


Exploration of specific properties and functions of specific members of the NF-Y family 





Exploration of specific properties and functions of specific members of the 

NF-Y family

D i s s e r t a t i o n

zur Erlangung des akademischen Grades

d o c t o r r e r u m n a t u r a l i u m

(Dr. rer. nat.)

im Fach Biologie

eingereicht an der

Mathematisch-Naturwissenschaftlichen Fakultät I

der Humboldt-Universität zu Berlin

von

M.Sc. Yanfang Wu

geboren am 04.06.1981 in Henan, China

Präsident der Humboldt-Universität zu Berlin

Prof. Dr. Jan-Hendrik Olbertz

Dekan der Mathematisch-Naturwissenschaftlichen Fakultät I

Prof. Dr. rer. nat. Stefan Hecht

Gutachter: 1. Prof. Dr. Thomas Buckhout

2. Prof. Dr. Bernhard Grimm

3. Prof. Dr. Kristina Kühn

eingereicht am:                        04. September 2012 

Tag der mündlichen Prüfung: 18. Dezember.2012



Bibliografische Information der Deutschen Nationalbibliothek 

Die Deutsche Nationalbibliothek verzeichnet diese Publikation in der 

Deutschen Nationalbibliografie; detaillierte bibliografische Daten sind im Internet 

über http://dnb.d-nb.de abrufbar. 

1. Aufl. - Göttingen : Cuvillier, 2012 

    Zugl.: Berlin, Humboldt-Univ., Diss., 2012 

    978-3-95404-321-7 

 

 

 

 

 

 

 

 

 

 

 

 

 

© CUVILLIER VERLAG, Göttingen 2012 

    Nonnenstieg 8, 37075 Göttingen 

    Telefon: 0551-54724-0 

    Telefax: 0551-54724-21 

    www.cuvillier.de 

 

 

Alle Rechte vorbehalten. Ohne ausdrückliche Genehmigung des Verlages ist 

es nicht gestattet, das Buch oder Teile daraus auf fotomechanischem Weg 

(Fotokopie, Mikrokopie) zu vervielfältigen. 

1. Auflage, 2012 

Gedruckt auf säurefreiem Papier 

    978-3-95404-321-7 



TThis dissertation is dedicate d to  

my parents Gengshen Wu and Xiuqin Zhang, 

my husband Zhansheng Liu  

and  

my daughter JoanaJiayang Liu 





5

Table of Contents

Table of Contents ...................................................................................................................... 5 

Abstract.................................................................................................................................... 11 

Zusammenfassung ................................................................................................................... 12 

List of Abbreviations ............................................................................................................... 13 

1. Introduction ..................................................................................................................... 17 

1.1 Transcriptional regulation in eukaryotes .................................................................. 17 

1.2 CCAAT box.............................................................................................................. 18 

1.3 Transcription factor NF-Y ........................................................................................ 19 

1.4 Structures and molecular functions of NF-Y............................................................ 20 

1.4.1 NF-YA............................................................................................................... 20 

1.4.2 NF-YB and NF-YC ........................................................................................... 22 

1.4.3 NF-Y and chromatin.......................................................................................... 22 

1.5 Biological functions of NF-Y subunits in Arabidopsis ............................................ 23 

1.5.1 NF-Y subunits play a role in embryogenesis..................................................... 24 

1.5.2 NF-Y subunits are involved in the regulation of photosynthesis ...................... 25 

1.5.3 NF-Y subunits regulate the flowering time ....................................................... 26 

1.5.4 NF-Y subunits are important for drought stress and nitrogen starvation .......... 28 

1.5.5 NF-Y subunits induce ER stress signals............................................................ 30 

1.5.6 NF-Y subunit is involved in regulating root elongation.................................... 30 

1.6 Aims of the work ...................................................................................................... 31 

2. Materials and Methods .................................................................................................... 32 

2.1 Materials ................................................................................................................... 32 

2.1.1 Chemicals .......................................................................................................... 32 

2.1.2 Enzymes ............................................................................................................ 32 

2.1.3 Kits .................................................................................................................... 32 



6

2.1.4 Antibiotics ......................................................................................................... 33 

2.1.5 Buffers ............................................................................................................... 33 

2.1.6 Media................................................................................................................. 34 

2.1.7 Primers .............................................................................................................. 34 

2.2 Methods .................................................................................................................... 36 

2.2.1 Working with DNA........................................................................................... 36 

2.2.1.1 Plasmid preparation from E. coli ............................................................... 36 

2.2.1.2 DNA gel electrophoresis............................................................................ 37 

2.2.1.3 DNA Sequencing ....................................................................................... 37 

2.2.1.4 Genomic DNA isolation from Arabidopsis ............................................... 38 

2.2.1.5 PCR............................................................................................................ 38 

2.2.2 Working with RNA ........................................................................................... 39 

2.2.2.1 RNA isolation from plant tissue ................................................................ 39 

2.2.2.2 RNA concentration measurement .............................................................. 39 

2.2.2.3 RNA formaldehyde agarose gel................................................................. 40 

2.2.2.4 DNase treatment......................................................................................... 40 

2.2.2.5 Reverse transcription ................................................................................. 40 

2.2.2.6 Quantitative RT-PCR................................................................................. 40 

2.2.2.7 Northern blot .............................................................................................. 42 

2.2.3 Working with protein ........................................................................................ 44 

2.2.3.1 Protein over-expression in E. coli and protein purification ....................... 44 

2.2.3.2 Total protein isolation from Arabidopsis ................................................... 45 

2.2.3.3 Nuclear extract from Arabidopsis leaves ................................................... 45 

2.2.3.4 Protein precipitation with TCA.................................................................. 46 

2.2.3.5 Protein concentration measurement ........................................................... 46 

2.2.3.6 SDS-PAGE ................................................................................................ 47 

2.2.3.7 Silver staining ............................................................................................ 47 



7

2.2.3.8 Poorman’s method to purify antibody........................................................ 48 

2.2.3.9 Western blot ............................................................................................... 48 

2.2.4 Bacterial............................................................................................................. 49 

2.2.4.1 Preparation of electro-competent cells ....................................................... 49 

2.2.4.2 Electroporation ........................................................................................... 49 

2.2.4.3 Colony PCR ............................................................................................... 50 

2.2.5 Plant treatment................................................................................................... 50 

2.2.5.1 Seeds sterile................................................................................................ 50 

2.2.5.2 Seed germination under ABA treatment .................................................... 50 

2.2.5.3 Constructs and generation of NF-YB3 and NF-YA5 over-expression 

Arabidopsis plants ....................................................................................................... 50 

2.2.5.4 Histochemical analysis of GUS expression ............................................... 51 

2.2.5.5 Measurement of flowering time ................................................................. 52 

2.2.5.6 Crossing Arabidopsis plants....................................................................... 53 

2.2.5.7 Drought stress............................................................................................. 53 

2.2.5.8 Wounding of Arabidopsis leaves ............................................................... 53 

2.2.5.9 Salt stress.................................................................................................... 53 

2.2.5.10 Microscopic observation ............................................................................ 54 

3. Results ............................................................................................................................. 55 

3.1 Generation of antibodies against specific members of the NF-Y family ................. 55 

3.1.1 Cross immune response of antibodies raised against full-length recombinant 

NF-Y proteins .................................................................................................................. 55 

3.1.2 Alignment of NF-YC protein sequences ........................................................... 56 

3.1.3 Cloning and expression of GST-truncated-NF-YC2 protein in E. coli ............. 57 

3.1.4 Specificity of the polyclonal antibody against GST-truncated-NF-YC2 protein

58 

3.1.5 Specific immune reaction with Arabidopsis protein extracts............................ 59 



8

3.2 Expression patterns of specific NF-Y genes encoding specific subunits in different 

tissues and at different developmental stages ..................................................................... 60 

3.3 Functional analysis of NF-YB3................................................................................ 62 

3.3.1 Expression pattern of NF-YB3........................................................................... 62 

3.3.1.1 Analysis of NF-YB3 expression by promoter-GUS fusion ........................ 62 

3.3.1.2 NF-YB3 expression pattern deduced from available microarray data ....... 63 

3.3.2 The flowering time in Arabidopsis is regulated by NF-YB3 under long day 

conditions ........................................................................................................................ 64 

3.3.2.1 Alignment of sequences of NF-YB subunit protein family ....................... 64 

3.3.2.2 Molecular characterization of NF-YB3 T-DNA insertion mutant plants ... 65 

3.3.2.3 NF-YB3 regulates flowering time by promoting FT expression................ 67 

3.3.3 Can NF-YB3 modulate the drought responses in Arabidopsis? ....................... 68 

3.3.3.1 NF-YB3 strongly expresses in guard cells ................................................. 68 

3.3.3.2 The nf-yb3 mutant behaves like WT under drought conditions................. 69 

3.3.4 The nf-yb3 mutants are not sensitive to ABA during seed germination ........... 71 

3.3.5 The nf-yb3 mutant plants are more sensitive to salt stress ................................ 72 

3.3.6 NF-YB3 functions in signaling pathway responsive to wounding ................... 73 

3.3.6.1 The NF-YB3 promoter activity is regulated by wounding ......................... 73 

3.3.6.2 NF-YB3 expression is induced by wounding ............................................. 74 

3.3.6.3 NF-YB3 plays a role upstream of VSP1 in jasmonate signaling pathway. 75 

3.3.7 Generation of 35S::NF-YB3 transgenic Arabidopsis ........................................ 76 

3.3.8 Generation of 35S::NF-YB3x 35S::NF-YC2 double over-expression plants .... 77 

3.4 Functional analysis of NF-YA5................................................................................ 80 

3.4.1 Identification of nf-ya5 knock-out mutants....................................................... 80 

3.4.2 Flowering time phenotypes of nf-ya5 mutant ................................................... 82 

3.4.3 Expression of FT, SOC1 and AP1 is reduced in nf-ya5 mutant under long-day 

conditions ........................................................................................................................ 83 

3.4.4 NF-YA5 expression is not modified in the co mutant........................................ 84 



9

3.4.5 Generation of NF-YA5 over-expressing plants.................................................. 85 

3.4.6 35S::NF-YA5 plants show no flowering phenotype .......................................... 86 

3.4.7 35S::NF-YA5 plants show a dwarf phenotype................................................... 87 

3.4.8 Anatomical analysis of 35S::NF-YA5 plants ..................................................... 89 

3.4.9 Effects of NF-YA5 over-expression on gene expression ................................... 91 

3.4.10 The dwarf phenotype is not rescued by exogenous GA .................................... 91 

4. Discussion........................................................................................................................ 93 

4.1 NF-Y subunits regulate flowering time through a photoperiod way ........................ 93 

4.2 NF-YA5 plays a role in plant growth and development ........................................... 97 

4.3 NF-YB3 is involved in wounding stress responses ................................................ 100 

Reference ............................................................................................................................... 104 

Acknowledgements ............................................................................................................... 118 

Lebenslauf ............................................................................................................................. 119 

Erklärung ............................................................................................................................... 121 



 

  


