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BACKGROUND



Pepper Yellow Leaf Curl Disease Caused by Gemini-Virus  

Source: Rybicki, 2007

Source: Rice, 2007

Decrease of yield can reach up to 

100%

No effective control so far.

High genetic variation.

Transmitted by Whitefly



Genes Expressing During Gemini Virus Infection in Ca.

Source : Góngora-Castillo et al. (2012)



The PR genes Are More Expressed

Source: Góngora-Castillo et al. (2012)

Further analyzed



Why NPR1?

Source: Mukhtar, et al. (2009)



NPR1 Regulation in Plant Defense System

Source: Mukhtar, et al., (2013) 



Source : Lozano-Dura´n ,et al, (2011)

Protein-Protein Interaction During GV Infection



Protein-Protein Interaction In Plant

Source: Pajerowska-Mukhtar, et al., (2013) 



MATERIALS
AND METHODS



Materials and Methods
Young and Healthy 

Leaves

CTAB-based DNA Isolation

• Nested PCR

• Touch-Down PCR

PCR –based Cloning

Sequencing

Bioinformatic Analysis



Domain Structure of NPR1 

Capsicum annum var. Zunla
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NPR1 Structure of Capsicum annum var.Zunla

NPR1

Access No. DQ648785.1

Size of NPR1 mRNA 2,191 bp

Start Location in Chromosome 7 112,610,515

End Location in Chromosome 7 112,636,367

Size of NPR1 Genome 25,852 bp

Exon Fragment 1 112,610,515 … 112,611,427 (912 bp)

Exon Fragment 2 112,632,267 … 112,633,014 (747 bp)

Exon Fragment 3 112,634,512 … 112,634,712 (200 bp)

Exon Fragment 4 112,635,955 … 112,636,367 (412 bp)



Specific Primers for NPR1 Gene

Primer ID Sequence (5' - 3') Length (nt) Size of PCR product (bp)

Outer Forward TTCCCCCTTTGCAGAGACAC 20

2626

Outer Reverse CCTGCACCCACTTTGAGCTT 20

Inner Forward AACAAAGCTGCAGCAGACGA 20

687

Inner Reverse CGCCTGCCATAGCAAGAGAT 20



RESULTS 
AND DISCUSSION



Cloning of NPR1 Fragment

Colony PCR of NPR1

DNA Isolation

NPR1 Fragment Isolation

NPR1 Fragment Cloning



3000

Sequence 

Analysis

BLAST : 

99% homology with 

NPR1 Capsicum 

annum
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Domain Analysis of CbNPR1-Fragment.



NPR1 Ankyrin Domain

Capsicum annum var. Lotanbar – Arabidopsis thaliana

3000

Cys216 and His334 are marked by blue and green color, respectively. 

The  Ankyrin domain is underlined.



Secondary and Tertiary structure 

NPR1 Ankyrin Domain

3000

C. annuum var Lotanbar 

(7 helices)

A. thaliana

(3 helices)



DNA-A like Genome of 

Pathogenic and Mild Isolate of GV

3000

Jamsari, et al., (2013)Jamsari, et al., (2016)



Protein Modelling

of C1 (Rep) Protein from PSS14 –TD21

3000

PepYLCIpsV-14

Pathogenic

PepYLCWSV/TD21

Mild Isolate



Docking of Ankyrin with

C1 PSSWS vs TDWS
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Predicted Docking Between Ankyrin

with Pathogenic and Mild Replicase Protein

3000

PepYLCIpsV-14
Pathogenic

PepYLCWSV/TD21

Mild Isolate

More Effective

> affinity

Less Effective

< affinity



CLOSING REMARKS



1. CaL-NPR1 ankyrin domain shares 78.1% similarity with 

AtNPR1, suggested that CaL-NPR1 gene is predicted 

to be homologous with Arabidopsis AtNPR1. 

2. The conserved residue of Cys216 and His334 are 

suggested that they may have similar in structural 

conformation and related with Pathogenesis Related 

Protein.

3. Docking simulation with two different in pathogenic 

level indicated that Resistancy against GV might be 

related with interaction between GV-Rep protein with 

Ankyrin domain. 
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