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Introduction LMA profile

High isoelectric point (pl) a-amylase is normally synthesized after maturity in wheat 0 < LMA activity < 8 u/g flour but heavily biased towards very small values. Arbitrary
grains when they may sprout in response to rain or germinate following sowing the cutoff of 0.17 u/g flour to categorise samples into up and down-regulated proflles
next season’s crop. Late maturity a-amylase (LMA) is a wheat genetic defect | | . _
causing the synthesis of high pl a-amylase in the aleurone as a result of a ! §LMAWHE?"gmmmj'mmwfm O I i N Ot_""’“"‘?a""""'_f"”"f"gzb'_“‘ :
temperature shock during mid-grain development or prolonged cold throughout | o | § | e |
grain development. In LMA-affected grains, the activated enzyme prematurely | | | i i :
degrades the starch leading to grain discount, which incurs a loss of profit for the
producers. Whilst the physiology is well understood, the biochemical mechanisms g | _ | _ | NN B
involved in grain L MA response remain unclear. - ' - 01
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Study design ] ﬁ P —
4,061 grain samples from 858 wheat genotypes sourced from all over the world, }*
grown/harvested in Horsham (VIC) from 2012-2018 and stored in optimal | Stats to determine LMA biomarkers

conditions were subjected to LMA assays and bottom-up proteomics (BUP). : 32,346 peptides were reproducibly quantified.
AN ' 531 LMA biomarkers selected with at least one of the following criteria:
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S 1 1 Bo0csa o0 i AOAC HO)E . Y ; . Linear model p-value < 5% (494 peptides), and/or
I v . Q Cif = Correlation>15% (28 peptides), and/or
/ LMA s - ‘ SOM group (4,3) = 26 peptides, and/or
enzymatic R - ‘ K-means group 14 (93 peptides), and/or
= = = Divisive HCA Group 1915-1947 (33 peptides)
325 and 206 peptide biomarkers were up- and down-regulated, respectively.
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A Volcano plot of t test p values and directed effect size of 531 biomarkers C
35

'
N
' H '

Bottom-up

0.30."} .'

Proteomics ' ,‘ ' > ' | .
e Eeg K. o ‘ Lk m“""m a»""' ?M%m"g

Logl0 p values

0.1 0
Directed effect size

Cluster_32463 uster_. 4 Cluster_14581 5 Cluster_00340 uster_. Cluster_32139
015 02

008 008

- ~ e Tl q %)
— d ' s e - . - S
T e F e e 5 s Sors
G ‘ .
SRl g A e e
DA e AT b S 3 e eSS -, 4 ~
o AN Y LB WA T i
-y o I " . o - 4
A Rt g Sk e
Ca = oy 0 ¢ 85
44 s’ ~ L a .

T o 015 . N a T o 01 e
004 01

g o | & ooe & £ oos S
s o ¢ o $ om $ - $ oos

005
c £ € o |m— € 0 € 0
0 o |-

F B T o s oo 5 o
Q.05 o a1

004 1

934 unbiases wheat samples
A

01
€
005
-
8 0
o .

06
: 04
g o2
) 3 a1 | a0t 1 a0 | o1
- . 01 1 A i o6 015
‘ ‘» 02 015 Qa1s 0.06 Q08 015 02
a i L. 1 2 1 1 2 1 1 2
i

High-throughput BUP workflow

Key elements to minimise batch to batch variation were accurate sample weights

W (20 +/- 0.2 mg flour), internal standard (1S), quality controls (QCs), and regular LC- ;'v
. . IR\ AW\ 0
MS maintenance. T xW'I'I

u u | | u u |
Samples are randomised and Pour allthe grainsin 50mL Pulverise grains Transfer flour samples into Weigh 20.00 mg (+/- 0.02) D at a | I l I I I I I I O f I d e I I t I f I e d b I O I I I ar k e r S
i i i inding j i indi i i ¢ . tubes numbered and QR-coded of flour into 1.5 mL tube.
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packaged in small plastic bags with grinding jar with grinding using a 2010 |
QR labels. Scan QR to populate the metal balls. GenoGrinder. ' for sample tracking.
tracking sample spreadsheet.

Y 4 207 up- regulated identified peptldes 4 183 down-regulated identified peptides
2 @® & . By A P e . _ H o oy :
% e * : - T — N A\ : g o : fo S fo Z " s, S Chvomatin assembly or disassembly = N. of Genes

N. of Genes S o FE § co G Fra w e :” : ® 30
® 20 &2 2f h ng = ® 35
® 40 . - u \J2r e r rotein cor ly = ® 40
. 60 Tein ’ for ST l"‘”’ A ma on = ® 45
: . 4 £ '.__--‘ ) DNA ge = . 50

@55

-log10(FDR)

® 10

® 15 s | 10g10(FDR)
® 20 ) Hein-C on = . 20

. 25 aeneration of ,a:] : . 25

. 30 : translatoral clongat - )

Extract wheat proteins using 0.5
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mL buffer, sonication and heating 100 150 200

Fold Enrichment
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block for denaturation. Centrifuge
Reconstitution of dry samples in Complete evaporation Clean-up wheat Pipette 10 uL protein extracts to retrieve supernatant.

100 pL mobile phase A using using SpeeVac fitted peptides using C18 into 96-wells plates, spike with
Ratek shaker. with a plate rotor. Solid Phase Extraction. internal standard, and digest
using trypsin/LysC proteases.
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Place 4 x 96-wells plates Analyse samples using a Retrieve LC-MS RAW files and check quality. o [ — . . )
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of wheat peptide Thermo LTQ-orbitrap Repeat defective RAW files. Process all files in Genedata Expressionist
samples into Thermo mass spectrometer in to export quantitative data and mine the : : ey T8 | 23 N | Y | e [ M | 2 [ | iy | I e

Vanquish UPLC system. FTMS mode. e w2 v data using other software. () ) () () () (=] (e (=) | )
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Eliminating technical variation ~ 'L metabolism was also mobilised with the
Serial transformations were needed to eliminate technical variation, including - =g up-regulation of phytohormones,

applying a linear regression and retrieving the residuals. The last z-transformation chemical and defense responses.

was needed to achieve data normalisation for statistical analyses. Unsurprisingly, LMA expression greatly
Serial transformation steps impacted grain starch and other

AN e s o0 carbohydrates with the up-regulation of
Raw data sample weights G Linear model z-transformation N e BN alpha-gliadins and starch metabolism,

= | e N i N S while LMW glutenin, stachyose, sucrose,
UDP-galactose and UDP-glucose were

down-regulated.
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Conclusion

To our knowledge, this is not only the first proteomics study tackling the wheat LMA
Issue but also the largest plant-based proteomics study to date. This work
demonstrates that proteomics deserves to be part of the wheat LMA molecular
toolkit and should be adopted by LMA scientists and breeders in the future.
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