Contents

Contents

[070] 01 (=] o1 (=TT PP PPTPTPTN I
WX o] o] (=) - L1 [0 ] 1S SP SRR i
F Y 011 - T PP PRSPPI 1
ZUSAMMENTASSUNG .....eeeeeitteeee ettt ettt e et e ettt e et et e e e st et e e ebr et e e e st r e e e e e snnneeenasnneeeenasneeeenn 2
I T (o To [0 T o o R SRR 3

1.1 The mycorrhiza provides a strong C-sink in roots

1.2 The shikimate pathway, an interface between carbon and nitrogen metabolism........... 5
1.3 Ozone alters carbon flOW..........ccccviiiiiiiiiii 9
1.4 Systemic effects of 0zone and MycCOrrNIZation ............cccoovciiiiiiiiiee e 11
1.5 Goal Of thiS WOIK.......ccciiiiiiiiiiiie s 12
2 Material and METNOUS .........cocuiiiiiiiiiii e 13
2.1 TechniCal EQUIPMENT .......ooiiiiee ettt e e et e e e e e nbneeeeanes 13
2.2 ChemiCalS @nd ENZYIMES .......cuiiiieiiiiiiiiieier e e e e e e e e e e s s st eeeeaaaeeessannnenaanees 14
P2 @ Lo T= 1151 0 1 P EPPPRP 15
2.4 Plant cultivation and growth CONItIONS ............ooeiiiiiiiiiiiii e 16
2.4.1 Marigold cultivation and inoculum production...............cocueeeeiiiiieeeeiieee e 16
2.4.2 TOMALO Pre-CUIVALION .....ceiiiieiiee ettt ettt e et e et e e e eneeeeeeanes 17
2.5 Experimental Setup and NArVeSt..........ooueiii i 17
2.5.1 Splitroot experiments: MyCOrrhiZation ............ccccooiiiiieeiiiiie e 18
2.5.2 Single pot eXPerimENtS: OZONE ........cccuviireeeiiie it rree et e e sree e 19
2.5.3 Single pot experiments: mycorrhization and 0ZONE............ccccvceveriieriee e 20

2.6 Determination of mycorrhization rate

2.7 Metabolite analysiS.........ccocvverreerieiinieenienene
2.7.1 Element analysis

2.7.2 Concentrations of sugar, starch and chlorophyll .............cccccoiiiiiiie 22
2.7.3 GlULALNIONE BSSAY ... eeiuveeiieieitie ettt 24
2.8 Emissions of volatile organic compounds (VOCS) ........cceeiiiiiiiieiiiieeniie e 26
2.9 Molecular biological tEChNIQUES .......cc.uviiiiiiiiieeie e 28
2.9.1 RNA isolation from plant material.............ccvveiiiiiiiiiiiiii e 28
2.9.2 Isolation of bacterial plasmid DNA...........cuiiiiiii e 30
2.9.3 CDNA SYNTNESIS ..eeviiiiiiiiiiiiiiiiie ettt e e e e e e e e s s s bbb e e eaaaeeeeas 30
A I o - 1o o PO PPRPPTN 30
2.9.5 Determination of nucleic acid CONCENtratioN............cccovvviiiiiieiiie s 30
2.9.6 GeleleCtrOPNOIESIS.....cci i ittt e e a e e e 31
2.9.7 NOIMhErNBIOT.......coiiiiiiiii e 31



Contents

2.9.8 Hybridisation and immunological detection ..............ccccooiiiiiiiiii e 32
2.9.9 Recombinant plasmids ...........eeeiiiiieiiiiiiiieeeee e 32

2.9 10 PCR FEACHION ..ottt ettt et e e 34
2.9.11 Specifity of the Probes ............oe i 35
2.9.12 Microbiological Methods ..........oooiuiiiiii e 36
2.9.12.1 Growth conditions and cultivation of E. COli............ccccoeviiiiiiiiiiicieccees 36
2.9.12.2 Competent cells and transformation............ccocceoviieiiiiiiiecniee e 36

B RESUIES .ttt nae 37
3.1 BIOMASSES ...ttt ettt bt nh et e e nee 39
B2 EIEBMENES .. e e et e e e e e e e e e nnearaae s 42
3.3 SUGAr @Nd SEAICH ....coiiiiiii et nreea s 51
3.4 Changes in shikimate pathway transcripts due to mycorrhization....................cccc........ 54
3.5 GIULALNIONE ...ttt e e e e e e e e e e e anaeeaeanae 59
3.6 Changes in Shikimate pathway transcripts due to ozone fumigation ...............c.cc....... 61
3.7 Systemic changes in the plant response to ozone, affected by mycorrhization ........... 63
3.7.1 Changes in VOC emissions due to mycorrhization ..............ccccccvveeiiiieeeeciieeeeens 63
3.7.2 Shikimate pathway transCriptS...........oooiiiiiiiiiiee e 67
3.7.3 CarbOnNydrates ........ciieiiiiii e 71
3.7.4 GIULAtNIONE ... e 71

L 1o 1] (o o PO PR PR PR 73

4.1 Local and systemic changes in physiology of the tomato - Glomus intraradices

£ ] o] o < 1 PSRN 73

4.1.1 Growth depression in mycorrhizal plants.........cccccceeeiiiiiiciie e, 74
4.1.2 Better nutrient acquisition due to VAM fuNngi .........ccooiiiiiiiiiiieee e 76
4.1.3 Changes in carbon and carbohydrates concentrations due to VAM fungi............. 80

4.2 Defence and stress response are affected by mycorrhization ..............cccccooiien. 82
4.2.1 Defence reactions and signalling in mycorrhizal symbiosis...........c.ccccccceeiiinen. 83
4.2.2 Influence of ozone on shikimate pathway transcription..............cccccoiiiiiiiiiiinn. 86
4.2.3 Mycorrhization affects stress responses induced by ozone .............cccccceeieieeeenn. 88

B OULIOOK ...tttk ettt n e ah e n b e e e 91
REFEIENCES ... ettt ne e 92
[ Qo] o 0 = USRS 102
LISt OF TADIES ...ttt 104
DanKSAGUNG ....ceeiiii e 105





