Index

1.

INETOAUCTION. ...ttt bbbttt b et eee 1

1.1. Pepper taxonomy, distribution and botany.............cccceceeririreiinecinerineeereeee e 2

1.1.1. Pepper taxonomy, origin and diStribution ..............cccceceveeirieiinecinecineieeneseeeenns 2

1.1.2. C. annuum L. DOLANY ......ccocevieirieiirieisieieeieetet ettt esesa st saesaesesnesens 3

1.2. Pepper’s SOCI0-€CONOMIC IMPACL .....cooveirieieriietiieiieieieieeetest et sseeerese s ssesesseseeseneesenes 6

1.2.1. The economic importance Of PEPPET ........ccvvveirreirieririerieirieieretereesreeeresseseesesesens 6

1.2.2. PEPPET IN SOCIELY ...ouveeiiieeiieeietiieiisieet sttt ettt sa et sse s esese et esaesesaeseesessesens 7

1.3. Environmental constraints in pepper cultivation..............cccceeevriecinerineneeneineieeenenes 8

10301, BIOTIC SETESS ..ttt sttt 8

1.3.1.1. VIral dISEASES ....evveuiiieieieirieiei ettt 8

1.3.1.2. FUNGA] QISEASES ....cveevivieiiieeiieeieieieeteteteeeit ettt ss et eb e ese s s sseseenas 9

1.3.1.3. Bacterial diSEaSES......cceeirirueueiiririeieiiririetei ettt 10

1.3.1.4. NemMAtOAES ..ottt 10

1030100 TNSECES .ttt 11

1.3.2. ADIOLIC SITESS ..uvvtiuiiieteitrirtet ettt 11

1.3.2.1, SALIHLY .ottt ettt senes 12

1.3.2.2. HEAL SIIESS ..ceeiiiiiiiciinic ettt ettt 13

1.3.2.3. DIOUGNL ..ottt se s s nes 15

1.4. Grafting technique to overcome abiotiC StreSSES........cccevrreirerieririeirieeeeeeeeeeeeeenes 17

1.4.1. Grafting uses and IMPOTTATNICE .........ccviueuiriririeieirerieteee ettt ee 17

1.4.2. Grafting in horticultural CroPS .........cccoieiriririeiree e 17

1.4.3. Grafting in Solanaceae to overcome abiotiC Stress ..........ccocoeeenrireinnneecene 18

1.5. ThesSiS ODJECLIVES ....cueiriiietiiieieie ettt sttt b et eaebeneae 20

1.6, REFEIEIICES ...ttt sttt sttt saebenea 21

CRAPLET L.ttt ettt a et b et b e s e et e st b et eseebese b eseereneete s esenas 26
Grafting Enhances Pepper Water Stress Tolerance by Improving Photosynthesis and

Antioxidant Defense SYSTEIMS .......cccoiueueiririiieireie ettt 26

2.1, ADSETACE ...ttt bbbttt ettt b et ee 27

2.2, INEFOAUCHION. ...cititeiiiretete ettt ettt et be s s 28

2.3. Material and MethOdS..........ceuiririieiiee e 30

2.3.1. Plant mMaterial........ccooiuiiieeee et 30

2.3.2. Water TelatiONS ......cueuiiieeieiiieeete ettt ettt 30

2.3.3. Gas eXChange MEASUIEINIENILS ..........ceirirueueieireeieeieteeetesere et seetesee s beseessesesenees 31

2.3.4. Ascorbate metaboliSIM .. .....co.oiuiiriiieiiieie e 31

2.3.5. Catalase @CtIVILY......ccoeueueirrieieee ettt 31

2.3.6. Lipid peroxidation analysis .........c.ccceceerreeniririeeineieieieeseeieicc st 31



2.3.8. Plant biomass and leaf area determination.........c..ccccceveueeernnecnnneencnneecenn 32
2.3.9. Statistical ANALYSIS.......cccecirieirieirieirieieeee et se s 32
204, RESUIES ...ttt 33
2.4.1. Water relationS ......c.cceviiieueuinirieieirieie ettt 33
2.4.2. Gas exchange MeaSUIEIMIENES ..........cccevrveririeirreiireietiieeeere e sseseesesesesseseesesseseseesens 33
2.4.3. Ascorbic acid metaboliSIm.......c.cocviueiriiieiriee e 35
2.4.4, Catalase aCHIVILY......c.cceevirieirieirieieeie ettt sttt sr s b ss e s ssese s esenes 36
2.4.5. Lipid peroxidation ..........cccceirieirieiiieieiiieiseeieee ettt ebe e esenes 37
2.4.6. Proline quantifiCation............ccccvvueciriiriinieirieieeese et 37
2.4.7. Biomass determination.......c..ccecierieueirrinieirrieie ettt e 38
2.5, DISCUSSION ...ueiiiiiiirieiet ettt ettt sttt ettt b ettt be ettt be e e 40
2.6. CONCIUSIONS ....ceiiiiiiieiei ettt sttt sttt b ettt ettt be et e et b et ee 42
2.7, REfEIEIICES ...ttt 43
CRAPLET IL....oieiciicieeee ettt ettt b et b e s et ese e s e s eseeseseebe st eseneesensesenas 46
New insights into short-term water stress tolerance through transcriptomic and
metabolomic analySes ON PEPPET TOOLS ......cecviveririerirreiireeetieereseeesseeesesseressesesseseesesessessesenes 46
3Ll ADSETACE ...ttt ee 47
3.2, INETOAUCHION. ...ciiitiiiieiei ettt sttt 48
3.3. Material and MethOdS........ceuiririieiiiieeee et 50
3.3.1. Plant material and greenhouse conditions..........c.ceoeeeererieeeninineennreecrseecenne 50
3.3.2. RNA sequencing and data processing for the gene expression analysis........... 50
3.3.3. Gene Ontology analysis and functional annotation of DEGS ...........ccccevueueuence. 51
3.3.4. Metabolites qUantification...........ccoeeieuirieirieiicee e 51
3.3.5. Statistical @nalySiS.......coceoetrrrueirrieieerriete ettt 52
Bid. RESUIES ..ottt bbbttt ee 54
3.4.1. Gene expression constitutive differences between NIBER® and A10 roots...... 54
3.4.2. Water stress impact on gene expression and associated GO categories........... 57
3.4.3. Outstanding genes with differential expression under water stress................... 60
3.4.4. Water stress-related metabolite TESPONSES.........cevveveievirieeirieeieieeeeeeeeeeereee e 63
3.5, DISCUSSION ...ttt ettt sttt b et b st be bt b e a et ae e ebeneas 66
3.5.1. Constitutive differences in gene eXpression............ccecveecinreeenneeenseeeenes 66
3.5.2. Transcriptomic and metabolomic changes under water stress conditions....... 68
3.6, CONCIUSIONS ...ttt ettt ettt ettt eb bt b e b e st esebe s e eeeaeseneaes 73
3.7, REEIEIICES ...ttt ettt a et e et st es 74
3.8. Supplementary Material .........cccoeeiiirrieieireieieereie e 83

CRAPLET TIL ..ottt ettt et b et bt bessese s et e sseseesessesessesennas 177



Short-term water stress responses of grafted pepper plants are associated with changes in

the hormonal BalanCe ..o 177
4.1, ADSITACE ..o e 178
4.2, INETOAUCHION......oieieecr et e nene 179
4.3. Material and mMethods..........ccoeviviiiririiieeeeeeeeeee e enene 182
4.3.1. Plant material ...t nene 182
4.3.2. Hydroponic greenhouse coOnditions ...........cccoeeirieiniecinenieinieineeeeeseseeeseeeenes 182
4.3.3. Fresh weight determination............cccoveeiririeiinieinieiseieeeeeeesee e 182
4.3.4. Photosynthesis @analysis.........cccoeeireireriiieieiseiseeesesee et 182
4.3.5. Sampling for hormonal analysis..........cccceceeieirieinieiineieeeeeeeeee e 183
4.3.6. Hormone extraction and analysiS..........c.cccceverieiriecinesinenieieeseeseeseeeeesseeenes 183
4.3.7. Statistical ANAlYSIS........ccccveiririetirieirieieetee et renas 183

4.4, RESUILS ..ot bene 184
4,41, Fresh WEIGHL ......c.oceiriiiciceeece ettt esenas 184
4.4.2. PhotosynthetiC parameters ..........coeivveiiierieeinieisieesieieeeeee v eesenes 184
4.4.3. Hormonal Profiling..........cccoieieirieiinieiiieiieieieestee ettt aesa s 185
BA.3.1 ACC ettt 185

BA.3.2. ABA ..ottt 185

BABB TAA et 186

B.4.3.4. CKS ottt 186

4.4.3.5. GAS..eitee et 187

BA.3.8. JA oo 188
BA.3.T.SA bbb 188

4.5, DISCUSSION ...oviiiiecise ettt bbb bbb bbb nene 189
4.6, REFEIEIICES ..ot bene 193
CRAPLET IV .ottt sttt et a et e bt e be st se st e eaeseesestesansesenas 197
Leaves and roots metabolomic signatures underlying rootstock-mediated water stress
tolerance in grafted PePPer PIANLS ........ceiiiriiieiirreeere e 197
5,10 ADSITACT. ....ueiiiiiiiiicicttctct ittt ettt 198
5.2, INErOQUCTION. ....c.cuiiiiiiiiiiiiiiciiieiic ettt eaeees 199
5.3, RESUIES ...oiiiiiiiic ettt 201
5.3.1. Dry biomass Changes.........ccceeirirueueiririeieieieieie ettt 201
5.3.2. Untargeted metabolomics analysis of leaves and roots ...........cccceveeeririrenenne 201
5.3.3. Water stress impact on plant metaboliSm ...........cccoceveveinieiieieieeeeeeeeiae, 203
5.3.4. Metabolic pathways associated with water Stress..........ccocoeeenvieeennscceenes 204

5.4, DISCUSSION ....vviiiiiierirtetctr ettt ettt ettt sttt 207
5.4.1. Pepper metabolic reSponse t0 Water SIESS ........cccovvveirverirreeireeerieeeeeeeereseereanas 207

5.4.2. Enriched metabolic pathways under water Stress..........ccocoeeervieeenninccnenes 207



T T @03 o Lol 16 =3 o3 o TS 213

5.6. Material and Methods...........ccccciiiiiiiiiiirrr s 214
5.6.1. Plant material...........ccocovuririiiiiiiiireeeeeee e e 214
5.6.2. Hydroponic greenhouse cONditions ............ccoceeerverieinieiniecinieineieeneeeseeesienenns 214
5.6.3. Dry weight determination...........ccococveirieiniecinieineeeeeeeeet et 214
5.6.4. Untargeted metabolomics analysis.........ccocecvveeirerieinieinieinieiseieeeeeseee e 215
5.6.5. Statistics and chemometric interpretation of metabolites...........ccccceevevrreennnnn. 215

5.7, REFETEIICES ......couiiiiiiiiiiciccicctttt ittt 216

5.8. Supplementary Material...........cccoceciririiirieirieireee e 219

GEnNeral DISCUSSION........cviviiiieiriririricct ettt e nene 358

6.1. Constitutive differences in grafted pepper plants.........c.ccccevereirecinecinereineeseene 359

6.2. Water stress responses in grafted pepper plants..........ccocccceveveineeinerinereeineeseennns 360

6.3, REFEIEIICES ..ot bene 366

(@) ool LU E<3 T} o ¥ ISR 368



