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Introduction



Context
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Bread wheat (Triticum aestivum) is the most widely cultivated crop worldwide, used for human and animal 
food products. In 2019, Australia produced 18 million metric tons (2.3% of worldwide production).

Aim: develop a robust shotgun proteomics 
method to screen thousands of wheat 
genotypes.

Selection tools applied early in the breeding cycle are needed to accelerate genetic gain for increased wheat 
production while maintaining or improving grain quality. 
Proteomics screening assays of wheat flour can assist breeders to select the best performing breeding lines 
and discard the worst lines. 
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Experimental design



Experimental design

Wheat grain bags sent by Joe Panozzo

Testing set: 6 varieties
Validation set: 96 varieties
Total wheat lines: 4061



Results
Method development



Testing flour weight

LC-MS maps
10 mg 20 mg 30 mg
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Conclusions

Good reproducibility.

The number of LC-MS 
clusters was comparable 
between wheat cultivars 
and increased with the 
amount of flour but 
tapered off when 30 mg 
were used, indicating 
incomplete resuspension 
of the flour 

3 amounts
• 10 mg
• 20 mg
• 30 mg



Testing extraction buffers

Conclusions

Both urea and Gnd-HCl 
buffers produced 
comparable and 
reproducible results.

We selected Gnd-HCl 
because it is cheaper 
which is an important 
factor for large scale 
experiments
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MS/MS results
Unique peptides: 12307
Unique accessions: 8677

367 (3%)
266

426 (3%)
322

11514 (94%)
8089

Gnd-HCl Urea

Venn diagram

11881 (97%)
8355

11940 (97%)
8411

2 buffers
• urea
• Gnd-HCl

0.5 mL volume



Testing proteases

Conclusions
Good reproducibility.
8,384 T. aestivum protein accessions identified.
targeting distinct AA residues via orthogonal proteases increases proteome coverage. 
Too expensive on large scale experiment. 
Chose trypsin/Lys-C is the cheaper protease.

3 enzymatic digestions
• Trypsin/Lys-C (positively charged AAs: R,K)
• Chymotrypsin (hydrophobic AAs: Y, F, W)
• Glu-C (negatively charged AAs: E,D)



Testing LC parameters

Conclusions

Chosen LC method 
applied 6-36% ACN 
gradient for 33 min 
and was 43 min long, 
including washing and 
equilibration steps.

→ 33 samples/day

5 parameters
• total duration
• solvent gradient
• online desalting time
• flow rate
• separation columns



Chosen method on 6 cultivars

Conclusions

4 replicates clustered

Separation of the 6  
cultivars

Our method
• 20 mg
• Gnd-HCl
• Trypsin/Lys-C
• 3-36%B, 43 min



Results
Method validation



Upscaling to 96 samples (1 plate)

Conclusions
Good reproducibility.
QC and IS are used for normalisation purposes.

Validation set
• 96 wheat samples
• Quality Control (QC)
• Internal Standard (IS)



Normalisation

Conclusions
Weighing accuracy (1%) 
ensures reproducibility 
(no impact of 
normalising using 
weight).

IS normalisation creates 
tighter groups.

QC normalisation 
eliminates the 2 groups 
thus minimising 
uncontrollable technical 
variations

3 steps
• Sample weight
• IS
• QC



Results
Data mining



UniprotKB

Conclusions

UniprotKB allows you to 
retrieve relevant 
information in a 
tabulated format that 
can be exported. 

It links to other protein 
DBs.

It’s quick and easy to 
use.

The viewing tools are 
very rudimentary.

URL
https://www.uniprot.org
/uploadlists/

GO Molecular Function
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KEGG mapper

Conclusions

Great mapping tools for 
metabolisms and 
pathways.

Perfect for enzymes.

Not so good for proteins 
that are not enzymes.

Need to convert 
accessions into KEGG 
orthologs (KO).

URL
https://www.genome.jp/
kegg/mapper/reconstruc
t.html
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KEGG mapper

In green, enzymes identified in our 
study, displayed with their E.C. numbers.



AgriGO v2

Conclusions
Accepts Uniprot accessions and retrieves gene ontology (GO) terms.

Good display tools (hieratical graph).

SEA highlights relevant pathways (e.g. defense response), exportable.

Gets very busy when lots of GO terms are uploaded.

URL
http://systemsbiology.cau.edu.cn/
agriGOv2/
Singular Enrichment Analysis (SEA)

X

Yellow-red gradient indicates 
p-value significance.



REVIGO
Conclusions
Uploads GO terms from AgriGO (or other sources), applies enrichment analysis.

Some flexibility in the display tools; results are exportable (R scripts provided).

Different viewing tools (scatterplots and tree maps).

Can also get very busy and barely legible.

URL
http://revigo.irb.hr/ 
Reduction tool
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Pathway Tools

URL
https://pmn.plantcyc.org
/organism-
summary?object=BREAD
WHEAT

Conclusions
PT is the most comprehensible biological DB (Karp et al., 2016).

Best visualisation tools, also displaying quantitative data.

Can reorganise whole pathways and their nodes for figure export purpose.

Doesn’t recognise Uniprot accessions, must use “Traes” accessions; only 
24% Traes proteins mapped.
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Conclusions



Take-home messages

Conclusions

✓ We have devised a high-throughput proteomics method suitable for screening lots of wheat flour 
samples. 

✓ 20 mg could be fully resuspended in a 0.5 mL volume of buffer. 

✓ Urea and Gnd-HCl buffers yielded similar results. 

✓ Using 3 sets of orthogonal proteases helped dig down deeper into the wheat proteome. 

✓ The LC method we selected applied a 6-36% ACN gradient for 33 min, total duration of 43 min. 

✓ 8,738 T. aestivum proteins were identified.

✓ Essential aspects of the workflow were the accurate weighing of the flour, and the inclusion of IS and QCs 
to ensure reproducibility and robustness of the method over time. 

✓ Many data mining tools are available online; the ones we presented (KEGG, UniprotKB, AgriGO, REVIGO, 
and Pathway Tools) allowed for a rapid and powerful exploration of the data under different angles, thus 
not only confirming the presence of the expected storage proteins and associated enzymes (starch and 
sucrose) but also highlighting novel results (pathogen response).

 

Article published (Vincent, D.; et al. Mining the Wheat Grain Proteome. Int. J. Mol. Sci. 2022, 23, 713. 
https://doi.org/10.3390/ijms23020713)

Next step

✓ The 4061 lines have been screened.

✓ Manuscript in preparation.



Thank you
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