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Agricultural Mission: Securing of food availability 

 

• Food quantity  

   (developing countries) 

 

• Food quality 

   (developed countries) 

http://www.greenfacts.org/en/gmo/index.htm


World Population Growth  

Source: the U.S. Census Bureau, 2010  



Growth Population VS Food Production 

• Rising of world population from 6.8 billion 
(2010) to over 9 billion (By 2050)- 10 billion 
by 2100 (United Nations, 2011)  

 
 meant: a 70% increase in food demand!                
 

The increasing of food price !!! (ADB-2007) 



• From 1999 -2020 increase up to 80% 
(Pinstrup-Anderson and Lorch, 1997). 

 

• from 590-600 MMT to 840 MMT by 2020 
must be achieved.  

Need for Increase of Crop Production 



Challenges! 
Food production and food security faces several 
challenges  
Land evolution for agricultural production to 

non agricultural actvities: 
Global climate changes;  
 Abiotic stresses: drought, heat shock, UV 

radiation, etc. 
Biotic stresses: pest and weeds attack 

 



• Cultural techniques improvement is 
“deminishing return”. 

• Genetic potency must be exploited via 
genetic based modification = breeding 
efforts 

Challenges! 



Role of Plant Breeding 

• To enable stable yields with lower inputs of 
fertilizers, energy and water use,  

• To produce safe and quality food, 

• To meet the demand of a projected raise in 
human population and livestock production. 



• Improvement of crop production regarding pest and 
disease management.  

• Pathogens cause huge yield losses in the agriculture 
every year with large economic losses and damage 
to ecosystems 

Global yield loss of 16% (Oerke, 2006). 

 26-29% for sugar beet, barley, soybean, wheat and 
cotton, to 31-40% for maize, potato and rice (Oerke, 
2006). 

Resistance Breeding, plant-pathogen 
interaction  



Genetic Modification Based Approach 

• Since disease attack dealing with interaction 
between plant-pathogen, they must be in 
compatible  manner: 

Involving: 

plant genetic background 

pathogen genetic background 

 



Gene for Gene Concept (Flor, 1942: Phytopathology) 

Source: http://www.hillagric.ac.in 

http://www.hillagric.ac.in/
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• Molecular Plant-Microbe Interaction 
(MPMI) 



Molecular Plant-Microbe Interaction (MPMI) 

• Plants use different strategies and mechanisms to 
survive and reproduce successfully. 

• Basal resistance is provided by pre-existing physical and 
chemical barriers in order to disable penetration of 
pathogen to the host-cell. 

• Recognition of microbial surfaces by cell surface 
receptors that trigger immune response and offer 
broad-spectrum resistance pathogen associated 
molecular pattern (PAMP)-triggered immunity (PTI) 
(Jones & Dangl, 2006). 



Basal Principle in Plant-Pathogen Interaction 

Gene-for-gene recognition is a widespread 
form of plant disease resistance 



Receptor coded by R allele 

(a) If an Avr allele in the pathogen corresponds to an R allele in the host plant, the host plant will have resistance, making 
the pathogen avirulent. R alleles probably code for receptors in the plasma membranes of host plant cells. Avr alleles 
produce compounds that can act as ligands, binding to receptors in host plant cells. 

• A pathogen is avirulent 

– If it has a specific Avr gene corresponding to a 
particular R allele in the host plant 

Signal molecule (ligand) 
from Avr gene product 

Avr allele 

Plant cell is resistant 

Avirulent pathogen 

R 



• If the plant host lacks the R gene that counteracts 
the pathogen’s Avr gene 
 
Then the pathogen  
can invade and kill the plant 

No Avr allele; 
virulent pathogen 

Plant cell becomes diseased 

Avr allele 

No R allele; 
plant cell becomes diseased Virulent pathogen 

Virulent pathogen 

No R allele; 
plant cell becomes diseased 

(b) If there is no gene-for-gene recognition because of one of the above three 
conditions, the pathogen will be virulent, causing disease to develop. 

R 



• Complex Plant Responses to Pathogen 
Invasions 



A hypersensitive response (HR):  Seals off the infection and kills 
both pathogen and host cells in the region of the infection 



Hammond-Kosacky and Parkerz, (2003) 

Local signalling networks controlling activation of local defence 
responses 



Plant Responses to Pathogen Invasions 

• Systemic acquired resistance (SAR) 

– Is a set of generalized defense responses in organs 
distant from the original site of infection 

– Is triggered by the signal molecule salicylic acid 



Systemic defence signalling networks 

Hammond-Kosacky and Parkerz, (2003) 



“Guarding” as one of plant respon to pathogen 

Hammond-Kosacky and Parkerz, (2003) 



Guard and Decoy Model 

Kozjak and Meglič, 2012 



• General Plant’s response to environmental stimulus 

CELL 
WALL 

CYTOPLASM 

   1   Reception       2    Transduction     3   Response 

Receptor 

Relay molecules 

Activation 
of cellular 
responses 

Hormone or 
environmental 
stimulus 

Plasma membrane 



A hypothetical model of the 
early signal transduction events 
in plant–pathogen interactions 

Blumwald, et al., (1998) 



Essential pathogen 
components 
detectable by plants 

Hammond-Kosacky and Parkerz, 2003 



• Two Central Molecules in Plant-Microbe 
Interaction in Sucessful Disease Initiation are 

     

R-Protein and AVR-Protein 

Molecular aspects of Plant-Pathogen Interaction 



“R protein” plays a central role in plant defence 
responses 

• Programmed cell death (apoptosis) during 
hypersensitive reaction (HR).  

• It plays either directly involved in the 
recognition of pathogen effectors or act as a 
guardian for the modification of plant 
proteins.  

Role of “R-protein” in Plant-Pathogen Interaction 



Evolution of “R-Gene” 



R gene Features 

• R genes encode at least five diverse classes of 
proteins (R proteins). 

• The largest class of R proteins contain a 
nucleotide binding site and leucine-rich 
repeat domains (NBS-LRR proteins).  

• NBS-LRR proteins may recognize the presence 
of the pathogen directly or indirectly. 



Hammond-Kosack and Jones, 1996 

Classes of  
R genes 



Classes of R genes 

Hammond-Kosacky and Parkerz, (2003) 



Sequence Homology among R-Proteins 

Struktur motif protein dari gen-gen resisten NBS-LRR (Sumber: McHale, et al., 2006). 



Hammond-Kosacky and Parkerz, (2003) 

R proteins race-specific mostly located in both cell wall and cytoplasm. 



Numbers of Arabidopsis Genes That Encode 
Domains Similar to Plant R Proteins 

~ 200 R-gene 



Comparison of R  
gene position 
between tomato 
and potato 



Intron/Exon 
Configurations and 
Protein Motifs of NBS-
LRR–Encoding Genes in 
Arabidopsis. 

Meyers, et al., 2003 



• Evolution of “R-Gene” 



• Natural selection drives the pathogen to avoid 
resistance either by evolving the existent effector 
gene or by acquiring additional effectors.  

• The new effector put the selection pressure on host 
plant to evolve new R gene alleles. The co-evolution 
of plant defence and pathogen attacks are the result 
of constant selection pressure that occur across 
spatial and temporal scales (Ravensdale et al., 2011).  

• In PTI immunity system there is an evidence of 
molecular evolutionary conservation in structure and 
functions across kingdoms borders (Medzhitov & 
Janeway, 1997; Imler & Hoffmann; 2001), 

Evolution of “R-Gene” 



Leaf abnormalities caused by PepYLCV 



PSS-14-Isolate   

(agressive) 

TD -21-Isolate  

(non aggressive) 

Agressivity Testing 

8 days after inoculation 

Lab of Biotechnology and Plant Breeding,  
Faculty of Agriculture Andalas University-Padang  
West Sumatera 



Lab of Biotechnology and Plant Breeding,  
Faculty of Agriculture Andalas University-Padang  
West Sumatera 

Primer walking for whole genome sequencing. 

Primer: 
 
PAL1v1978 / PAR1c715 



Genome A of TD-21 and PSS-14 isolate 

  TD21 PSS14 Lab of Biotechnology and Plant Breeding,  
Faculty of Agriculture Andalas University-Padang  
West Sumatera 

TD-21 ; 2749 bs PSS-14; 2748 bs 



Gene/ORF TD21 PSS14 

V1 (sense) 135-488 135-488 

V2 (sense) 295-1071 295-1071 

C1 (non sense) 1520-2608 1520-2608 

C2 (non sense) 1213-1630 1213-1630 

C3 (non sense) 1068-1478 1068-1478 

Genome A size of TD-21 and PSS-14  isolates  

TD21 : 2749 nts 
PSS14: 2748 nts 
 
 
 
 

1 InDel event in Common region (CR) 



16 points; 
96% similarity 

Movement protein (MP) gene/V1 is conserved 

5 points differents 
96% similarity 



4 points; Similarity: 98,5% 

Coat protein (CP) /V2 gene is conserved 



Rep (C1) Gene Showed High Level of Polymorphims 

Dissimilarity = 23% 
Similarity= 77% 

Big question: does C1 gene play important role in the agressivity of 
PepYLCV? 



= Low land 

Coat Protein Sequence Variation of 47 GV Isolates 

= Medium Land = Up Land 



Type of sequence Variation of Coat 
Protein Gene in GV 

Indel 1-3 nukleotid Substitusi 1-4 nukleotid 



0

17.8

246810121416

AG 1-3.SEQ

AG 1-4.SEQ

SO 3-5.SEQ

AG 2-4.SEQ

PSS 2-3.SEQ

TD 1-3.SEQ

AG 2-2.SEQ

TD 2-4.SEQ

TD 1-1.SEQ

SO 2-5.SEQ

TD 2-1.SEQ

AG 2-1.SEQ

SO 2-1.SEQ

PSBT 2-3.SEQ

PSS 1-1.SEQ

AG 2-5.SEQ

SO 1-1.SEQ

TD 2-2.SEQ

AG 3-5.SEQ

TD 1-4.SEQ

SO 1-3.SEQ

SO 3-4.SEQ

SO 3-3.SEQ

TD 3-2.SEQ

TD 1-5.SEQ

SO 2-2.SEQ

TD 3-3.SEQ

SO 1-4.SEQ

TD 2-5.SEQ

PY 1.SEQ

TD 3-5.SEQ

PSS 2-4.SEQ

PSBT 3-4.SEQ

PSBT 2-1.SEQ

PSBT 1-3.SEQ

PSS 1-5.SEQ

PSBT 2-2.SEQ

PSS 3-4.SEQ

SO 1-6.SEQ

PSBT 1-4.SEQ

PSBT 1-2.SEQ

PSBT 3-1.SEQ

PSS 1-3.SEQ

PSS 1-2.SEQ

PSS 1-4.SEQ

PY 3.SEQ

SO 1-2.SEQ

=  Low land 
= Medium Land 

   = Up Land 

Pylogeny of  47 GV Isolates 



Sequence Variation of CO-I of B. Tabacci 



Substitusi Insersi-delesi 

Type of sequence Variation of COI Gene in 
B. tabacci 



0

17.7

246810121416

Bt PSBT-2.SEQ

Bt AG-1d.SEQ

Bt PSBT-1.SEQ

Bt SO-1b.SEQ

Bt PSBT-3.SEQ

Bt PSS-2 b.SEQ

Bt PSS-2 a.SEQ

Bt PSBT-4.SEQ

Bt 50 K-2c.SEQ

Bt AG-2a.SEQ

Bt PSBT-8.SEQ

Bt 50 K-2d.SEQ

Bt PDG-1c.SEQ

Bt PDG-1a.SEQ

Bt SO-1c.SEQ

Bt PDG-1b.SEQ

Bt 50 K-2a.SEQ

Bt PSBT-5.SEQ

Bt PSBT-6.SEQ

Bt 50 K-3c.SEQ

Bt SO-1d.SEQ

Bt T PDG-3.SEQ

Bt AG-1c.SEQ

Bt PSS-4e.SEQ

Bt PSS-2 c.SEQ

Bt SO-1a.SEQ

Bt PDG-1d.SEQ

Bt 50 K-2b.SEQ

Bt SO-SKM 3.SEQ

Bt PSS-1a.SEQ

Bt AG-2b.SEQ

Bt PSS-2 G.SEQ

Bt PSS 3.SEQ

Bt C BGR-3.SEQ

Bt PSBT-7.SEQ

Bt PSBT-9 Al.SEQ

Bt TD-3b.SEQ

Bt TD-4a.SEQ

Bt 50 K-1b.SEQ

Bt TD-1b.SEQ

Bt TD-1a.SEQ

Bt TD-3I.SEQ

Bt AG-3b.SEQ

Pylogeny of  B. tabacci from 7 districts 

=  Low land 
= Medium Land 

   = Up Land 



Wan, et al. BMC Genomics 2013, 14:109 



Distribution of Three Multigene Families That Encode NBS-LRR, Cytochrome P450, 
and LRR Kinase Proteins in the Arabidopsis Col-0 Genome 
Relative to Segmental Duplications 



Duplication in the NBS-encoding R genes among three 
plants 



Wan, et al. BMC Genomics 2013, 14:109 

Clustering of R-gene 



Distribution of the 
regular NBS encoding 
genes on the B. 
distachyon chromosomes. 
The scale is in megabases 
(Mb). Grey straight 
line connects the NBS 
genes present on 
duplicate chromosomal 
segments. Lozano, et al., 2012 



Physical Locations of Arabidopsis Sequences that Encode NBS Proteins 
Similar to Plant R Genes. 

Meyers, et al. 2003 



Distribution of Solanum tuberosum group phureja sequences that are predicted to 
encode NBS resistance proteins 

Color code: CNL (green), TNL (red) or a partial 
NBS gene (yellow). Distance in Megabases is 
shown at the top of each column 

Lozano, et al., 2012 



Rpi-vnt1 cluster structure in Arabidopsis 

Meyers, et al. 2003 



Alternative splicing of a TIR-NBS-LRR resistance gene 

Meyers, et al. 2003 



Wan, et al. BMC Genomics 2013, 14:109 



Wan, et al. BMC Genomics 2013, 14:109 



Concluding Remarks 

• Number and Diversity of R proteins represent a major 
part of the spectrum of recognition molecules available 
in an individual plant genotype to detect diverse 
pathogens.  

• Although other types of proteins may play important 
roles in pathogen recognition, the majority of the R 
genes cloned to date encode CNL and TNL proteins. 

• Higly conserved of NBS-LRR region characteristic among 
R-gene in diversity of plants enable R-gene isolation 
from many type of plants via PCR-based cloning 



• Fresh insights into the activities of R and Avr proteins, defence 
signalling networks and microbial pathogenicity factors should 
provide a range of materials to design new and effective 
disease control strategies.  

• A key challenge now is to harness their collective potential. 

• It is also important to elucidate the molecular processes 
underlying pathogen adaptation to new plant germplasms or 
chemical applications.  

• Monitoring the losses to pathogen fitness associated with their 
resistance breaking ability will undoubtedly contribute to 
achieving durable disease resistance Agriculture sector. 
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