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Pepper Yellow Leaf Curl Disease Caused by Gemini-Virus

~ ~Decrease of yield can reach up to
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35, SRS r i > No effective control so far.
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M Recovered tissue

Up-regulated genes
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Genes Expressing During Gemini Virus Infection in Ca.
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The PR genes Are More Expressed

ID

GENE NAME Fold-change
Oxidative response R/S S/M R/M
Pepper28784 CAT 0.94 3.67 348
Pepper25924 ANN4 1.07 742 7.98
Pepper30410 ANN1 1.11 4.26 4.74
Pepper28222 GST1 1.08 4.82 524
Pathogenesis-related protein
Pepper00302 PR-5 097 25.05 2437
Pepper27140 PR-1 1.25 14.22 17.89
Pepper31625 PR-1 1.11 16.08 17.89
Ethylene and jasmonic acid
Pepper01276 ACC 0.98 202 1.99
Pepper00009 EIN3 1.18 048 057
Pepper26071 OPR1 0.90 2.76 251
Pepper31749 LOX1 0.99 348 347
Pepper32274 HEL 1.08 2.25 243
Pepper32368 b-Chi 1.04 39.59 41.35
Others
Pepper05849 RRP1 0.96 69.59 66.96

Source: Gongora-Castillo et al. (2012)



Why NPR1?

A Uninduced

B Systemic acquired resistance
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NPR1 Regulation in Plant Defense System

(C) SAR
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Source: Mukhtar, et al., (2013)



Protein-Protein Interaction During GV Infection

ldentity Function Selection criteria Reference

Group B [promote earlier infection)

Bearskin 2 (BRNZ) Transcription Phloem over-expression [B9]

Importin alpha isoform 4 (IMPA-4) Transport CP interaction [71]

Lactayiglutathione lyvase (GLOT) Stress 3 Interaction Hericourt et al.
lin preparation)

Replication protein A32 (RPA3ZZ/RPAZ) DMA metabolism Rep interaction [32]

Dehydration responsive 21 (RD21) Stress V2 interaction Hericourt ef al.

RING-type E3 ubiquitin ligase (RHF2A)
Ubiguitin activating enzyme (LUEAT)

Group C (delay, reduce or prevent the infection)
4-coumarate:Cof ligase (AT4CLT)

Allene oxide cyclase (A0CT)

Barely any merdstem 1 (BAM)

Pratein modification

Pratein modification

Metabolism
Metabalism

Pratein modification

Transactived by TrAPAC2

TrAPAC2 Interaction

Phioem over-expression
Philoem over-expression

4 interaction

(in preparation)
[82]

Hericourt et af.
[in preparation)

[89]
[82]

Hericourt et af.
[in preparation)

Coatomer delta subunit (detaCOF) Protein transport C3 interaction Hericourt et of.
{in preparation)

COP9 signalosome subunit 3 (CSN3) Protein modification Cellular process [20]

Geminivirus Rep A-binding (GRABZ) Transcription Rep interaction [29]

Heat shock protein cognate 70 (HECAD) Protein modification Phloem over-expression [B2]

MNuclear acetyltransferase (N5 Signal transduction MNSP Interaction [31]

Patatin-like protein 2 (FLPZ) Stress Phloem over-expression [B2]

Shaggy-related kinase kappa (SK4-1/5KK) Pratein modification C4 interaction Hericourt et al.
{in preparation)

SKP1-like 2 [ASKD) Protein modification Transactived by TrAP/C2 9]

Source : Lozano-Dura'n ,et al, (2011)




Protein-Protein Interaction In Plant

Repressor Activator

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

 Nested PCR :
e Touch-Down PCR




Domain Structure of NPR1
Capsicum annum var. Zunla

Fragmen 1 Fragmen 2 Fragmen 3 Fragmen 4
912 bp 747 bp 200 bp 412 bp
Exon Exon Exon Exon

: Intron Intron Intron
BTB POZ ANKYRIN TRANSACTIVATION

DOMAIN



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

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
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DNA Isolation
A #1

NPR1 Fragment Isolation

Nested PCR

Cloning of NPR1 Fragment

H2

Outer PCR
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Sequence BIDownload ~ GenBank Graphics

AnaIySiS Capsicum annuum cultivar Zunla-1 chromosome 7, Pepper Zunla 1 Ref_v1.0, whole genome shotgun sequence

Sequence ID: NZ 0289831 Length: 222112641 Mumber of Matches: 1

Range 1: 112632325 to 112632969 SenBank Graphics

Score Exp-E-cl: Identities Gaps Strand
1166 bits(531) 541/645(99%) 4/645(0%) Plus/Plus
Fﬁture@ﬂ'ﬂttem@
Query CTETTEC--ACATTTCTGET-AACCATCTCACACATTGCTTTCARGCTCCATTCAGRTTA 67
PLTELEr et et ettt et et ettt el
Skject 112632325 CTETTECARRCARTTITEIGETARRECATETCGAGRGATTECTTTICARCGCTECATTEARZATTRE 1126323584
fuery @8 ITT I AT CTARTCET I GATATIATARCCCTTEATRAGECTITEOCTARTZRACATCOETAR 127
trrererrerererrrrererrrrrrererrrr et e ettt rrrrrr e
Ebjeot 112832385 TIGICARGTCTRAATCITGATATIATARCCCTITIGATARGECTTITECCTARTCEACATOETAR 11Zc3z444
Query 128 AR A TTACTEATTCACECACTEARCTTEATCTACRREEECCTETARRCOCATEETTITITIC 187
PLEErrrr ettt ettt ettt e bt rrrnll
Sbjeot  112e3Z2445 ARCRRRTTRACTEATTICACCECACTERRCTTICGATCTACRREEECCTETARRCCATEETITIC 11:2c32504
Query 188 CIGATA R A TETTARCACEATACATACEECATTACGACTCTEZATGATETTAATTACTAR 247
. trrererrerererrrrererrrrrrrrerrrr et e e et rr e
BLAST . Skjet 112632505 CTEATARRCATETTRARGCAGEATACATACEECATTAGACTCTEATEATETITEAATTACTRAZ 112832564

a GFEATGITECTTAR A CEEECATACTACT CTAGATEATECETATECTCTCCACTATECTE 307

99%h0m0|ogyWith wassy Prrererrrrererrrrerertrrer ettt ettt ettt rrnll

1
4
. Sbjeot  1ll2e3ibeh GEATCITGECTITARACGRCEEECATACTACTCTRAGATGEATECETATECTICTICCACTATECTE  1lZc3zoid
NPR1 Capsicum )
1

Query 3208 TARGCATATTCGCGATGCARRCACTACATCAGRRCTTTTAGATCTTIGCACTTGCTIGATETTE 267
annum Sbset 112632625 TAGCATATIGCEATCCARAGACTACATCACAACTTITAGATCITGCACTIECTCATEITA 112632684

Juery 368 ATCRCCAR T CT AR CCATACACCETGCTTCATCTIGCTGOCATGAGRR A RCACOCTE 427

Sbict 112632685 ATCACCARAATCCTAGAGEATACACEETCCTTEATETTECTECCATEACRARAGAGEETA 112632744

Tuery 428 AR RTTATAGTETCCCTITTARCCRAR AGEAGCTRAGACCTICTGACCTEACATCCEATEECE 487

Sbjen 112632745 AAMTTATAGTGTCCCTTTTAACCAAAGEAGCTACACCTICTACCTGACATCOGATEATA 112632804

Query 488 AR ECACTTCRAR A TTECAR RCRAGECECACTAGECTTCTEEATITTATTARCETCTACAE 547

Sbict 112632805 GAAAAGCACTTCAAATTCCAAAGAGGCLCACTACELITATCLATITIATIAACTCIAGAE 112632664

fuery 548 ACCARCCAL A A TCTCCTOCARACEATOCETTATCCATTCACGATTCTAGASCARCCAGRARAR  ©07

Sbjet 112632865 AGCAACCAAAATCTCCTCCARAGGATCECTIATCCATICACATICTACACCAAGCACRAA 112632924

fuery 08 CAACACATCCACTACTTGEACRRCCTTCACGTATCTCITEC-ATEE 651

Sbjet 112632925 CAACACATCCACTACTICEACAACCTTCACTATCTCITACTATE: 112632969



Domain Analysis of CONPR1-Fragment.
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NPR1 Ankyrin Domain
Capsicum annum var. Lotanbar — Arabidopsis thaliana
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Cys216 and His334 are marked by blue and green color, respectively.
The Ankyrin domain is underlined.



Secondary and Tertiary structure

NPR1 Ankyrin Domain
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DNA-A like Genome of
Pathogenic and Mild Isolate of GV
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Protein Modelling
of C1 (Rep) Protein from PSS14 -TD21

PepYLClpsV-14 PepYLCWSVITD21
Pathogenic Mild Isolate



Docking of Ankyrin with
C1 PSSWS vs TDWS

PepYLClpsV-14 PepYLCWSV/TD21




Predicted Docking Between Ankyrin
with Pathogenic and Mild Replicase Protein

PepYLClpsV-14 PepYLCWSV/TD2

Less Effective More Effective
< affinity > affinity



CLOSING REMARKS
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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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