ATTEMPTS TO ENGINEER PARTHENOGENESIS IN

Arabidopsis thaliana

Dissertation

zur
Erlangung der naturwissenschaftlichen Doktorwiirde
(Dr. sc. nat.)
vorgelegt der
Mathematisch-naturwissenschaftlichen Fakultét
der
Universitét Ziirich

von

Miloslawa Jaciubek
aus

Polen

Promotionskomitee
Prof. Dr. Ueli Grossniklaus
Prof. Dr. Beat Keller
Prof. Dr. Charles Spillane

Ziirich, 2012



TABLE OF CONTENTS

TABLE OF CONTENTS ...uuiiiiiiiiniiinitiiiiesiseniiicsssnnenesennmesneesisssnesssssassessssssssnssssns viii
1. INTRODUCTION ..iitiiiiiiiiniiniiinniinsienesnansesssnnesesnsssanesssesssasessessesassssssassassssnes 1
1.1.  The Angiosperm Life CYCIE it ssssrsesssinssesssanisassssssssnssssanns 1
1.1.1. Female Gametophyte Development .........ccccoveirninnicnennnersenninressareressesssenns 2
1.1.2. Male Gametophyte Development.......ocociivieiceser et 3
1.1.3. Double Fertilization ... sr s eresrerenes 4

1.2. APOMIXIS 1ervurneineiiisinnisimmminisimiterrerisastssnreesissiiimeretttissnsensssssassassrssssesasnnsnres 6
1.2.1. Definition Of APOMIXIS...iuiiciiuiriererieceree ettt es e b sae e s s ans 6
1.2.2. Classification Of APOMIXIS.....uiciviiirieiee et e resas b s nar e sstres 7
1.2.3. Endosperm Development in Apomictic Plants.......cococeevinrnecniinnnecrinseeesereennne 9
1.2.4. Genetic Mechanisms of APOMIXIS ....ceocviieiiienenineceerreneir s e 12
1.2.5. Apomixis and POlyploidy ..o 14
1.2.6. ApPOMIXIS IN AGFICUITUIE ...t s 16

1.3. Arabidopsis and Maize in Apomixis Research .......c.coiiviiiiisniinssnninnsnnisinsnesien 17
1.3.1. AADOIMEBIOSIS «.overrreriirieitseeriererrer et s s re s et s eeesacees s b e sre b e saesbae s ar e st este s b s asbeansanssatas 18
1.3.2. ParthENOZENESIS .cocverieeieiricerere et e e 20
1.3.3. Autonomous Endosperm Development.......c.coiieiini e, 22

1.4.  Approaches to Study APOMIXIS..cuerieinmminicciinininensessenan 23
1.4.1. Molecular MapPING ..ottt et e nen 23
1.4.2. Gene Expression Profiling........ceecviinirenicnniicin s 23
143, Loss-0f-FUNCLioN APProach. ... 24
1.4.4. Gain-of-FUnction APProach ... s 25

1.5.  Aims of the Thesis......cccuimreiriineminin e s 27

2. MATERIAL AND METHODS .....cciiiiiiniieimimiminsiiiinmmmeieiiese oo 29
2.1, Plant Material.....ccccvvnienrnninsineiinsieerinssnss st ssessaansse 29
2.1.1. Wild-Type Arabidopsis thaliana Strains and Male Sterile Mutants ................... 29
2.1.2. Activator Line for Gain-of-FUnction SCreen ... 30
2.1.3. T-DNA INSEITION LINES ..viiiececieieeree it e 30



2.1.4. Plant Growth CONditions..........ccveevecreieinieinreie et e 30
2.1.5. Plant Transformation........c.ceecrininniisinere et s 31
2.1.6. PIANT CrOSSES ..oiiiiiieriiriirie ettt st st b b st e 32
2.1.7. Estradiol INAUCHION ......c.ouiciviiiccitcnte ettt e 32
2.1.8. GUS STAINING Lottt rs b st sansrea b 32
2.1.9. Screening Of TransfOrMaNts .....coovueeciicecri et e 33
2.1.10.  OVUIES ClEAMNE ..eeeieriee ettt ettt sbe et et s et s sane 33
2.2, IMAGINE ruteneentiiiiiieii i s s s es e s e e e esann s e e s vensernesnnansenes 33
2.2.1. Stereomicroscope and Light MiCrOSCOPY ..ccoveeeveveciiviniinecirtesesicea et sereennae 33
2.3. Standard Protocols, ENzymes and KitS .......ceveererereieiniiniernenssiiensneccsnenseeesssssssssens 34
2.3.1. Bacterial Strains, Media, and Transformation.........ccoeevvvivevvnevcsiecienieennn, 35
2.3.2. PCR and SEQUENCING ......coeveeririirirtriseree ettt eba s se s e 36
2.3.3. TAIPCR e s 36
234, SOULNEIN BIOT . ettt et 37
2.3.5. P1OTAY ANGIYSIS .eveeiiiieciiriensiise sttt s 37
2.4. VECEOrS .ttt s ssanassassssesnns steretresise e nesresans 38
241 PMDCLLB ittt ettt bbbttt bbbt e s e e 38
2.4.2. Responder Vectors Used for Gain-of-Function Screen ........ccccveivvcicrencnencann, 38
2.4.3. Construction of pMJ1 and pMIJ2 VECTOTS .....ccvcevriiviriiniiinieiisieninseesiisiesscesnenen 39
2.4.4. PENTIY VECLOTS ..ot 41
2.5.  Generation of Artificial MICroORNAS..........cciesiriiniinnn e 42
3. RESULTS....iiteiiiiiiiinieiinniiionrstreseensesesieseitnmiiniensseessnsmsnsasnsassessassssssssessesansessnansonns 43
3.1 Gain-of-Function Screen for Parthenogenetic Mutants..........ccciviicrninninvcansiienens 43
3.11 Screening of Lines Containig pLB66 Responder VECtOr.......c.ccvviiiinennninenn 44
3.1.2 Screening of Lines containing pLB71 Responder Vector .........cccviecniiieiinennen, 48
3.2 Candidate Gene APProach ......cccceiiinniiiiseeeesincnis s 50
3.2.1. WUSCHEL (WUS) Ectopic Expression Under Ubiquitous GT10-90 Promoter.....50
3.2.2 Mis-Expression of G1/S Phase Genes in the Arabidopsis Egg Apparatus........... 52
3.2.3. RBR1 and MSi1 Gene Silencing Using Artificial MicroRNAS ........ccovinnininnee, 58
4. DISCUSSION ..ucitiiiiiiairemnietteierirnnesiisiersuiiisisiorseanesietiieomemermmmesnmitintareensorasssetsnne 60
4.1. OVBIVIBW .ouuireeirirennecesisininnetestninrnninteeneisiissisessssansssensssnsesiasissnnnitsssatinsessessasassansens 60
4.1.1. The Gain-of-Function Screening Approach to Induce Parthenogenetic Embryo
DEVEIOPIMENT 1.viivieriientiere sttt e h e s bbb bbb e b 63
4.2. Candidate Gene Approach ... 67

X



4.2.1. WUSCHEL .ottt sttt ests s eteste e stnsts st ss e ne st sanebe st e srnessesnnsasins 67
4.2.2. Mis-Expression of G1/S Transition GENES .......ccevirviiirinirinenins i eresenens 69
4.2.3. Artificial MicroRNA Targeting MSI1 and RBRI GENES .......ocvrevrierivevienrieeecneennns 74

4.3 OULIOOK .. neeriieeieiiireicinictnniteerriisssssnaneeetessssensnsersaessbssmenssssessssnnsesesssessnnnnarsnssnsanes 76

5. ACKNOWLEDGEMENTS ..ciiiiiiciiiiniinircaicninsssnseniersnsrenmmsesrenssssssssosossesrsnsnsssnoss 79
6.  APPENDIX ..oiuviecrcrmceititiitiiininiierinesncnentensssinesisssnes eeeeerieestettenstieraesisrasaniains 81
6.1. [T o Tt Y e 4T O PN 81
6.2 Primer SEQUENCES ....ivvieeeiiisiiisissisissisiissonsinsssessissesssimesissssnnenssssssssaesissssssases 106
6.3 [ LYV E A =1 <] (=TS 109

7 REFERENCES ..coitiiriienmacmticeccttintuieceitnnsiteiiesnamnstenmmssssisssssinnssisesssssssssisnsasassss 112



