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Why should we be 
concerned?

• White headache 
(https://www.producer.com/2019/10/white-headache/)

• “We just didn’t get enough sun and heat to 
get the crops dried down.”

• “Seventeen (percent moisture) is the new dry 
for wheat in our area. I don’t think there’s 
been a bit of dry wheat or barley — or 
anything for that matter — that’s come off 
dry so far.”

• The Sprout: Snowmageddon leaves $3 
billion of Alberta crop in fields 
(https://ipolitics.ca/2018/10/12/the-sprout-snowmageddo
n-leaves-3-billion-of-alberta-crop-in-fields/)

• “Last night, one Alberta county declared a 
state of agricultural disaster. “



And it’s a 
recurring 
problem…





What does the wet weather do 
to grain quality?



So what if the quality is a bit lower?



Additional problems…
• Lodging

• Pre harvest sprouting

• Fungal contamination

• Hormone and signalling regulation

• Other agronomic practices

• Consumer acceptance



Our recommendations:
● Short-term:

❏ Agricultural Productivity Initiative Survey
 

❏ Improve farmer acceptance of Best Agronomic Practices

❏ Strategies for improved consumer acceptance of GMO 



Survey



Improving Farmer Acceptance

Large Scale 
Commercial

Family Operated



Strategies to improve consumer acceptance 
on genome editing



● Long-term:
Agricultural Productivity Research Initiative 

❏ Research Partnerships between research institutions and industry for:

➢ Lodging resistance

➢ Early germination resistance

➢ Hormone treatments

➢ Best agronomic practices

❏ Improved regulatory framework for genome editing

 

Our recommendations:



Physical damage (lodging)
● Displacement of the plant from its original position.
● Difficult harvesting.
● Decreased grain size, number and weight.
● Susceptibility to fungal diseases.

● Management practices.
● Dwarf and semi-dwarf varieties. 
● Plant growth regulators. 



Strategies for improving cellulose content and 
lodging resistance
1. Epigenome editing for overexpression of CesA genes in 

different species.

2. Prime editing for SNPs and mutations related to lodging 
resistance.

2.1.

Modified from Anzalone et al., 2019



                              Agronomic solutions for lodging



            Effect of Paclobutrazol on rice stalk height

                    Pea-Canola intercrop (Peaola)



                       Wind shelters/windbreaks



                            Frost management



• grains and oilseeds

• lack of dormancy

https://www.canolawatch.org/2019/09/18/
pre-harvest-scouting-things-to-look-for-this-we
ek/

canola                                         wheat

https://grdc.com.au/resources-and-publications/groundcover/
groundcover-133-march-april-2018/sprouting-grain-puts-a-dampener-on-qual
ity

Née, G., et al. (2017). 
https://ars.els-cdn.com/content/image/1-s2.0-S1369526616301339-gr1.jpg

Dormancy and early germination

a.k.a... Pre-Harvest Sprouting

https://www.canolawatch.org/2019/09/18/pre-harvest-scouting-things-to-look-for-this-week/
https://www.canolawatch.org/2019/09/18/pre-harvest-scouting-things-to-look-for-this-week/
https://www.canolawatch.org/2019/09/18/pre-harvest-scouting-things-to-look-for-this-week/
https://grdc.com.au/resources-and-publications/groundcover/groundcover-133-march-april-2018/sprouting-grain-puts-a-dampener-on-quality
https://grdc.com.au/resources-and-publications/groundcover/groundcover-133-march-april-2018/sprouting-grain-puts-a-dampener-on-quality
https://grdc.com.au/resources-and-publications/groundcover/groundcover-133-march-april-2018/sprouting-grain-puts-a-dampener-on-quality
https://ars.els-cdn.com/content/image/1-s2.0-S1369526616301339-gr1.jpg


Potential Solutions for PHS
1) Genetic modification
    -which category of “genes”?
     e.g. phytohormones
    

     -which “level”
     

http://www.phschool.com/science/biology_place/
biocoach/transcription/images/centdog.gif

->epigenetic
modification

->editing on 
small RNAs 

->enzyme 
engineering

Dormancy and early germination



Potential Solutions: genetic modification

b) promoter(wheat)

a) miR156 (small RNA) (rice)

miR156 knockdown reduce 
germination

(Miao et al., 2019)

Annong: PHS resistant
Henong: PHS susceptible
InDel changes the PHS trait 

(H. Jiang et al., 2018)

Dormancy and early germination



Potential Solutions: genetic modification

c) TE in promoter (maize)

drought-sensitive: B73 & Mo17
drought-tolerant: CIMBL55, 92, 70 and CML118
DNA methylation is involved in the regulation(Mao et al., 2015)

Dormancy and early germination



Potential Solutions for PHS
2)   Bio-controls
       -use bacteria to help plants!

• CRISPR could apply on bacteria

• The bio-control could benefit 
      other problems

• It may be faster than developing 
      a new crops

Egamberdieva, D. et al., (2017)
https://www.frontiersin.org/files/Articles/2782
55/fmicb-08-02104-HTML/image_m/fmicb-0
8-02104-g001.jpg

Dormancy and early germination



Example:

ABA

Decreases 
moisture 
content

Sucrose to 
starch 

conversion 
during 

drought

Increase 
drying rate of 

grain 

Correlated 
with starch 
synthesis 
enzymes

Phytohormone and signalling
regulation



ABA

Seed 
germination 

or PHS

Negative 
regulation of ABA 

signaling

Resistance to 
PHS

Expression of ABA 
inducible genes 

associated with seed 
maturation

Bind to 
promoter of 

ABRE

TaABI5/ABI
5 ABI1 & 

ABI2

TaAIP2/AI
P2

VP-1/ABI3

ABA

Amylase 



Genes Expression ABA sensitivity Refrences
TaVP-1A from PHS resistant 
varieties of wheat (T. 

boeoticum)

Upregulation Increase ABA sensitivity irrespective of concentration 
of ABA and therefore expression of ABA inducible 
gene expression 

Feng et al., 2017,
Chang et al 2011

TaVP-1B from PHS resistant 
varieties of wheat (T. durum)

upregulation Increase ABA sensitivity irrespective of concentration 
of ABA and therefore expression of ABA inducible 
gene expression 

Chang et al 2010,

Feng et al., 2017

TaAIP2 Downregulation Increase ABA sensitivity and provide resistance to 
PHS

Upregulation increase expression of 
ABI21 and ABI2 and decrease 
expression of VP-1/ ABI3 by degrading 
VP-1/ABI3

Decrease ABA sensitivity and ABA responsive genes 
and form crop susceptible to PHS and increase 
germination rate

Gao et al., 2014, 

Zhang et al., 2005

ABI5 in Arabidopsis and 
TaABI5 in Wheat

Interact with VP-1 Increase expression of ABA inducible genes by 
binding to Em promoter of ABRE

Utsugi et al., 

2020

ABI1 and ABI2 Negative regulators of ABA signaling, 
suppressed by VP-1 
Expression increase in the presence of 
ABA

In expression increase ABA sensitivity decreases Suzuki et al., 

2003

ThVp-1d from wheat grass 
(Thinopyrum sp.)

Can be use to form transgenic wheat 
with ThVP-1 gene 

Give PHS resistance Kocheshkova et 

al., 2017



Reframing of 
ethical 

guidelines and 
Regulatory 

policies



Regulatory overview of genome editing

USA
Canada
Argentina
France

Europe
New Zealand

Zhang et al., 2020, Plant Biotechnol. J.



Summary
-Short term processes:

-gather additional information to better assess problem

-alleviate and mitigate crop damage and value loss

-outreach to improve support for program

-Long term solution:

-not going to be a single solution to fix everything

-multiple research avenues maximise possibility of solution


