Eric Aart Ottow (Autor)
Molecular and ecophysiological responses of Populus
euphratica (Oliv.) and Arabidopsis thaliana (L.) to
salt stress

Molecular and ecophysiological
responses of Populus euphratica (Oliv.)
and Arabidopsis thaliana (L.) to salt stress

Eric A. Ottow

https://cuvillier.de/de/shop/publications/2644

Copyright:

Cuvillier Verlag, Inhaberin Annette Jentzsch-Cuvillier, Nonnenstieg 8, 37075 Goéttingen,
Germany

Telefon: +49 (0)551 54724-0, E-Mail: info@cuvillier.de, Website: https://cuvillier.de



Table of contents

TabLe OF COMEENLS ......iiiiiiiiieee ettt ettt st e bt e et e e e e e e I
LSt Of @bDIeVIATIONS ...coutiiiiiiiiie ettt sttt s v
LSt OF COMPANIES ....uvieiieeiieiieeieeeie ettt et ettt et e et eseeeeteesateenbeessaesaseesseeenseensaesnseenseennns VI
L. INEFOTUCTION ..t bbbttt bbbt 1
[.1  Saline NVITOMMENTS ....eeiueiiiieiiiiiiieete ettt ettt st ettt e e bt e st e e bt e eabeesbeesaeeens 1

1.2 Salt resistance: a widespread property in Nature?........cccceecvveevveeecieenieeenieeeeieenns 2

1.3 The impact of salt stress on plant performance............cccoeceeeeveenieniiienienieeiieneens 2

1.4. Strategies to survive high salinity..........cccooeiiiiiiiiiiniiiiiieeeee e 3

1.4.1 Adaptations on the whole-plant level...........ccccceeeviiiriiiiniieeee e, 4

1.4.2 Adaptations on the cellular level..........c.coooviieiiiieiiiicee e 6

1.5. P.euphratica: a highly salt resistant tree ..........cccocvevuerveereerieeriereeie e 10

1.6 ODJECTIVES c.veeuiieeiiieiieeieetie ettt ettt e ettt e st e et e s seeeteesabeesseessaeenseesaaeenseessnesnseas 12

2. Materials and METNOUS ..........ccooiiieiie e 13
2.1 Plant material........coouiiiiiiieieee e 13

2.2 Chemicals, enzymes and r€agents ..........c..ccceeeueerieenireniienieeieenieereeseeeseeeseeeennes 14

2.3 Molecular DIOLOZY .....ccueieiieiieiiieiieeiie ettt ettt ettt eane s 14

2.3.1 RNA and DNA preparation..........ccceeeecueeerieeenieeesieesiieeesneeessveesssseesseeennnes 14

2.3.1.1 Isolation of RINA ..o 15

2.3.1.2  Preparation of plasmid DNA (PDNA) .....coceeiirieniriinieieeieneeienene 17

2.3.1.3 Isolation of genomic DNA (gDNA).....ccocieviiiiiieiieciieieeie e 18

2.3.2  Gel eleCctrOpPROTESIS ....vieciieeiiie ettt 18

2.3.3  CDNA SYNERESIS ..eeeiiiiieiiieiiieecieeecite et e et e e et e e saeeesereeesaeeesaeesraeessseeennnes 21

2.3.4 Radioactive labeling of DNA size markers...........ccoceevvevieneriieneenienienieenne. 21

2.3.5 Cloning DNA fragments ...........cccceerieeiiieniieiiienieeieesre et eieeseeeieesaeeens 22

23,60 PIaSmIAS ...eeoueieiiieiieee e et 24

2.3.7 Polymerase Chain Reaction (PCR) ........cccccvveiiiieiiiiiiiceee e 24

2.3.7.1 Primer and primer deSiZN ........cccvevueeriieeiieniieeieeiie e e eeeeiee e 24

2.3.7.2 DNA POLYMETASES ....eovrieiiieiieeiieiieeiieeiieeieesiieeieesaeeaeeseteeseeseneeeeas 25

2.3.7.3  PCR standard protocol ...........ceccueriieriieniieiieeieeieeeieeee e 25

2.3.7.4 Reverse Transcription PCR (RT-PCR) ......ccccevviiieviiiniieeieeeeeee 26

2.3.7.5 Rapid Amplification of cDNA Ends (RACE)......cccccovvvvviieriieeinnne. 30



II

2.3.8  SEQUENICING ...eeeeuviieeiiieeiieeeieeeeieeesteeesaeeessseeeseeesseeessseeessseeessseesssseesnsseennnns 31
2.4 Characterization of putative Na'/H" antiporters............co.ccceveveveevrrerererrsrssernnns 31
2.4.1 Isolation of PENNGDL.........ccoooiiiiiiiiiiieieeeeee e 31
2.4.2 In-silico analyses of PENhAD1..........c.cccoouiiiiiieiieieceeeeeeee e 32
2.4.3 Isolation Of PCNN@DL.........ccoooiiiiiiiiieieeeieeee et 32
244 Isolation Of PENNXL ......cooiiiiiiiiiiiee e 33
2.5 [Ecophysiological MEaSUTEMENtS ..........cceeeueeriieriieniienieeriieeieeiee e eiee e eseeeenes 33
2.5.1 Chlorophyll fITUOTESCENCE ......cccuviieiiieeiiieeie e e 33
2.5.2  Water POtENtial ......cc.eeeiiiiieiieeiiie et e 34
2.5.3 Electrolyte 1eakage test........ccoeviiriieiieiiieiiesie ettt 34
2.5.4 Soluble protein LeVel.........ccccieriiiiiiiieciiee e 35
2.5.5 ChIorophyll CONtENL.......veieiiieiiiieeiee e e e 35
2.5.6 BiometriC MEASUTEMENTS .......eeuviiriiiriieiieeiieniteeieeniee et e st esbeesiee b e seeesaeeens 35
2.6 Experimental treatMents.........ccceevuieriieiiienieeiieeie ettt sere e 36
2.6.1 P.euphratica and P. X CANESCENS........cc.eevvieiuieeieereeere et eevee e 36
2.6.1.1  Experiments On SOil........cccceeriieeiiieeiiieciie e e 36
2.6.2.2  Experiments in hydroponiCs........ccceervieevieeeiireniieeeiie e evee e 36
2.6.2.3  Feeding eXPEriMENtS ......ccceeevuierieeriieniieeiienieeieeseeeseesaeeeseesseesneenenas 36

2.6.2 Characterization of A. thaliana knock-out mutants ...............ccooevevveeveneenne. 37
2.6.2.1 Selection of A. thaliana plants carrying T-DNA..........c.cccoevvieiecrrennnne 37
2.6.2.2 PCR based isolation of homozygous knock-out mutant lines............. 38

2.6.2.3 Screening putative knock-out lines for gene expression by RT-PCR. 39

2.6.2.4 Gaining seeds from homozygous knock-out lines ............c.cccceeeneennee. 39
2.6.2.5 Salt-tolerance aSSAYS .......ccceecirreriiieeiiieeiieeeireeereeerreeereeeaaeeereeeeens 40
2.6.2.6  BOItING ASSAYS...cccuuiiiiuiieiiiiieeiieeeieeeeieeesieeesteeeseaeeeaaeestaeesaaeeeebaeeennes 41

2.6.3 Complementation studies on E. coli EP432 knock-out mutants................... 41
2.7 Leaf anatomy and MOTPhOMEIIY .........ccccuieviiiiiiiiiieniieiiesee e 42
2.8 Element qUantifiCation .........c.cccccuieeiiieeiiieeiieecieeeiee e esreeeeaee e e e sereeseaee e 43
2.8.1 Inductively coupled plasma-optical emission spectrometry (ICP-OES)...... 43
2.8.2  Chloride quantifiCatioN...........cccuveervieeriieeiiee e eee e eree e e e eeaeeeeee e 43
2.8.3 Energy dispersive X-ray microanalysis (EDAX)......cccccooevverienenneniencnnne. 43

2.9 StatistiCal ANALYSES.....ccueiiiieiieiieeiieeiie ettt ettt et enaeas 44



III

BLRESUILS .. 45
3.1 Differences in plant performance between salt-resistant P. euphratica and salt-

SENSItIVE P. X CANESCENS ......eviuiemiiiiiiniieiieiteieetet ettt sttt sa e 45

3.1.1 Effects of salt stress on shoot tip water potential .............cccceeeveeriieencnnennne. 45

3.1.2  Effects of salt stress on chlorophyll content..............cccceeviiiiiiiiinciieiieene, 46

3.1.3 Effects of salt stress on membrane iNteIity .........ccceveveerieerieeriieneeeieenneenne 47

3.1.4 Effects of short term salt stress on quantum yield of PSII (¢) and element

diStribUtioON 1N LEAVES .....eevviiiiiiiiiiieiieieeteee e 49

3.1.5 Effects of salt stress on Growth ..........cccceeeviieiiiieiiieece e 50
3.2 Changes in leaf morphology of P. euphratica under salt stress............c.ccoc.v..... 52
3.3 Effects of salt stress on the ion distribution in P. euphratica.............c..ccccuveee... 54
3.3.1 Ion distribution on the whole-plant level ............ccccoooviiiiiiiiniiiiecie, 54
3.3.2 lon distribution on the subcellular level...........ccooiiiiiiiiiin 55
3.4 Putative involvement of plasma membrane ATPases in salt exclusion............... 59
3.5 Characterization of the putative Na'/H" antiporter PeNhaD1 and PeNhx1.......... 63
3.5.1 [Isolation and sequencing of PENNXL ..........ccoovieiiiiiiiiiiniiieceeeeeeeee e 63
3.5.2 Molecular characterization of PENhaD1............c.ccccooiiniiiiiiieiieieceeeeee 64
3.5.3 Expression analyses in P. euphratica and P. x Canescens...............cccceueun... 68
3.6 Functional analyses using “Reverse Genetics” .........covuvevvuveercrieenieeenieeenvee e 71
3.6.1 Functional analysis of AINhD1 using A. thaliana knock-out mutants ......... 71

3.6.2 Functional analysis of PeNhaD1 using E. coli mutant complementation.... 85
4. DISCUSSION ...ttt bbb 91
4.1 Ecophysiological responses to salt stress of P. euphratica and
PL X CANESCENS .....eveieeeieeee ettt e et e e e e stae e e e eetaaeeeeentaaeee e snsaeeeesraaeeaanes 91
4.1.1 Effects of salt stress on water potential, membrane integrity and
chlorophyll flUOTESCENCE .......eovviieiieeiie e 91
4.1.2 Differential ion accumulation on the whole-plant level upon salt stress ..... 92

4.1.3 Effects of salt stress on ion compartmentation within leaves

OF P. QUPNIALICA......ccueieeiiiiie e 95

4.1.4 Leaf succulence as a strategy to counteract salt Stress.........ccceevveeerveerennennns 97
4.2 Linking genotype and phenotyPe .......ccecveeeiiieeiiieeieeciie et 98
4.2.1 Molecular characterization of PeNhaD1 .........cccccooiviiiiniiniiiiienceiee 98
4.2.2  NhaDl1 expression patterns in P. euphratica and P. x canescens................. 99

423 Conclusions from the “loss of function” approach.............ccccecoeevivieenrnnns 100



v

4.2.4  Conclusions from the “gain of function” approach............cccccoccuevurenennn. 102

4.3 OULLOOK ...ttt ettt ettt et ettt et e et e st e enbeesabeenbeesnaeenseesnaeens 103

0. SUIMMITY ...ttt ekttt e ket e bt e be e et e e shb e e sbe e sbeeenbeenbeeebeeaneeennee e 105
B. RETEIEINCES ...ttt bbb b bbbt n e 107
R Y o] o 1= T 1 SR 121
7.1  Media and nutrient SOIULIONS ..........eecuieriiriiiiieeii et 121

7.2 Buffers and SOIUHIONS ........cocuiiiiiiriieiiieiie ettt et 123

7 I V<101 (0] o 0 o 1SR PPRRUSPRSR 126

B T s ¥ 141 1S P USRS 127

7.5 SEQUEIICES ..ttt ettt et e et e e st e et e et esateeebteeenbeeeeanes 128

7.5.1  PeNhx1 (Populus euphratica Na'/H" exchanger 1) .........cccccovvevvvevennann.. 128

7.5.2  PeNhaD1 (Populus euphratica Na'/H" antiporter D1)..........ccccovevrveueenn. 128

7.5.3  PcNhaD1 (Populus x canescens Na'/H" antiporter D1) .......c.cocovveeeenn.... 129

7.54  AtNhD1 (Arabidopsis thaliana Na"/H" antiporter D1) ............ccccocevuvnc.... 129

7.6 Supplemental iINfOrmMAation ..........cceevuieriieriieiie ettt s 130



