined. Wheat grain is unique because the composition of its storage proteins in flour 
that mixed with water form a viscoelastic dough. The viscoelastic dough mass is known as gluten and it 
is made up gliadins extracted with 70% ethanol and the un-extractable glutenin fraction. The gluten 
proteins give wheat flour the unique ability to formulate diverse food products around the world. 
Recently, wheat has also been associated with adverse reactions such as allergies, some of which are 
well defined as celiac disease and other less well defined as non-celiac wheat sensitivity. However, the 
only clinically well diagnosed wheat sensitivity is Celiac Disease (CD), which occurs in about 1% of 
the population worldwide. Celiac disease is an autoimmune condition resulting from the interaction of 
specific gluten polypeptides in individuals that are genetically predisposed. There have been some 
recent claims that wheat improvement over the years has enriched wheat gluten proteins of celiac 
disease causing epitopes. The objective of this research is two-fold, firstly to systematically analyze the 
changes in wheat proteins over 150 years of wheat improvement in Canada and secondly, to utilize the 
newly developed genome editing technologies to develop wheat genotypes with reduced celiac disease 
causing epitopes in Canadian wheats. The long term goal of this research is to develop wheat 
germplasm with a minimal or no CD causing epitopes with no significant changes in wheat dough 
properties to make bread and other processed foods. 
 
P-6 
Effect of evisceration time on nutrient composition and physiochemical properties of wild sika 
deer 

Moeno Nishiyama1* and Takayuki Muramoto2 
1. Graduate School of Agriculture, Iwate University, Japan, 2. Faculty of Agriculture, Iwate 
University, Japan, g0417042@iwate-u.ac.jp 

In recent years, the increase of wild sika deer (Cervus nippon) has caused heavy damage to agriclture 
and natural environment in Japan. After capturing, it is recommended to use its muscle as a source of 
edible meat. In order to ensure the quality of the meat, it is necessary to prompt evisceration and to 
lowering the carcasses temperature after capturing. However, the influence of evisceration time and 
low temperature on the quality of wild sika deer meat has not been clarified. In this study, effect of 
evisceration time on nutrient composition and physiochemical properties of M. longissimus thoracis 
from wild sika deer was investigated. Wild sika deer (n = 12) were hunted in Iwaizumi town, Iwate 
Prefecture (Northeast Japan). Deer were shot in January ; mean temperature was - 0.9 Å} 2.0_, and 
eviscerated at different time after shooting (about 0 to 2 hours). After ageing for 10 days at 4_, contents 
of moisture, crude protein, crude fat, and iron, drip loss, cooking loss, shear force values, and surface 
metmyoglobin percentage of the muscles were determined. Evisceration time did not significantly 
affect the contents of moisture, crude protein, crude fat, and iron, drip loss, cooking loss, shear force 
values of muscles (P > 0.05). On the other hand, acceptable color shelf life of muscle, based on a 
threshold value of 35% metmyoglobin, was affected by the evisceration time (P < 0.01, R = 0.79). 
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P-7 
Effect of extrusion conditions on the physical and nutritional properties of chickpea, sorghum, 
maize flours, and their blends 

Shuyang Wang1*, Shannon Hood-Neifer2 and Michael T. Nickerson1 
1 Department of Food and Bioproduct Sciences, University of Saskatchewan, 2 Saskatchewan 
Food Industry Development Centre, Inc, shw392@mail.usask.ca 

Extrusion is a high temperature short time process during which the loss of heat vulnerable nutrients 
like protein and vitamins are held at minimum while greater protein digestibility is generally observed. 
When pulses and cereals are consumed together nutrition quality, especially protein quality, is usually 
improved due to their complimentary amino acid profile. The goal of this research was to investigate 
the impact of extrusion conditions [barrel temperature (120, 135 and 150oC) and percent moisture (20, 
22 and 24%)] using a twin-screw extruder on the physical properties of Kabuli chickpea, sorghum and 
maize flours, as well as the protein content and in vitro protein digestibility (IVPD) of blended 
unprocessed chickpea-cereal flours (at blending ratios of 50:50, 60:40, 70:30 and 80:20) and extruded 
blends at a chosen ratio. To date, we found that chickpea-sorghum blends had greater IVPD than the 
chickpea-maize blend at each blend ratio, with greatest IVPD observed at 80:20 for both blends. Blend 
ratio of 60:40 was chosen due to the better balance between in vitro digestibility corrected amino acid 
score and processing applicability. Results indicated that temperature has negative effect on bulk 
density, hardness and expansion ratio on all the samples as well as expansion ratio of maize extrudates 
(p<0.05). Moisture has positive effect on the bulk density and hardness of the non-blended flours, and 
negative effect on expansion ratio of both maize and sorghum extrudates (p<0.05), whereas moisture 
has little effect on those of the blended extrudates. There is no significant difference in protein content 
between the extruded and non-extruded blends at ratio 60:40. 
 
P-8 
Effect of fermentation by L. plantarum on digestibility, protein quality and levels of anti-
nutritional compounds of pea protein concentrate 

Burcu Çabuk1*, Matt Nosworthy2, Darren Korber1, Takuji Tanaka1, Jim House2 and Michael 
Nickerson1 

1 Department of Food and Bioproduct Sciences, University of Saskatchewan, 2 Department of 
Human Nutritional Sciences, Canadian Centre for Agri-Food Research in Health and 
Medicine, Richardson Centre for Functional Foods and Nutraceuticals, University of 
Manitoba, cabk.burcu@gmail.com 

Peas are a nutritionally and economically viable source of plant proteins, and fermentation is an 
effective tool to improve the nutritional quality of foods, especially legume pulses. For example, it is 
beneficial for protein nutritional quality to eliminate anti-nutritional factors (ANF). In this research, pea 
protein concentrate (PPC) samples were analyzed for total phenol, tannin, protease inhibitor activity, 
amino acid composition and in vitro protein digestibility after fermentation by L. plantarum. The 
analyses of fermented PPC indicated that chymotrypsin inhibitory activity (CIA; an ANF) decreased 
gradually with time. A reduction of 49% in CIA was observed after 1h of fermentation and 70% of 
CIA were eliminated after 11 h. Another ANF (trypsin inhibitor activity) was also reduced by 1.2 
TIU/mg after 9 h of fermentation. Meanwhile tannin level increased to a maximum of ~0.39 mg/g after 
5 h followed by 0.2 mg/g decrease at 11 h. In the aspects of protein quality, In vitro protein digestibility 
(IVPD) reached a maximum at 87.4% with 5 h of fermentation, followed by decrease down to 83.2% 
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with further fermentation. Meanwhile, the sulfur amino acid score was reduced from 0.84 at 0 h to 0.66 
at 11 h. Counting sulfur contents, IVPD corrected amino acid score reduced from 67.0% at 0 h to 
54.6% at 11 h. In conclusion, present study shows that fermentation is a viable method of reducing 
anti-nutritive factors; while quality of protein may have been suffered through the changes in amino 
acid contents. 
 
P-9 
Effect of pectin on the stability and gelation behaviour of whey protein isolate-stabilized oil-in-
water nanoemulsions 

Sacha Desprez1,2,Kunal Kadiya2* and Supratim Ghosh2 
1. Agrosup Dijon, Dijon, France, 2. Department of Food and Bioproduct Sciences, University 
of Saskatchewan, ksk562@mail.usask.ca 

Emulsion gels are widely used in a variety of food products, including salad dressings, table spreads, 
etc. In these semi-solid products flow behaviour is restricted due to the formation of network of oil 
droplets and continuous phase biopolymers. In the present work, negatively charged pectin was used to 
form electrostatic interaction with positively charged whey protein isolate (WPI) stabilized oil droplets 
and excess WPI in the continuous phase at pH 3. The aim was to determine the influence of pectin 
concentration (0 – 1wt%) on the stability and gelation behaviour of 20 wt% canola oil-in-water 
nanoemulsions containing 1.87 wt% WPI. The layer-by-layer deposition technique was used to create 
multilayered oil droplets comprising WPI and pectin. The emulsions were characterized by droplet size 
distribution, zeta-potential, apparent viscosity, viscoelasticity and confocal microscopy. Emulsions 
containing 0.17 wt% pectin were unstable, while above 0.85 wt% pectin, they form large aggregates 
with WPI in the continuous phase leading to strong gelation. At 0.68 wt% pectin, the negative and 
positive charges of the biopolymer offset each other and the zeta potential of the emulsion remained 
close to zero. The viscosity of the emulsions increased with an increase in pectin concentration, 
although, not much increase was observed above 0.17 wt% pectin. A strong gelation behaviour was 
observed for the emulsions containing 0.34 wt% pectin or higher, which showed a two-step yielding 
behaviour under oscillatory strain sweep rheology. Under repeated strain sweep the emulsion gel 
displayed a loss of gel strength upon ascending strain which could be ascribed to the inability of the 
ruptured network of oil droplet and WPI-pectin aggregates to re-form. The combination WPI-pectin 
used in this study could lead to the formation of multilayered nanoemulsion gels which could be used 
to reduce oil content in food emulsions. 
 
P-10 
Effect of tempering and infrared heating on the physicochemical and functional properties of 
chickpea, barley, and their blends 

Tian Bai* and Michael T. Nickerson 
Department of Food and Bioproduct Sciences, University of Saskatchewan, 
tib175@mail.usask.ca 

Chickpeas are an important type of pulse crop with high production in Canada and barley is consumed 
as a staple food in many countries. In this study chickpea and barley seeds were either heated directly 
or tempered to 20% moisture content followed by infrared heating to reach the surface temperature of 
115 or 135oC; after which the seeds were milled into flour. Both infrared heating and tempering 
increased the gelatinized starch content in chickpea and barley flour. Infrared heating had a negative 
effect on protein solubility of chickpea and barley flour but positively affected the surface charge. 
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Infrared heating significantly increased the water hydration capacity (WHC) of both chickpea and 
barley with WHC increased more at a higher temperature. Barley flour showed a loss of foaming 
properties and a significant decrease of emulsion activity and stability after infrared heating whereas 
chickpea flour showed improved foaming properties when directly heated to 115oC and a significant 
increase in emulsion activity when tempered and heated to 135oC. The pasting viscosity of chickpea 
and barley flour were decreased by infrared heating and tempering. The tempered and 135oC heated 
chickpea and barley flours were blended at chickpea to barley ratios of 20:80, 40:60, 60:40 and 80:20. 
The proximate composition and functionalities of the blended flours changed in accordance with the 
blending ratio. The addition of chickpea flour made up for the loss of foaming properties in barley flour 
and the foaming properties were observed when the blended flours contained 60% chickpea or higher. 
 
P-11 
Effect of tempering and infrared heating on the anti-nutritional factors and protein quality of 
chickpea, barley, and their blends 

Tian Bai1*, Matthew Nosworthy2, James House2 and Michael T. Nickerson1 
 Department of Food and Bioproduct Sciences, University of Saskatchewan, 2 University of 
Manitoba, tib175@mail.usask.ca 

Canada is a major producer of chickpeas which are a health-promoting food source containing proteins, 
complex carbohydrates, dietary fibers and many micronutrients. Barley is an important food source 
around the world with many health benefits. However, the existence of anti-nutritional factors (ANFs) 
and the low content of lysine in barley are major concerns in promoting the nutritional properties of 
chickpea and barley. In this study, infrared heating at 115 and 135 ÅÜ, with and without tempering, 
was used to reduce the levels of heat-labile ANFs, including the content of tannins and total phenolics, 
trypsin and chymotrypsin inhibitor activities, in chickpea and barley flours. The levels of all ANFs 
measured significantly decreased after infrared heating, and tempering improved this reduction. 
Infrared heating did not significantly change the amino acid composition in barley or chickpea. Barley 
showed a low content of lysine with an amino acid score less than 0.7 whereas chickpea had an amino 
acid score higher than 0.8. Infrared heating significantly improved the in vitro protein digestibility of 
chickpea flour and higher digestibility was obtained for samples heated at 135 ÅÜ. The 135 ÅÜ heated 
and tempered barley and chickpea flours were blended at chickpea to barley ratios of 20:80, 40:60, 
60:40 and 80:20. A higher amino acid score was obtained in blends with higher chickpea content. The 
lysine content reached the recommended standard by blending barley with only 20% chickpea flour. 
The highest in vitro protein digestibility of 80% was obtained with a chickpea to barley ratio of 80:20. 
 
P-12 
Effect of the degree of esterification and blockiness on the complex coacervation of pea protein 
isolate and commercial pectic polysaccharides under different solvent and mixing conditions 

Sumudu Warnakulasuriya, Prasanth K. S. Pillai* and Michael Nickerson 
Department of Food and Bioproduct Sciences, University of Saskatchewan, 
prs958@mail.usask.ca 

The complex coacervation of pea protein isolate (PPI) with commercial pectic polysaccharides [CP1 
(high methoxy citrus pectin, DE 86%, DB 8.4%), CP2 (apple pectin, DE 78%, DB 10.8), CP3 (sugar 
beet pectin, DE: 62.4%, DB 10.8%), and CP4 (citrus low methoxy pectin, DE 28%, DB 9.1%)] of 
different degrees of esterification (DE) and blockiness (DB) were investigated as a function of pH (8.0 
∼1.5) and bio-polymer mixing ratio [PPI:CP - 1:1, 2:1, 4:1, 8:1, 10:1 and 15:1]. During coacervation, 
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two structure-forming events occur as the two biopolymers interact via attractive forces, associated 
with the formation of soluble complexes (first detectable interaction) and insoluble complexes (much 
greater interactions leading to larger complexed structures). Regardless of the type of pectin used, the 
pH associated with these structure forming events shifted to higher pH as the mixing ratio increased, 
since there was less charge repulsion between neighboring pectin chains that impeded the growth of the 
complexes. The maximum about of coacervates formed at a biopolymer mixing ratio of 4:1 for all PPI-
pectin mixtures, with the exception of PPI-CP4 which occurred at a 10:1 mixing ratio. The pH at which 
maximum interactions occurred was found to be at pH 3.4-3.5 (PPI: CP1/CP2) and 3.7-3.8 (PPI: 
CP3/CP4), which was accompanied by a net neutrality surface charge.  PPI complexed with pectin with 
high levels esterification displayed greater interactions under their optimal conditions, whereas pectin 
with lower levels of esterification did not. Since the DB values for the pectins was similar, it did not 
seem to have a big effect, relative to the DE values. Obtaining a better understanding of PPI 
interactions with pectin will lead to the development of new food ingredients where the pea protein 
surface will be modified with the pectin to give new functional properties (e.g., solublity, emulsifying, 
foaming, etc.) relative to pea protein alone. 
 
P-13 
Effects of soaking/cooking on the levels of oligosaccharides, vicine/convicine and total phenolics 
within a wide range of Canadian Pulses 

Kelsey Schultz*, Burcu Cabuk, Tara McIntosh, Sue Arntfield, Janitha Wanasundara, and Michael 
Nickerson1 

Department of Food and Bioproduct Sciences, University of Saskatchewan, 
kns848@mail.usask.ca 

The effect of soaking (4 h, 25oC) followed by cooking (95oC, 1 h) on the levels of oligosaccharides, 
vicine/convicine and total phenolics was examined in a wide range of Canadian pulses. The total 
oligosaccharide concentrations were found to range for chickpeas between ~138-208 mg/g, for lentils 
between ~160-200 mg/g, for fava bean ~157-161 mg/g, for beans between ~148-174 mg/g and for peas 
between ~177-193 mg/g. In all cases, soaking/cooking was able to reduce the total oligosaccharide 
concentration with the exception of whole desi chickpea, whole red lentil and whole green pea where 
no reduction was evident. The total phenolic content in raw pulse flours was found to range between 
~109-161 mg catechin equivalents (CAE)/100 g dry matter for chickpeas, ~59-350 mg CAE/100 g dry 
matter for lentils, ~98-136 mg CAE/100 g dry matter for fava bean, ~182-350 mg CAE/100 g dry 
matter for beans, and ~132-148 mg CAE/100 g dry matter for peas. Upon soaking/cooking, the 
majority of pulses experienced a reduction ranging from 13% to 83%. However, whole desi chickpea, 
whole medium green lentil, whole French green lentil, split queen green lentil, whole Spanish brown 
lentil and whole football red lentil showed no significant change. The total vicine in whole and split 
fava bean flour was found to be 7.3 and 7.4 mg/g, respectively, which then declined by 26% and 38% 
to 5.4 and 4.6 mg/g, respectively after cooking. The total convicine in whole and split fava bean flour 
was found to be 3.3 and 3.1 mg/g, respectively, which then declined by 27% and 32% to 2.4 and 2.1 
mg/g, respectively after cooking. 
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P-14 
Effects of soaking/cooking on the levels of saponins within a wide range of Canadian 
Pulses 

Kelsey Schultz, Tara McIntosh, Sue Arntfield, Janitha Wanasundara, and Michael 
Nickerson 

Department of Food and Bioproduct Sciences, University of Saskatchewan, 
kns848@mail.usask.ca 

The effect of soaking (4 h, 25oC) followed by cooking (95oC, 1 h) on the levels of saponins was 
examined in a wide range of Canadian pulses. In the present study, the total saponin concentrations in 
raw pulse flours ranged between ~1,534 -3,409 µg/g for chickpeas, ~1,485-3,231 µg/g for lentils, 
~481-757 µg/g for fava bean, ~3,244 - 5,078 µg/g for beans, and ~959 – 1,432 µg/g for peas. The 
highest saponin contents were found in whole pinto beans (5,078 µg/g), whereas the lowest level was 
found in split fava beans (481 µg/g). Soaking/cooking caused all levels to be reduced for chickpeas (7-
30% reduction), lentils (9-40%, with the exception of whole French green lentils and split yellow 
lentils which remained the same), beans (32-46%) and peas (14-30%).  Only in the fava bean samples 
did the total saponin levels increase (8-26%). For all pulse flours, the ßg saponins type dominated. For 
chickpea, lentil, peas and fava bean flours, the ßg saponins-types were followed by the S1–type, and 
then the SV and ¿g types which were similar in magnitude. In contrast, for bean flour the ß-G saponins-
types were followed by the ¿g type, followed by the S1–type and then the SV-type in magnitude. The 
conjugated saponins structures (¿g and ßg) tend to be more unstable than the other types in response to 
heat treatments and undergo a conversion to the other types (S1 and SV). In the present study, the ßg 
saponins experienced a drop in concentration with cooking for all pulse flours with the exception of 
whole French green which saw no change), and split fava bean flour which saw a small increase. 
 
P-15 
Enhancement of glycolic acid oxidase activity by in vitro evolution of an alcohol oxidase gene 
from Ochrobactrum sp. AIU 033 

Kenji Matsumura*, Hitoshi Shimoi and Miwa Yamada 
Iwate University, Morioka, Japan, g0417045@iwate-u.ac.jp 

To establish an enzymatic production method for glyoxylic acid from glycolic acid, we found a novel 
alcohol oxidase (AOD) in Ochrobactrum sp. AIU 033 [1], which catalyzes the oxidation of glycolic 
acid. The rigid substrate specificity of the AOD is suitable for glyoxylic acid production, because the 
AOD exhibits the activity for glycolic acid but not for glyoxylic acid. However, the reaction rate of 
AOD was low. Thus, we tried to obtain AOD mutants which had been enhanced their activity for 
glycolic acid by in vitro evolution and screening. In this system, the PCR-mediated random 
mutagenesis was carried out in the entire AOD gene composed of α (523 amino acids) and β (184 
amino acids) subunits. Subsequently, mutant enzymes with high activities for glycolic acid were 
screened by oxidase assay of crude enzyme solutions of the recombinant E. coli BL21 (DE3) 
expressing each AOD mutant gene. We gained three mutants, A3-39, A9-7, and A11-8, which 
exhibited 1.2-fold activity for glycolic acid compared to the wild type. The mutant A3-39 included a 
single amino acid substitution Lys225Met in α subunit. This substitution was located in the conserved 
region of glucose-methanol-choline oxidoreductase which shows high similarity to AOD. In addition, 
the mutants A9-7 and A11-8 contained two amino acid substitutions; Arg84Leu/Asp88Tyr in β subunit 
and Lys11Glu/Ser76Thr in α subunit, respectively. We are investigating which substitution mainly 
contributes to enhancing activity. 
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[1] M. Yamada et al.,  J. Mol. Cat. Enzymatic B, 105, 41-48 (2014) 
 
P-16 
Foaming and emulsifying properties of egg white and a new vegan egg substitute aquafaba 

Rana Mustafa*1, Supratim Ghosh2 and Martin J.T. Reaney1,3 
1 Department of Plant Sciences, University of Saskatchewan, 2 Department of Food and 
Bioproduct Sciences, University of Saskatchewan, 3 Prairie Tide Chemicals Inc., 
Saskatchewan, Canada, rana.mustafa@usask.ca 

With a worldwide trend towards plant-based foods, there is substantial interest in developing vegan 
alternatives to egg. The egg substitute market is expected to reach US$ 1.5 billion by 2026. Currently, 
aquafaba, the water resulting from canned chickpeas, is being explored by the vegan community and 
others for its potential to replace egg in many food products as it has similar foaming and emulsifying 
properties. However, inconsistency in aquafaba foam quality is the main challenge for most aquafaba 
users. In this research, we compared the foaming and emulsifying properties of egg whites with 
aquafaba from two kabuli chickpea cultivars (Leader and Orion). Aquafaba solutions possessed 
comparable foamability to egg white. While egg white irreversibly coagulates when heated aquafaba 
foaming and emulsifying properties remained consistent after heating, a freeze-thaw cycle or after 
drying and rehydration. This remarkable stability is likely due to the presence of heat-stable proteins. 
Aquafaba foaming and emulsifying properties varied as a function of chickpea canning conditions 
(time, pressure, and temperature) and additives (sugar and salt). The stability of aquafaba foam can be 
improved by whipping for 10 minutes, whereas egg white foam stability decreases with prolonged 
whipping. This work provides a better understanding of factors influencing aquafaba quality and will 
potentially aid in its utilization as an egg replacer in food. 
  
P-17 
Withdrew 
  
P-18 
Germination of waxy hulless barley and purple wheat 

Sumudu N Warnakulasuriya* and Michael T Nickerson 
Department of Food and Bioproduct Sciences, University of Saskatchewan, 
sumuduniro@yahoo.com 

Germination is a traditional, inexpensive food processing approach which diminishes the anti-nutrient 
factors present in grains and improves their protein quality. Commercially available waxy hulless 
barley and purple wheat were soaked in distilled water for 12 hrs following 24 hr and 48 hr 
germination in dark at room temperature. The germination percentages for barley were 48% and 59% 
at 24 h and 48 h, respectively after soaking; whereas for purple wheat germination percentages were 
98% and 99%, respectively. Average hypocotyl lengths, at 24 h and 48 h, of germinated seeds were 
3.12 mm and 7.20 mm, respectively for barley, and 2.45 mm and 7.25 mm for purple wheat. The finely 
ground flours from both cereals will next be analyzed as a function of germination and soaking 
conditions for changes in their levels of anti-nutrient factors (e.g., polyphenols, tannins, phytic acid, 
and trypsin and chymotrypsin activity inhibitors), in-vitro and in-vivo protein quality and protein 
functionality. 
 



 41 

P-19 
Identification of candidate anitmicrobial peptides (AMPs) by mining large-scale genomic 
databases 

Isadora Ra Louise Alves Da Costa Ribeiro Quintans1,2* and Michael Deyholos1 
1. The University of British Columbia, Okanagan campus,2. Universidade Federal Rural do 
Semi-Arido, Rio Grande do Norte, Brazil.  isadoralouise@gmail.com 

 Antimicrobial peptides are important defense molecules with potential application in agriculture, 
medicine and the pharmaceutical industry. The number of sequences of AMPs described so far is still 
small, especially for plants. Several approaches have been developed to describe new AMPs using 
bioinformatics and molecular biology.  
Aiming to reveal new AMP sequences with antimicrobial/antifungal potential, we searched the 
transcriptomes of over 1,000 non-model plant species in the oneKP database (www.onekp.com) using 
bioinformatics tools.  
In order to retrieve AMPs sequences, we developed a pipeline with the following steps: 1) We got 
sequences of known AMPs from the PhytAMP database (phytamp.pfba-lab-tun.org) as seeds; 2) We 
used the tools psiblast and the HMMER to search for AMPs in the oneKP and Uniprot database; 3) We 
eliminated the repeated sequences using CD-HIT; 4) We used RPS-blast and hmmscan to search for 
conserved domains; 5) We built a consensus logo of the sequences and compared with the literature. A 
total of 16870 unique AMP sequences from oneKP and 575 from Uniprot were retrieved. Among the 
oneKP results, we recovered 18 defensins, 3174 heveins, 11079 lipid transfer proteins, 2454 snakins 
and 146 thionins. We found an average of 86% conserved domains and the expected pattern of 
conserved cysteine residues within each class of AMPs.  
Our results shown that our methods are useful for automated retrieval of AMPs from large databases. 
These new AMPs can be a target for the development of alternative antibiotics and also for plant 
genetic engineering, thereby reducing agricultural losses due to pathogens. 
 
P-20 
Impact of soaking and autoclaving, and soaking and germination on undesirable compounds in 
faba bean (Vicia faba) 

Xinyi Wei1*, Phyllis Shand1, and Janitha Wanasundara2 
1. University of Saskatchewan, 2. Agriculture and Agri-Food Canada, xiw630@mail.usask.ca 

Faba bean (Vicia faba L.) contains a high level of protein (~ 30% d.w.b.) among pulses, but the 
presence of anti-nutrients is a significant consideration for expanding uses of faba bean. The effects of 
autoclaving at 121 C (to mimic canning), and germination for 24, 48, and 72 hours after soaking seeds 
for 12 h on the levels of amino glycosides (convicine and vicine), phytic acid and oligosaccharides 
(raffinose, stachyose, and verbascose) of five faba bean cultivars, Fabelle, Malik, Snowbird, Snowdrop 
and Taboar, were evaluated. The level of phytic acid was in the range of 1.55 - 1.76% and was not 
affected by either treatment or cultivar. Cultivars differed in the contents of vicine and convicine. 
Fabelle showed the lowest (P<0.05) vicine (1.1 mg/g) and convicine (0.4 mg/g) contents while 
Snowbird and Snowdrop had the highest vicine levels (10.4 and 9.4 mg/g, respectively). Convicine 
contents of the other cultivars were similar (3.4 to 3.7 mg/g).  
Germination was able to reduce oligosaccharide levels more than soaking alone or soaking and 
autoclaving. For all five cultivars, the level of raffinose was not detectable after 24 h of germination. 
The mean stachyose content of the five cultivars was significantly reduced from 23.5 to 8.4 mg/g, and 
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the mean verbascose content was reduced from 50.5 to 9.7 mg/g both at 72 h of germination. Results of 
this study provides valuable information on undesirable components of faba bean and suitable 
processing means for reducing undesirable factors and subsequently enhancing the use of faba bean in 
food products. Key words: faba bean, Vicia faba L., convicine, vicine, phytic acid, oligosaccharides, 
autoclaving, soaking, germination 
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Insect larval culture for recovery of nutrients from fermented agricultural by-products 

Jijin Raj Ayanath Kuttiyatveetil*, Pranabendu Mitra, Michael Nickerson and Takuji Tanaka 
Food and Bioproduct Sciences, University of Saskatchewan, jijin18@gmail.com 

Sustaining the ever-exploding world population necessitates an expansion of the current food supply as 
well as maximal utilization of the existing resources. Agricultural byproducts such as bran, straw, 
legume husk, and oilseed meals have been underutilized as a food resource, due to factors that prevent 
their break-down and assimilation in humans. One methodology for recovering the nutrients trapped 
within these byproducts is to raise insects on them. Insects have certain indigenous advantages: such as 
cost-effectiveness in resource requirements, low environmental impacts, and high nutritional values. 
They make insects a potential major protein/fat source. In this research, fermentation of borage and 
flaxseed meals was performed using generally-recognised as safe (GRAS) organisms to loosen the 
ligno-cellulosic matrix releasing indigenous nutrients and to generate additional fats and proteins for 
increase in the nutritional values. Proximate analysis has proved that fermentation increases the fat and 
protein content available in the borage and flaxseed meals by 5 ~ 6 % and ~ 30 %, respectively. Black 
soldier fly larvae (BSFL) grown on these fermented meals for 12 days have responded better, 
compared to those grown on non-fermented media. Among the single strain fermented media, borage 
meals fermented with Lactobacillus planetarium and flaxseed meals fermented with Aspergillus niger 
displayed the best results. Moreover, BSFL raised on dual strain fermented meals (Lactobacillus 
planetarium and Aspergillus oryzae) displayed enhanced growth rates and higher biomass recovery 
compared to single-strain fermentation (gaining 30 - 40 % more body weight). Studies aimed at protein 
quality analysis is being conducted. 
 
P-22 
Oxidative Stability of Flaxseed Oil: Effect of Polar, non-Polar and Surface Active Antioxidants 

Athira Mohanan*, Michael T. Nickerson and Supratim Ghosh  
Department of Food and Bioproduct Sciences, University of Saskatchewan, 
atm582@mail.usask.ca 

High susceptibility towards lipid oxidation limits the utilization and storage of flaxseed oil (FSO), a 
rich source of essential fatty acids and vitamin E. Present study explored the effect of different 
concentrations of a polar (tannic acid), non-polar (alpha tocopherol), and surface-active (ascorbyl 
palmitate) natural antioxidants, and their combinations on the oxidative stability of FSO. As a control a 
synthetic antioxidant, tertiary butylhydroquinone (TBHQ) was also studied. Effect of the antioxidants 
on the accelerated oxidation of FSO was investigated using a rancimat at 110 _C. Oxidative stability of 
the oil at three different temperatures, 25, 40 and 60 _C was also recorded by measuring peroxide and 
p-anisidine values for 30days. Induction time for oxidation increased from 2.4 hours without any 
antioxidant to 29 hours with 400 ppm of TBHQ, to 18 hours with ascorbyl palmitate and 5 hours with 
tannic acid. Even though the natural antioxidants displayed lower effectiveness than TBHQ, 
irrespective of the polarity, all natural antioxidants, except alpha tocopherol delayed the primary and 



 43 

secondary oxidation of flaxseed oil. The alpha tocopherol displayed pro-oxidant effect at all 
concentrations due to the presence of moisture and surface-active minor components in the oil. No 
synergistic effects were obtained with the binary and ternary mixtures of the antioxidants.  This study 
shows that the ability of an antioxidant to prevent the formation and transformation of peroxides in the 
presence of moisture and minor components is important for the oxidative stability of FSO. 
 
P-23 
Pea-protein alginate capsules as a delivery system for probiotic lactobacilli in a mouse model of 
Citrobacter rodentium-induced colitis 

Natallia Varankovich*1, Alexander Grigoryan1, Kirsty Brown2, G. Douglas Inglis2, Richard R.E. 
Uwiera3, Michael T. Nickerson1 and Darren R. Korber1 

1. Department of Food and Bioproduct Sciences, University of Saskatchewan, 2. Agriculture 
and Agri-Food Canada, 5403-1st Avenue South, Lethbridge, AB, Canada, 3. Department of 
Agricultural Food and Nutritional Science, University of Alberta, 410 Agriculture/Forestry 
Centre, Edmonton, AB, Canada, nav567@mail.usask.ca 

The suitability of pea-protein alginate (PPA) capsules as a delivery system for probiotic bacteria in a 
mouse model of Citrobacter rodentium-induced colitis was investigated. The main objective was to 
determine whether PPA encapsulation of probiotic bacteria (a combination of Lactobacillus rhamnosus 
strain R0011 and Lactobacillus helveticus strain R0052) interfered with their ability to reduce the 
symptoms of colitis, or cause any other non-target effects on the host. Mice were fed diets 
supplemented with probiotic powder, probiotic capsules or blank PPA capsules. Half of animals in 
each group were gavaged with C. rodentium 2 weeks after the start of the experiment. The 
experimental approach consisted of daily monitoring of disease symptoms, analyses of 
histopathological changes in intestinal tissues, expression of genes encoding hallmark cytokines, 
pathogen and probiotic densities in fecal samples, as well as high throughput sequencing of mucosal 
bacterial communities in the distal colon. Results showed that infection of mice with C. rodentium led 
to weight loss, histopathological changes in cecal and colonic epithelium, upregulated expression of 
inflammatory cytokines and increase in the abundance of Proteobacteria in mucosa-associated 
microbiome. Administration of probiotics led to lower histopathological scores in cecum for some of 
the disease markers. However, probiotics did not suppress the expression of Inf_ or Il17 in infected 
animals. The encapsulation materials (pea protein and calcium alginate) contributed to the development 
of infection (increased expression of Inf_ and Il17, and worsened epithelial hyperplasia, crypt height 
(also in colon), inflammation, mitotic activity and goblet cell depletion. The results of the study suggest 
that even though such food ingredients as pea protein and sodium alginate may be generally recognized 
as safe, they may in fact contribute to the development of an inflammatory response in certain animal 
disease models. 
 
P-24 
Response of soybean to microbial inoculant under nutrient stressed condition 

Nazrul Islam, Seonhwa Kim, Anabelle Arbeau, Jinyang Li and Vladimir Vujanovic 
Department of Food and Bioproduct Sciences, College of AgBio, U of S, mdi985@mail.usask.ca 

Plant-microbe interactions in the rhizosphere are the determinants of plant health, productivity, and soil 
fertility. Plant growth-promoting inoculant are the microorganisms that can enhance plant growth, yield 
and protect plants from disease and abiotic stresses. The use of microbial biofertilizers is promising 
solution for sustainable agriculture in Canadian prairies. Therefore, a greenhouse study was conducted 
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to determine the effect of seed treated microbial formulations combined with various phosphorus (P) 
concentrations in soybean pot-soil. High P dose showed some negative effects on soybean growth, 
phenotypic alteration, shoot and root biomass accumulation, nodulation and yield performance 
compared to low P condition. The leaf nutrient analyses are under way to evaluate the microbial 
symbionts efficiency on P uptake and other essential nutrients (N, K and Fe) maintaining consistent 
plant health and productivity. Indiscriminate use of agrochemicals resulted in various ecological 
imbalances and environmental disasters. This result will address further into the mechanism of root-
nutrient-microbe interactions, efficient use of microbial inoculants and chemical fertilizers in 
agricultural production system. 
 
P-25 
Screening of microorganisms for biodegradation of carbon fiber reinforced plastic 

Miharu Kadowaki1*, Michiru Watanabe1, Sung-Jin Kawai2, Hitoshi Shimoi1 and Miwa Yamada1 
1. Iwate University, 2. Toyota Boshoku Corporation, g0417012@iwate-u.ac.jp 

Carbon fiber reinforced plastics (CFRPs), which are composed of carbon fiber and a matrix resin such 
as polyamide and epoxy, are structural materials widely used as parts of aerospace, automotive, sports 
goods, and so on. Because of their high strength, processing flexibility, and lower weight compared to 
metal alloys, the utilization of CFRPs is expected to increase in various application fields. Since 
CFRPs are costly, the development of chemical recycling technologies is getting a lot of attention these 
days. However, the chemical recycling methods reported previously required extreme reaction 
conditions using organic solvent, metal catalysts, high pressure, and high temperature.  
 To establish a novel recycling technology of CFRPs with lower environment impact, we searched for 
microorganisms which degrade CFRP in soils. The enrichment cultivating was carried out in a nutrient-
limiting medium (pH4.0, 7.0, and 9.0) including CFRP powder at 30oC, and the 189 strains were 
isolated. Moreover, 15 strains in the isolated strains showed weight loss of CFRP film from 2.6 to 
6.9%wt after cultivation for 1 month and an adhesion of their cells on the CFRP film surface in the 
scanning electron microscope observation. Furthermore, 14 out of the 15 strains were classified as  
Bacillus sp. and the remaining strain was found to be Achromobacter sp. by the homology search of 
16S rDNA sequence. 
 
P-26 
Specific PCR assays to determine bovine, porcine, fish and plant origin of gelatin capsules of 
dietary supplements 

Jae-Hwang Lee, Mi-Ra Kim, Cheon-Ho Jo, Yoo-Kyung Jung, Kisung Kwon and Tae Sun Kang* 
Korea Ministry of Food and Drug Safety, missa1976@gmail.com 

Fraudulent practices in the food industry cause concerns for consumers with regard to safety and 
authenticity as well as choice of food. Therefore, food control authorities require advanced detection 
methods to combat fraudulent practices such as adulteration. Gelatin, a purified protein derived mostly 
from pig skin and bovine tissue, is used widely in both food and pharmaceutical industries. In this stud, 
to determine the species of origin of capsule gelatin, we developed a sensitive and reliable test using 
the polymerase chain reaction (PCR) method, which included 1) species-specific or universal primer 
sets, designed to detect short 16S ribosomal RNA (rRNA) gene sequences from cow, pig, and fish 
(tilapia) as well as genes encoding the large subunit of plant ribulose-1,5-bisphosphate carboxylase 
oxygenase and 2) species-specific PCR coupled with whole-genome amplification. This method was 
used to verify manufacturing label claims of 28 gelatin capsule samples sold as dietary supplements. 
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The results from 27 samples were consistent with gelatin-related information on the manufacturer label, 
while one sample that mentioned tilapia gelatin was found to contain only bovine DNA. Thus, our 
method can be efficiently utilized to verify the authenticity of the origin of gelatin in various foods, 
dietary supplements, and medicines. 
 
P-27 
The effect of solid-state fermentation on the nutritional and functional properties of air classified 
pea protein concentrate 

Hayley Kumitch*, Michael Nickerson, Darren Korber and Takuji Tanaka 
Dept. of Food and Bioproduct Sciences, University of Saskatchewan, hmk160@mail.usask.ca 

Pea protein (Pisum sativum L.) represents a rich source of proteins. There is a tremendous interest in 
enhancing the utilization of pea protein ingredients as a replacement to soy protein in processed food 
products. Nutritional and functional properties of air classified pea protein concentrate (PPC) can be 
efficiently altered through fermentation, leading to ingredient line extensions to make pea protein 
products more attractive to product developers. In this study, Aspergillus niger NRRL 334 and 
Aspergillus oryzae  NRRL 5590 fermented PPC using solid-state fermentation (SSF) in order to lower 
the anti-nutritional factor levels, improve protein digestibility (in vitro PDCAAS) and improve 
functionality. Since fungal proteases create varying levels of protein hydrolysis, the resultant proteins 
were partially unraveled to give new surface properties with different functionality and sensitivities to 
human digestive enzymes. For this research, the effect of the two fungi under varied conditions 
(fermentation temperature and time) was examined on modifying the degree of hydrolysis (DH) of PPC. 
Findings indicated A. niger -SSF resulted in a DH of PPC of 36% and 34% after 72 h at 30°C and 40°C, 
respectively; and SSF A. oryzae-SSF resulted in a DH of PPC of 35% after 72 h at 30°C.  Protease 
activities produced by both fungi were maintained over the 72 h SSF duration at 5 units/mL, showing 
no effect of time or type of fungi on the production of protease. The levels of anti-nutritional factors, 
protein digestibility and protein functionality are being assessed for both fungi with PPC at varied DH 
levels. 
 
P-28 
The impact of enzymatic conditions on the degree of hydrolysis of pea protein concentrate 

Dellaney Konieczny*, Darren Korber, Michael Nickerson and Takuji Tanaka 
Dept. of Food and Bioproduct Sciences, University of Saskatchewan, djk987@mail.usask.ca 

Peas are highly regarded for their protein contents, and are commonly accepted worldwide. Pea protein 
concentrate (PPC) receives attention from food industries as plant-based alternatives for protein 
ingredients. In an effort to improve its nutritional value and performance in foods, enzymatic 
treatments were explored in this study to modify protein structures and their structure-function 
properties. The degrees of hydrolysis (DH) is a measurement of the extent of hydrolysis and due to 
enzymatic treatment during the reaction at a time period. The impact of pH, temperature, enzyme-
substrate ratio, and enzyme-type was explored for altering the degree of hydrolysis of an air classified 
PPC. Through preliminary hydrolysis tests, four enzymes (trypsin, pepsin, papain and Savinase) were 
selected. As a general recognition, enzymatic modifications to a 7-10% level are optimal for 
improvements in nutrition quality (e.g., increase in protein digestibility and decrease in anti-nutritional 
factors) and for improvement in protein functionality. The selected enzymes have differing modes of 
attack, therefore optimization of the enzymatic treatments to the same level of hydrolysis (DH 7-10), 
will enable direct comparison of the impact of enzyme-specificity and mode of action on the 
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performance of PPC. Results found to obtain optimal DH for a) papain-20 min, pH 6.2, 45oC, 1/2500; 
b) Savinase-20 min, pH 7.5, 37oC, 1/2500; c) trypsin-30 min, pH 7.5, 37oC, 1/5000; and d) pepsin-20 
min, pH 2.6, 37oC, 1/5000 (enzyme-duration, pH, temperature, enzyme/substrate ratio, respectively).  
The enzyme-modified PPC are being characterized for protein digestibility (in vitro PDCAAS), levels 
of anti-nutritional compounds and protein functionality. 
  
P-29 
The inter-relationships between wheat composition, quality and dough rheology of 25 different 
wheat cultivars 

Patricia Tozatti1, Pierre Hucl2 and Michael T. Nickerson1 
1Department of Food and Bioproduct Sciences, 2Crop Development Centre, University of 
Saskatchewan, pat066@mail.usask.ca 

The overall goal of this research is to investigate the inter-relationships between wheat quality, 
composition and dough rheology for a range of wheat cultivars (x25) selected from the a) Canada 
Western Red Spring, b) Canada Western Hard White Spring, c) General Purpose, d) Canada Prairie 
Spring, and e) Canada Western Extra Strong classes. Cultivars were selected to represent a range of 
gluten strengths based on historial breeder data. The proximate composition (e.g., moisture, protein, 
lipid, and ash), wheat quality properties (e.g., falling number, hardness index, wet gluten, dry gluten 
and gluten index) and rheology [e.g., farinograph, mixograph and small amplitude shear rheometry 
(oscillatory shear and creep recovery)] were investigated. Inter-relatinships between the composition 
and the dough handling properties within the Canada Western Red Spring class; and between the 
various classes will be examined to gain a better understanding of dough rheology. In addition, the 
research will identify specific cultivars (or classes) that are of sufficient strength to not require the use 
of chemical oxidizers or enzymers as dough improvers. Protein, ash and lipid contents were found be 
10.5-14.8% (Min: Pasteur; Max: Roblin), 0.34-0.42% (Min: CDC Whitewood; Max: Pasteur, Lillian 
and Stettler), and 0.58-0.82% (Min: Carberry; Max: CDC Walrus), respectively. Falling number and 
hardness were found to be 285-390 (Min: AAC Iceberg; Max: Shaw VB, Whitehawk) and 46.6-65.5 HI 
(Min: CDC Stanley; Max: Pasteur), respectively. Wet gluten, dry gluten and the gluten index was 
found to be 29.5-43.4% (Min: Pasteur; Max: Lillian), 9.9-15.1% (Min: Pasteur; Max: Lillian), and 
59.7-99.0 (Min: Lillian; Max: Glenn), respectively. Farinograph water absorption varied from 55.6 to 
62.6% (Min: 5702PR; Max: Lillian). Oscillatory shear rheometry the viscoelastic properties of dough 
samples prepared with the 25 flours had storage (G_), loss (G_), and complex (_G*_) moduli values of 
8.7-17.9 kPa (Min: Shaw VB; Max: 5702PR), 3.2-6.1 kPa (Min: Shaw VB; Max: Pasteur), and 9.1-
18.8 kPa (Min: Shaw VB; Max: 5702PR), respectively. Creep recovery of the same dough revealed 
dough creep compliance (Jmax) to range from 0.57 to 2.60 kPa-1 (Min: 5702PR; Max. Stettler) and 
relative elastic (Jel) to vary between 0.62 and 0.71 (Min: 5702PR, CDC Titanium, Whitehawk, and 
Stettler; Max. Pembina). Strong correlations were found between protein levels, wheat quality 
parameters and dough rheology (r = 0.65 _ protein vs water absorption, r = 0.72 wet gluten vs water 
absorption,r = 0.80 _ protein content vs rheology). Cultivars displaying stronger gluten strengths 
resulted in dough with better dough handling properties. 
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P-30 
Betalains in Amaranth spp. explored using reverse genetics 

Dinesh Adhikary* and Michael Deyholos 
University of British Columbia, Okanagan, dinesh.adhikary@ubc.ca 

Amaranth is an protein-rich C4 pseudocereal with strong adaptability to stress. It is enriched in 
specialized metabolites such as the triterpenoid, squalene, and also betalain pigments. We are using 
Amaranthus hypochondriacus L. and Amaranthus tricolor L. in conjunction with recently published 
genomic and transcriptomic information, to investigate synthesis and function of amaranth metabolites. 
There is long-standing speculation that the pigment is involved in various responses to abiotic and 
biotic stresses but evidence in support of this idea is scant. In this study, we have silenced a 
CYP76AD1 gene using VIGS (virus induced gene silencing), converting the A. tricolor plants from red 
to green. We are comparing responses to abiotic stress in these red and green plants. The pigment 
synthesis in plants was affected in response to changing light sources, tissue damage, and feeding of 
metabolites. Expression of the key gene (CYP76AD1) on the betalain biosynthesis pathway was 
positively correlated with the synthesis of pigmentation. We are currently extending these results using 
CRISPR/Cas9 mediated gene knockout system. The response of CRISPR/cas9 mutant and the normal 
red plants will be compared to better establish the physiological and ecological role of betalains.  
 
P-31 
Nutritional profiling of pea seeds by X-ray fluorescence spectroscopy 

R. Bamrah1*, P. Vijayan1, D. Muir2, C. Karunakaran2 and T.D. Warkentin1 
1Dept. of Plant Sciences, University of Saskatchewan; 2Canadian Light Source Inc., 
Saskatoon, Saskatchewan, Canada, rkb778@mail.usask.ca 

Enhancing the nutritional profile is a pulse crop breeding objective. Current methods for quantifying 
mineral concentration in seeds are time consuming, expensive, involve hazardous chemicals and are 
relatively low throughput, therefore, there is need for the development of new and effective methods 
for mineral analysis. We are developing a standard protocol for rapid analysis of minerals including Fe, 
Zn, K, and Se in pea seed flour using synchrotron-based X-ray fluorescence spectroscopy. A wide 
diversity of pea genotypes has been analysed with X-ray fluorescence spectroscopy and results will be 
compared with data arising from the standard Atomic Absorption Spectroscopy method.  13 mm 
diameter pellets of pea flour are being scanned covering 9.75 mm2 area from 13 different regions and 
data are being processed by creating macros in Microsoft Excel. 
 
P-32 
Best weed management practices in organic pulse crops 

Oleksandr Alba*, Lena Syrovy, Shaun Campbell and Steve Shirtliffe 
Department of Plant Sciences, University of Saskatchewan, aleksandr.alba@usask.ca 

Weed control is a major challenge for organic producers as yield losses due ineffective weed 
management can be as high as 80%. Currently, there is sufficient number of recommendations for 
examining the use of such mechanical weed control (MWC) tools such as rotary hoe (RH), harrow (H), 
inter-row cultivation (IT) separately. Additionally, there have been several studies examining cultural 
weed control practices such as crop rotation, increased seeding rates, choice of competitive cultivar, 
critical period of weed control, delayed seeding etc. However, these methods have not been compared 
to each other or the combined effects have not yet been evaluated.  
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This study will determine effect of MWC (RH, H and IT) and crop seeding rate on yield and weed 
suppression in organically grown pea and lentil. Experiments will be conducted on certified organic 
land at Kernen Research Farm and at Goodale farm in Saskatoon, SK during 2016/2017 field seasons. 
Seeding rates for both crops will be 1x and 2x according to organic recommendations. Initially, two 
passes of Rotary-mini will be done as a pre-emergence weed control. Next, harrow will be applied as a 
post-emergence weed control. Finally, as the Rotary mini-till and harrowing could not suppress large 
weeds one pass with the inter-row cultivator will be used.  
In 2016 field season such combinations as H-IT and RH-IT had the potential to reduce weed biomass 
up to 83% and 89% respectively in comparison with untreated check in both field pea and lentil. 
Importantly, timely application of RH-IT and H-IT in field pea grown under organic seeding rate 
resulted in 74% and 77% more grain yield compared to untreated check, while in lentil RH-IT 
treatments increased lentil yield up to 80% in comparison with control plots. The rest of the results will 
be presented at the conference.  
 
P-33 
Light-dependence of pigment profiles in Amaranthus 

Elena Benic1*, Karen K. Tanino1 and Gordon R. Gray1,2 
1. Department of Plant Science, University of Saskatchewan, 2. Department of 
Biochemistry, University of Saskatchewan, elb195@mail.usask.ca 

The chlorophylls (Chl), carotenoids (Car), anthocyanins represent major classes of plant pigments used 
for a variety of metabolic processes.  However, in the order Caryophyllales, most families (including 
Amaranthaceae) contain betalains (Bet) which replace the anthocyanins. Betalains are a group of 
water-soluble nitrogenous pigments, comprised of the yellow-orange betaxanthins (Bx) and the red-
violet betacyanins (Bc). While most common pigments are responsive to irradiance, this association 
has not been demonstrated for betalains.   The objective of this research was to evaluate how the 
betalains respond to long term adjustments to high-light (HL; 500 _mol m-2 s-1) and low-light (LL;70 
_mol m-2 s-1) growth irradiance, short-term (7 day) shifts in growth irradiance (LL to HL), high-light 
treatment (1450 _mol m-2 s-1 at 5°C for 4 h) in Amaranthus blitum. HL-grown plants showed a greater 
content of Chl, Car, Bet and an increased Bc/Bx than LL- grown plants on an area basis of the fourth 
leaf. In contrast, shifting plants from LL to HL resulted in increases in Chl and Car with no changes in 
Bet but large increases in Bc/Bx. In response to a HL treatment no significant changes in Bet were 
observed in plants grown at either HL or LL but changes in Bc/Bx were evident. Developmentally, Bet 
and Bc/Bx increased in younger leaves in response to a shift from LL to HL in comparison to their HL 
matched controls.  These results support a role for light in the accumulation of Bet and the importance 
of development when examining environmental responses. 
 
P-34 
Genome wide association study (GWAS) of selected micronutrient concentration in field pea 
(Pisum sativum L.) 

Dissanayaka DMDN1*, Jha AB2 and Warkentin TD1 
Department of Plant Sciences, University of Saskatchewan, dnd578@mail.usask.ca 

Iron (Fe), zinc (Zn) and selenium (Se) are among the 20 essential nutrients which comprise the basis of 
all human nutrition; however, a large proportion of the world's population suffers from mineral 
malnutrition. Previous studies at the University of Saskatchewan indicated substantial variation in 
micronutrient concentration in pulse crop varieties, including field pea. In order to biofortify field pea 
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through breeding, marker assisted selection is a useful method to select breeding lines with high 
concentration of the micronutrients. In this research, 177 diverse pea accessions were evaluated using 
atomic absorption spectroscopy (AAS) for Fe, Zn and Se concentrations. The effect of genotypes, 
locations, and their interactions were analyzed for 3 location-years with 2 biological replicates per 
location-year, i.e., 2013 Saskatoon, 2016 Saskatoon and 2016 Rosthern.  Genotypes differed 
significantly (P=0.001) for Fe and Zn in all location-years, but not for Se. Mean concentrations for the 
combined analysis were 50.17, 31.56, and 0.88 where the concentrations ranged as 29.22-74.76, 16.78-
51.47 and 0.06-6.12 in ppm in the solid material for Fe, Zn, and Se respectively. Year, location and 
year*location*genotype effects were significant for all three minerals.  These phenotypic data will be 
associated with genotypic data generated from genotyping-by sequencing using genome wide 
association study (GWAS). Significant single nucleotide polymorphisms (SNPs) associated with Fe, 
Zn, and Se concentration will be identified. 
 
P-35 
Genome-wide association mapping of the selected seed quality traits in Canary-seed (Phalaris 
canariensis L.) 

Manu Pratap Gangola*, Ramadoss Bharathi Raja, Udhaya Kannan, Abdullah F Altaher, Monica 
Båga, Pierre Hucl and Ravindra N Chibbar 

Department of Plant Sciences and Crop Development Centre, University of Saskatchewan, 
mag454@mail.usask.ca 

Canary-seed is a gluten-free and nutritionally rich cereal crop of Canada. Development of hairless 
Canary-seed varieties by Crop Development Center (Saskatoon, Canada) has contributed in its 
certification for human consumption by Health Canada. The nutritional composition and molecular 
diversity of Canary-seed genotypes has rarely been investigated.  Therefore, the present study 
evaluated the molecular and seed compositional variation in 94 Canary-seed genotypes grown in two 
field experiments during 2013 and 2014. Genotype, environment, and their interaction showed a 
significant impact on fat, protein, starch, and amylose concentrations in Canary-seed. Pubescent brown 
seed types (PB) Canary-seed showed higher fat and starch concentrations compared to glabrous brown 
(GB) and yellow (GY) seed types. However, protein concentration was higher in GB and GY types 
compared to PB types. Protein concentration (0.52) showed the highest broad sense heritability 
followed by fat (0.25), amylose (0.16), and starch (0.15). Protein concentration had significant negative 
correlation to fat and starch concentrations. Genome wide association study, utilising 2399 single 
nucleotide polymorphic markers and phenotypic data, identified traits-associated markers that were 
analyzed in silico to distinguish the putative candidate gene(s) regulating the selected seed quality traits 
in Canary-seed. The nutritionally balanced Canary-seed genotypes together with the traits-associated 
markers can be utilized to initiate and enhance breeding programs to develop Canary-seed verities with 
improved nutritional composition. 
 
P-36 
Free living N2 fixation in Saskatchewan soils 

Manoj Kumar*, Sina Adl and J. Diane Knight 
University of Saskatchewan, sekhwal@gmail.com 

Free living/non-symbiotic N2 fixation by diazotrophic bacteria in the soil is a potential source of 
N in agricultural systems.  Diazotrophic N2 fixation contributes substantial amounts of N to natural, 
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undisturbed systems.  We hypothesized that the longer a soil is managed with non-tillage management 
the more diazotrophic N2 fixation will occur.  In addition to investigating time in no-tillage 
management we are also investigating the effect of soil texture and soil fertility on free-living N2 
fixation. To determine free living N2 fixation activity acetylene reduction assay (ARA) and 15N2 isotope 
methods were used. Soil samples were collected from fields across Saskatchewan that had been no-till 
managed for different amounts of time, and from two native prairie sites.  Soils for the soil texture 
comparison were collected from the Watrous, SK area and were all located within a 10 km x 10 km 
area.  Diazotrophic N2 fixation was highest  in native prairie and no-tillage sites.  N2 fixation decreased 
as the time in no-till management decreased; native prairie > long-term no-till > 10 year no-till > 
annually tilled.  Soil texture also affected diazotrophic N2 fixation, with the lighter textured silt-clay 
and silt-loam soils having higher fixation rates than soils with loam and loam-clay textures.  
Furthermore, fields in the area that had been under no-till for >10 years had higher N2 fixation rates 
than fields that were tilled annually. Free-living N2-fixation appears to re-establish over time in soils 
that have been converted from annual tillage to no-tillage, approaching levels seen in native prairies.  
 
P-37 
Reuse of phosphorus in pyrogenic carbon (biochar) 

Daquan Sun*1, Raju Soolanayakanahally2, Sina Adl1, Gourango Kar1 and Lauren Hale3 
1 Department of Soil Science, College of Agriculture and Bioresources, University of 
Saskatchewan, 2. Saskatoon Research and Development Centre, Agriculture and Agri-Food 
Canada, 107 Science Place, Saskatoon SK, S7N OX2, Canada, 3Department of Microbiology 
and Plant Biology, University of Oklahoma, Norman, OK, 73019, USA, das331@mail.usask.ca 

The exploitation of phosphorus (P) ore for soil fertilization supports the high demand of modern 
agriculture, but limitations of P sources encourage research in sustainable P use, recovery and reuse. 
Although, much of the intrinsic P is retained during pyrolysis to produce pyrogenic carbon (i.e., 
biochar), the practice of P reuse by pyrolysis (PRP) has received little attention. A meta-analysis 
indicated animal manure, human excreta, and plant-biomass collected from P polluted sites to be 
sources of P-enriched biomass, all of which have been examined as feedstocks for biochar. As a soil 
amendment, biochar could serve to both supply P and reduce P loss. The release, sorption and 
desorption of P by biochar will codetermine the potential of P replenishment by biochar and P loss 
from biochar-amended soils. Factors such as pH, metal content, colloidal-sized particles, and activities 
of soil biota (arbuscular mycorrhizal fungi and phosphorous solubilizing microorganisms) are expected 
to affect sorption- desorption of P between biochar and soil aggregates and P acquisition by plants. 
Phosphorus in biochar is expected to participate in P equilibrium in soil. Chemical extraction, using 
acid or alkaline solutions, is considered as a means for P retrieval from high P biochar, especially for 
biochars with high heavy metal contents. To bridge the gap between academia and practice, this paper 
stresses key objectives for PRP: 1) identification of key biomass for pyrolysis; 2) retrieval of P from 
biochar in soils or by chemical leaching; 3) biochar modification by inorganic nutrients, P solubilizing 
microorganisms and other organic matter; and 4) compatible pyrolysis equipment fit to the current 
waste management context, such as waste water plants. 
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P-38 
Ice nucleation properties of winter wheat and rye crown tissues reveals cold acclimation 
mechanism for freezing survival 

Ian R Willick*, D Brian Fowler and Karen K Tanino 
Department of Plant Sciences, University of Saskatchewan, ian.willick@usask.ca 

While winter wheat has a 30 % higher yield than spring-seeded varieties, harsh Canadian winters have 
limited its expansion in Western Canada. To combat this problem a clearer understanding of how the 
individual tissues within the crown, the critical organ for survival, freeze is required. Cold acclimated 
crowns are more resistant to freezing due to less free water in the vascular transition zone (VTZ) and 
shoot apical meristem (SAM) meristematic regions, reducing the formation of ice and subsequent 
amount of physical damage. Remarkably, little work has been done to investigate the role of the leaf 
sheath that surrounds the crown, and how its freezing affects overall crown injury. We hypothesize that 
in cold acclimated crowns, the leaf sheath acts as an ice sink to mitigate freezing injury to the VTZ and 
SAM. Patterns of ice accumulation and injury were examined using ice sectioning, SEM and 
tetrazolium chloride vital staining in 'Norstar' winter wheat and 'Puma' rye. By manipulating the crown, 
we identified that the absence of the leaf sheath resulted in damage to the SAM and reduced recovery 
in cold acclimated 'Norstar' but not 'Puma'. These results were validated with tissue specific freezing 
tests, differential thermal analysis and ice activity assays. It is postulated that leaf sheath ice nucleation 
activity levels contribute to the establishment of whole crown freezing behaviours by ensuring the 
order of freezing among the tissues, from the primary freeze in non-critical regions to the final freezing 
event in critical tissues. 
 
P-39 
Actin isovariant ACT8 regulates Arabidopsis lateral root developmental process 

Marika Yamauchi*, Takahiro Numata and Abidur Rahman 
Department of Plant Biosciences, Faculty of Agriculture, Iwate University, Japan, 
a.singing.jasmine@gmail.com 

Actin is a highly conserved protein in both plant and mammalian systems. In plant, actin is categorized 
in two different classes: vegetative actin and reproductive actin. Vegetative actins are important for the 
growth and development of plants at early developmental stage. Arabidopis has three isovariants of 
vegetative actin: ACT2, ACT7 and ACT8. Previous research demonstrated that vegetative actins play a 
crucial role to regulate primary root and root hair development. However, it is not clear whether 
vegetative actins also regulate lateral root developmental process. In the present work, using genetic 
and cellular approaches, we tried to elucidate the role of vegetative actin in regulating lateral root 
development. Comparative analysis of different actin mutants revealed that loss of ACT8 results in 
production of more lateral roots. Consistently, act8 mutants also showed higher auxin response in 
pericycle cells from where the lateral root is produced. Collectively, these results suggest that ACT8 
functions as a negative regulator for lateral root development and cellular auxin response. 
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P-40 
Genetic analysis of developmental traits contributing to enhanced winter survival in autumn-
seeded rye (Secale cereale L.) 

Hirbod Bahrani1*, Monica Baga1, Jamie Larsen2 and Ravindra N. Chibbar1 
1. Department of Plant Science, University of Saskatchewan 2. Lethbridge Research and 
Development Centre, Agriculture and Agri-Food Canada, Lethbridge, AB, T1J 4B1, Canada, 
hib860@mail.usask.ca 

Plants undergo cold acclimation during the fall season in preparation for freezing temperatures during 
winter. This process confers much higher frost resistance in rye cultivars (LT50=-33°C) than winter 
wheat (LT50=-23°C) and translates into higher winter survival for winter rye. There have been many 
unsuccessful attempts to transfer the winter hardiness character of winter rye to wheat through breeding. 
A few of the rye cold hardiness genes are known, but a more complete picture of the complex cold 
tolerance regulon in rye is needed. Based on previous studies, we hypothesize that winter field survival 
is largely dependent on the developmental program of the plant. In this study, a set of 96 rye genotypes 
with very high to low winter hardiness were selected to identify genomic regions / genes that influence 
cold tolerance in winter rye. Field trials with the genotypes were conducted at three locations 
Saskatoon (very harsh winter), Vauxhall, AB (harsh winter) and Lethbridge, AB (mild winter) to 
determine winter survival frequencies. Several developmental traits tolerance associated with frost 
tolerance were assessed by greenhouse studies. DNA extracted from the 96 genotypes was genotyped 
by sequencing to identify single nucleotide polymorphisms (SNP), assembly of rye genetic maps and 
QTL mapping. Association mapping studies revealed that rye lines could be divided in to seven 
subpopulations. Several marker-trait associations were identified that need to be further confirmed by 
ongoing field trials. 
 
P-41 
Genetic modifications towards improving nutritive value of alfalfa 

Yaogeng Lei1*, Abdelali Hannoufa2, Yuixi Wang2, Luciana L. Pratesa1, Bill Biligetu1, John J. 
McKinnon1, David A. Christensen1 and Peiqiang Yu1 

1 University of Saskatchewan, 2 Agriculture and Agri-Food Canada, yaogeng.lei@usask.ca 
Genetic engineering has been richly studied towards improving forage quality due to its high efficiency 
and accuracy in plant breeding. TT8 and HB12 are two transcriptional factors in phenylpropanoid 
pathway, which serves the source of lignin, flavonoids and many other metabolites. Observations 
showed low expressions of TT8 and HB12 in low-lignin Brassica napus, indicating their potential uses 
in forage breeding towards lignin reduction. Therefore, to determine influences of silencing TT8 and 
HB12 on chemical profiles, CNCPS protein and carbohydrate fractions (v6.55) and energetic values 
(NRC 2001) of alfalfa, TT8-silenced (TT8i) and HB12-silenced (HB12i) alfalfa were generated by 
RNAi via Agrobacterium tumefaciens. Transgenic alfalfa with wild type (WT) were grown in 
greenhouse and harvested before flowering (5 TT8i, 11 HB12i and 4 WT). Results showed that 
transgenic alfalfa had: 1) higher OM, NDF, ADF, ADL, NDICP, ADICP and sugar, but lower ash, CP, 
EE and starch; 2) increased CHO, CA4, CB2, CB3, CC, PC fractions, but decreased CB1and PB1 
factions in CNCPS system; 3) increased tdNDF, but decreased TDN1x, DE, ME and NE value; 4) 
HB12i had lowest DM, CP, PB1 and energy values, while TT8i had lowest ash but was not 
significantly differed from WT in EE, ADL, NDICP, sugar, CA4 and CC fractions. In conclusion, 
transgenic alfalfa had increased CHO profiles and degradation; meanwhile, decreased CP and slowed 
down its degradation. All in all, transgenic alfalfa had improved nutritive value and TT8i was the best 
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transgenic line with moderate compromises in protein profiles while improving degradation 
characteristics. 
  
P-42 
Interaction of Arabidopsis ribosome biogenesis factors HRR25-LTV 

Kumarakurubaran Selvaraj* and Peta Bonham-Smith  
Department of Biology, University of Saskatchewan, kumar.selvaraj@usask.ca 

Ribosomes are ubiquitous cellular nano-machines that translate the genome into the proteome of all 
living cells. Ribosome biogenesis is often linked to cellular homeostasis and growth rate. Ribosome 
biogenesis is well described in bacteria, yeast and mammals, however, little is known in plants. In yeast, 
ribosome biogenesis requires multiple rRNA processing steps in concurrence with ~250 ribosome 
biogenesis factors (RBFs). In this process, HRR25  is an essential gene encoding a casein kinase1-like 
(CK1L) protein that interacts with the RNA helicase LTV1. This HRR25-LTV1 complex regulates the 
incorporation of small subunit ribosomal proteins RPS3 and RPS10 that line the mRNA entry channel 
of the 40S small subunit. HRR25-TIF6 interactions regulate the 60S large subunit association for 
translation of incoming mRNA. Both these interactions are key ribosome maturation events. In 
Arabidopsis thaliana, 14 CK1L isoforms (1-13, 9 α-β) have been reported as plasmodesmata-
associated kinases. Phylogenetic analysis of these CK1L isoforms shows five of the 14 (including a 
pseudogene) closely cluster with yeast HRR25p. Yeast two hybrid studies show differential association 
of each of the four AtHRR25A-D isoforms with the single copy of AtLTV1. Differential, tissue-specific 
expression of the four isoforms suggests that there may actually be tissue-specific, developmental-
specific and/or stress-specific AtHRR25A-D: LTV1 interactions in Arabidopsis. 
 
P-43 
Comparison of NIR and ATR-FT/MIR spectroscopy based on spectral preprocessing and 
wavelength selection for the determination of chemical composition and protein digestibility of 
wheat 

Haitao Shi* and Peiqiang Yu 
Department of Animal and Poultry Science, College of Agriculture and Bioresources, 
University of Saskatchewan, haitao.shi@usask.ca 

Wheat is one of the most commonly cultivated crops in the world. The application of traditional 
methods for determining chemical composition and nutrient digestibility is time consuming and 
requires a high level of experience and expertise. Infrared spectroscopy associated with chemometrics 
has proven to be rapid and non-destructive approach for screening or even analytical purposes in cereal 
research. To date, most quantitative spectroscopy has been based on NIR spectroscopy, the use of MIR 
technique for quantitative analysis is still under development and not as mature as for NIR. In this 
study, 80 wheat samples were collected and tested for chemical composition and in vitro digestibility 
of CP. The NIR spectra (680-2500 nm) and MIR spectra (4000-700 cm-1) of all samples were 
collected with the NIR and FT/IR spectrometers. The spectra were imported into the Unscrambler X, 
v10.3 (CAMO, Oslo, Norway). Some preliminary descriptive analyses were performed by both graphic 
tools and numerical results. To remove the spectral baseline shift, noise, and light scatter effects, nine 
preprocessing methods were applied, including baseline offset, standard normal variate (SNV), 
detrending, SNV + detrending, multiplicative scatter correction, first derivative, second derivative, first 
derivative + SNV, and second derivative + SNV. Partial least square regression models would be 
constructed based on different wavelength ranges. The performance of NIR and ATR-FT/MIR 
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spectroscopy for the quantitative analysis of chemical composition and in vitro digestibility of CP is 
expected to be revealed when all the calibration and validation procedure is completed. 
Keywords: infrared spectroscopy; chemometrics; feed and food; calibration 
 
P-44 
Withdrew 
 
P-45 
Heating demand and economic feasibility analysis for year-round vegetable production in 
greenhouses on the Canadian prairies. 

Md. Shamim Ahamed1*, Huiqing Guo2, Karen Tanino3 and Lisa Taylor3 
1 Graduate Student, Division of Environmental Engineering, University of Saskatchewan, 2 
Department of Mechanical Engineering, University of Saskatchewan, 3 Department of Plant 
Science, University of Saskatchewan, mda469@mail.usask.ca 

Greenhouse vegetable production in the Canadian Prairies is important for creating a sustainable 
regional food economy, especially in northern communities. This study includes the estimation of 
heating demand for year-round production, and evaluation of the economic feasibility of greenhouse 
vegetable production (Tomato, Cucumber, and Pepper) in Saskatchewan. The annual heating 
requirement for the production of tomato, cucumber, and pepper was found to be 1813 MJ m-2, 1964 
MJ m-2, and 1852 MJ m-2, respectively. The heating contribution of supplemental lighting by using 
High-Pressure Sodium were 13.87%, 17.25%, and 14.5%, for tomato, cucumber, and pepper, when 
50W/m2 was used for a 14-h, 18-h, and 16-h photoperiod, respectively. The net return (NR) from the 
production of tomato, cucumber, and pepper, were $67.48/m2, $39.30/m2 and $43.99/m2, respectively. 
The net present value (NPV) for the tomato, cucumber, and pepper production was about  $ 31 million, 
$15 million, and $ 17 million, respectively, with a benefit-cost ratio (BCR) of 1.35, 1.16, and 1.18. The 
economic feasibility analysis indicates the production of tomato would provide better economic return 
as compared to the production of cucumber and pepper in greenhouses. 
 
P-46 
Gene silencing triggered by overexpressing AtFAD2 in Arabidopsis 

Chang Du, Yangyang Chen, Kai Wang, Meng Zhang 
College of Agronomy, Northwest A&F University, Yangling, Shaanxi, China 712100. 
zhangm@nwsuaf.edu.cn 

Fatty acid desaturase 2 (FAD2) catalyzes oleic acid (18:1) to produce linoleic acid (18:2) in seeds, 
which is essential for humans. AtFAD2, driven by seed specific phaseolin promoter, was transformed 
into Arabidopsis for increasing linoleic acid. A visible maker DsRed was also included in the binary 
expression vector. However, it is surprising to find that 18:2 decreased in 90% FAD2 sense 
overexpressing lines (FAD2OE D lines) and increased in only a few lines (I lines). The above AtFAD2 
construct was transferred into kcs18-1 mutant with as high as 30% of 18:1. The results were consistent 
with the phenotype in WT background, which excluded a possibility of limited substrate for FAD2. 
Germination test of T1 seeds showed that the germination rate of FAD2OE T1 seeds was nearly as 
same as WT, which suggested that the above tested T2 lines could represent the phenotypes of whole 
T1 lines. mRNA levels of FAD2 in developing seeds of above FAD2OE lines were detected and 
relative expression ratios to WT were determined. Primers for 5’ UTR and coding region were 
designed for evaluating expression levels of endogenous FAD2 (eFAD2) and total levels of endogenous 
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and transgenic FAD2 (tFAD2) respectively. Expression analysis showed that both tFAD2 and eFAD2 
levels decreased in developing seeds of D lines, while tFAD2 levels increased and eFAD2 levels were 
not largely affected in developing seeds of I lines. In summary, the decrease of 18:2 was caused by 
gene silencing of both interior and transgenic FAD2 in most FAD2OE lines. 
 
 
P-47 
Effects of GAR dwarfing gene Rht12 on plant height, plant developmental and agronomic traits 
in bread wheat 

Liang Chen1, Yingying Du1, Yushen Wang1, Zhiyuan Yang1, Yin-Gang Hu1,2* 
1 State Key Laboratory of Crop Stress Biology in Arid Areas and College of Agronomy, 
Northwest A&F University, Yangling, Shaanxi, China; 2 Institute of Water Saving Agriculture 
in Arid Regions of China, Northwest A&F University, Yangling, Shaanxi, China. 
huyingang@nwsuaf.edu.cn 

  
Opportunities exist for replacing reduced height (Rht) genes Rht-B1b and Rht-D1b with alternative 
dwarfing genes, such as the gibberellin-responsive gene Rht12, for bread wheat improvement. In this 
study, effects of Rht12 were assessed using F2:3 and F3:4 lines derived from a cross between 
Ningchun45 (Vrn-B1) and Karcagi (Rht12). Rht12 significantly decreased stem length (43% for 
peduncle) while the thickness of the internode walls were increased. Though the final plant stature was 
shortened (40%) by Rht12, the seedling vigour, especially coleoptile length and root traits at the 
seedling stage, were not affected adversely. Ear fertility and grain number was significantly increased 
in the dwarf lines. However, Rht12 delayed anthesis date by around 5 days and even the dominant Vrn-
B1 could not compensate this negative effect which will hinder its utilization in wheat breeding. 
Additionally, grain size was reduced significantly by Rht12 which may be caused by the late maturity 
of Rht12. For advancing the flowering time of the Rht12 dwarf lines, photoperiod-insensitivity allele 
Ppd-D1a was introduced through the cross between Jinmai47 (Ppd-D1a) and Karcagi (Rht12). The 
results showed that Ppd-D1a can break the delaying effect of Rht12 on flowering time, and promote 
earlier flowering (163.2°Cd; 9.0 days) in the dwarf lines through shorten the late reproduction phase. 
Ppd-D1a was significantly increased 1000-grain weight (16.9%) in both the dwarf and tall lines, 
respectively. Clearly, Ppd-D1a could be used for promote earlier flowering in the Rht12 dwarf lines 
and that will be conducive to the successful utilization of Rht12 in wheat breeding programs. 
 
P-48 
Improving drought tolerance and water use efficiency in wheat 

Yin-Gang Hua, b, Liang Chena  
a State Key Lab of Crop Stress Biology for Arid Areas and College of Agronomy, Northwest 
A&F University, Yangling,  Shaanxi, 712100, P. R. China; b Institute of Water Saving 
Agriculture in Arid Regions of China, Yangling, Shaanxi, 712100, China. huyingang@126.com 

Wheat is mainly grown in rainfed and irrigation-limited regions, where drought is one of the most 
important stresses worldwide, therefore improving drought tolerance is of great important for wheat 
production. As drought might occur at every growth stages to various severities, different traits 
involved in the drought tolerance at different stages, therefore drought tolerance is a complex and 
quantitate trait. For improving drought tolerance, we used various traits as suggested, such as coleoptile 
length for seedling emergence, early vigor for quick seedling population establishment, higher 
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transpiration efficiency (CID) for leaf structure, canopy temperature for root system, etc. We also 
evaluated the effects of GA-responsive dwarfing genes of Rht4, Rht12, Rht13, Rht18 on the drought 
related and agronomic traits, found that those genes could improve coleoptile length, seedling early 
vigor and root system in general, while reducing plant height to some extent, compared with the GA-
insensitive dwarfing genes RhtB1b and RhtD1b, but their effects varied greatly with the different 
genetic background. Combining those strategies, some good wheat lines are created, which may 
provide good germplasm for wheat production in the rainfed areas. 
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