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Challenges in studying RSA in wheat

❑Below ground plant part

❑Soil heterogeneity

❑Challenge to get reliable data

❑Quantitative nature of root traits

❑Large and complex genome of wheat
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Strategies for root trait improvement

❑Conventional breeding

❑Genomics

❑Transcriptomics

❑Proteomics

Less precise and time consuming         

Actual trait controlling protein 
information is missing

Lack of correlation between transcription 
and translation

Precise genetic data for trait expression
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Progress of proteomics on wheat root traits
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Progress of proteomics on wheat root traits

DOI: 10.3390/proteomes10020017
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Objectives

➢To identify the differentially abundant proteins (DAPs) controlling total root 

length (RL) and root dry mass (RM) in near-isogenic lines (NILs) of wheat using a 

label-free proteomics approach.

➢To identify the molecular pathways of the DAPs of the NIL pairs.

➢To identify the candidate protein biomarkers for the target root traits by 

comparing mRNA and protein expressions. 
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Materials
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Mia et al. (2019), Front. Plant Sci. 10, 271. Lu et al. (2020), Front. Plant Sci. 11, 1316. 12
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Root scanner WinRHIZO 

software
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Methods

Root tissue 

Protein extraction:

Chloroform/methan
ol precipitation 

method

Protein 
quantification:

Bradford assay

Protein digestion:

Trypsin 

Label-free 
quantitation:

MaxQuant software

DAPs:

Perseus (version 
1.1.16.0)

IWGSC RefSeq v1.0

Pathway enrichment 
analyses:

GO: agriGO v2.0

KEGG: BLASTKoala

mRNA expression 
analysis:

qRT-PCR

Candidate protein biomarkers:

DAPs showing similar 
expression at protein and 

mRNA levels
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Phenotypic performance of the NIL pairs
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Phenotypic performance of the NIL pairs
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Proteins controlling root traits in wheat

❖Total proteins from NIL pairs 6 and 9: 6,721

❖Total proteins with minimum two peptides: 5,882

❖Total proteins in NIL pair 6: 4,101

❖Total proteins in NIL pair 9: 4,932

❖DAPs in NIL pair 6: 113 (high abundant: 99 and low abundant: 14)

❖DAPs in NIL pair 9: 30 (high abundant: 09 and low abundant: 21)
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Biological process of the DAPs in NIL pair 6
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Molecular function of the DAPs in NIL pair 6
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Cellular component of the DAPs in NIL pair 6
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Significantly enriched pathways of the DAPs in NIL pair 6

Biological processes

❑Cell redox homeostasis

❑Calcium ion transport 

❑Protein localization

❑Protein transport

❑Metabolic processes of proteins

Molecular function

❖Structural molecule activity

❖Glucose-6-phosphate  

dehydrogenase  activity

❖Oxidoreductase activity

❖Binding molecules, including, 

protein, nucleotide and 

manganese ions

Cellular component

➢Membrane coat

➢Clathrin coat

➢Microtubule 

➢Cytoplasm
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Biological process of the DAPs in NIL pair 9
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Molecular function of the DAPs in NIL pair 9
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Cellular component of the DAPs in NIL pair 9
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Significantly enriched pathways of the DAPs in NIL pair 9

Biological processes

❑Metabolic processes of cell, 

protein, macromolecules 

and other compounds

❑Cellular processes and 

biosynthesis

Molecular function

❖Unfolded protein binding

❖Structural molecule formation

❖Molecule binding activities

Cellular component

➢Ribosomal subunits

➢Cytoplasm

➢Endoplasmic 

reticulum

➢Other membranes
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Common biological processes and molecular functions of DAPs in NIL pairs 6 and 9 

Gene Ontology (GO) terms Description

GO:0034641 Cellular nitrogen compound metabolic 

process

GO:0044281 Small molecule metabolic process

GO:0005198 Structural molecule activity

GO:0005515 Protein binding

GO:0050662 Coenzyme binding

GO:0048037 Cofactor binding

GO:0000166 Nucleotide binding

GO:0017076 Purine nucleotide binding
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KEGG pathways of NIL pairs

NIL pair 6 NIL pair 9
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Proteins within the genomic regions (GRs) of the NIL pairs
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Molecular pathways of the candidate proteins

Aspartate and glutamate metabolism: TraesCS4A02G109900 
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Molecular pathways of the candidate proteins

Riboflavin metabolism: TraesCS7A02G415600
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Molecular pathways of the candidate proteins

Protein export: TraesCS7A02G333600
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Importance of the candidate proteins
Asparagine synthetase

❑ Maintains C-N metabolic balances in crop (Miflin and Habash, 2002)

❑ Contributes to ROS scavenging and abiotic stress, including drought, tolerance in wheat (Curtis 

et al., 2018; Oddy et al., 2020)

3,4-dihydroxy-2-butanone 4-phosphate synthase

❖ Indirectly contributes to root growth in Arabidopsis (Hedtke et al., 2012) and maize (Tian et al., 

2022)

Signal recognition particle subunit 19, SRP19

Supports SRP54 binding to RNA for drought tolerance in wheat (Lingelbach et al., 1988; Nouraei et 

al., 2022) 
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Strategy to increase protein numbers in the target GRs of NIL pairs

Generations Heterozygosity (%) in the genetic 

background (for contrasting loci 

of the two parental lines)

Homozygosity (%) in 

the genetic background 

Estimated number of genes 

heterozygous in the genetic 

background (assuming all genes 

are heterozygous)

F1 100.00 0.00 105200

F2 50.00 50.00 52600

F3 25.00 75.00 26300

F4 12.50 87.50 13150

F5 6.25 93.75 6575

F6 3.13 96.88 3288

F7 1.56 98.44 1644

F8 0.78 99.22 822

F9 0.39 99.61 411

F10 0.20 99.61 205

F11 0.10 99.61 103

F12 0.05 99.61 51

F13 0.02 99.61 26

F14 0.01 99.61 13

F15 0.01 99.61 6

F16 0.00 99.70 3

38



Transcription Increased 
RL and RM

Translation

DNA mRNA Protein

✓ Asparagine synthetase 

✓ Signal recognition particle 19 kDa protein 

✓ 3,4-dihydroxy-2-butanone 4-phosphate synthase

Summary

39

❑ The identified DAPs are important for increased 

total root length and root dry mass in wheat

❑ Three novel candidate protein biomarkers were 

identified for the target root traits

❑ Cell redox homeostasis, structural molecule 

activity and protein binding, are important 

molecular mechanisms for wheat root growth

❑ Aspartate and glutamate metabolism, riboflavin 

metabolism, protein export and carbohydrate 

metabolism are important molecular pathways 

for increasing RL and RM in wheat



Summary

40

DOI: 10.1016/j.jprot.2023.105044



Take home message

41

❑Three novel protein biomarkers and the molecular pathways identified in this 

study provide the molecular foundation for improving  total root length and root 

dry mass in wheat

❑The candidate proteins with further functional validation could be used in wheat 

root breeding

❑Protein-protein interactions and further investigation on the molecular pathways 

will provide more insights into wheat root trait improvement through proteomics
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