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Phenotyping
● Field resistance phenotyping!

● Affected by environment!
● Dry, hot, wet, cold, early or late in season ?!
● Races in the field?!

● Risks to the growing environment –!
● Restrictions on testing – new diseases!

● Multifactorial – difficult to identify which genes are 
responsible for resistance.



Environment  ---keeping it 
identical !
!
Different reactions between 
monocots and dicots!
!
Different reactions between 
cereal species



3. Recognize 
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induce a 
reaction
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Plant disease resistance
• Complex!
• Multiple disease resistance 

that change in different 
environment!

• Pyramid disease mechanisms 
and disease resistance genes!



Phenotyping
● Lab Based/ In vitro phenotyping !

● Better controlled conditions, reduced variation, and 
fewer factors affected results!

● Selection for resistance mechanisms!
● Less risk to environment – safe testing of diseases!
● Phenomics– more specific phenotyping of disease 

reactions, will improve QTL, diagnostic markers, MAS.



Secretome 
● Proteins secreted into the environment during plant-

fungi interaction. 



Disease resistance mechanisms

Enzymes



Linking Enzymes to FHB resistance, Azurine-crosslinked barley 
β-glucan  (AZCL1-3,1-4 β-Glucan)  

CDC Bold (S) Stander (S) Penco/Chevron (R) CDC Mindon (R) Metcalfe (R)



PPIEE assay, Linking Enzyme to Scald resistance 
(0.1 % β- glucanase with 1-3, 1-4 Linkage)

● Reaction to scald, test for 
expression of glucanase 
activity. !

● Seed-based assay was most 
effective
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Disease resistance mechanisms

Enzymes

Peroxidases



Peroxidase reaction 
● DAB tests –histochemical test; diaminobenxidine



Example of peroxidase activity



Apoplastic fluid analysis
● Extracellular space 

between cell wall and the 
plasma membrane acts as 
the first battle ground 
between pathogens and 
plants!

● Protein comparison 
between susceptible and 
resistance reactions!

● Identification or 
confirmation of proteins, 
enzymes, peroxidase, … 
PR proteins??



Comparison of apoplastic protein 
expression (secretome profiling) 
● AWF 

(apoplastic 
washing fluid 
isolation.!

● Compare 
protein profiles, 
standardized 
samples were 
run a Agilent 
2100 Bioanlyzer



Future research for 2016
● Standardize methods reduce experimental and 

environmental variation. DAB assay can we improve?!
● Confirm proteins in apoplastic fluid. Test enzymatic 

activity, glucanases, xylanase inhibitors, peroxidases. !
● Application to characterize disease resistance 

mechanisms, ie. gene for gene pathogen and host 
recognition?  Rapid and delayed plant resistance 
response? Enzymes? !

● Combine phenotyping data with genotyping improve 
QTL analysis.


