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Welcome –– Bienvenue à Québec!

Welcome to the CAPB 2022 Conference!
This 13th biennal Conference of the CAPB is a little special, given the in-person meeting gap we
had to live with for most of the last two years due to the COVID-19 pandemic. It’s great to have
you all in person this week in Québec!
Consistent with the featured theme of the Conference this year, ADAPTATION TO CLIMATE CHANGE,
the scientific program will include two full morning sessions on “Abiotic Stresses… and Biotic
Stresses… in a Changing Climate”. The Conference will also include a full session on Cannabis
Biotechnology and Plant Molecular Breeding, a full session on Plant Biofactories for proteins and
metabolites, two poster sessions, and an exciting panel session to close the meeting with industry
players and academics on regulating plant biotechnology and communicating science to the
public. The program will feature several GUEST PRESENTATIONS by internationally renowned leaders
in plant biotechnology, and an OPENING CONFERENCE by Dr. Yafan Huang, CEO of Performance Plants
and former President of the CAPB. The Conference will also be an opportunity for the association
to present the first CAPB LIFETIME ACHIEVEMENT AWARD, awarded this year to Dr. Alison Ferrie,
Principal Research Officer at National Research Council Canada, Saskatoon, in recognition of her
remarkable contributions to the CAPB, to the International Association for Plant Biotechnology
(IAPB), and to the development of plant biotechnology in Canada.
This year’s edition of the CAPB Conference promises to be very exciting and very busy, with more
than 50 research communications and multiple opportunities for everyone to meet colleagues
and friends, to make new contacts, to establish fruitful collaborations, and, of course, to visit our
beautiful Québec City.
The Organizing Committee
Marie-Claire Goulet, Conference manager
Dominique Michaud, Chair
Charles Goulet
Edel Pérez-Lopez
Davoud Torkamaneh
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General Information

CONFERENCE VENUE
The CAPB 2022 Conference will be held in Quebec City on the campus of Laval University. All oral
talks, poster presentations and social events will take place at Pavillon Alphonse-Desjardins–
Maurice Pollack (see next pages for campus and building maps). Oral talks will be given in Salle
Hydro-Québec (room ADJ-2530). Poster presentations, coffee breaks and lunches will take place
in Le Grand Salon (room POL-2244). The reception and the banquet on Tuesday evening will be
held in room Le Cercle (ADJ-4512/4514), on the 4th floor of Pavillon Alphonse-Desjardins.
ORAL PRESENTATIONS
During the coffee break preceding the session in which you are presenting, we ask you to please
transfer your presentation on the dedicated computer in Salle Hydro-Québec (ADJ-2530) using
a USB stick, approximately 15 min before the session starts. Staff will be present during the breaks
to help you. Oral talks selected from submitted abstracts will last 15 min, including time for
questions. Guest presentations will last 35 min, including questions, unless specified otherwise
in the schedule.
POSTERS
The poster area will be located in Le Grand Salon (POL-2244). Please set up your poster on
Monday, 22 August between 7:00 and 8:30 AM, or between 10:30 and 11:00 AM during the first
morning break. Please remove your poster on Wednesday, at the end of the Conference; any
poster remaining after 1:00 PM will be discarded, unless instructed otherwise.
WIRELESS INTERNET
Connect to the network “UL_Visiteur_Guest” to access the Internet free of charge. You will be
asked to accept the User terms. No password is required to access this network.
FOOD
Coffee and other beverages will be available in Le Grand Salon (POL-2244) before the morning
session, from 8:00 AM to 8:30 on Monday, Tuesday and Wednesday; and during the scheduled
morning and afternoon breaks. Lunch boxes will be provided on Monday and Tuesday in Le Grand
Salon (POL-2244). The meeting reception and the banquet will be held on Tuesday evening in
room Le Cercle (ADJ-4512/4514), from 6:30 to 10:00 PM. Lunches, coffee breaks, the reception
and the banquet were all included in the registration fees.
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Laval U Campus Map

Lieux utiles

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Centre des foresteries des
Laurentides
Maison Omer-Gingras
Maison Couillard
Serres hautes performances
Pavillon Envirotron
Pavillon des services
Pavillon de médecine dentaire
Centrale d’eau refroidie
Pavillon Gene-H. -Kruger
Pavillon Abitibi-Price
Pavillon Charles-EugèneMarchand
Pavillon Ferdinand-Vandry
Héma-Québec

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

Pavillon Paul-Comtois
CPE La Petite Cité
Pavillon Agathe-Lacerte
Stade TELUS
Pavillon d’optique photonique
laser
Pavillon Alexandre-Vachon
Pavillon Adrien-Pouliot
Pavillon Charles-De-Koninck
Pavillon Jean-Charles-Bonenfant
PEPS
Pavillon Palasis-Prince
Pavillon J.-A. -DeSève
Pavillon La Laurentienne
Pavillon des sciences de

28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

l’éducation
Pavillon Félix-Antoine-Savard
Maison Eugène-Roberge
Maison Marie-Sirois
Pavillon Alphonse-Desjardins
Pavillon Maurice-Pollack
Pavillon Ernest-Lemieux
Pavillon H.-Biernans-L.-Moraud
Pavillon Alphonse-Marie-Parent
Pavillon Louis-Jacques-Casault
Centre de gestion des matières
dangereuses
Pavillon Gérard-Bisaillon
Maison Michael-John-Brophy
Pavillon de l’Est
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Desjardins–Pollack Building Map
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Scientific Program | Guest Speakers and Panelists

Monday 22 August
CAPB 2022 Opening Conference
Yafan Huang, Performance Plants inc.
Session I – Abiotic Stresses in a Changing Climate
Jonathan Lynch, Penn State College of Agricultural Science
Session II – Cannabis Biotechnology and Molecular Breeding
Max Jones, University of Guelph
David Joly, Université de Moncton
Tuesday 23 August
SESSION III – Biotic Stresses in a Changing Climate
Jian Hua, Cornell University
Christian Danve Castroverde, Wilfrid Laurier University
SESSION IV • Plant Biofactories – 1 | Specialized Metabolism
Isabel Desgagné-Penix, Université du Québec à Trois-Rivières
SESSION IV • Plant Biofactories – 2 | Recombinant Proteins
Pierre-Olivier Lavoie, Medicago inc.
Frederike Stock and Richard Poire, Australian National University
Wednesday 24 August
PANEL SESSION • Current Developments and Challenges in Plant Biotechnology
Kevin Gellatly, Bayer Crop Science
Jennifer Hubert, CropLife Canada
Allison McDonald, Wilfrid Laurier University
Stuart Smyth, University of Saskatchewan
Krista Thomas, Canada Grains Council
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Scientific Program | Short Version

SUNDAY, August 21
06:00 - 08:00 PM

Registration Open • Le Grand Salon (POL-2244)

06:00 - 08:00 PM

Outgoing Executive Board Meeting • ADJ-3347

MONDAY, August 22
07:00 - 09:30 AM

Registration Open • POL-2244

08:30 - 08:45 AM

Welcome Remarks • Salle Hydro-Québec (ADJ-2530)

08:45 - 09:30 AM

OPENING CONFERENCE • ADJ-2530

09:30 - 10:30 AM

SESSION I • Abiotic Stresses in a Changing Climate • ADJ-2530

10:30 - 11:00 AM

Coffee Break and Networking • POL-2244

11:00 - 12:00 PM

SESSION I • Abiotic Stresses in a Changing Climate (cont'd) | ADJ-2530

12:00 - 1:00 PM

LUNCH • POL-2244

01:00 - 02:00 PM

Poster Session • POL-2244
Student Presentation Awards: Evaluation of Even # Posters

02:00 - 03:40 PM

SESSION II • Cannabis Biotechnology and Molecular Breeding • ADJ-2350

03:40 - 04:10 PM

Coffee Break and Networking • POL-2244

04:10 - 04:55 PM

SESSION II • Cannabis Biotechnology and Molecular Breeding | ADJ-2530

06:30 - 08:30 PM

Student Social Event • POL-2244

TUESDAY, August 23
08:00 - 09:00 AM

Registration Open • POL-2244

08:30 - 10:40 AM

SESSION III • Biotic Stresses in a Changing Climate • ADJ-2530

10:40 - 11:10 AM

Coffee Break and Networking • POL-2244

11:10 - 12:30 PM

SESSION IV – 1 • Plant Biofactories | Specialized Metabolism • ADJ-2530

12:30 - 01:10 PM

LUNCH • POL-2244

01:15 - 02:00 PM

Poster Session • POL-2244
Student Presentation Awards: Evaluation of Odd # Posters
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TUESDAY, August 23 (Cont’d)
02:00 - 03:40 PM

SESSION IV – 2 • Plant Biofactories | Recombinant Proteins • ADJ-2530

03:40 - 04:10 PM

Coffee Break and Networking • POL-2244

04:10 - 05:10 PM

SESSION IV – 2 • Plant Biofactories | Recombinant Proteins • ADJ-2530

05:30 - 06:30 PM

CAPB General Assembly • ADJ-2530

06:30 - 07:30 PM

Reception & Lifetime Achievement Award • Le Cercle (ADJ-4512/4514)

07:30 - 10:00 PM

Banquet • Le Cercle (ADJ-4512-4514)

WEDNESDAY, August 24
08:00 - 08:30 AM

Registration Open • POL-2244

08:30 - 11:30 AM

PANEL SESSION • Current Developments and Challenges in Plant
Biotechnology • ADJ-2530

10:00 - 10:30 AM

Coffee Break & Networking • POL-2244

11:30 - 11:45 AM

Awards for Student Presentations • ADJ-2530

11:45 - 12:00 PM

Closing Remarks • ADJ-2530

12:30- 13:30 PM

Incoming Executive Board Meeting • EVT-1147z (Pavillon Envirotron)
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Scientific Program | Detailed Version

SUNDAY, August 21
06:00 - 08:00 PM

Registration Open • Le Grand Salon (POL-2244)

06:00 - 08:00 PM

Outgoing Executive Board Meeting • ADJ-3347

MONDAY, August 22
07:00 - 09:30 AM

Registration Open • Le Grand Salon (POL-2244)

08:30 - 08:45 AM

Welcome Remarks • Salle Hydro-Québec (ADJ-2530)
Dominique Michaud, Head, CRIV, Université Laval
Rima Menassa, President, CAPB; AAFC, London

08:45 - 09:30 AM

OPENING CONFERENCE • ADJ-2530
Chair: Rima Menassa, Agriculture and Agri-Food Canada, London
Deciphering key genetic regulators for enhancing crop yield under
increasing global climate volatility
Yafan Huang, Performance Plants inc.

09:30 - 10:30 AM

SESSION I • Abiotic Stresses in a Changing Climate • ADJ-2530
Chair: Sangeeta Dhaubhadel, Agriculture and Agri-Food Canada, London
9:30 - 10:10 AM
GUEST PRESENTATION • Roots of the second Green Revolution

Jonathan Lynch, Penn State College of Agricultural Science
10:10 - 10:30 AM
Improving abiotic stress tolerance in barley through genetic manipulation
of the gamma amino butyric acid (GABA) pathway
Pankaj Bhowmik, National Research Council Canada, Saskatoon
10:30 - 11:00 AM

Coffee Break and Networking • Le Grand Salon (POL-2244)
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11:00 - 12:00 PM

SESSION I • Abiotic Stresses in a Changing Climate (cont'd) | ADJ-2530
Chair: Pankaj Bhowmik, National Research Council Canada, Saskatoon
11:00 - 11:15 AM
SPL12 regulates nodulation under osmotic stress and nitrate sufficiency
conditions by targeting AGL6 and AGL21 in Medicago sativa
Vida Nasrollahi, Western University
11:15 - 11:30 AM
Assessing flag leaf cuticular wax responses to heat and drought stress in a
Canadian bread wheat cultivar (Triticum aestivum L.)
Aswini Kuruparan, University of Toronto Scarborough
11:30 - 11:45 AM
miR156/SPL network negatively regulates aluminum stress tolerance in
Medicago sativa by targeting SPL13
Gamalat Allam, Western University
11:45 - 12:00 PM
Development of a dihaploid germplasm to facilitate potato breeding
Samuel Gagnon, Université Laval

12:00 - 1:00 PM

LUNCH • POL-2244

01:00 - 02:00 PM

Poster Session • POL-2244
Student Presentation Awards: Evaluation of Even # Posters

02:00 - 03:40 PM

SESSION II • Cannabis Biotechnology and Molecular Breeding • ADJ-2350
Chair : Davoud Torkamaneh, Université Laval
02:00 - 02:35 PM
GUEST PRESENTATION • Challenges

and progress in cannabis tissue culture

Max Jones, University of Guelph
02:35 - 03:10 PM
GUEST PRESENTATION • Comparative

genomics reveal evolutionary
patterns leading to diversification of secondary metabolite production
in cannabis
David Joly, Université de Moncton
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03:10 PM - 03:25 PM
Impact of DNA methylation on uniformity of clones of cannabis
(Cannabis sativa L.) produced in tissue culture
Justin Boissinot, Université Laval
03:25 - 03:40 PM
Establishing Chlamydomonas reinhardtii as a promising biotechnological
host for heterologous synthesis of cannabinoids
Serge Basile Nouemssi, Université du Québec à Trois-Rivières
03:40 - 04:10 PM

Coffee Break and Networking • Le Grand Salon (POL-2244)

04:10 - 04:55 PM

SESSION II • Cannabis Biotechnology and Molecular Breeding | ADJ-2530
Chair : Davoud Torkamaneh, Université Laval
04:10 - 04:25 PM
NanoGBS + : An improved Genotyping-by-Sequencing (3D-GBS) and
amplicon sequencing for genomic selection and marker assisted
selection
Maxime de Ronne, Université Laval
04:25 - 04:40 PM
Genetic engineering of carbon flow Arabidopsis seeds to accelerate
high protein canola breeding
Kallum McDonald, University of Alberta
04:40 - 04:55 PM
Epigenetic variation and enhanced vegetative growth in
micropropagated berry crops for wide adaptability and early berry
production in northern environment
Samir C. Debnath, Agriculture and Agri-Food Canada, St. John’s

06:30 - 08:30 PM

Student Social Event • Le Grand Salon (POL-2244)
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TUESDAY, August 23
08:00 - 09:00 AM

Registration Open • Le Grand Salon (POL-2244)

08:30 - 10:40 AM

SESSION III • Biotic Stresses in a Changing Climate • ADJ-2530
Chair: Edel Perez-Lopez, Université Laval
08:30 - 09:05 AM
GUEST PRESENTATION •

modulators

Plant autoimmunity – triggers, executers, and

Jian Hua, Cornell University
09:05 - 09:40 AM
GUEST PRESENTATION •

A genetic roadmap towards resilient plant immune
systems for a warming climate
Christian Danve Castroverde, Wilfrid Laurier University
09:40 - 09:55 AM
Using ubiquitin variants (UbVs) to protect plants from emerging viruses
J K Anuradha De Silva, University of Manitoba
09:55 - 10:10
Specialized metabolites from tomato and Arabidopsis impact the
Trichopulsia ni gut microbiome
Andreea Bosorogan, University of Toronto Scarborough
10:10 AM - 10:25
Cytochrome P450s and partial resistance against Phytophthora sojae in
soybean
Praveen Khatri, Western University
10:25 - 10:40
Using high throughput multi-omics data to investigate Plasmodiophora
brassicae resistance in Brassica napus canola
Dinesh Adhikary, University of Alberta
10:40 - 11:10 AM

Coffee Break and Networking • Le Grand Salon (POL-2244)
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11:10 - 12:30 PM

SESSION IV • Plant Biofactories – 1 | Specialized Metabolism • ADJ-2530
Chair: Charles Goulet, Université Laval
11:10 - 11:45 AM
GUEST PRESENTATION •

Microalgae as a green bio-factory for the
production of plant molecules of interest
Isabel Desgagné-Penix, Université du Québec à Trois-Rivières
11:45 - 12:00 PM
Control of specialized metabolism by the JAZ-MYC signaling module:
Insights from higher-order Arabidopsis mutants
Ian Major, Natural Resources Canada, Québec
12:00 - 12:15 PM
Characterization of norbelladine synthase and noroxomaritidine/
norcraugsodine reductase reveals a novel catalytic route for the
biosynthesis of Amaryllidaceae alkaloids
Bharat Bhusan Majhi, Université du Québec à Trois-Rivières
12:15 - 12:30 PM
Elucidation of crucial enzymatic steps for eugenol synthesis in tomato
Sylvain Villot, Université Laval
12:30 - 01:10 PM

LUNCH • Le Grand Salon (POL-2244)

01:15 - 02:00 PM

Poster Session • POL-2244
Student Presentation Awards: Evaluation of Odd # Posters

02:00 - 03:40 PM

SESSION IV • Plant Biofactories – 2 | Recombinant Proteins • ADJ-2530
Chair: Dominique Michaud, Université Laval
02:00 - 02:35 PM
GUEST PRESENTATION

• Proficia®: a highly versatile plant expression
technology for vaccine discovery and manufacturing
Pierre-Olivier Lavoie, Medicago
02:35 - 03:10 PM
GUEST PRESENTATION •

“I spy with my little eye …“ : Using phenotyping
tools and machine learning to improve robustness in plant based
recombinant expression systems
Frederike Stock, Australian National University
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03:10 - 03:25 PM
Production and characterization of virus-like particles displaying PRRSV
epitopes in Nicotiana benthamiana
Jordan VanderBurgt, Western University
03:25 - 03:40 PM
Next-generation protein nanoparticle vaccines to prevent Salmonella
infection in poultry
Carly Charron, Western University
03:40 - 04:10 PM

Coffee Break and Networking • Le Grand Salon (POL-2244)

04:10 - 05:10 PM

SESSION IV • Plant Biofactories – 2 | Recombinant Proteins • ADJ-2530
Chair : Rima Menassa, AAFC, London
04:10 - 04:40 PM
Hormonal balances, physiological dynamics and recombinant protein
yields in plant biofactories
Dominique Michaud, Université Laval
04:40 - 04:55 PM
N-glycosylation pathway understanding: a prerequisite need for the
production of biologics in microalgae
Narimane Mati-Baouche, Université de Rouen Normandie
04:55 - 05:10 PM
Effects of water stress on recombinant antiviral vaccine accumulation in
Nicotiana benthamiana cultivated hydroponically in NFT gutters
Jessica Samson-Tshimbalanga, Université Laval

05:30 - 06:30 PM

CAPB General Assembly • Salle Hydro-Québec (ADJ-2530)

06:30 - 07:30 PM

Reception & Lifetime Achievement Award • Le Cercle (ADJ-4512/4514)

07:30 - 10:00 PM

Banquet • Le Cercle (ADJ-4512-4514)
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WEDNESDAY, August 24
08:00 - 08:30 AM

Registration Open • Le Grand Salon (POL-2244)

08:30 - 10:30 AM

PANEL SESSION • Current Developments and Challenges in Plant
Biotechnology • ADJ-2530
MODERATOR

Yafan Huang, Performance Plants Inc.
GUEST PANELISTS

Kevin Gellatly, Bayer Crop Science
Jennifer Hubert, CropLife Canada
Allison McDonald, Wilfrid Laurier University
Stuart Smyth, University of Saskatchewan
Krista Thomas, Canada Grains Council
08:30 - 09:30 AM
PART 1 :

Short introductory talks on basic concepts and principles :
rational-based decision making, scientific literacy, public communication
and acceptance, product commercialization, etc.
09:30 - 10:00 AM
PART 2 :

Questions & discussion period (beginning)

10:00 - 10:30 AM

Coffee Break & Networking • Le Grand Salon (POL-2244)

10:30 - 11:30 AM

PANEL SESSION • Current Developments and Challenges in Plant
Biotechnology (cont’d) • ADJ-2530
10:30 - 11:30 AM
PART 2 :

Questions & discussion period (cont’d)

11:30 - 11:45 AM

Awards for Student Presentations • ADJ-2530

11:45 - 12:00 PM

Closing Remarks • ADJ-2530

12:30- 13:30 PM

Incoming Executive Board Meeting • EVT-1147z (Pavillon Enviroron)
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Abstracts | Oral Talks

1 - OPENING CONFERENCE • Deciphering key genetic regulators for enhancing crop yield
under increasing global climate volatility
Jiangxin Wan1, Mingde Deng1, Shujun Yang1, Xurong Tang1, Gary Tian1, Katelin Joslin1, Jifeng
Ying1, Peter McCourt1, Yafan Huang1
1Performance

Plants Inc

Heat and drought stresses occurring at reproductive stages often result in significant and
permanent damage to crop yields. However, there is a significant gap in our knowledge on how
plants cope with these stresses at the critical yield determining stages. In this study, we address
some of the key reasons on why such an important research area remains as one of the weakest
links in plant science. To solve this challenging problem, we employed a large-scale,
developmentally defined, gain-of-function genetic screen in an activation-tagged population of
Arabidopsis using silique formation as the phenotyping method to reveal crucial genetic
regulators for enhancing heat and drought tolerance during flowering and seed set. Ectopic
expression of the identified genes in Arabidopsis and canola would enhance plants’ ability to
tolerate single or simultaneous heat and drought stresses, resulting in reduced seed abortion and
better seed yield. We further decipher the precise genetic and physiological mechanisms through
which these genes regulate stress tolerance. The positive gene effects on stress tolerance and
yield enhancement are further supported by the data from large-scale field trials over a wide
range of geographical regions with various climate conditions, thus the results from our study
represent a significant breakthrough for enhancing crop productivity under variable and adverse
environmental conditions worldwide.

2 - GUEST PRESENTATION • Roots of the second Green Revolution
Jonathan Lynch1
1The

Pennsylvania State University

New crops less demanding of water and nutrients are urgently needed in global agriculture. In
this talk I discuss prospects for breeding crops with superior root phenotypes that permit better
soil resource capture and therefore better yield in poor soil, focusing on my own work with
common bean, soybean, and maize on 5 continents.
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3 - Improving abiotic stress tolerance in barley through genetic manipulation of the
gamma amino butyric acid (GABA) pathway
Pankaj Bhowmik1, Brittany Polley1, Xuan Yang1, Shengijan Ye1, Alan Feurtado1, Wen Zang2, Brooke
Coller2, Aaron Beattie2
1National

Research Council of Canada, Saskatoon, SK, Canada, 2Department of Plant Sciences, University of
Saskatchewan, Saskatoon, SK, Canada

Barley is a significant Canadian crop with an average of 6.8 million acres seeded over the past 5
years, with 2.8 million of those acres in Saskatchewan. Although barley tolerates salinity better
than other field crops and it can tolerate soil conductivities of up to 8.0 dSm-1, barley yield
reductions occur once conductivity reaches 4.0 dS m−1. This project focuses on screening for
salinity tolerance across barley germplasm relevant to western Canada and investigates the
involvement of Gamma Aminobutyric acid (GABA) in the tolerance mechanism. We have
identified significant variation in grain GABA concentration and, importantly, have identified a
promising association between salt tolerance (as measured by relative shoot growth) and grain
GABA in Canadian barley varieties that represent a diversity of end-uses (malt, feed, forage).
Further, towards gene editing activities to increase GABA levels, barley GABA-T orthologs on
chromosomes 1H, 2H, and 7H have been identified and 5 guide RNAs for creating functional gene
knockouts of each gene have been designed. Creation of GABA-T knockouts will allow us to
understand the role GABA may play in barley salinity tolerance and facilitate the identification of
possible sources to improve this trait in Canadian germplasm. Towards building a foundation for
transformative approaches to barley improvement, the current results along with efforts
exploring CAS9/sgRNAs-based gene editing technology for manipulating abiotic stress pathways
will be discussed. The mitigation of abiotic stress not only would increase barley yield for farmers
but would also significantly contribute economic benefits to all stakeholders along the barley
value chain.
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4 - SPL12 regulates nodulation under osmotic stress and nitrate sufficiency conditions
by targeting AGL6 and AGL21 in Medicago sativa
Vida Nasrollahi1, 2, Susanne Kohalmi1, Abdelali Hannoufa1, 2
1Western

University, 2Agriculture and Agri-Food Canada

The highly conserved plant microRNA, miR156, affects root architecture, nodulation, nitrogen
fixation, and stress response. In Medicago sativa (alfalfa) transcripts of 11 SQUAMOSAPROMOTER BINDING PROTEIN-LIKE, SPLs, including SPL12, are targeted for cleavage by miR156.
Our previous research revealed the role of SPL12 and its target gene, AGL6, in nodulation and
nitrogen fixation in alfalfa. Here we investigated the involvement of SPL12, AGL6 and AGL21 in
nodulation under osmotic stress and nitrate availability conditions. Characterization of
phenotypic and molecular parameters revealed that the SPL12/AGL6 module plays a negative role
in maintaining nodulation under osmotic stress. There was a decrease in the nodule numbers in
WT plants under osmotic stress condition, while SPL12-RNAi and AGL6-RNAi genotypes
maintained nodulation. Moreover, the results showed that SPL12 regulates nodulation under
nitrate treatment by silencing AGL21. AGL21 transcript levels were increased under nitrate
treatment in WT plants, but SPL12 was not affected throughout the treatment period. Given that
AGL21 was significantly upregulated in SPL12-RNAi plants, SPL12 may be involved in regulating
nitrate inhibition of nodulation in alfalfa by targeting AGL21. Taken together, our results suggest
that SPL12, AGL6 and AGL21 form a genetic module that regulates nodulation in alfalfa under
osmotic stress and nitrate treatment.

5 - Assessing flag leaf cuticular wax responses to heat and drought stress in a Canadian
bread wheat cultivar (Triticum aestivum L.)
Aswini Kuruparan1, Raju Soolanayakanahally2, Eliana Gonzalez-Vigil1
1University

of Toronto Scarborough, 2Agriculture and Agri-food Canada

Canada is one of the largest producers of wheat (Triticum aestivum L.) in the world. With
accelerated climate change, bread wheat yield is predicted to be negatively affected by rising
temperatures and an increase in drought events in Western Canada. One way plants can cope
with drought and heat stress is by sealing their aerial surfaces with cuticular waxes. Cuticular
waxes can aid in reducing non-stomatal water loss, reflecting light, and reducing leaf canopy
temperatures. Despite their role in stress tolerance, the cuticular wax responses of Canadian
bread wheat cultivars are not well understood. To address this gap, the Canadian Western Red
Spring wheat variety AAC Tradition was subjected to individual and combined heat and drought
conditions. Concurrently, a second experiment was performed to study the effect of drought
when applied early and late in development. Visual differences in glaucousness were observed in
drought-stressed samples from both experiments. Work by other groups have shown that βdiketone accumulation is linked to glaucousness, and that glaucous lines are more resilient to
drought in comparison to non-glaucous lines. We predict that the wax analysis will reveal a
significant difference in the β-diketone content of drought-stressed leaves relative to controls,
and that this change will be exacerbated by heat stress. The results will lay the foundation to
improve drought tolerance in future bread wheat varieties by harnessing the protective roles of
cuticular waxes.
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6 - miR156/SPL network negatively regulates aluminum stress tolerance in Medicago
sativa by targeting SPL13
Gamalat Allam1, 2, Yousef Papadopoulos3, Mark Bernards2, Abdelali Hannoufa1, 2
1Agriculture

and Agri-Food Canada, London, Ontario, 2Department of Biology, University of Western Ontario, London,
Ontario, 3Agriculture and Agri-Food Canada, Truro, NS

Aluminum (Al) toxicity is a serious environmental stress facing global crop production in acidic
soils. Al toxicity triggers oxidative damage, contributing to extensive losses in alfalfa, necessitating
development of crops tolerant to this stress. microRNA156 (miR156), is highly conserved in plants
and functions by downregulating SQUAMOSA-PROMOTER BINDING PROTEIN-LIKE (SPL)
transcription factors. At least sixteen SPL genes are targeted for silencing by miR156 in alfalfa. In
this study, we determined the function of miR156 in regulating aluminum tolerance by
investigating the phenotypic changes associated with altered expression of miR156. For this, we
used three miR156 overexpression alfalfa plants to investigate miR156 function at the phenotypic
level. We then conducted qPCR analysis of alfalfa roots to identify SPL genes that are regulated in
response to Al stress. Phenotypic analysis revealed that alfalfa plants with increased expression
of miR156 had inhibited root growth, plant height, reduced number of branches, stem width, root
and shoot biomass, internode length, and relative water content under Al stress. Transcript
analysis revealed that SPL13 is differentially regulated in response to Al stress. The current
findings suggest that miR156 OE negatively regulates alfalfa’s response to Al by inhibiting root
growth and plant height, reduced number of branches, stem width, root and shoot biomass,
internode length, and relative water content under Al stress by regulating SPL13.

7 - Development of a dihaploid germplasm to facilitate potato breeding
Samuel Gagnon1, Ariane Poulin1, Cyntia Belzil1, Blandine Bulot1, Jonathan Tremblay1, Louis Félix
Nadeau1, Charles Goulet1
1Université

Laval

With climate change, pressure from new pests and more droughts drive breeders to develop more
resilient material. Major crops like wheat and maize have had a constant flow of better performing
cultivars and are able to better adapt to this new reality. However, even if potato (Solanum
tuberosum) is the fourth most important crop in the world, breeding is drastically slower due to
its genetic complexity. For example, the most grown cultivar in United-States was developed more
than 100 years ago. Potatoes cultivated in North America are tetraploid, highly heterozygous, and
suffer from male sterility and self-incompatibility. Those traits limit the use of genetic tools and
make it difficult to predict the outcome of a cross between two parental lines. To facilitate the
development of new potato lines, the scientific community is now focusing on developing diploids
from tetraploid cultivars using inducer lines. Up to now, most efforts were made on the processing
market because of its economic value. Nevertheless, fresh potatoes are still an integral part of
our alimentation. The main goal of the project was to develop a germplasm of diploid lines from
flavourful fresh market cultivars. Crosses between these cultivars and inducer lines such as IvP
101 lead to a small percentage of di(haploid) embryos retaining only the genetic material of the
maternal gametes. In total, more than 200 diploids were developed from 20 different parental
lines and major differences were observed in their ability to produce dihaploid lines. In addition
to its utility in plant breeding, this germplasm also offers material for genetic studies related to
reproductive traits, aroma, and other characteristics.
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8 - GUEST PRESENTATION • Challenges and Progress in Cannabis Tissue Culture
Max Jones1
1University

of Guelph

Cannabis is now a multi-billion dollar industry in Canada and one of our most economically
important crops. Despite this, the long history of prohibition and stigmatization has left a major
deficit in the development of modern biotechnological tools. Early work in cannabis
biotechnology suggested cannabis is amenable to tissue culture techniques, but these results
have largely been impossible to replicate and most genotypes are relatively recalcitrant in vitro.
As a result, there is a major need to rapidly develop and optimize in vitro techniques to provide a
biotechnology platform for the crop. Historically, this is a slow and tedious process to optimize
the myriad factors (media composition, light quality/intensity, explant source, genotype, etc.) that
influence in vitro responses. The shear number of factors that need to be optimized is further
complicated by their highly interactive nature. Recent advances in computational power and
artificial intelligence provide a new approach to address these challenges with fewer treatments
and shorter time frames. In this presentation, an overview of challenges and progress in cannabis
biotechnology will be presented. Further, recent work in the application of machine learning and
optimization algorithms will be provided to show how they are contributing to more efficient
protocol development and optimization in cannabis.

9 - GUEST PRESENTATION • Comparative genomics reveal evolutionary patterns leading
to diversification of secondary metabolite production in cannabis
Francois Olivier Hebert1, David Joly1
1Université

de Moncton

Despite its ancient use dating back thousands of years, the genomic history of cannabis has been
understudied compared to other important crop species. Recent genomic surveys highlighted a
marked genome-wide differentiation between hemp- and drug-types, and allowed for a
comprehensive reconstruction of the evolutionary history of domestication of cannabis. However,
analyses exploring the unique traits of cannabis with regards to its closest relatives have not been
conducted. We performed comparative genomics analyses on five genomes of Cannabis sativa
(including THC-dominant, CBD-dominant, and balanced THC:CBD plants, as well one hemp
variety), two genomes of Humulus lupulus (hops), and two genomes from farther Cannabaceae
(Parasponia andersonii and Trema orientalis). Using OrthoFinder, we identified 1,020 cannabisspecific orthogroups, for which 84 Gene Ontology (GO) terms were significantly enriched or
purified, as well as 4,923 orthogroups containing probable cannabis-specific duplications, for
which 123 GO terms were significantly enriched or purified. A CAFE analysis also uncovered 278
and 272 orthogroups with significant expansions or contractions in cannabis, respectively.
Altogether, strong functional signatures were identified, most of which were primarily related to
photosynthesis and secondary metabolite production. The latter included some well known gene
families such as cannabinoid and terpene synthases, but mostly genes for which the exact
function is unknown. Among those were an unexpectedly high amount of genes encoding protein
with an O-methyltransferase signature. This study will guide future studies on the biochemistry,
ecology, and physiology of cannabis, as well as highlight the importance of the largely neglected
non-cannabinoid bioactive compounds found in cannabis.
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10 - Impact of DNA methylation on uniformity of clones of cannabis (Cannabis sativa L.)
produced in tissue culture
Justin Boissinot1, 2, 3, Davoud Torkamaneh1, 2, 3
1Département de phytologie, Université Laval, 2Institut de biologie intégrative et des systèmes, Université Laval, 3Centre

de recherche et d'innovation sur les végétaux, Université Laval

In the field of medicinal cannabis (Cannabis sativa L.), the maintenance of stable lines is crucial to
assure the administration of identical substances to patients. Tissue culture is an advantageous
technique that allows the fast production of several generations of plants by cellular culture in a
controlled growth medium. The produced plants are considered as clones sharing identical
genotypes. However, it has been observed that the different stresses related to the physical and
chemical conditions of the growing media affect the fidelity and uniformity of the produced
clones. Therefore, it is important to understand the causes behind these variations to ensure the
production of stable and uniform plants. In this project, DNA methylation, an epigenetic factor
known for affecting gene expression and phenotype, is studied in a population of 78 cannabis
clones derived from tissue culture. The DNA extracted from each sample was used to create two
genotyping-by-sequencing (GBS) libraries digested with two sets of restriction enzymes with
different sensitivity to methylation. The libraries were sequenced on an Illumina NovaSeq 6000
system and generated ~200M paired-end reads. The bioinformatic analysis was conducted to
detect methylation patterns between libraries. This research allows the improvement of tissue
culture protocols, the maintenance of stable cannabis lines and a better understanding of the
impact of epigenetic factors in tissue culture that will also be useful for several species cultured
with this technique.
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11 - Establishing Chlamydomonas reinhardtii as a promising biotechnological host for
heterologous synthesis of cannabinoids
Natacha Mérindol1, Serge Basile Nouemssi1, Fatma Meddeb-Mouelhi1, Hugo Germain1, Isabel
Desgagné-Penix1
1Université

du Québec à Trois-Rivières

Cannabinoids are a family of specialized metabolites derived from Cannabis sativa, that may
display psychoactive and health-promoting effects. Lately, the demand for cannabis, cannabis
products, and cannabinoids has been rapidly growing due to its legalization in several countries
for medical and/or recreational purposes. The current production of pharmaceutically relevant
cannabinoids relies primarily on extraction and purification from Cannabis plants, which is
challenging due to the presence of several types of cannabinoids in the plant extract. To overcome
this, alternative approaches such as heterologous production of specific and unique cannabinoids
in microorganisms (e.g., bacteria, yeast, and microalgae) have been proposed. Chlamydomonas
reinhardtii is a common single-celled photosynthetic microalgae populating fresh water and moist
soil. This microalga is emerging as a suitable production platform for biotechnological purposes
due to the advancement in tools for its genetic engineering. Thus, using C. reinhardtii as a host for
the heterologous synthesis of cannabinoids may provide a cost-efficient and rapid manufacturing
platform to acquire pure and high quantities of both major and rare cannabinoids, as well as novel
derivatives. In our study, we engineered C. reinhardtii with genetic constructs that included two
endmost genes encoding enzymes of the cannabinoid biosynthetic pathway, specifically the
aromatic prenyl transferase (APT) and the cannabidiolic acid synthase (CBDAS). The constructs
were transformed into the nuclear genome of C. reinhardtii wild-type strain by electroporation.
Transformants were screened and characterized for the presence of the APT and CBDAS
transgenes using high throughput colony-polymerase chain reaction (HT-colony-PCR). Our results
show that about 3.2% of the selected transformants harbored our full construct. Their expression
through C. reinhardtii life-cycle using real-time quantitative PCR (RT-qPCR) was done, and the
production of the desired cannabinoid molecules in relation to the transgene expression was
analyzed and will be presented.
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12 - NanoGBS +: An improved Genotyping-by-Sequencing (3D-GBS) and Amplicon
Sequencing for Genomic Selection and Marker Assisted Selection
Maxime de Ronne1, Gaétan Légaré1, Brian Boyle1, François Belzile1, Davoud Torkamaneh1
1IBIS,

Université Laval

Following the publication of NanoGBS by Torkamaneh et al. (2020) which has proven that the
miniaturization of GBS and increased multiplexing leads to a substantial decrease in per-sample
cost, and with the continuous objective of reducing the genotyping costs and develop eco-friendly
approaches, two other components have been proposed to further develop the NanoGBS+
platform:
First, in order to decrease per-sample cost by increasing the multiplexing capacity on a single
sequencing run, we have (i) investigated the choice of restriction enzymes to reduce the
sequencing coverage and (ii) determinate the minimal read count required while maintaining a
good density and distribution of the SNPs through the genome. Using DepthFinder, PstI a less
frequent cutter than ApeKI, the methylation sensitive NsiI and insensitive MspI were selected and
tested to construct 3D-GBS libraries. As expected, 3D-GBS data provided highly qualitative
genotyping with better marker distribution uniformity than GBS for a lower cost per sample.
Moreover, we have determined that 100K reads seems suitable for GWAS and genomic
selection/prediction whereas 200K seems more relevant for QTL mapping.
Second, the development of an AmpSeq procedure adapted to the GBS library preparation in
order to target trait-specific markers with high-agronomic values but missed by the GBS. By
designing primers containing a RE compatible with the GBS library preparation, we were able to
produce amplicons suitable for the ligation with the GBS-adaptors. All amplicons were amplified
in a single multiplex PCR reaction, sequenced and all markers of interest were successfully
genotyped.
By improving the multiplexing capacity, we will ultimately be able to continuously decrease the
cost of the genotyping per sample while the integration of the AmpSeq will provide crucial
information for breeders as well as screening analysis as CRISPR.
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13 - Genetic Engineering of Carbon Flow Arabidopsis Seeds to Accelerate High Protein
Canola Breeding
Kallum McDonald1, Kethmi Jayawardhane1, Gavin Chen1
1University

of Alberta

Canola (Brassica napus L.) is the major oilseed crop in Alberta. After seed oil extraction, the
protein- and cellulose-rich seed meal is primarily used as animal feed. However, an excess of
cellulose (fiber) in the seed meal can inhibit digestion in monogastric livestock. There is research
interest in enhancing the digestibility and nutritional value of canola meal by partial reallocation
of seed carbon from cellulose to storage protein biosynthesis without penalizing the seed oil
content. However, characterizing the genes involved in such carbon reallocation is time and labor
intensive when done in canola directly. We propose a creating a rapid screening platform using
Arabidopsis thaliana L., a fast growing relative of canola, to accelerate the genetic worked needed
to reallocate seed carbon. Our strategy is three-pronged: 1) seed-specific RNAi-downregulation
of Arabidopsis CELLULOSE SYNTHASE 1 (AtCESA1), 2) overexpression of B. napus DIACYLGLYCEROL
ACYLTRANSFERASE 1 (BnDGAT1), and 3) overexpression of several protein biosynthesis-related
genes from Arabidopsis (AtAAP1, AtUmamiT18, AtAAT1, and AtASN1) to determine whether seed
carbon reallocation for effective for increasing seed protein content. We have successfully
obtained AtCESA1-RNAi/ BnDGAT1-overexpressing T3 lines with partially reduced seed cellulose,
maintained seed oil, and maintained or increased seed protein. These findings support the
effectiveness of the carbon reallocation strategy and evaluation of the protein geneoverexpressing lines is ongoing. Once complete, this rapid genetic characterization platform can
be used for fast-tracked characterization of candidate genes for developing high protein, valueadded canola varieties. This platform will accelerate the fundamental genetic characterization
research needed for breeders to develop canola with better nutritional properties and improved
digestibility, thereby creating value for farmers, animal agriculture, and canola export market.
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14 - Epigenetic variation and enhanced vegetative growth in micropropagated berry
crops for wide adaptability and early berry production in northern environment
Samir C. Debnath1
1Agriculture

and Agri-Food Canada

Berry crops in Vaccinium (blueberry, cranberry and lingonberry; Ericaceae), Fragaria (strawberry;
Rosaceae) and Rubus (brambles: raspberry and blackberry; Rosaceae) genera are commercially
and medicinally important worldwide. Blueberry, lingonberry, cranberry, cloudberry and
huckleberry are native to the North. Their role in anti-ulcer, anti-inflammatory, anti-tumor and
anti-oxidant activities is of significant importance for their high contents of health promoting
bioactive components. Although in vitro culture on semi-solid and in liquid media in bioreactor
systems has evolved multi-billion biotechnological approach for mass propagation of various crop
plants, stresses in vitro can cause changes at molecular, physiological and/or biochemical levels
leading to altered variation in morphology and bioactive components in micropropagated berry
crops. These variations, also called somaclonal variation, can be genetic or epigenetic, and are
dependent on factors like genotype, explant origin and type, chimeral tissue, media type, type
and concentration of plant growth regulators, and environment and duration of culture.
Somaclonal variation in micropropagated berry crops including enhanced vegetative growth and
increaded berry production and antioxidant activity might be of practical application to the
growers. This review deals with critical information for better understanding the epigenetic
effects on morphology and antioxidant properties along with DNA methylation in
micropropagated berry crops and covers the existing gap in literature.
Keywords: In vitro propagation, bioreactor, antioxidant activity, molecular markers, somaclonal
variation, DNA methylation

15 - GUEST PRESENTATION • Plant autoimmunity -- triggers, executers, and modulators
Jian Hua1
1Cornell

University

Autoimmunity is the activation of immune responses in the absence of pathogen invasion, leading
to constitutive defense responses and compromised plant growth and even plant death. It can
occur in some inter- or intra-hybrid plants or result from perturbation of various cellular
processes. Prior studies have revealed an involvement of the activation of plant immune receptor
NLR genes in a large number of cases of autoimmunity. It is not well understood what triggers
NLR expression and how NLR genes expression is repressed or activated at the molecular level. I
will present studies on several cases of autoimmunity in Arabidopsis thaliana, including the initial
trigger, the executers, and modulators. These studies indicate an important role of calcium
signaling and chromatin modification in NLR gene regulation and immunity regulation. The tight
control of NLR expression is likely critical for the fine tuning of plant immunity as well as the
balance between growth and immunity.
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16 - GUEST PRESENTATION • A genetic roadmap towards resilient plant immune
systems for a warming climate
Christian Danve Castroverde1
1Wilfrid

Laurier University

Increased plant disease epidemics due to global warming pose serious threats to agricultural and
natural ecosystems. Warm temperatures impact various aspects of plant physiology, including
immune signaling and disease resistance. However, a molecular understanding of temperatureregulated immunity and defence responses is only starting to emerge. In my talk, I will focus on
the warm temperature-vulnerable pathway mediated by the plant hormone salicylic acid (SA),
which is central to defences against numerous pathogens and pests. We have recently identified
a novel thermosensitive mechanism in the SA pathway that governs temperature-modulated
plant disease resistance. Specifically, warm temperatures suppress the formation of GBPL3
defence-activated biomolecular condensates (GDACs), which are crucial for expression of the
master immune regulatory genes CBP60g and SARD1. Notably, CBP60g/SARD1 gene expression is
the primary, rate-limiting step in the temperature-vulnerability of plant immunity. We leveraged
these fundamental biological insights to genetically “repair” the immune systems of both model
and crop plant species. Overall, we anticipate that our findings would potentially provide a
broadly applicable genetic roadmap to strengthen plant immune resilience to a changing climate.

17 - Using ubiquitin variants (UbVs) to protect plants from emerging viruses
J K Anuradha De Silva1, Ankoor Patel1, Jacky Chung2, John Weiland3, Melvin Bolton3, Mohammed
Mira4, Mazdak Khajehpour5, Claudio Stasolla4, Brian Mark1
1Department

of Microbiology, Faculty of Science, University of Manitoba, 2Banting and Best Department of Medical
Research and Department of Molecular Genetics, University of Toronto, 3Sugarbeet and Potato Research Unit, USDA
Agricultural Research Services, ND, USA, 4Department of Plant Science, Faculty of Agriculture, University of Manitoba,
5Department of Chemistry, Faculty of Science, University of Manitoba

Climate change is facilitating the poleward migration of vector-borne pathogenic plant viruses. To
provide sustainable approaches to protecting crops from viruses whose ranges are expanding due
to climate change, we are developing a strategy that uses variants of the protein Ubiquitin (Ub)
as inhibitors of viral replication. As a model example, we have generated transgenic Arabidopsis
thaliana that constitutively express a Ub variant (UbV) that blocks the activity of the viral protease
(PRO) of Turnip Yellow Mosaic Virus (TYMV). PRO cleaves the TYMV polyprotein and is thus
essential for virus replication. TYMV is an archetype RNA plant virus from the family Tymoviridae.
This family contains numerous viral pathogens of cash crops. Blocking the PRO activity of viruses
using UbVs may provide a viable antiviral strategy in plants. Using phage display, we identified
UbVs that selectively block TYMV PRO activity. PRO is a dual-purpose enzyme that not only
processes the viral polyprotein but is also a deubiquitinase and thereby allows UbVs to bind and
block its activity. TYMV PRO and several cognate UbVs were expressed and purified to determine
the binding ability. An IC50 assay using Ub-AMC as substrate was used to identify the tightest
binding UbV to TYMV protease, UbV.3 has an IC50=30nM for TYMV PRO. To verify the ability of
UbV.3 to block TYMV replication, transgenic Arabidopsis thaliana expressing UbV.3 was generated
using the Agrobacterium tumefaciens-based transformation. Successful transformation and
expression of UbV.3 in Arabidopsis were determined by PCR and Western blot analysis. Viral
infection studies will now be carried out to determine if UbV.3 expression protects the plant
against TYMV infection.
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18 - Specialized metabolites from tomato and Arabidopsis impact the Trichopulsia ni
gut microbiome
Andreea Bosorogan1, 2, Syed Turab Hasan2, Eliana Gonzales-Vigil1, 2
1Department

of Cell & Systems Biology, University of Toronto, Canada, 2Department of Biological Sciences, University
of Toronto Scarborough, Canada

Insect herbivores destroy a quarter of the world’s total crop production annually, and the damage
is predicted to be enhanced by climate change and the development of resistance to insecticides.
From the first contact with plants, insects are targeted by plant antiherbivore defences, many
consisting of specialized metabolites. These can slow or inhibit insect growth thus reducing plant
damage. Recent evidence suggests that bacteria are also involved in modulating plant-insect
interactions. Insect-associated bacteria may degrade plant defensive metabolites during digestion
and hijack plant antiherbivore defences by triggering antagonistic responses. However, there is
little evidence about how plant defensive compounds affect the insect-gut bacteria; hence, a
thorough exploration of the effect of specialized metabolites on the insect-gut microbiome is
needed. In this study, we explore how the cabbage looper (Trichopulsia ni) gut bacterial
communities are affected by plant defensive metabolites from tomato (Solanum lycopersicum)
and Arabidopsis thaliana. We reared cabbage loopers on several defence-deficient tomato and
Arabidopsis hormone mutants. Larval weight, insect-associated bacterial communities from frass
(insect feces), and foliar biochemical profiles were analysed. Larval weight varied among plant
hosts, confirming the effects of specialized metabolites on insect performance. Gut bacteria of
the Enterobacteriaceae and Pseudomonaceae families were widespread across all samples.
However, bacterial community abundance and diversity substantially varied relative to plant
species and genotype. Paired with foliar biochemical profiles, these results suggest that plant
defensive metabolites can modulate herbivore insect-associated bacterial communities. This
study provides a critical step in understanding gut bacterial communities as a component of plantinsect interactions and can be used to develop novel pest biocontrol strategies.

19 - Cytochrome P450s and partial resistance against Phytophthora sojae in soybean
Praveen Khatri1, 2, Sangeeta Dhaubhadel1, 2
1London

Research and development Centre, Agriculture and Agri-Food Canada, London, Ontario, 2Department of
Biology, Western University, London, ON, Canada

Cytochrome P450 monooxygenases are one of the largest plant protein families. They participate
in the biosynthesis of a variety of molecules such as sterols, hormones, fatty acids, pigments,
signalling molecules, structural polymers, and phenylpropanoids. The plant stress response is
initiated by the above molecules that promote resilience against pests and pathogens including
Phytophthora sojae by acting as a physical barrier, antimicrobial compound and signalling
molecules. Here, we identified 359 GmP450 corresponding to 342 soybean genes that are
involved in a wide array of metabolic pathways and specifically looked at their role in partial
resistance against P. sojae. Our results reveal that 21 root-specific GmP450s are induced upon P.
sojae infection in soybean.GmP450 candidates belonging to CYP71, CYP81, CYP93 and CYP736
families are also co-expressed upon P. sojae infection and co-locate with QTLs associated with
resistance against P. sojae infection. An overall analysis of GmP450s in soybean showed that
members of the CYP71, CYP82 and CYP93 play an essential role in the partial resistance
mechanism of soybean in providing inherent immunity for the plant.
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20 - Using high throughput multi-omics data to investigate Plasmodiophora brassicae
resistance in Brassica napus canola
Dinesh Adhikary1, Anna Kisiala2, Ananya Sarkar1, Habibur Rahman1, Neil Emery2, Nat Kav1
1Department

of Agricultural, Food & Nutritional Sciences, University of Alberta, Edmonton, AB, Canada, 2Biology
Department, Trent University, Peterborough, ON, Canada

Clubroot in Brassicaceae is caused by Plasmodiophora brassicae Woronin, an obligate protist
pathogen. The disease poses a significant threat to canola growers in Canada and around the
globe. Recent studies have demonstrated a continuous evolution of new pathotypes, which
demands the identification and development of clubroot-resistant cultivars. In this study, we have
employed two state-of-the-art “omics” approaches i.e., transcriptomics and metabolomics to
identify key genes and metabolites that were differentially accumulated at the early and late
stages of pathogenesis at five-time points [(1-, 4-, -7, -14, and -21 days post-inoculation (DPI)] in
two phenotypically contrasting (clubroot-resistant and -susceptible) parental and doubledhaploid (DH) progeny lines. Our studies indicated that P. brassicae infected both susceptible and
resistant genotypes as early as 24 hours post-inoculation. In the resistant genotypes, the
pathogen could not develop clubroot galls; however, they were not fully immune to the pathogen
as primary infection could be seen. In contrast, in the susceptible genotype, the pathogen
progressed to the secondary plasmodium phase and characteristic galls were observed at about
two weeks after inoculation. Based on results from the multi-omics study, we conclude that
clubroot defence responses in canola is associated with multiple cellular processes including
calcium and ROS homeostasis, cell wall reinforcement, and accumulation of primary and
secondary metabolites. This is supported by the upregulation of several genes related to calcium
and ROS regulation consistently at the earlier and later stage of pathogenesis. Moreover, there
was an increase in the endogenous concentration of proline, mannitol, pyruvate kinase, citrate,
lignin, and glucosinolates that those indicating that the metabolites were potentially involved in
mediating resistance against the pathogen. Thus, this study has improved the understanding of
the resistance mechanism in canola to P. brassicae and facilitated the identification of several
biomarkers that may be used to select clubroot-resistant canola.
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21 - GUEST PRESENTATION • Microalgae as a green bio-factory for the production of
plant molecules of interest
Isabel Desgagne-Penix1
1Université

du Québec à Trois-Rivières

Plant molecules have been used for treating human ailments since prehistoric times and are still
the most important source for the majority of today’s medicines. The phytochemical diversity of
plants is remarkable, with hundreds of thousands of molecules with a vast diversity of structures
and biological roles. Some plant molecules have high-value for medical applications, although may
be found in their native contexts in low abundance or be difficult or costly to extract and purify.
The alternative heterologous production in heterotrophic microbial hosts such as bacteria or
yeasts has been an active area of research for some time and is now a mature technology with
some challenges for the production of complex plant molecules. Eukaryotic microalgae represent
sustainable alternatives to these hosts for biotechnological production processes as their
cultivation can be driven by light and freely available CO2 as a carbon source. In addition,
microalgae possess most of the metabolic architectures to support the generation of complex
plant molecules. Although engineering strategies in microalgae have lagged behind more
genetically tractable bacteria and yeasts, recent advances in algal engineering concepts have
provided molecular tools for genetic engineering of microalgae. These tools have been used to
enhance metabolic pathway engineering and accelerate the development of renewable and
sustainable microalgal biomanufacturing platform.

22 - Control of specialized metabolism by the JAZ-MYC signaling module: Insights from
higher-order Arabidopsis mutants
Ian Major1, 2, Qiang Guo2, Gregg Howe2
1Laurentian

Forestry Centre, 2Michigan State University

Plant specialized metabolism (SMs) account for much of the chemical diversity in nature. The
biosynthesis of many SMs is controlled by transcription factors (TFs) that are responsive to the
stress hormone jasmonate (JA). In the absence of JA, JASMONATE ZIM-DOMAIN (JAZ) proteins
actively repress TFs like MYCs that control SM biosynthesis. The extent to which specialized
metabolism as a whole is silenced by JAZ is not known, nor is it well understood why this form of
metabolic restraint is conserved throughout the plant kingdom. Here, we investigated the global
control of specialized metabolism by the JAZ-MYC regulon in Arabidopsis. Analysis of a JAZdeficient mutant (jazD) showed that the JAZ-repressible leaf transcriptome was enriched in both
known and predicted SM genes, as well as genes containing MYC binding sites. Mass spectrometry
showed that constitutive expression of SM genes in jazD correlated with elevated levels of many
SMs, including multiple unidentified peaks, revealing the potential of jazD as a platform for SM
discovery. Further characterization of a jaz myc combinatorial mutant demonstrated the
importance of MYCs for JAZ-control of specialized metabolism. Finally, we found that repression
of MYC activity by JAZ improves growth and reproductive success under stress-free conditions
and is linked to changes in primary metabolism. Overall, we find that MYC TFs activate broad
sectors of specialized metabolism and that JAZs, as JA-responsive regulators of TFs, control
specialized metabolism in ways that optimize growth and reproductive performance.
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23 - Characterization of norbelladine synthase and noroxomaritidine/norcraugsodine
reductase reveals a novel catalytic route for the biosynthesis of Amaryllidaceae
alkaloids
Bharat Bhusan Majhi1, Sarah-Eve Gélinas1, Natacha Mérindol1, Isabel Desgagné-Penix1
1Department

Canada

of Chemistry, Biochemistry and Physics, Université du Québec à Trois-Rivières, Trois-Rivières, Québec,

Amaryllidaceae alkaloids (AAs) are a large group of plant specialized metabolites with diverse
biological and pharmacological properties. Norbelladine is the entry compound in AAs
biosynthesis and is produced from the condensation of tyramine and 3,4-dihydroxybenzaldehyde
(3,4-DHBA). There are two reported enzymes capable of catalyzing this reaction, both with low
yield. The first one, norbelladine synthase (NBS), was shown to condense tyramine and 3,4-DHBA,
while the second one, noroxomaritidine/norcraugsodine reductase (NR), catalyzes a reduction
reaction to produce norbelladine. To clarify the mechanisms involved in this step, both NBS and
NR coding sequences were identified from the transcriptome databases of two Amaryllidaceae
plant species Narcissus papyraceus and Leucojum aestivum, cloned and expressed in Escherichia
coli. Enzymatic assays performed with tyramine and 3,4-DHBA with each enzyme separately or
combined in one reaction suggested that NBS and NR function together for the
condensation/reduction of tyramine and 3,4-DHBA into norbelladine. Using molecular homology
modeling and docking studies, we predicted models for the binding of tyramine and 3,4-DHBA to
NBS, and the intermediate norcraugsodine to NR. Moreover, we show that NBS and NR physically
interact in yeast and in planta, that both localize to the cell cytoplasm and are expressed at high
levels in bulbs, confirming their colocalization and coexpression to work together in the same
catalytic route. Together, our study establishes that both NBS and NR participate in the
biosynthesis of norbelladine, catalyzing the first key steps involved in the production of all
Amaryllidaceae alkaloids.
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24 - Elucidation of crucial enzymatic steps for eugenol synthesis in tomato
Sylvain Villot1, Louis Félix Nadeau1, Jonathan Tremblay1, Ariane Poulin1, Blandine Bulot1, Charles
Goulet1
1Université

Laval

Eugenol is a phenylalanine-derived compound which has a characteristic “clove-like” aroma. It is
a major constituent of several spices such as basil and cinnamon. While the compound brings an
interesting flavor to those spices, it is not the case in tomato (Solanum lycopersicum) where it is
associated with a bad “medicinal” aroma. Little is known about eugenol synthesis in tomato fruit
and discovering the pathway enzymes will provide targets to breeders in order to reduce its
content in commercial cultivars. Toward this objective, we used a reverse genetic approach to
identify genes implicated in eugenol synthesis in tomato. Candidate genes were chosen through
sequence homology, phylogenetic and expression analysis. RNA silencing and targeted
mutagenesis using CRISPR/cas9 were used, resulting in the elucidation of three crucial enzymatic
steps for eugenol synthesis. While 4-coumarate CoA ligases were suspected to be a part of the
pathway in plants, we were able to demonstrate the biological function of one of them for the
first time. Additionally, a eugenol synthase and a coniferyl alcohol acetyltransferase controlling
the last two step of the pathway were identified, opening the way to natural variants
identification in our germplasm. Beside its role in aroma, eugenol has numerous biological
properties (eg., antimicrobial, anti-fungal). The pathway also branched into other valuable
compounds such as lignin which have potential to be used as biofuels, organic solvents or polymer
material. The identification of these genes could therefore also lead to the production of
specialized metabolites in heterologous expression system.

25 - GUEST PRESENTATION • Proficia®: a highly versatile plant expression technology
for vaccine discovery and manufacturing
Pierre-Olivier Lavoie1
1Medicago

Inc.

Over the last 20 years, Medicago has developed a unique technology, Proficia®, based on transient
expression in Nicotiana benthamiana. Proficia® technology can be used to produce a wide array
of biopharmaceutical proteins including virus-like particles (VLP), whole antibodies, antibody
fragments and fusion proteins. The regulatory element toolbox developed allows for very high
levels of expression and modulation of expression levels for each protein component. In parallel,
Medicago’s high-throughput discovery platform, VLPExpress®, has been developed to screen
thousands of gene constructs and expression conditions per year. Two case studies will be
presented. In the first case study, we will show how fine tuning of gene expression was important
for the optimization of our Rotavirus vaccine candidate. In the second case study, we will discuss
how the strong discovery capabilities of the platform allowed the rapid evaluation of vaccine
candidates in animal models and led to the production of the first plant-based COVID-19 vaccine.
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26 - GUEST PRESENTATION • “I spy with my little eye …“ : Using phenotyping tools and
machine learning to improve robustness in plant based recombinant expression
systems
Frederike Stock1, Richard Poire1, Tim Brown1, Liang Zheng1, Hongdong Li1, Owen Atkin1
1Australian

National University

Plant-based systems for recombinant protein production offer several advantages over other
production platforms such as ease of scale-up, the ability to glycosylate proteins, low risk of
contamination and low cost of production. However, to date the lion’s share of recombinant
proteins is still produced in microbes and animal cells because of more consistent protein yields.
Therefore, tools are needed to improve process control and develop a deeper knowledge of
recombinant protein production in plants.
To evaluate the potential of combining plant phenotyping and machine learning for continuous
monitoring of plant production, a multidisciplinary team of plant biologists and computer vision
scientists at the Australian National University was formed to develop state-of-the-art imaging
tools for plant phenotyping. Using 3D- and hyperspectral imaging together with machine learning
the team aims to develop a system that can i) extract custom plant traits from 3D plant models
non-invasively and ii) identify changes in growth conditions in plants to enable growers to take
corrective action, if needed.
Until now the team has successfully developed a pilot imaging platform that produces highresolution 3D plant models which are used to extract custom plant traits. In addition, a library of
plant morphological, functional and spectral signatures has been created by phenotyping plants
grown under different environmental conditions. As the library continues to grow, machine
learning models are being trained to recognize plant signatures that correspond to a set of predefined growth conditions.
In this multi-year project, the team aims to build a toolset that will assist growers with their
decision-making in large scale plant production. Ultimately this work will support efforts to further
improve plant-based protein production of recombinant proteins.

35

27 - Production and characterization of virus-like particles displaying PRRSV epitopes in
Nicotiana benthamiana
Jordan VanderBurgt1, 2, Hong Zhu2, Chirs Garnham1, 2, Rima Menassa1, 2
1University

of Western Ontario, 2Agriculture and Agri-Food Canada

Porcine reproductive and respiratory syndrome (PRRS) is a disease leading to spontaneous
abortions and stillbirths in sows and lowered life quality and expectancy in growing pigs. PRRS is
prevalent worldwide and has significant economic impacts to swine industries around the globe.
The live attenuated vaccines currently on the market have been shown to revert back to virulence
or recombine with field strains, therefore, there is a need for further and safer measures to
control PRRS. Co-expression of the two most abundant proteins in the viral envelope, the matrix
protein (M) and glycosylated protein 5 (GP5), were shown to produce a neutralizing immune
response for the virus providing a potentially effective subunit vaccine against the disease, but
these proteins are difficult to express on their own. The aim of this research project is to create a
subunit vaccine candidate for PRRS by displaying antigenic portions of the M and GP5 proteins on
the surface of an unrelated virus-like particle, the tobacco mosaic virus (TMV). This construct was
transiently expressed in Nicotiana benthamiana leaves as this is a eukaryotic expression platform
able to produce high levels of recombinant proteins and introduce complex glycosylation patterns
important for M-GP5 epitope immunogenicity. Our results show that recombinant protein
accumulation levels are over 0.5 mg/g of plant fresh weight, as measured by semi-quantitative
western blot analysis. We have also found that the virus-like particles self-assemble in plant cells
and surface-display the M-GP5 epitope, as visualized by transmission electron microscopy and
immunogold localization. Further purification and characterization results will also be discussed.
These findings lay the foundation for immunogenicity and protective-immunity studies in animals.
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28 - Next-generation protein nanoparticle vaccines to prevent Salmonella infection in
poultry
Carly Charron1, 2, Rima Menassa1, 2, Chris Garnham1, 2, Angelo Kaldis2, Shabnam Shamriz1, 2
1Western

University , 2Agriculture and Agri-Food Canada

The pathogenic bacteria Salmonella enterica is one of the most prevalent causes of
gastrointestinal disease in humans and causes approximately 680,000 deaths per year worldwide.
Salmonella is prevalent in chickens and human infection commonly results from the consumption
of poultry products. Infected birds are often asymptomatic, making it difficult to detect infection
and prevent transmission. Vaccination is one of the most effective strategies to prevent
Salmonella infection in poultry flocks, however, the vaccines that are currently available have
drawbacks such as safety concerns and poor immunogenicity. Because of these limitations,
innovative approaches are being pursued to develop novel Salmonella vaccine candidates. One
approach is the use of self-assembling protein nanoparticles to present antigenic epitopes in a
multivalent manner to the immune system to stimulate long-lasting immunity. The goal of this
research project is to produce novel, edible plant-based vaccine candidates for Salmonella which
could serve as safer, more effective, and inexpensive alternatives to those currently available. To
address this, antigenic epitopes from a surface-exposed protein from Salmonella were genetically
fused to a self-assembling protein nanoparticle. The fusion proteins were expressed in the leaves
of Nicotiana benthamiana and accumulated at high levels up to 0.7 mg/g of leaf tissue fresh
weight. Structural analysis of the fusion proteins via electron microscopy indicated that the fusion
of the epitopes did not interfere with nanoparticle assembly and using immunogold labeling, the
epitopes were confirmed to be surface-exposed on the assembled nanoparticle where they will
be visible to the immune system. Animal trials are currently being performed in chickens to assess
whether the fusion proteins elicit a protective immune response. Overall, the success of this
project could lead to the development of promising Salmonella vaccine candidates, which could
reduce the prevalence of Salmonella in poultry flocks, and subsequently lower the rate of human
infection.
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29 - Hormonal balances, physiological dynamics and recombinant protein yields in plant
biofactories
Dominique Michaud1
1CRIV

• Université Laval

Higher plants can be seen as disposable bioreactors by design, given their optimized architecture
supporting high-density cell growth with integrated regulation of water, nutrient and gas supply.
In recent years, transient protein expression systems exploiting regulatory elements of plant
viruses have seen whole plants become commercially viable hosts for a variety of vaccine
antigens, therapeutic antibodies and bioactive proteins for replacement therapies. Much progress
has been made over the years to develop new plant-based expression platforms, highly efficient
DNA gene vectors and regulatory sequences, protein and metabolic engineering schemes for
heterologous protein design and stabilization, and optimized cultural conditions for host plant
growth and biomass production. Using transient expression host Nicotiana benthamiana as a
model, I here discuss how our understanding of hormonal balances in plants can be harnessed to
modulate the physiology of plant biofactories and improve recombinant protein yields. First, I
draw a brief overview of leaf proteome and hormonal profiles in N. benthamiana agroinfiltrated
to express a recombinant protein. Then, I describe two ‘physiological engineering’ strategies to
illustrate how these basic profiles can be manipulated to improve recombinant protein yields. The
first strategy, based on the induction of the jasmonic acid defense pathway, takes advantage of
the well described growth–defense tradeoffs in plants to increase recombinant protein relative
content in leaf tissue by a downregulating effect on superabundant protein RuBisCO. The second
strategy, based on an alteration of the ‘cytokinin to auxin’ ratio, takes advantage of the promoting
effects of cytokinins on axillary stem growth, cell division and protein biosynthesis in young cell
biofactories. Using hormone profile modifiers to alter the dynamics of host metabolic functions
will be helpful in coming years to create altered growth phenotypes and synthetic subcellular
environments tailored to the production of valuable proteins in molecular farming contexts.
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30 - N-glycosylation pathway understanding: a prerequisite need for the production of
biologics in microalgae
Narimane Mati-Baouche1, Pierre-Louis Lucas1, Marc Ropitaux1, Sophie Bernard1, 2, Philippe Chan3,
Carole Plasson1, Carole Burel1, Isabelle Boulogne1, Jean-Claude Mollet1, Elodie Mathieu-Rivet1,
Patrice Lerouge1, Muriel Bardor1
1Université de Rouen Normandie, Laboratoire GlycoMEV UR 4358, SFR Normandie Végétal FED 4277, Innovation Chimie

Carnot, F-76000 Rouen, 2INSERM US 51, CNRS UAR 2026, HeRacLeS-PRIMACEN, F-76000 , 3Université de Rouen
Normandie, INSERM US 51, CNRS UAR 2026, HeRacLeS-PISSARO, F-76000

Most of the biologics are glycoproteins. It is well-established that glycans harbored by proteins
are involved in the protein half-life, bioactivity and immunogenicity. Currently, most of the
biologics are produced in mammalian cells. However, microalgae emerged as a cheaper
alternative biofactory. Among them, the diatom Phaeodactylum tricornutum and the green
Chlorophyta Chlamydomonas reinhardtii benefits from numerous advantages and were used
successfully to produced biologics. However, unraveling the protein glycosylation pathways of
microalgae is a prerequisite.
C. reinhardtii synthesized mainly non-canonical oligomannosidic N-glycans ranging from
Man5GlcNAc2 to Man3GlcNAc2 substituted with xylose and fucose residues as well as O-methyl
groups. Taking advantages of the availability of C. reinhardtii insertional mutants, we investigated
the functional characterization of genes encoding for two xylosyltransferases (XT) that are
responsive for the transfer of xylosyl residues on C. reinhardtii N-glycans, namely as XTA and
XylTB. XTA was demonstrated to be responsible for the addition of the core β(1,2)-xylose and that
XTB was involved both in the core xylosylation as well as in the addition of the second xylose
residue. This was demonstrated by structural analyses performed on insertional single mutants
of XTA, XTB, and XTA/XTB double-mutant that identified the major N-glycan structures bearing
one or two xylose residues. In addition, subcellular immunolocalization of N-glycoproteins bearing
the core β(1,2)-xylose was analysed using transmission electron microscopy of wild type and
XTA/XTB double mutant strains, allowing the identification of specific organelles where the
xylosylated glycoproteins are accumulated.
Funding: This work has financially supported by the Region Normandie through the NPT project
and by the Europe through the Pharma Factory project (European Union’s Horizon 2020 Research
and Innovation Programme, Grant Agreement 774078)
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31 - Effects of water stress on recombinant antiviral vaccine accumulation in Nicotiana
benthamiana cultivated hydroponically in NFT gutters
Jessica Samson-Tshimbalanga1, Ann-Catherine Laliberté1, Marie-Claire Goulet1, Linda Gaudreau1,
Gilbert Éthier1, Dominique Michaud1, Steeve Pepin1
1Université

Laval

The gene vector Agrobacterium tumefaciens is commonly used for transient expression of
recombinant proteins in combination with Nicotiana benthamiana (Nb), but few studies have
examined the effects of environmental growth conditions on plant host performance in this
expression system. While the use of NFT gutters for large-scale production of Nb plants is
advantageous for automation and biosecurity considerations, such a cultivation system alters the
root environment and impacts plant water relations compared to pots or trays, which can affect
recombinant protein accumulation. Moreover, drought stress prior to a pathogenic infection has
been shown to improve plant tolerance to the biotic challenge. To better understand the
physiological impact of water stress on protein yield and growth of the host, different intermittent
fertigation frequencies were tested and the agroinfiltration process dissected (non-infiltrated,
MES, P19 and HA). An exhaustive characterization of the plants’ leaf biomass as well as isotopic
(13C) and RT-qPCR analyses were performed. Our results show that a reduction up to 70% in
fertigation volume to induce water deficit conditions during the growing phase resulted in higher
hemagglutinin yields (HA/g), pointing to phenotypic and physiological changes in Nb plants. As
expected, water stress limited plant growth but the resulting leaf biomass was more resistant to
agroinfiltration and expression processes as it displayed less necrosis than that of well-watered
plants. A better understanding of the interactions between water stress and the expression of
recombinant proteins will emerge from this work, possibly representing a case of cross-tolerance
between abiotic and biotic stress.
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101 - Investigating the function of chloroplast chaperone HSP90C C-terminal extension
in abiotic stress resilience
Bona Mu1, Tim Jiang1, Wei-tse Tseng2, Rongmin Zhao1
1University

of Toronto, Scarborough, 2University of Melbourne

Plants are sessile organisms and require adaptation to various stress conditions with the
assistance of molecular chaperones. HSP90Cs are plastid stroma localized HSP90 family
chaperones that facilitates protein import into the chloroplast as well as transport across the
thylakoid membrane. HSP90s consist of 3 domains, an N-terminal ATPase domain (NTD), a middle
domain for client interaction (MD), and a C-terminal dimerization domain (CTD). Flanking the CTD
is a C-terminal extension region (CTE). While the C-terminal tail of cytosolic HSP90s containing the
MEEVD motif has been shown to bind to a myriad of cochaperones and the CTE of ER HSP90
contains the KDEL ER retention signal, the role of the HSP90C CTE is largely unknown. The HSP90C
CTE region has a highly conserved D-P-W triplet in all land plants and some green algae. This might
indicate a functional constraint and prompted us to investigate the role of this region.
Overexpression of a GFP fusion of the client protein PsbO1 caused protein translocation stress
and albino cotyledon phenotype, which was rescued by HSP90C overexpression. Yeast two hybrid
assays between the HSP90C client PsbO1 and HSP90C CTE deletion mutants demonstrated that
HSP90C CTE is required for interaction with PsbO1. Furthermore, interaction between LHCB2.1
and HSP90C was abolished after CTE deletion. Size exclusion chromatography confirms that the
dimerization capacity is not affected in the CTE deletion mutants. Using the gHSP90C genomic
DNA and introducing point mutations to generate premature stop codons, HSP90C CTE deletion
mutant Arabidopsis were obtained. The CTE deletion mutant was able to rescue the embryonic
lethality of HSP90C knockout mutant and developed like wild-type, however further analysis with
abiotic stress and on photosynthesis ability needs to be done. Further chaperone activity assay
and ATPase activity assay will be performed to compare the general chaperone function between
wildtype and mutant HSP90Cs.
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102 - Tomato cystatin SlCYS8 as a recombinant trigger of drought tolerance in potato,
Solanum tuberosum L.
Maude Dorval1, Gabrielle Veillet1, Jonathan Tremblay1, Marie-Claire Goulet1, Charles Goulet1,
Dominique Michaud1
1Centre

de recherche et d'innovation sur les végétaux (CRIV), Université Laval

Current climate change scenarios predict an increased incidence of drought episodes likely to
affect potato cultures in many countries. Potato presents a low-density, shallow root system that
makes it particularly vulnerable to water shortage and ill-prepared to expected climate changes.
In this context, any successful attempt to improve drought tolerance in potato cultivars is
potentially relevant from an agronomic standpoint. Here, we assessed the potential of
recombinant cystatin tomato SlCYS8 to induce defense-related pleiotropy and promote drought
tolerance in SlCYS8-expressing potato lines. Until now, cysteine protease inhibitors of the cystatin
protein superfamily have been mostly considered as biotechnological tools to engineer insect
resistance in major crops, but several recent studies have also revealed a possible link between
the occurrence of these proteins in leaves and host plant’s ability to tolerate abiotic stress cues.
In this study, we show SlCYS8-expressing potato plantlets to present a ‘stress response-oriented’
leaf proteome compared to control untransformed plantlets, including defense/stress-related
proteins normally induced by the stress elicitor salicylic acid. In line with the overexpression of
abiotic stress-inducible proteins in leaf tissue, SlCYS8-expressing plantlets grown for several
weeks on culture medium containing the drought mimic polyethylene glycol (PEG) exhibited a
very high root to shoot ratio compared to control plantlets showing a moderate ratio increase.
These data support the potential of recombinant cystatins as molecular tools to improve abiotic
stress tolerance, including drought tolerance, in potato. Work is underway to confirm the drought
tolerance status of our SlCYS8-expressing lines using ex vitro-acclimated, greenhouse-grown
plants.

103 - Multiplex TaqMan qPCR assay for quantitative diagnostic of Clavibacter
michiganensis ssp. michiganensis
Anne-Sophie Brochu1, 2, Edel Pérez-Lopez1, 2
1Department

of Plant sciences, FSAA, Université Laval, Québec, Canada, 2Centre de recherche et d'innovation sur les
végétaux (CRIV), Université Laval, Québec, Canada.

The greenhouse tomato industry in North America has been expanding at a fast pace in the last
years. However, the monoculture characteristic of greenhouses increases the risk of developing
diseases. Bacterial canker of tomato caused by Clavibacter michiganensis spp. michiganensis
(Cmm) is one of the main bacterial diseases. Its ability to invade seeds and to infect without
showing symptoms make Cmm a dangerous pathogen. For the moment, there isn’t resistant
cultivars or chemical controls against this bacterium. Control of the disease is mainly done by
preventive methods. One way to prevent the propagation of the disease is by identified rapidly
the presence of Cmm in seeds or transplants. Through the study of the TomA and RhuM genes,
we developed a new quantitative tool to identify Cmm. After amplifying and sequencing fragment
of those genes from Cmm strains and compared with other different Clavibacter spp., we were
able to design a Multiplex TaqMan real-time PCR (qPCR) that detects and quantifies low
concentrations of the bacteria in infected plant material and seeds. Further validations of the
assay are ongoing to offer growers better preventive approaches against the disease.
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104 - Screening of Arabidopsis thaliana ecotypes to search for natural resistance against
clubroot infection
Melaine González García1, Marina Silvestre Vañó1, Edel Perez Lopez1
1Université

Laval

Clubroot is a serious soil-borne disease that affects the plants belonging to the Brassicaceae
family. Its causal agent is the protist pathogen Plasmodiophora brassicae. This disease caused the
formation of galls on the roots of susceptible hosts and can provoke, in some cases, the death of
the plant causing yield losses. Nowadays, there is no effective method to eliminate the pathogen
whereas some control measures are applied such as the employ of resistant cultivars. However,
in the last years, some pathotypes have overcome the resistance hence, new resistant sources
are needed. In this sense, the search for natural resistance in the model plant Arabidopsis thaliana
is an approach low explored. Using a Genome-Wide Association Study, the reaction of 200
ecotypes against P. brassicae will be evaluated and used to identify some gen related to resistance
against pathotype 3H of P. brassicae. Additionally, the overexpressed genes during all phases of
the infection will be studied by RNAseq in susceptible and resistant ecotypes of A. thaliana.
Finally, the resistance gene or genes identified will be molecularly characterized through
sequencing, expression analysis, and mutation analysis. The results obtained could be used to
develop new resistant cultivars of important crops of the family Brassicaceae.

105 - PbCE1 and PbCE2, two major effector candidates involved in Plasmodiophora
brassicae pathogenicity and host resistance.
Marina Silvestre-Vañó1, Melaine Gonzalez-García1, Muhammad Asim Javed1, Edel Pérez-López1, 2,
3

1Department

of Phytology, FSAA, Université Laval, Québec, Canada, 2Institute de Biologie Intégrative et des Systèmes
(IBIS), Université Laval, Québec, Canada., 3Centre de recherche et d'innovation sur les végétaux (CRIV), Université Laval,
Québec, Canada.

Plasmodiophora brassicae is the causal agent of clubroot, a devastating disease infecting roots of
plants in the Brassicaceae family and responsible for 10–15% yield reduction on a global scale.
Recent research has focused on understanding the molecular mechanism of clubroot resistance
through omic approaches. Through these studies, several subsets of putative effectors were
identified that may be used by the pathogen in order to interfere with plant immunity and
facilitate colonization by the host. Unfortunately, the molecular mechanism driving this process
remains unknown. By employing a systematic approach, we uncovered the possible strategies by
which the pathogen could defeat plant immunity. This would allow us to identify clubroot
pathogen susceptibility factors that could have been targeted by Arabidopsis during the
development of resistance.
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106 - Developing anthracnose resistant strawberries
William Armstrong1, Blandine Bulot1, Vincent Coulombe1, Ariane Poulin1, Fabien Déry1, Marianne
Tétrault-Loiselle1, Louis Félix Nadeau1, Jonathan Tremblay1, Charles Goulet1
1Université

Laval

Several diseases can affect strawberry yield and fruit quality. Strawberry anthracnose
(Colletotricum acutatum) is one of the more commonly found fungi in strawberry and can cause
significant economic losses. The control of this fungus requires many fungicide applications that
can lead to fungicide resistance. To reduce growers and customers exposure to pesticides and
prevent resistance appearance, alternative methods of fighting anthracnose must be considered.
Among them, genetic resistance is one of the most efficient approaches. A resistance locus
(FaRCa1) was recently identified in Florida on the chromosome 6-3. However, the efficacy of this
resistance in Quebec’s climate conditions and with the anthracnose strains found locally was still
unknown. To properly identify and predict resistance in strawberry plants, multiple high
resolution melting markers were developed along the locus. Fifty strawberry varieties that are
frequently used by Canadian growers were genotyped using the markers and only a few cultivars
had the resistance locus. Using these cultivars, a mapping population derived from the selfpollination of heterozygous lines for the locus were planted in field trials. The day-neutral plants
were divided in groups according to their genotype for the locus: resistant, heterozygous, or
susceptible. The results showed that non-resistant plants had 16% of their fruit diseased by
anthracnose. Resistant plants (RR) were significantly less susceptible than non-resistant plants (rr)
with a 40-folds reduction in diseased fruits, showing the effectiveness of the resistance locus in
Canadian fields. Heterozygous plants were also significantly less prone to developing anthracnose
with an 8-folds decrease in disease detection. These results demonstrate the potential of the locus
to better control the disease and ultimately reduce pesticide use.
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107 - Impact of day neutrality QTL on strawberry flowering habit
Vincent Coulombe1, Blandine Bulot1, William Armstrong1, Ariane Poulin1, Louis-Félix Nadeau1,
Charles Goulet1
1Université

Laval

Strawberry (Fragaria × ananassa) is one of the most important berry crops in the province of
Quebec. Traditionally, they were harvested early in the summer after a flower induction the
previous fall under short days. Over the last decades, a new type of strawberry has appeared
allowing a production during all summer up to late in the fall. Called day-neutral for their ability
at producing flowers independently from the daylength, their phenotype is linked to the locus
Perpetual Flowering and Runnering (FaPFRU). Despite its importance for the strawberry industry,
there is still more to learn about the impact of this locus on flowering. The recent sequencing of
the octoploid genome of F. ananassa had allowed us to develop specific High Resolution Melting
(HRM) markers for the locus. These markers were used to genotype three biparental F2
populations and their flowering pattern was recorded during the summer of 2021. Interestingly,
seedlings that are homozygous for the locus flower earlier than heterozygous lines, with most
lines flowering a few weeks after their plantation in the field. Despite this clear difference in
earliness, the frequency of flowering during the season tend to stay the same once the line start
flowering. These results demonstrates that day-neutral strawberry flowering depends on a
partially dominant locus. Moreover, the markers developed could help breeders determine the
genotype of the locus and therefore predict the flowering pattern and select more quickly new
day-neutral cultivars.

108 - Optimization of plant tissue culture media and selection of dihaploid lines with
high potential for regeneration in potatoes
Ariane Poulin1, Samuel Gagnon1, Blandine Bulot1, Louis Félix Nadeau1, Jonathan Tremblay1,
Charles Goulet1
1Université

Laval

Plant tissue culture is essential for potatoes mass propagation of virus-free plantlets. It also has a
central role for new biotechnology approaches like targeted mutagenesis by CRISPR-Cas9 or
transgenesis. While propagating potatoes in vitro is rather simple by stem cuttings, it is notably
difficult to regenerate plants from callus limiting the use of biotechnologies for this crop.
Dihaploid lines with their reduced genomic complexity are attractive targets for potato
mutagenesis. There are however few characterized lines available to the scientific community. In
this project, five vigorous dihaploid potatoes lines (Solanum tuberosum) were evaluated for their
regeneration capacity using different media formulation. The effect of different concentrations of
phytohormones was measured on two types of explants: stem internodes and pieces of leaves.
Callogenesis and bud formation were recorded during the five weeks of tissue culture. Results
indicate that regeneration is highly variable among the selected lines with two of them showing
great promises by forming a high number of buds after a few weeks. The combination of the auxin
2,4-D with Zeatin, a cytokinin, was the most effective at initiating callus and buds. These results
provide encouraging guidelines for the transformation protocol of high value dihaploid potato
lines.
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109 - Assessment of the aroma profiles of potato cultivars grown in Quebec; A first step
in breeding more flavorful potatoes
Cyntia Belzil1, Samuel Gagnon1, Louis-Félix Nadeau1, Blandine Bulot1, Charles Goulet1
1Centre

de recherche et d’innovation sur les végétaux, Département de Phytologie, Québec, QC

Potato (Solanum tuberosum) contributes to the food security of many countries. In addition to
being efficient in calories per cultivated area, it’s also a source of proteins and many other
nutrients. However, potato consumption in North America has been decreasing over the last
twenty years, as food deemed more interesting flavor-wise are preferred by consumers. To
overturn this tendency, the industry must develop more flavorful potato varieties. However, the
lack of ways and expertise in evaluating potato aroma has historically caused flavor to be
overlooked in the breeding process.
This project aims at building a collection of potato lines with unique aromatic profiles to provide
resources for flavour-oriented breeding programs. In this part of the project, aromatic profiles of
commercial tetraploid commercial varieties, as well as some diploid and experimental varieties,
were assessed, for a total of 78 lines. The crops were grown in the field, in random blocks over
two years, with six cultivars being repeated as controls. Harvested tubers were stored for three
months before being cooked in the microwave oven. Volatile compounds of the tubers were
collected and analyzed by gas chromatography. Sixty-nine (69) volatile compounds were
quantified for every potato sample, allowing us to compare levels and observe trends and clusters
of potato with PCA analysis. This large collection of potato lines will allow the identification of
interesting cultivars for specific aroma. Moreover, the data will provide a precious tool in
accelerating genetic improvement of potato, focused on flavour for fresh potato consumption.
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110 - Computational construction of the Cannabis sativa ethylene biosynthesis and
signaling pathway
Adrian Monthony1, Davoud Torkamaneh1
1Université

Laval

Cannabis (Cannabis sativa L.) research has been stifled by its historic criminalization, thereby
limiting our understanding of the genes controlling its life cycle, particularly those affecting
cannabis sex expression. Cannabis is primarily dioecious, with a diploid genome (2n =20)
containing a pair of polymorphic sex chromosomes: XX for females and XY for males. Only female
flowers produce considerable quantities of medically important cannabinoids and terpenes. To
avoid costly problems associated with accidental pollination of crops by male plants, breeders
developed methods for producing feminized seeds (having only XX chromosomal complement)
using silver thiosulfate (STS), a potent ethylene antagonist; suggesting that the ethylene
biosynthesis and signaling pathways plays a crucial role in cannabis sex expression. Ethylene
biosynthesis and signaling is highly conserved across the plant kingdom, and has been shown to
plan an important role in sex determination of some crops. In the present study, putative
ethylene-related gene (ERGs) orthologs were identified in silico in C. sativa by homology analysis
from the known Arabidopsis ERGs. Based on these orthologs a putative C. sativa ethylene
biosynthesis and signaling pathway was constructed. Using RNA-seq datasets from male, female
and induced-female flowers from C. sativa, differential expression analysis of the putative ERGs
was used to validate the pathways and to identify differentially expressed ERGs involved in
cannabis sexual plasticity. Identification of these ERGs provide important targets for future in
planta genomic and epigenomic studies aimed at better understanding the role of ethylene and
its antagonists on cannabis growth. This research represents the first step towards the
development of cannabis as a model species for dioecious plant sex determination and sex
expression which will also benefitting other commercially important dioecious crops such as
asparagus, papaya, and hops.

111 - Applying Deep Learning (Transformers) for high-quality variant calling refinement
Omar Abdelwahab1, Davoud Torkamaneh1
1Université

Laval

Accurate classification of variants has been essential for genomic analysis in detecting mutations.
Variant calling refinement was performed by long time-consuming procedures such as manual
review, which is non-producible and hard to standardize. This project proposes using deep
learning techniques (TRANSFORMERS) to create a pre-trained automated and reproducible
model. Using 41k variants from a previous study, the model will be trained and tested to classify
variants with high efficacy into Pass, Ambiguous or Failed. For generalization, the model will be
tested on other species with different ploidy and genomic length. Ideally, this model will be
capable of replacing the old manual refinement techniques, while being integrated into other
variant callers like Fast-GBS.
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112 - Defining the biosynthetic pathway of a new O-methylhydroxy isoflavone in
soybean (Glycine max L. Merr)
Elizabeth Copley1, Sangeeta Dhaubhadel1
1Agriculture

and Agri-Food Canada

Isoflavonoids are phytochemicals produced via a legume-specific branch of the phenylpropanoid
pathway. They are involved in plant defense response mechanisms, stress tolerance, and
symbiotic relationships with rhizobial bacteria. Two transcription factors, GmMYB176 and
GmbZIP5, regulate the biosynthesis of multiple isoflavonoids in soybean hairy roots. When cooverexpressing GmMYB176 and GmbZIP5 in soybean hairy roots, an unidentifiable Omethylhydroxy isoflavone is upregulated significantly compared to control roots. This isoflavone
has an O-methyl group at a unique position compared to other known isoflavones. It is
hypothesized that an isoflavone O-methyltransferase (IOMT) is required to methylate one of five
soybean isoflavones to produce the unknown O-methylhydroxy isoflavone. The goal of this
research is to identify the IOMT involved in the biosynthesis of the novel isoflavone in soybean. A
phylogenetic tree was constructed from BLAST hits using nine functionally characterized IOMTs
and sequences from database keyword searches. Publicly-available transcriptomic data was used
to generate a tissue-specific expression heat map and to identify genes induced in response to
pathogen infection. Six candidate IOMTs are selected based on in silico analysis, tissue-specific,
and pathogen-induced gene expression in soybean. The candidate GmIOMTs are being cloned for
protein production and will be assayed in vitro for their ability to produce the isoflavone. Plant Omethyltransferases are carbon position-specific; therefore, identifying the O-methyltransferase
that produces the new isoflavone will determine the position of the O-methyl group, providing a
prediction for its structure. This work will solve an unknown branch of the isoflavonoid
biosynthetic pathway and provide a method of synthesizing the O-methylhydroxy isoflavone in
vitro.
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113 - Hitchhiker’s guide to the nucleus: Is AtADT5 piggybacked into the nucleus by
AtPDAT1?
Emily J Clayton1, Sara Abolhassani Rad1, Susanne E Kohalmi1
1The

University of Western Ontario

Phenylalanine (Phe) is an essential aromatic amino acid that can only be synthesized de novo by
microorganisms and plants. In planta, Phe is synthesized through the arogenate pathway,
requiring the enzyme arogenate dehydratase (ADT). In Arabidopsis, there is a family of six ADTs
that catalyze this final step of Phe biosynthesis. All six AtADTs share a high sequence similarity
and localize to the stromules of chloroplasts. However, AtADT5 has an alternate subcellular
localization to the nucleus, but no apparent nuclear localization signal (NLS) has been identified.
A single unique interactor of AtADT5 was identified as AtPDAT1, and AtPDAT1 contains a putative
bipartite NLS. Here, we analyzed whether AtADT5 is piggybacked into the nucleus by interacting
with AtPDAT1. We generated a series of AtPDAT1 deletion constructs of the predicted NLS, and
determined if this sequence was required for AtADT5 nuclear localization using yeast-two-hybrid
(Y2H) and bimolecular fluorescence complementation (BiFC) analyses. We also generated
targeted AtADT4 and AtADT5 substitution mutants to identify the sequences defining the
AtADT5:AtPDAT1 interaction site, and if the interaction with AtPDAT1 is necessary for AtADT5
nuclear localization. We determined that AtADT5 is indeed using AtPDAT1 to piggyback into
nucleus, although surprisingly the predicted NLS of AtPDAT1 is not functional. While there is more
to be explored, this work demonstrates that even a single amino acid change can affect protein
localization and protein-protein interactions, and contributes to our knowledge of the sequencefunction relationship of proteins and the divergence of gene family members.
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114 - Phosphomimetics: Checking up on the phosphorylation status of AROGENATE
DEHYDRATASE5 of Arabidopsis thaliana
Eileen Barac1, Emily A. Hornung1, Susanne E. Kohalmi1
1Western

University

Phenylalanine is an aromatic amino acid required by all organisms for protein synthesis and is
specifically vital in plants for the synthesis of specialized metabolites. In plants, phenylalanine is
primarily synthesized through the arogenate pathway, where arogenate dehydratase (ADT)
catalyzes its conversion from arogenate. In the model organism Arabidopsis thaliana, a gene
family consisting of six ADTs has been identified. While the enzymatic activity of AtADTs occur in
the chloroplast, AtADT5 has also been shown to localize to the nucleus, where it acts as a
moonlighting protein. Though its role in the nucleus currently remains under investigation, posttranslational modifications such as phosphorylation may be involved in regulating its localization.
To date, it is unknown if ADT5 is a phosphoprotein, but strong in silico evidence suggests that
some AtADT5 amino acid sites are phosphorylated. To confirm that ADT5 is a phosphoprotein, we
are performing BiFC studies with AtADT5 and 14-3-3, since 14-3-3 proteins interact with all
phosphoproteins. We are also planning to use mass spectrometry for a more comprehensive
assessment of all post-translational modifications in AtADT5 in vivo. To determine the effects of
phosphorylation on AtADT5, we are using phosphomimetics to substitute amino acids for those
that mimic an on or off phosphorylation status. Mutations are introduced by overlap PCR and
sequences will be introduced into various destinations vectors using Gateway cloning.
Subsequently, we will determine the subcellular localization of AtADT5 phosphomimetic mutant
sequences using confocal microscopy. Since AtADT5 localizes to the nucleus, an observable
change in localization will suggest regulation by phosphorylation. Through this exploratory
research, we will be the first to demonstrate the effect of phosphorylation on ADTs.
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115 - Effect of methyl jasmonate treatment on alkaloid biosynthesis gene of Narcissus
papyraceus
Fatoumata Binta Diallo1, Manoj Koirala1, Natacha Mérindol1, Isabel Desgagné-Penix1
1UQTR

Amaryllidaceae alkaloids (AAs) have been found in plant families, but the majority are unique to
the Amaryllidoideae. AAs represent an important resource for drug discovery. The biosynthesis
of these pharmacologically important types of alkaloids is still not fully elucidated and
understood. Hence, the understanding of the alkaloid synthesis pathway is crucial for their largescale production. Biosynthesis of AAs, nitrogenous and heterocyclic molecules are derived from
aromatic amino acids (L-tyrosine and L-phenylalanine) via shikimate and phenylpropanoid
pathway. Key intermediate of AAs biosynthesis is norbelladine formed by the condensation of
tyramine and 3,4-dihydroxybenzaldehyde (3,4-DHBA). Multiple subsequent biochemical reactions
involving different enzymes are responsible for AAs biosynthesis. In nature, alkaloids production
is believed to be induced by environmental factors such as biotic and abiotic stress. Previous
studies showed that different elicitors can greatly impact the biosynthesis of AAs on a laboratory
scale. It was reported that treatment with methyl jasmonate can boost the production of
galantamine. It also influences the expression of O-methyl transferase enzyme. In this project, we
treated suspension cultures of Narcissus papyraceus callus, with methyl jasmonate over time. The
goal was to study the effect of this treatment on enzyme expression and metabolite levels. Total
RNA was extracted and used for qPCR to analyze the expression of tyrosine decarboxylase (TYDC),
O-methyl transferase (OMT), phenylalanine ammonia-lyase (PAL), cinnamate 4-hydroxylase
(C4H), coumarate 3-hydroxylase (C3H), Norbelladine synthase (NBS) and norcraugsodine
reductase (NR), key biosynthetic enzymes on early AAs pathway. In addition, metabolites
production was analyzed using LC-MS/MS. Our results show that although the treatment with
methyl jasmonate triggered the expression of the Phenylpropanoid pathway genes and other
early phase of biosynthesis genes, it did not have a significant effect on the gene expression of
OMT. This has been corroborated by the metabolite analysis. Further experiments are underway
to understand alkaloid biosynthesis in Amaryllidaceae.
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116 - Localization of vanillin synthase in different organelles of Phaeodactylum
tricornutum
Aracely Maribel Diaz-Garza1, Natacha Merindol1, Brian Ingalls2, Isabel Desgagné-Penix1
1Department

of Chemistry, Biochemistry and Physics, Université du Québec à Trois-Rivières, Trois-Rivières, Québec,
Canada, 2Department of Applied Mathematics, University of Waterloo, Waterloo, ON, Canada

Vanillin is the major organoleptic compound of the vanilla flavor. It is produced and accumulated
as vanillin glucoside in the pod of Vanilla planifolia. The extraction process from its natural source
is limited by specific growth conditions and a variable yield. Therefore, vanillin is also produced
by chemical synthesis and biotechnologically using tailored enzymes or microorganisms to
convert different substrates into vanillin. However, the major obstacle for heterologous
production of vanillin is the antimicrobial activity of its precursors limiting accumulation of
vanillin. In the plant cell of V. planifolia, the entire biosynthetic pathway is localized in redifferentiated plastids called phenyloplasts. Here, we propose the compartmentalization of
vanillin synthesis in the model diatom Phaeodactylum tricornutum to reduce the toxicity of the
last step of the phenylpropanoid pathway, namely the conversion of ferulic acid into vanillin
catalyzed by vanillin synthase (VpVAN). For this purpose, we have cloned and transformed six
different constructions using signal peptides to direct VpVAN to the plastid stroma, peroxisomes,
Golgi apparatus, endoplasmic reticulum, vacuole, and cytosol of P. tricornutum. Using the
enhanced green fluorescent protein (eGFP) fused to VpVAN, we were able to confirm the
subcellular localization of each of the constructions. Further characterization of the transformant
lines will be performed to assess whether the subcellular localization has an effect in the
heterologous production of vanillin.
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118 - Production of nanoparticle-based vaccine candidates in Nicotiana benthamiana
to prevent Salmonella infection in poultry
Shabnam Shamriz1, 2, Carly Charron1, 2, Angelo Kaldis2, Chris Garnham1, 2, Rima Menassa1, 2
1Department

of Biology, Western University, London, ON, 2London Research and Development Centre, Agriculture and
Agri-Food Canada, London, ON

Salmonella infection is a bacterial disease affecting the intestinal tract. The main source of
infection for humans are poultry products. This disease has resulted in productivity losses and
economically significant problems within the poultry industry. In-feed antibiotic strategy is
commonly used to control the disease, however, due to the emergence of well-adapted and
antibiotic-resistant serotypes, innovative strategies such as vaccine development are under
investigation. Plant molecular farming could offer an advanced alternative for vaccine
development. It provides a cost-effective, safe and easy to scale-up platform for the production
of bioactive products. The overall purpose of this project is to exploit the potential of Nicotiana
sp. for recombinant vaccine development against Salmonella infection in chicken. Conserved
antigenic epitopes of Salmonella outer membrane proteins were C-terminally fused to Lumazine
synthase from Brucella spp. (BLS). BLS is a highly immunogenic decameric protein that can
markedly increase the immunogenicity of foreign protein domains fused to its N-termini. The
designed fusion constructs were transiently expressed in Nicotiana benthamiana plants and
recombinant proteins were extracted and purified using immobilized metal affinity
chromatography and characterized using SDS-PAGE and immunoblotting. Size-exclusion
chromatography (SEC) and transmission electron microscopy (TEM) were used to determine
whether the particles were assembled into decameric structures. Animal immunization will be
done to assess immune responses to the vaccine candidates. The proposed fusion constructs hold
promise for the development of innovative low-cost subunit vaccines for the prevention of
Salmonella infection in poultry.
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119 - Effect of exogenous 6-BAP applications on hydroponically-grown Nicotiana
benthamiana plants for optimising their hemagglutinin yield profile
Stefano Bilotta1, Gilbert Éthier1, Ann-Catherine Laliberté1, Marie-Claire Goulet1, Michèle Martel2,
Dominique Michaud1, Steeve Pepin1
1Université

Laval, 2Medicago Inc.

Exogenous applications of cytokinins (CK) are well known to induce axillary (secondary) growth
and cell division in plants, but it is not established whether CK may have beneficial effects on the
synthesis and accumulation of recombinant vaccine antigens in Nicotiana benthamiana (Nb). In
this study, we aimed to determine the effect of the synthetic cytokinin 6-BAP on leaf anatomy,
leaf biomass allocation and hemagglutinin (HA) yield of Nb plants cultivated hydroponically. We
hypothesized that exogenous 6-BAP applied during the growth and expression phases in the
irrigation solution (CKNFT, 2.5 µM) or by foliar spray (CKSPRAY, 30 ppm; every 3rd day starting on day
4) would increase axillary leaf fresh weight and enhance cell division in young primary leaves,
leading to higher HA yield compared to the control treatment (CK-). Although these CK treatments
did not produce more secondary leaves than CK-, CKNFT, while decelerating plant growth,
increased cell density and primary leaf fresh weight in the upper part of the plant comprising 63%
of the total HA yield. In contrast, CKSPRAY accelerated growth, decreased cell density and increased
the fresh weight of older primary leaves compared to CK-, shifting the bulk of HA production in
the lower/middle part of the plant. This study demonstrated that exogenous CK applications may
be used to modulate the growth rate, phenotype and HA yield profile of Nb plants, which can be
useful in a large-scale production.
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120 - More leaf cell factories and a protein biosynthesis-oriented proteome in Nicotiana
benthamiana treated with synthetic cytokinin 6-BAP
Béatrice Giroux1, Anne-Marie Maltais1, Marie-Claire Goulet1, Charles Goulet1, Dominique
Michaud1
1Centre

de recherche et d'innovation sur les végétaux (CRIV), Université Laval

We recently described the potential of synthetic cytokinin 6-benzylaminopurine (6-BAP) to
promote axillary stem growth and recombinant protein yield in transient expression host
Nicotiana benthamiana. Here, we assessed whether the positive effect of 6-BAP on protein yield,
associated with an increased ‘young to older’ leaf biomass ratio following hormone treatment,
could be linked at the cellular scale with the documented positive effects of cytokinins on cell
division and protein biosynthesis. Confirming previous studies, 20-day old greenhouse-grown
plants treated with 6-BAP two weeks earlier showed a greater axillary leaf biomass and a total
yield of influenza virus antigen H1 (used as a protein model) increased by ~50% at the whole plant
scale. 6-BAP-treated plants showed an increased number of mesophyll cells compared to control
plants, estimated at 700 and 1,500 cells/mm2 for main stem leaves and axillary stem leaves,
respectively, compared to 500 and 1,000 cells/mm2 for the corresponding leaves of control plants.
As expected, given apparently higher division rates upon cytokinin treatment, average cell
diameters were smaller in 6-BAP treated plants, estimated at ~35 and ~25 µm in main stem and
axillary stem leaves, respectively, compared to ~50 and ~35 µm in control leaves. 6-BAP treatment
had a strong impact on the leaf proteome in both main stem and axillary stem leaves, associated
with high levels of proteins involved in protein folding, protein translation and carbohydrate
metabolism, in contrast with defense/stress- and cell differentiation-related proteins showing
decreased levels. These findings indicate a positive link between the axillary growth and
recombinant protein yield promoting effects of 6-BAP in N. benthamiana leaves and the effects
of this hormone at the cellular and proteomic scales. They also stress the potential of young leaf
tissues, and the practical relevance of developing strategies to promote their production, in plant
molecular farming contexts.

55

121 - Built-in protease inhibitors for the in situ protection of clinically useful proteins in
transient expression host Nicotiana benthamiana
Vanessa Mercure-Godin1, Kristina LeBreux2, Marie-Claire Goulet2, Dominique Michaud2
1Biopterre, 2CRIV,

Université Laval

Yield and quality of biopharmaceuticals in plant protein factories are often compromised by the
unintended action of the host proteases. Protein engineering approaches have been proposed to
reduce the impact of proteolysis, notably involving targeted mutagenesis to eliminate proteasesusceptible sites in the recombinant protein. Host cell engineering approaches have also been
proposed to create protease activity-depleted environments for the expressed proteins. One
approach along this line consists of silencing the host proteases with DNA antisense or RNAi
sequences. Another approach consists of co-expressing accessory protease inhibitors along with
the protein of interest, to inhibit damaging proteases in situ. For instance, the co-secretion of
plant cystatins to inhibit endogenous Cys proteases has been shown to improve the accumulation
of different proteins, including recombinant antibodies, in leaves of transient expression host
Nicotiana benthamiana. Here, we developed stably-transformed lines of N. benthamiana to
express tomato cystatin SlCYS8, an inhibitor of cathepsin L-like Cys proteases; mushroom MCP4,
an inhibitor of cathepsin B-like Cys proteases; or SlCYS8–MCP4, a translational fusion of the two
inhibitors active against both families of enzymes. Transgenic lines were produced by
Agrobacterium-mediated transformation and then agroinfiltrated to transiently express the light
chain of human blood-typing IgG antibody C5-1 used as a protein model of clinical interest. The
leaves of T1 plants expressing SlCYS8, although exhibiting reduced cathepsin L activity, had no
positive impact on C5-1 light chain yield compared to control plant leaves. MCP4- and SlCYS8–
MCP4-expressing leaves, while showing differential cathepsin inhibitory activity profiles, showed
net accumulation rates of C5-1 light chain increased by up to tenfold compared to control leaves.
These data confirm the potential of Cys protease inhibitors as ‘built-in’ accessory proteins to
stabilize biopharmaceuticals in N. benthamiana. They also underline the importance of carefully
selecting which accessory inhibitor to use for an effective stabilizing effect in vivo.
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122 - Recombinant protein enrichment in leaves of transient expression platform
Nicotiana benthamiana by genetic induction of the jasmonic acid signaling pathway
Antoine Leuthreau1, Marie-Claire Goulet1, Adam Barrada1, Louis-Philippe Hamel1, Dominique
Michaud1
1Centre

de recherche et d'innovation sur les végétaux (CRIV), Universtité Laval

A key factor influencing the yield of biopharmaceuticals in plant protein factories is the ratio of
recombinant to host proteins in crude protein extracts upon tissue harvesting. Here, we assessed
the usefulness of genetically inducing the jasmonic acid (JA) signaling pathway to enrich
recombinant proteins in agroinfiltrated leaves of transient expression host Nicotiana
benthamiana. JA pathway induction triggers a significant rebalancing of the leaf proteome,
associated with a strong depletion of superabundant protein ribulose 1,5-bisphosphate
carboxylase oxygenase (RuBisCO) and the up-regulation of stress- and defense-related proteins.
Some years ago, we reported the potential of methyl jasmonate (MeJA), a volatile derivative of
JA, as an exogenous trigger of recombinant protein enrichment in N. benthamiana leaves. Now,
we show that a MeJA-like effect can be reproduced genetically by the transient expression of basic
helix–loop–helix (bHLH) transcription factors bHLH1 or bHLH2, two upstream inducers of the JA
pathway. As expected, bHLH expression had a strong impact on the host plant leaf proteome,
notably up-regulating stress-related proteins–such as oxidative stress-related enzymes and Ser
protease inhibitors–and down-regulating proteins involved in photosynthesis and sugar
metabolism. More specifically, bHLH expression decreased RuBisCO levels by up to 60% in leaf
tissue, similar to RuBisCO depletion rates previously observed with ectopically applied MeJA. This
rebalancing of the proteome led to relative levels of reporter protein GFP increased by up to 5fold, and relative levels of mammalian immunoglobulin C5-1 increased by more than 50%, in crude
protein extracts of leaves co-expressing bHLH1. These findings confirm the usefulness of JA
signaling pathway induction for the in planta enrichment of recombinant proteins in N.
benthamiana. They also confirm the potential of bHLH transcription factors as genetic triggers of
the JA pathway, as an alternative to exogenously applied MeJA.
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123 - One-step ex vitro hairy root transformation of soybean using RUBY visible reporter
gene
Mohsen Niazian1, François Belzile1, Davoud Torkamaneh1
1Université

Laval

Agrobacterium rhizogenes-mediated hairy root transformation is one of the most efficient genetic
engineering methods in soybean. Ex vitro hairy roots induction is much easier than in vitro
technique and can be done in two-step and one-step methods. One step ex vitro hairy root
induction along with a reporter gene detectable by naked eyes is the most convenience technique
for hairy roots transformation. Present study was conducted to assess the possibility of
application of RUBY reporter gene in soybean one-step ex vitro hairy roots transformation.
Different A. rhizogenes strains, including R1000, ARqual, A4 and K599, were applied for hairy roots
induction and transformation of RUBY reporter gene in soybean Bert, Williams, Jack and 20555
cultivars. The high mass of hairy roots was obtained two weeks after Agrobacterium infection.
The highest percent of hairy root induction was related to R1000 × Bert and K599 × Bert
treatments. The highest percent of transgenic (red) hairy roots was obtained by inoculation of 7d old Bert seedlings with R1000 Agrobacterium strain. Optimized protocol is valuable for soybean
in root functional analysis, especially genes involved in symbiotic nitrogen fixation (SNF) and
nodulation.
Keywords: Agrobacterium, Betalain, Gene transformation, Reporter gene.
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