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Introduction ¢ Wheat

Common bread wheat (Triticum aestivum L.) is the dominant The genome was sequenced in 2018 by the Internatione

crop in temperate regions. Wheat Genome Sequencing Consortium IWGSC.
Its hexaploid genome (AABBDD; 2n = 6x = 42) originated from The chromosomes from each closely related progenitor
two polyploidization events. are grouped intdiomeologousgroups.
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Introduction ¢ LMA: a wheat industry concern

High isoelectric pointp) h-amylase is normally synthesized after maturity in seeds when they may sprout in response to r
ASNXYAYIGS F2tt26Ay3 az2gAy3a G0KS ySEO aSFazyQa ONEZRL®

Late maturityh -amylase (LMA) is a whegénetic defectcausing the synthesis of highh -amylase in the aleuronas a result of
atemperature shockduring midgrain development oprolonged coldthroughout grain development.

In LMAaffected grains, the activated enzyme prematurely degrades the starch leading to grain discount downgraded to a
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.
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Introduction ¢ LMA: a hidden trait that prevails

Figure 1: Risk footprint map for cool-shock temperatures equivalent to official cool-shock LMA testing

Because of its stochastic nature, LMA is difficult to predict and invi

protocols in the field, during the grain fill window. This is based on 1 May sowing date each year and a

to the naked eye. Measurements involve laborious methods (faullin g R o e e T B R S e o T o o Lo Tl e e e o
number andCeralphaassays) but alternatives are being investigated RS EERELEEEE L B EEIE TR EUIEE DR EREE RS
(hyperspectral tools).

Figure 2: Hyperspectral images showing a) late maturity alpha-amylase enzyme activity, b) pre-harvest
grain sprouting enzyme activity and c) little enzyme activity. .10° S
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LMA is more prevalent than originally thought, with reports arising frosns- | —
North America, Japan, Canada, South Africa, China, Mexico, Germany,

and the United Kingdom (Cannon et al, 2022). . . e e e i
In Australia, it mostly affects SW VIC and SE SA (red areas on map).

source: QAFFI (Potgieter et al)



Introduction ¢ LMA: GxEinteraction perfect for post-genomics studies

LMA has a genetic (G) componehntgmylase gene required), yet it is only expressed and enzymatically activepartietlar environmenta(E)
conditions (temperature shock) at a given developmental stage-graah) making it the product of @xEnteraction.
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Postgenomics would deliver such deep understanding. Yet, to date, only one transcriptomics study has been published ardm@erodrk
has been attempted.

In 2014, using microarray technolog@arreroet al. reported that LMA resulted from very narrow and transitory peak of expression of genes
encoding higtpl "-amylase during grain development and triggered phytohormone responses, in particular elevated gibberellins.
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GRD@roject

Improvedphenotyping for late maturity” -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.

Source: whealbi.eu

Gal aa &LJS O (iddadoiedldics ¢ thg
most comprehensive approach for the quantitative
profiling of proteins, their interactions and
modifications.

It is a challenging topic requirirgxpertise in
biochemistry for sample preparation, analytical
chemistry for instrumentation and computational
biology for data analysi® ¢

(Sinha and Mann, 2020)

Particularly when thousands of samples are
processed!



Study design

4,061 grain samples from 858 wheat genotypes sourced from all over the world, grown/harvested in Horsham fré2@Q18)1
and stored in optimal conditions.

Waterfall plot of samples per year Ribon chart of genotype over time
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I Gantt chart of the Wheat LMA proteomics project _
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High throughput workflow

Samples are randomised and
packaged in small plastic bags with
QR labels. Scan QR to populate the
tracking sample spreadsheet.

Pour all the grains in 50mL
grinding jar with grinding
metal balls.

Pulverise grains
usinga 2010
GenoGrinder.

Transfer flour samples into
tubes numbered and QR-coded
for sample tracking.

Weigh 20.00 mg (+/- 0.02)
of flour into 1.5 mL tube.

Requirements to minimise batch to batch
variation;

1/ accurate sample weights

20 (++0.2) mg flour was weighed to
maximise sample preparation
reproducibility
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Extract wheat proteins using 0.5
mL buffer, sonication and heating

2/ internal standard (IS)

A pure peptide foreign to wheat spiked int
all samples postligestion and prior to L-C
MS analysis

block for denaturation. Centrifuge
to retrieve supernatant.

Pipette 10 uL protein extracts

into 96-wells plates, spike with
internal standard, and digest
using trypsin/LysC proteases.

Reconstitution of dry samples in
100 pL mobile phase A using
Ratek shaker.

Complete evaporation
using SpeeVac fitted
with a plate rotor.

Clean-up wheat
peptides using C18
Solid Phase Extraction.

3/ quality control (QC)

Anhomogenous mix of 100 samples
processed the same way as samples and
analysed at regular intervals

Place 4 x 96-wells plates
of wheat peptide
samples into Thermo
Vanquish UPLC system.

,"'(" L, Thermo
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Retrieve LC-MS RAW files and check quality.
# Repeat defective RAW files.

Analyse samples using a
# Thermo LTQ-orbitrap
mass spectrometer in
FTMS mode.

# Process all files in Genedata Expressionist
x

to export quantitative data and mine the
data using other software.

MATRIX
SCIENCE

4/ regular LEMS maintenance

Consistent peptide separation and mass
accuracy over time (5 months of continuo
run for LEMS1 acquisition)

Inject QC sample (mix of
flour samples), IS, and
blank every 48 samples.

m/[MSP tl

Mass spectrometer calibrated every 3 weeks,
mass accuracy < 50 ppm, heated capillary and
LC column changed as required.




Overall

Dataset 3990 reproducible wheat samples x 32336 tryptic peptides (clusters) fravtBllGnalyses
Trait: LMA measurements (with 5.4% (217) missing values)
Protein identification LEMS2 experiment performed pos$toc LAMS1 acquisition.

Challenges:

A3 REGL&EASG ' 0oA3 FAES aAT S 6HDp D GéemddabARalyst RhichaftenzadBed. A G 6AGK SEOSt o {
Eliminate protein sequence redundancy.

Homoleogougproteins.

Finding appropriate ways to representiine the data.

Software/Systems used (in nparticular order):

Excel, WordPowerpoint Sharepoint Sharedrive Teams, OneNote, Endnote;TBuch EditorXcaliburQual Browser, Orbitrap LTQ Tune, Vanquish UPLC SlI Direct
Control,GenedataRefinerGenedataAnalyst, Mascot, Galaxy Australia, Veeddw¢cos X2GO Client, WinSCP, RStudimProt EnsemblPlantsShinyGOPower B,
KEGGClustalOmega, 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 Bag
3/ data reduction

4/ predicting AAA missing values Of

5/ finding peptide biomarkers responding to AAA measurements .

6/ linking MS1 to MS2 data and checking for MS2 method efficacy tr,kaS
7/ data mining tools

8/ finding biomarkers

9/ data representation



Screening the wheat grain samples




LGMS1 maps of wheat grains

Genedata
Expressionist®
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RowNames | |1 [_I2 B |_Is [_Is |11
T T = e T oo T oo ToT T .

Cluster_19725 3342 1.084E4 8246 5391 6976 4195 3gg4 7411 9176 1.035E4 7899 7866
Cluster_19726 - 2191 - - - - - 2864 1256 1054 885 5228
Cluster_19727 29.38 79.86 7172 5.596 8517 81.87 -
Cluster_19730 5791 3439 4287 3vo.e 356.4 686.1 245
Cluster_19731 907.3 698.5 1353 8852 850.8 716.2 75.1
Cluster_19732 4493 3109 6282 5086 8301 4218 379
Cluster_19733 1362 1405 1432 1381 935.7 976.6 1.6
Cluster_19734 1273 8124 1513 1670 1545 1323 081
Cluster_19735 10.48 2.851 - 1.296 - 6.997 16.9
Cluster_19736 - - 30.04 3162 - - -
Cluster_19737 2485 1.092E4 9342 8829 1.198E4 832z 179
Cluster_19738 8.796E4 1.481E5 1.089E5 8.377E4 6.779E4 6.245E4 7E4
Cluster_19739 1.406E4 1.247E4 2.034E4 1.784E4 1.228E4 1.131E4 648
Cluster_19740 4016 2233 3196 4348 4536 3866 HU0. 1 RN ULy Jus. 5.0 G611
Cluster_19741 0.5383 - - 0.1225 1.571 2,269 - - - - - -
Cluster_19744 3304 2149 2364 2159 299.8 2975 388.3 445.3 2179 164 2107 3765 N
Cluster_19745 1581 8425 6076 1103 1286 1346 926.1 1455 988.8 1164 7797 1322
Cluster_19746 - a0.38 - - 2882 - - 0.5753 1.249 2,465 17.99 - .
Cluster_19748 495 4886 658.3 6925 495 436.7 3825 4849 497.9 3418 550 6345
Cluster_19749 577.6 3221 68.56 216 5747 4429 - 1341 97.19 - 19.61 57.21
Cluster_19750 110.2 51.81 96.66 3099 142.3 67.78 467 511.8 5941 4922 627.6 651.2
Cluster_19751 2793 1840 1406 2341 2378 2411 353 196.2 190.5 2442 4942 3458
Cluster_19752 570.7 809.3 2942 2308 3333 2497 1576 2293 2188 2236 2743 2748 N
Cluster_19753 238.3 1789 988.9 4239 3207 149.2 2111 2429 277 245 2629 278.2
Cluster_19755 6.061E5 5.743E5 8.673E5 6.404E5 9.896E5 7.869E5 6.647E5S 6.054E5 5.073E5 5.288E5 8.901E5 5.699E5 .
Cluster_19756 3451 3429 3670 2945 3813 3773 3308 3677 2973 3386 4961 3007 |
Cluster_19757 399 1870 1262 1241 1661 1206 5127 8852 1092 9328 1064 1007 NN
Cluster_19758 1371 1041 818.5 756 a42.8 8024 1218 1967 1453 1039 1881 1915 B
Cluster_19761 - 201.3 163.3 96.71 60.8 61.66 - 16.42 23.08 - 53.93 - -
Cluster_19762 64.95 144 159.5 9.192 173.9 2032 51.39 90.45 87.43 99.93 37.94 6244 W
Cluster_19763 3116 1296 806.9 518 794.9 543.2 7826 1126 1354 1114 1245 1369

1818 2635 2303 3683 3037 2650 2361 2260 4650 2738

Cluster_19764
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Proteomics data transformation and normalisation

Serial transformation steps

Bag
of
tricks
#1 Raw data Sample weights IS QCs Linear model z-transformation
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technical variation, the only way to completely get rid of it was achieved by E . =
applying a linear regression and retrieving the residuals. - -
The last zZransformation was needed to achieve data normalisation. T — °
A 32,336 peptides quantified in 3,990 wheat samples. A KA S
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|dentifying wheat grain proteins

LCMS2
identification

results
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Wheat non redundant protein database with decoy sequences

Step 1- 4 fasta files merged
A 142,969 sequences from uniprot_Triticum
aestivum_142969entries_20A0R-26.fasta (UniprotkKB)
A 143,241 sequences froffriticum_aestivum.IWGSC.pep.all.fadi&GSC
wheat consortium)
A 116 sequences from ProtelDBcRAP.fastécontaminants)
Step 2- Redundancy removed based on AA sequence (Wnigrot sequences as
a template*- 143,241 sequences left, none from IWGSC)
Step 3¢ Decoy created (reversed sequences indexed with DECOY )

F FASTA 0 > x
Merge Files and Filter Unique

Merged and Filtered
FASTA from input dataset(s)

Merge Files and Filter Unique
Sequences

Step 4¢ download final file (286,482 sequences in Tritieaastivum_Uniprot
TraescRAP_nowtedundant_ withDECOY _20223-17 .fasta)

*TRAES annotations refer tniprotkKB ThereforeUniprotsequences were used as a template to eliminate
the redundancy.

Example olUniprot protein sequence: Alphamylase
>sp|P08117|AMY3_WHEAT Alplaanylase AMY3 OS=Triticum aestivum OX=4565 GN=AMY1.1 PE=2 SV=1

INHRCADKKDGRGVYCIFEGGTSDNRLDWGPDEICSDDTKYSNGRGHRDTGGGFDAAPDIDHLNPRVQRELSAWLNWLKTDLGFDGWRLDF
VVGELYDRDRQLLANWVRGVGGPATAFDFPTKGVLQEAVQGDLGRMRGSDGKAPGMIGWMPEKTVTFIDNHDTGSTQRLWPFPSDKVMQG
WKLKQEITALATVRSRNGIHPGSTLDILKAEGDLYVAKIGGKVITKIGSRYNIGDNVIPSGFKIAAKGNNYCVWEKSGL

Example of TRAES protein sequence: Alphaylase

>TraesCS5A02G464500.1 pep chromosome:IWGSC:5A:643924798:64392¢dA€:TraesCS5A02G464500 transcript: TraesCS5A02G464500.1
gene_biotype:protein_codinganscript_biotype:protein_codingene_symbol:AMY 1.description:AlpheamylaseAMY 3 Source:UniProtkBwiss
Prot;Acc:P08117]
MGKHSATLCGLLVVVLCLASSLAQAQILFQGFNWESWKTQGGWYKFMQGKVEEIASTGATHVWLPPPSQSVSPEGYLPGQLYNLNSKYGSG
INHRCADKKDGRGVYCIFEGGTSDNRLDWGPDEICSDDTKYSNGRGHRDTGGGFDAAPDIDHLNPRVQRELSAWLNWLKTDLGFDGWRLDF
VVGELYDRDRQLLANWVRGVGGPATAFDFPTKGVLQEAVQGDLGRMRGSDGKAPGMIGWMPEKTVTFIDNHDTGSTQRLWPFPSDKVMQG
WKLKQEITALATVRSRNGIHPGSTLDILKAEGDLYVAKIGGKVITKIGSRYNIGDNVIPSGFKIAAKGNNYCVWEKSGL

Merged and Filtered

FASTA from input dataset(s)
(fasta)

MGKHSATLCGLLVVVLCLASSLAQAQILFQGFNWESWKTQGGWYKFMQGKVEEIASTGATHVWLPPPSQSVSPEGYLPGQLYNLNSKYGSGADLKSLIQAFRGKNISCVADIV

AKGYSAAMAKIYVDNSKPAF
YAYILTHPGIPCIFYDHVFD

ADLK(‘I INAFPDAIZNIICAV ANV

AKGY
YAYII




Mascot search for protein identification

s ¥ Srore distribution Modification Site Above thr. ET Total matches
rch parameters Carbamidomethyl c 15380 o 13280
Type of search : MS/MS Ion Search Non-specific cleavage - 0 4633 4633
Error tolerance : Error tolerant search of all significant protein families Ammoniza-loss M-term 0 843 843
Enzyvme - Trypsin 7 Gln-=pyro-Glu N-term 0O 698 698
. zy . . ) YP . Y Ethyl N-term 1] 248 248
Fixed modifications : efCarbamidomethyl (C) z Ser->Gly s 0 203 203
Mass values : Monoisotopic fLo Gln->Lys Q 0 178 178
Protein mass : Unrestricted E Guanidinyl N-term 0 134 134
Peptide mass tolerance : £ 10 ppm . gf_:ﬁ:md g g ig? igf
Fragment mass tolerance : + 0.5 Da < Asp->Asn o 0 38 38
Max missed cleavages 19 i Arg-=GluSA R 0 32 32
Instrument type : ESI-TRAP 0.0 Thr->Ala T 0 87 87
N o ) 100 150 Glu->pyro-Glu N-term o 79 73
Number of queries 1 97,195 Score val-=Glu v o 75 75
Oxidation M 0 79 73
' - 1 tr|Q5UHHZ7|Q5UHHT_... 68346  tr|OSUHHT|OSURHT_WHELT 0.1% Simeric alpha-amylass inhibitsr | Fragment) O5=Trtioum s=styem OX=4565 FE=d Svs1 1”'°§(Pd3r vhere Pt's Amidated C-term 0 74 74
- 4 tr|ADAZBGECF3|ADA... 7ST2  tr| AOAIBGECF 3| AOAIBSECFI_WHEAT AAT domain-contsining protein OS=Trticum sestivum OX=4565 FE=4 SV=1 :ler::tyutmhr:::m ond _Sr:r"zqu : g ;g ;g
. o ) ) r->Gly
- 2 tr|Q5MDG8|Q5MDGS ... SO0395  t|QSMDES|QSMDEE_WHEAT 0,18 Simeric alpha-amylass inhibitor {Fragmant) OS=Trticum a=stvem OM=4565 PE=4 V=1 |d for 87,195 queries. Cationsha Coterm 0 s0 s0
2 tr|Q4U195|Q4U185_... 22397  trQ4U1S5|Q4ULE5_WHEAT Dimeric alpha-amylas= inhibitor 05=Triticum a=stivem O¥=4555 PE=4 SV=1 beyond green Asn->His N 0 s0 50
AL LLLLE ) LELLLLLEL] LELREREALY mology (p<0.05). Asn-slys N o 50 50
Doy T u] 45 45
§ § § = Trirmethyl K 0 45 45
Xle-=Ser 1 0 43 43
Ammonia-loss N o 43 43
- { 1 tr|I6QQ329|16Q0Q39 ... 66676 tr|ISQQ3I8|ISQQEE_WHEAT Globulin-34 OS=Triticum ssstivum OX=4555 GN=Glk-34 PE=2 SV=1 Eﬂxid;tiﬂ" 5 g ‘;g ‘;g
- -
4 tr|AOAZBGIBZ2|ADA... 21571  trADAIESIEZZ|ACAIEEIEZI_WHEAT Uncharacterzed protein OS=Triticum asstivem OX=4555 PE=4 Sy=1 Demey s o 5 a5
2 tr| ADA3ZBGILVO|AODA... S2860  tr|ADA3BEILVE|ADAIBEILVE_WHEAT Uncharact=rized protein OS=Triticum a=sthvum OX=4565 PE=4 SV=1 Ser-=Xle 3 0 37 37
o { 2 tr| ADAZBGII76|ADA... 48825  tr] MAIBSLTE| MOAIBEIITE_WHEAT Uncharacterized protein OS=Triticum asstivem OX=4565 FE=4 Sy=1 Label:13C{6)15N(4) R o 36 36
- 6 tr|BFUGL5|BTUGLS_... 15150 trBTUSLS| EFUSLS_WHEAT Globulin 38 OS=Triticum s=sthrum ON=4565 GN=glo-38 PE=4 V=1 :LQ"?_EF $ g g: g:
- -
—:. 5 tr| ADAZBGIER7|ADA... 26409  tr] AOAIBEIERT| AOAIEEIERT_WHEAT Uncharactarized protein OS=Triticum asstivem OX=4565 PE=4 SV=1 CE;Q” :':E o 0 = s
Glu-=Lys E 0 35 a5
T T T |
g § R g ° o E o =
- Xle-=Pro 1 0 33 33
val-=Ala v 0 32 a2
b3 - 1 tr|ADAZBGKSH4|ADA... S3E81 | ADAIBEKSHA| A0ATEEKSHA_WHEAT Beta-amylass OS=Triticum sestivim OX=4565 PE=3 Sy=1 Label:13C(9)15N(1) F 0 30 30
- 4 tr|M1MQ51|M1MQS1_... 10356 trMiMQ51|M1MQS1_WHEAT Beta-amylass {Fragment) OS=Triticum a=stivem OX=4555 GN=BMY1 PE=2 SW=1 Carbamidomethyl N-term 0 23 23
L 2 tr|AOAZBGTZG7|ADA... 51745 tr|ACAZEETZET|A0AIBSTZET_WHEAT Bata-smylass OS=Triticum s=sthrum OX=4585 PE=3 Sv=1 zlit_h}"'éln :'te”"" g 3: i:
2 tr| ADAZBGIYD4|ADA... 45579 tr|ADAIBEIYDA| ALAIEEYDE_WHEAT Beta-amylass OS=Triticum sestivem OX=4565 PE=3 Su=1 Gly-=Ala G 0 27 27
L Acetyl Neterm O 27 27
. = K 0 26 26
= 1) = = - - - -y = - -
] A ] tr|Q5UHH7 |Q5UHH7_WHEAT 0.19 dimeric alpha-amylase inhibitor {Fragment) OS=Triticum aestivum 0X=4565 PE=4 SV=1 IL g 3; i;
L 0 22 22
Database: Triti -gasti Uniprot-Tr
'4 1 tr|A-I}A3.BﬁHWJJ a3 Se rticum-aestivum_Jnipro raes @.e\n,{\'.\\.@a PPN N
| EE 2 sp|Q41593|5PZ Score: 62346 BV VW W Y v Y VR PR W
2 sp|QosTsg|spzq Monoisotopic mass (My): 13839 Lle|i|v|i|p|als|elo]|e|al¥]|v|c]|k
Calculated pI: 6.66 _
- o 7 tr|AOAZB6IPZ0| Calcu P PEPELELT TEIEP = 7
=) =
8 tr| ADAZBETLW Saguence similarity is available a5 an NCBI BLAST search of tr|QSUHHT |QSUHHT _WHEAT against nr. 100 — = -
4 tr|ADAZBGKQL2 ] -
— s sp|QO5T57|5PZ]Search parameters o] oo
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LCMS2 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.

Bag

tricks

A 6,550 unique peptides identified.

#2

Number of identified peptides per LC-MS2 file
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LC-MS2 files




Identities charted in Power Bl

Peptide mass by score Missed cleavage Peptide modifications
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|dentities chartedc drill in on inhibitors

Inhibitor (26)

O

Numerous" -amylase inhibitors
preventing premature starch digestion.
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