
Systems Biology for wheat 
improvement



Introduction



Wheat production has grown tremendously 
in the past six decades

Tadesse et al. (2019)



Global warming- the history of temperature 
anomaly between 1850 to 2018



Though most of potential wheat crop yield 
is lost to abiotic stresses

Ashraf et al. (2012)



De Carmen Orozco-Mosqueda et al. (2020)

Drought and Salinity specifically limit photosynthesis 
and growth (common and unique pathways)



Drought and Salinity cause reduction of up to 
92% and more than 50%, respectively

Farooq et al. (2014)EL-Hendawy et al. (2017)



The original (conventional) breeding model for 
plant improvement consists of cross-breeding 

and selection

Zamir (2001)



But transformation and genome editing 
expedited the genetic integration

Altpeter et al. (2016)



QTL mapping (fragment markers) and GWAS 
(SNP markers) are relatively modern tools to 

discover relevant genes

Plissonneau et al. (2017)



Omics recently became the newest method 
for relevant gene discovery

Dalal et al. (2020)



The problem is that the amount of data 
from Omics exceeds human capacity and 

requires computational methods

Rossi and Grifantini (2018)



Systems biology does exactly that- the use 
of computational methods in deciphering 

biological-derived technology-enabled 
high-throughput data

Villa and Sonis (2020)



Hypotheses



• Different cultivars/lines of wheat have a genetic,

transcriptomic, metabolomic and microbiomic

landscape (species/line-unique and similar) affecting

drought and salinity responses.

• A Systems Biology approach using novel correlation

network analysis and machine learning can highlight

and identify important traits and pathways for wheat stress

tolerance.



1) Whole-plant in-depth physiological 
growth experiments under control, 

drought and salinity



Whole plant physiological analysis



Whole-plant greenhouse experiments
Control

Drought

Salinity



Physiology & Biochemistry



Diversity and variation in 2nd experiment



Metabolomics



Variation and trends in metabolomics (2nd exp)
Control Drought Salinity
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Network Analysis



Creating metabolomic networks and metabolic 
pathway predictions

Data Calibration
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Transcriptomics



Pipeline for Transcriptomics

Langfelder and Horvath (2008)Tzfadia et al. (2018) Toubiana et al. (2019)

MARS-Seq WGCNA GA



Microbiomics



28S

V3,V4 and V5 provide sufficient 
classification accuracy.

(Liu et al., 2008;
Claesson et al ., 2010)

Recently been suggested 
as a better suited target to 

extend the coverage of 
fungal kingdom.

(Nilsson et al., 2019)

The most common method 

Microbiomics – classical approach



Microbiomics – novel approach



Microbiomics – novel approach



Correlation heatmap between post-GA genes’ expression data and 
physiological, biochemical and microbiome parameters



The effect of Virus-Induced Gene Silencing on
L-carnitine biosynthesis under salinity conditions



Modern wheat has evolved over >6,000,00 years

6 My                                500,000 Y               Modern wheat

Evolution (nature) 
Domestication (man) 

10,000Y

Breeding



Non-shattering;       Uniform;        High yield      



Loss of natural diversity 

Climate, environment, pests, diseases, nutrition…..



The Lieberman Okinow
Genebank

Wild wheat  2,500

Goat grasses 8,500 
(11 species)

Barley 3,000 
(4 species)

Oat 1,500

Rye 50

Brachypodium 400

20 species
~16,000 accessions

~900 sites



ICCR Mission

Utilization of the collection to produce better cereals 

Diseases, Climate, Pests, Quality, Yield



Our goal in to produce super wheat 
for a better future 



A genome-wide association 
study in wild emmer wheat 
provides a target for seed 

weight increase



Background



The central dogma – the DNA sequence 
(“genotype”) dictates the protein sequence which 
dictates the physical characteristics (“phenotype”) 

https://www.khanacademy.org/science/ap-biology/gene-
expression-and-regulation/translation/a/intro-to-gene-
expression-central-dogma



Even changes in single nucleotides (SNPs) cause 
phenotypic changes

Subject 1: ACTCGCTAGGTCGATC ACTAGCTACTGGAATCGCTTGCA
Subject 2: ACTCGCTAGGTCGATC ACTAGCTACTGGAATCGCTTGCA
Subject 3: ACTCGCTAAGTCGATC ACTAGCTACTGAAATCGCTTGCA
Subject 4: ACTCGCTAAGTCGATC ACTAGCTACTGGAATCGCTTGCA
Subject 5: ACTCGCTAAGTCGATC ACTAGCTACTGGAATCGCTTGCA
Subject 6: ACTCGCTAAGTCGATC ACTAGCTACTGGAATCGCTTGCA

Andersen et al. (2011)



GWAS (genome-wide association study) uses SNPs to discover 
relevant genes

Plissonneau et al. (2017)



A population of Td (an ancient progenitor of Ta; bread wheat) from all over 
Israel was used in a GWAS

Rahman et al. (2020)



A B

C D E F

Seed weight is differential for haplotypes of 
S5_683245061



A B C

D E F

The SNP results passed a permutation test



The area and nitrogen content were differential 
for haplotypes of S5_683245061



The TILLING mutant shows higher seed weight and seed area, higher 
nitrogen content while showing lower seed number and lower yield per spike



The TILLING 
mutant shows 
altered grain 

quality
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