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A wide range of biotic and abiotic stresses adversely affect plant growth and productivity
worldwide. The study of individual genes cannot consider as an effective approach for
understanding of tolerance mechanisms since these stresses frequently often in
combination and a large number of genes involved in these mechanisms. The availability
of high-throughput genomic data has enabled the discovery of the role of transcription
factors in regulatory networks. A meta-analysis of biotic and abiotic stress responses was
performed by analyzing a total of 391 microarray samples from 23 different experiments
and 2336 differentially expressed genes involved in multiple stresses were identified. We
identified 1862 genes differentially regulated in response to biotic stress was much greater
than that regulated by abiotic stresses, 835 genes, and found 15.4% or 361 differentially
expressed genes with conserved expression between abiotic and biotic stresses. The
greatest percent of genes related to cellular process (>76% genes), metabolic process
(>76% genes) and response to stimulus (>50%). About 4.2% of genes involved in biotic
and abiotic stress responses belonged to the transcription factor families. We identified
several genes which encode transcription factors that play an important role in abiotic and
biotic stress responses. These proteins included JERF1, SlGRAS6, MYB48, SlERF4, EIL2,
protein LHY, SlERF1, WRKY 26, bZIP transcription factor, ICE1-like, pti6, EIL3 and WRKY 11.
Six of these proteins, JERF1, MYB48, protein LHY, EIL3, EIL2 and WRKY 26 play a central
role in these mechanisms. This research promoted a new approach to clarify the
expression profiles of various genes under different conditions in plants, detected common
genes from differentially regulated in response to these conditions and introduced them as
candidate genes for improving plant tolerance through genetic engineering approach.
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Table 1(on next page)

Transcription factors and their binding sites

Transcription factor and binding site for each, in biotic and abiotic stresses. TF: Transcription

factor, TFBS: Transcription factor binding site.
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 TF family NO. of TF in 
abiotic

NO. of TF 
in biotic TFBS  

ARF 1 3 TGTCTC auxin response elements (AuxRE)

BBR-BPC 1 - (GA/TC)8 and GAGA-binding

bHLH 3 9 E-box (5'-CANNTG-3')

C2H2 - 9  a DNA element that contains an AGCT core

C3H - 1 Unknown

ERF 5 18 GCC box is an 11 bp sequence (TAAGAGCCGCC) 

EIL 3 2 EIL2 BS in ERF1 
(TTCAAGGGGGCATGTATCTTGAA)

FAR1 - 1 FBS for FHY3-FAR1 binding site

GATA - 1 WGATAR (W = T or A; R = G or A) motifs 

GRAS 1 7 cis-element AATTT

that consists in a tandem of inverted repeats of the 
sequence GAA, generating a perfectHSF - 3

HSE, TTCnnGAAnnTTC

LBD - 1 core sequence CGGC

MIKC_MADS - 1 keratin-like coiled-coil domain

MYB and MYB 
_related 2 8

(CNGTTR),  (GKTWGTTR), TAACPy sequence (only 
one AAC sequenc) and (GKTWGGTR; R, A or G; K, G or 
T; W, A or T) and EE, AGATATTT

NAC 5 4

NAC recognition site (NACRS), NAC binding element 
(SNBE) with a longer and variable 
sequence[T/A]NN[C/T][T/C/G]TNNNNNNNA[A/C]GN[
A/C/T][A/T])

NF-YB - 3 CCAAT binding

NF-YC 1 - core nucleotide sequence CCAAT

PHD - 1  Unknown

SPL proteins - 1 SBP-box, TNCGTACAA

TALE 2 1 Pbx:Meinox binding site (CTGTCAATCA)

TCP - 2  GGNCCCAC sequences and s G(T/C)GGNCCC

TIFY - 1  Unknown
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VOZ 1 - GCGTNx7ACGC

WRKY 3 9 W box (TTGACY; Y, C or T)

YABBY - 1  WATNATW (W = T or A; R = G or A)

ZIP and HD-ZIP 3 6 motif AATNATT

1

2
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Table 2(on next page)

Detected transcription factors

Detected transcription factors are affected by a diverse set of biotic and abiotic stresses.
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Transcription 
factor family   

Transcription 
factor Function References

JERF1 salinity, low temperature, drought and 
various biotic stresses 

Zhang et al., 2004; Wu et al., 
2007; Sharma et al., 2010; 

Zhang et al., 2010 

SlERF4  abiotic stress and pathogen 
(Xanthomonas campestris)

Sharma et al., 2010; Kim, 
Stork & Mudgett, 2013

Pti6 pathogen
Gu et al., 2002; Chakravarthy 

et al., 2003; Sharma et al., 
2010

ERF

SlERF1 
abiotic stress and pathogen  

(Plectosphaerella cucumerina and 
Botrytis cinerea )

Gu et al., 2002; Mayrose et 
al., 2006 

GRAS SlGRAS6
abiotic stress, mechanical stress and 

pathogen  (Pseudomonas syringae pv. 
tomato)

Mayrose et al., 2006

MYB48 salt , drought , cold and pathogen Xiong et al., 2014MYB family and 
MYB-related 

family  LHY low temperature and pathogen 
 Huang et al., 2007; Alves et 
al., 2013; Grundy, Stoker & 

Carré, 2015; Seo & Mas, 2015

EIL2 
salinity  and ortholog in tobacco 

resistance against pathogene 
(Peronospora hyoscyami )

Ying et al., 2004; Borrás-
Hidalgo et al., 2006

EIL

 EIL3
salinity  and ortholog in tobacco 

resistance against pathogene 
(Peronospora hyoscyami )

Ying et al., 2004; Borrás-
Hidalgo et al., 2006

WRKY11 drought ,  heat tolerance and pathogen
Wu et al., 2009; Li et al., 

2011; Chen et al., 2012; Alves 
et al., 2013WRKY 

WRKY26 heat stress and pathogen Li et al., 2011; Chen et al., 
2012; Alves et al., 2013

ICE1-like bHLH ICE1-like cold , chilling, osmotic and salt Chinnusamy et al., 2003; Feng 
et al., 2013; Huang et al., 2015

bZIP bZIP11  abiotic stress and pathogen Hummel et al., 2009; Alves et 
al., 2013

1
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Figure 1

Identification of genes involved in biotic and abiotic stresses

Comparison of differentially expressed genes (DEGs) under abiotic and biotic stress

responses, (A) Four-way Venn diagrams showing co-occurrence of DEGs in response to

various abiotic and biotic stresses by two meta-analytical approaches: Fisher and maxP

methods. (B) Four-way Venn diagrams showing number of transcription factors DEGs in all

identified abiotic stresses by two different meta-analytical statistical methods: Fisher and

maxP. (C) Four-way Venn diagrams showing number of transcription factors DEGs in all

identified biotic stresses by two different meta-analytical statistical methods: Fisher and

maxP
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Figure 2

Gene ontology

Gene Ontology analysis. Frequency of most representative biological process terms. Com:

Differentially expressed genes obtained by common genes in biotic and abiotic stresses, AS:

Differentially expressed genes obtained by abiotic stresses, BS: Differentially expressed

genes obtained by biotic stresses. BG: The frequency of these terms in the reference genes,

Tomato Locus set. Gene Ontology analysis made in the AgriGO platform (FDR = 5%). More

details in Table S10 and Table S11
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Figure 3

Network analysis to clear all connections for differentially expressed genes shared by
abiotic and biotic stresses and determine genes possessing hub roles

Network analysis of the 361 common DEGs identified in biotic and abiotic stresses. Network

is made by STRING10.0 database and represents all connections of those genes with a

confidence score > 0.4. The connection colors show the types of evidence for concluding

association: recurring neighborhood in various genomes (green line), co-occurrence of those

genes in the same organisms (dark blue), co-expression (black), experimental

proteinÄprotein interaction data (pink), pathway characterized by other databases (light blue)

and literature text-mining (yellow). A number above hub represent TF. 1) JERF1, 2) MYB48, 3)

protein LHY, 4) EIL3, 5) EIL2, 6) WRKY26
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Figure 4

Common transcription factors in biotic and abiotic stresses

Two-way Venn diagram showing the common transcription factors between abiotic and biotic

stresses
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Figure 5

The presence or absence of the transcription factors across various organisms

Transcription factor occurrence patterns across various genomes. 1) EIL2, 2) EIL3, 3) ZIP, 4)

GRAS6, 5) SlERF4, 6) SlERF1, 7) JERF1, 8) WRKY26, 9) ICE1-like, 10) pti6, 11) WRKY11, 12)

protein LHY, 13) MYB48. The intensity of the color of the red square reflects the amount of

conservation of the homologous protein in the species. White color (No similarity detectable)

and black red color (100 similarity detectable)
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