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effector genes

Name E-value Overlap JASPAR

CLASS

Significant GO term

Motif1 1.48E-01 6

Motif 3  4.73e+00 7

Motif5 7.37e+00 15
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BP translational elongation

MF pyridoxal phosphate binding
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MAO0334.1 C2H2 zinc finger factors ~ BP methionine biosynthetic process

BP translational elongation
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BP inorganic anion transport
BP cysteine biosynthetic process

MA1943.1 Tryptophan cluster factors Homeo domain factors

1- Band pattern



5505 o8 L Ascochyta rabiei [2Sas 55 ¢ 8 5 3 S, 5560 s 4138 50, 05h303 05 o lelid 10 Kan 5 e

1

A 5' UTR PP DNA 599 bo
[ ST47 gseso 3
[ EEECEECEE - —
B _ N | _ i}
PI PIII PVI

ArGAPDH = GSh303 _ArGAPDH  GSh303 _ArGAPDH  GSh303

< < < < < <
L 2 &5 Z 2 =2 8 2 & 2 32 =2
2 Z, Z. & &
1 4 & 2 8 £ B A 8 &2 & & & ¢

L DNA @ams 3 gsh303053 (Mg wlasl 9 15 43939 Jabo 9 b 5757 Cubgo 457 gSh303 0§ eilo (slod (A) ¥ S
9 DNA atamw 93 33 gapdh o g5 wlewl 15 4939 Job 9 1 53T curdge 45 gapdh o eilomss sloi (B) .ads o0
T 5wl CDNA 9 DNA 4ig0i 93 b (o wali) gapdh 9 gsh303 slaws (535589 591 (5551 (C) .od 0 0L CDNA
WLIC (b oS tase Lyl 50 48l uby Ascochyta rabiei 6 4 L5 (PVI g P PI) sy Cuigily 31 ous

1Kb DNA Ladder :L «dua DNA o9 (ST +F/R sl F 35T + wlo yiwo) PCR bolsro (S9l> &7 ¢ o
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Abstract
Background and Objectives
In the context of pathogenicity in host plants, many fungal pathogens produce and secrete a
range of small molecules, including proteins and secondary metabolites. Some of these
molecules are known as pathogenic factors, and they play a specific role in manipulating
interactions between the pathogen and host plants. Typically, these agents are referred to as
effectors. Effector proteins are pivotal in the pathogenicity process of phytopathogenic fungi
and their colonization of host plants. Identifying and analyzing the functions of effector
proteins are essential steps in understanding pathogenicity mechanisms, symbiosis, and plant
defense strategies.
Ascochyta blight, caused by the fungus Ascochyta rabiei, stands as one of the primary limiting
factors in chickpea cultivation, presenting a challenge wherever this plant is grown. The
availability of genomic and transcriptomic data for A. rabiei, both in vitro and during its
interaction with the plant, facilitates the identification of virulence and effector genes. In this
study, our primary objective was to investigate the gsh303 gene as a candidate effector in
different pathotypes (I, 111, and V1) of A. rabiei.
Materials and methods
Genomic data associated with A. rabiei were obtained from the NCBI database. We utilized
SignalP v4.1, SecretomP v2.0, TMHM v2.0, and EffectorP v3.0 software for the screening of
candidate effector proteins, ultimately identifying the gsh303 gene as a potential effector gene.
We also conducted an investigation into the presence of homologous and orthologous
sequences.
Subsequently, specific primers were designed for the gsh303 gene, and we tracked its presence
in different pathotypes of A. rabiei. This was achieved by performing polymerase chain
reaction (PCR) both in vitro and during the interaction between the plant and pathogen,
encompassing both the genome and transcriptome levels.
Results
The findings of our study indicate that the nucleotide sequence of the gsh303 gene comprises
a single exon without any introns. To detect the gsh303 gene, we designed PSh303F/R specific
primers based on its upstream and downstream regions. A 599-base pair fragment was



successfully amplified by PCR, confirming the presence of the gene in the genomes of all three
pathotypes.

While the expression of the gapdh housekeeping gene was verified at the transcriptome level
in the culture medium, we were unable to confirm the detection of the gsh303 gene at the
transcript level. To further investigate the expression of this gene during the plant-pathogen
interaction, we inoculated two chickpea cultivars, one resistant (MCC133) and one sensitive
(ILC1929), with three pathotypes of A. rabiei (I, 111, and V1). After 96 hours of inoculation, we
collected samples from the inoculated plants for DNA and RNA extraction. Our results from
tracking the gsh303 gene during the interaction conditions at both the genome and transcript
levels revealed the amplification of 599 bp and 591 bp fragments, respectively.

Discussion

In our current study, we employed bioinformatics methods to predict the gsh303 effector gene
and identified it as a candidate effector. Furthermore, we confirmed the presence of this gene
in all three pathotypes of A. rabiei under in vitro conditions. Utilizing fungal genomic DNA as
a template, a specific band of 599 base pairs was successfully amplified via PCR. Examining
the expression pattern of the gsh303 gene in two cultivars infected with pathotypes 1, 11, and
VI of A. rabiei at the transcriptome level revealed consistent expression 96 hours post-
inoculation across all three pathotypes.

The identification of effector genes holds promise for the development of resistance genes
based on genomic data, paving the way for the production of more resilient cultivars resistant
to disease.

Keywords: Ascochyta rabiei pathotypes, detection of effector genes, regulatory elements of
gene expression, resistant and sensitive chickpea lines.
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