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OFFICIALIntroduction ς Wheat

Common bread wheat (Triticum aestivum L.) is the dominant 
crop in temperate regions. 

Its hexaploid genome (AABBDD; 2n = 6x = 42) originated from 
two polyploidization events.

de Souza et al, 
2021

The genome was sequenced in 2018 by the International 
Wheat Genome Sequencing Consortium IWGSC. 

The chromosomes from each closely related progenitor 
are grouped into homeologous groups. 

IWGSC, 2018

IWCSG, 2018
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High isoelectric point (pI) h -amylase is normally synthesized after maturity in seeds when they may sprout in response to rain or 
ƎŜǊƳƛƴŀǘŜ ŦƻƭƭƻǿƛƴƎ ǎƻǿƛƴƎ ǘƘŜ ƴŜȄǘ ǎŜŀǎƻƴΩǎ ŎǊƻǇΦ 

Late maturity h -amylase (LMA) is a wheat genetic defect causing the synthesis of high pI h -amylase in the aleurone as a result of 
a temperature shock during mid-grain development or prolonged cold throughout grain development. 

In LMA-affected grains, the activated enzyme prematurely degrades the starch leading to grain discount downgraded to animal 
feed, which incurs a loss of profit for the producers.

Whilst the physiology is well understood, the biochemical mechanisms involved in grain LMA response remain unclear.  

Galex et al 2020
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GRDC https://groundcover.grdc.com.au/innovation/plant-breeding/multi-pronged-strategy-tackles-lma-wheat-quality-defect

Because of its stochastic nature, LMA is difficult to predict and invisible 
to the naked eye. Measurements involve laborious methods (falling 
number and Ceralpha assays) but alternatives are being investigated 
(hyperspectral tools).

(Panozzo et al)

LMA is more prevalent than originally thought, with reports arising from 
North America, Japan, Canada, South Africa, China, Mexico, Germany, 
and the United Kingdom (Cannon et al, 2022). 
In Australia, it mostly affects SW VIC and SE SA (red areas on map).

(Potgieter et al)
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GRDC https://groundcover.grdc.com.au/innovation/plant-breeding/multi-pronged-strategy-tackles-lma-wheat-quality-defect

LMA has a genetic (G) component (-hamylase gene required), yet it is only expressed and enzymatically active under particular environmental (E) 
conditions (temperature shock) at a given developmental stage (mid-grain) making it the product of a GxE interaction. 
ά! ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ [a! ŦǊƻƳ ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ ƳƻƭŜŎǳƭŀǊ ŀǎǇŜŎǘǎ ǘƻ ǘƘŜ ŜƴŘ-use quality effects will greatly benefit the global 
ǿƘŜŀǘ ƛƴŘǳǎǘǊȅ ŀƴŘ ǘƘƻǎŜ ǿƘƻǎŜ ƭƛǾŜƭƛƘƻƻŘǎ ŘŜǇŜƴŘ ǳǇƻƴ ƛǘΦέ ό/ŀƴƴƻƴ Ŝǘ ŀƭΣ нлннύ
Post-genomics would deliver such deep understanding. Yet, to date, only one transcriptomics study has been published and no proteomics work 
has been attempted. 
In 2014, using microarray technology, Barrero et al. reported that LMA resulted from very narrow and transitory peak of expression of genes 
encoding high pI h -amylase during grain development and triggered phytohormone responses, in particular elevated gibberellins. 

Barrero et al, 2014

Ŭ-amylase content Ŭ-Amy gene expression Hormonal analysis
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Source: whealbi.eu

GRDC Project

Improved phenotyping for late maturity h -amylase (LMA) susceptibility in wheat 

Aim: to develop an innovative proteomics screening method with increased throughput, scalability, and 
repeatability and apply it to wheat germplasm to identify protein biomarkers involved in LMA response. 

άaŀǎǎ ǎǇŜŎǘǊƻƳŜǘǊȅ όa{ύ-based proteomics is the 
most comprehensive approach for the quantitative 
profiling of proteins, their interactions and 
modifications. 
It is a challenging topic requiring expertise in 
biochemistry for sample preparation, analytical 
chemistry for instrumentation and computational 
biology for data analysisΦέ 
(Sinha and Mann, 2020)

Particularly when thousands of samples are 
processed!
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4,061 grain samples from 858 wheat genotypes sourced from all over the world, grown/harvested in Horsham from 2012-2018 
and stored in optimal conditions.

LMA assay 

BU Proteomics 
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LC-MS1 quantitative results

LC-MS2 
identification 
results

LMA 
biomarkers

My talk in a snapshot

bƻǿ ƭŜǘΩǎ ŎƻƴŦǳǎŜ ȅƻǳ 
ǿƛǘƘ ǘƘŜ ŘŜǘŀƛƭǎΧ

LMA trait
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¢ƻŘŀȅΩǎ 
presentation

Presented in 
Oct 2021

*Vincent et al. Mining the Wheat Grain 
Proteome. Int. J. Mol. Sci. 2022, 23, 713. 
https://doi.org/10.3390/ijms23020713
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Requirements to minimise batch to batch 
variation:
1/ accurate sample weights
20 (+/- 0.2) mg flour was weighed to 
maximise sample preparation 
reproducibility

2/ internal standard (IS)
A pure peptide foreign to wheat spiked into 
all samples post-digestion and prior to LC-
MS analysis

3/ quality control (QC)
An homogenous mix of 100 samples 
processed the same way as samples and 
analysed at regular intervals

4/ regular LC-MS maintenance
Consistent peptide separation and mass 
accuracy over time (5 months of continuous 
run for LC-MS1 acquisition)
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Dataset: 3990 reproducible wheat samples  x 32336 tryptic peptides (clusters) from LC-MS1 analyses
Trait: LMA measurements (with 5.4% (217) missing values)
Protein identification: LC-MS2 experiment performed post-hoc LC-MS1 acquisition.

Challenges:
.ƛƎ ŘŀǘŀǎŜǘ Ґ ōƛƎ ŦƛƭŜ ǎƛȊŜ όнΦр DōύΦ /ƻǳƭŘƴΩǘ ƻǇŜƴ ƛǘ ǿƛǘƘ ŜȄŎŜƭΦ {ǳǇŜǊ ǎƭƻǿ ŀƴŀƭȅǎƛǎ ƛƴ Genedata Analyst which often crashed.
Eliminate protein sequence redundancy. 
Homoleogous proteins.
Finding appropriate ways to represent/mine the data.

Software/Systems used (in no particular order):
Excel, Word, Powerpoint, Sharepoint, Sharedrive, Teams, OneNote, Endnote, P-Touch Editor, Xcalibur Qual Browser, Orbitrap LTQ Tune, Vanquish UPLC SII Direct 
Control, Genedata Refiner, Genedata Analyst, Mascot, Galaxy Australia, Veed.io, Circos, X2GO Client, WinSCP, RStudio, UniProt, EnsemblPlants, ShinyGO, Power BI, 
KEGG, Clustal Omega, Pathway Tools

Data files:
4400 raw files (MS1 and MS2)
>1000 files generated during data analysis/mining (20 Gb)

Aim of the analyses:
1/ raw data correction
2/ checking for normality of trait and corrected data
3/ data reduction 
4/ predicting AAA missing values
5/ finding peptide biomarkers responding to AAA measurements
6/ linking MS1 to MS2 data and checking for MS2 method efficacy
7/ data mining tools
8/ finding biomarkers
9/ data representation

Overall
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LC-MS1 quantitative results

Screening the wheat grain samples
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LC-MS1 Ą       
peptide quantities
Ą stats
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Serial transformation steps

Despite capturing all experimental steps and making provisions to minimise 
technical variation, the only way to completely get rid of it was achieved by 
applying a linear regression and retrieving the residuals.
The last z-transformation was needed to achieve data normalisation. 
          Ą 32,336 peptides quantified in 3,990 wheat samples.
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LC-MS2 
identification 
results

Identifying wheat grain proteins
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OFFICIALLC-MS2 maps of wheat grain

MS2 spectrum Ą       
peptide AA sequence
Ą protein hit
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Example of Uniprot protein sequence: Alpha-amylase
>sp|P08117|AMY3_WHEAT Alpha-amylase AMY3 OS=Triticum aestivum OX=4565 GN=AMY1.1 PE=2 SV=1
MGKHSATLCGLLVVVLCLASSLAQAQILFQGFNWESWKTQGGWYKFMQGKVEEIASTGATHVWLPPPSQSVSPEGYLPGQLYNLNSKYGSGADLKSLIQAFRGKNISCVADIV
INHRCADKKDGRGVYCIFEGGTSDNRLDWGPDEICSDDTKYSNGRGHRDTGGGFDAAPDIDHLNPRVQRELSAWLNWLKTDLGFDGWRLDFAKGYSAAMAKIYVDNSKPAF
VVGELYDRDRQLLANWVRGVGGPATAFDFPTKGVLQEAVQGDLGRMRGSDGKAPGMIGWMPEKTVTFIDNHDTGSTQRLWPFPSDKVMQGYAYILTHPGIPCIFYDHVFD
WKLKQEITALATVRSRNGIHPGSTLDILKAEGDLYVAKIGGKVITKIGSRYNIGDNVIPSGFKIAAKGNNYCVWEKSGL

Example of TRAES protein sequence: Alpha-amylase
>TraesCS5A02G464500.1 pep chromosome:IWGSC:5A:643924798:643926446:-1 gene:TraesCS5A02G464500 transcript:TraesCS5A02G464500.1 
gene_biotype:protein_codingtranscript_biotype:protein_codinggene_symbol:AMY1.1 description:Alpha-amylaseAMY3 [Source:UniProtKB/Swiss-
Prot;Acc:P08117]
MGKHSATLCGLLVVVLCLASSLAQAQILFQGFNWESWKTQGGWYKFMQGKVEEIASTGATHVWLPPPSQSVSPEGYLPGQLYNLNSKYGSGADLKSLIQAFRGKNISCVADIV
INHRCADKKDGRGVYCIFEGGTSDNRLDWGPDEICSDDTKYSNGRGHRDTGGGFDAAPDIDHLNPRVQRELSAWLNWLKTDLGFDGWRLDFAKGYSAAMAKIYVDNSKPAF
VVGELYDRDRQLLANWVRGVGGPATAFDFPTKGVLQEAVQGDLGRMRGSDGKAPGMIGWMPEKTVTFIDNHDTGSTQRLWPFPSDKVMQGYAYILTHPGIPCIFYDHVFD
WKLKQEITALATVRSRNGIHPGSTLDILKAEGDLYVAKIGGKVITKIGSRYNIGDNVIPSGFKIAAKGNNYCVWEKSGL

Step 1 - 4 fasta files merged
Å 142,969 sequences from uniprot_Triticum-

aestivum_142969entries_2020-02-26.fasta (UniprotKB)
Å 143,241 sequences from Triticum_aestivum.IWGSC.pep.all.fasta (IWGSC 

wheat consortium)
Å 116 sequences from Protein-DB-cRAP.fasta (contaminants)

Step 2 - Redundancy removed based on AA sequence (using Uniprot sequences as 
a template*-- 143,241 sequences left, none from IWGSC)
Step 3 ς Decoy created (reversed sequences indexed with DECOY_)
Step 4 ς download final file (286,482 sequences in Triticum-aestivum_Uniprot-
Traes-cRAP_non-redundant_with-DECOY_2022-03-17.fasta)

*TRAES annotations refer to UniprotKB. Therefore Uniprot sequences were used as a template to eliminate 
the redundancy.
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LC-MS2 experiment not performed on all samples; random subsampling and pooling of 400 samples.
Multiple rounds (63) of MS2 methods on the single pooled sample for deeper proteome coverage.
Hit yield varied greatly from method to method. 
          Ą 6,550 unique peptides identified.
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Inhibitor (26)

Numerous h -amylase inhibitors 
preventing premature starch digestion. 


