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ABSTRACT 

      Gene regulation is a central process in plant response to environmental stresses. 

Many genes are either up- or down-regulated under stress conditions, which are mediated 

through signaling pathways starting from perceiving the stress signals. To identify 

components important for abiotic stress signaling response, a forward genetic approach 

was employed by using the luciferase reporter gene fused with the SOT12 promoter, an 

abiotic stress responsive promoter from Arabidopsis. The seeds of the homozygous 

transgenic line were subjected to EMS mutagenesis, and mutants with altered luciferases 

expression were identified. In this study, two mutants, named 1502 and 1005, were 

selected for further characterization.  

Map-based cloning revealed that 1502 mutant harbors a mutation in the gene 

encoding the Histone Deacetylase 6 (HDA6) and 1005 mutant possesses a mutation in the 

gene encoding the previously identified protein FRY2. Genetic complementation verified 

that these mutations are indeed responsible for the mutant phenotypes. Thus, 1502 mutant 

was renamed to hda6 and 1005 mutant was renamed to fry2. 

hda6 mutant showed no obvious phenotypes under NaCl or several hormonal 

treatments. Interestingly, growth of hda6 mutant plants under normal conditions 

displayed segregated growth phenotypes with no stable segregation ratio, which suggests 

an epigenetic effect of the hda6 mutation on normal plant growth and development. hda6 

mutant exhibited substantially higher luciferase expression than wild type plants with or 
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without NaCl treatment. The increased luciferase expression was attributed to the 

increased transcript level in hda6 mutant plants. Analysis of 5’ capping and 

polyadenylation site selection of the luciferase mRNA suggested that HDA6 is involved 

in the regulation of these co-transcription processes, which may partly contribute to the 

increased transcript level of luciferase gene in hda6 mutant. 

     Yeast two-hybrid screening for HDA6 and FRY2 interacting proteins was 

attempted and a number of putative interacting proteins were identified. However, 

protein-protein interaction needs to be further verified in both yeast and plant cells.     
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CHAPTER I 

INTRODUCTION 

1.1 Overview 

The sulphotransferase (SOT) family plays an important role in biotransformation. 

Some interesting phenotypes were found in the mutant with mutation in SOT12, one of 

the members in this family. The SOT12 gene is highly induced by stress treatments 

including salt and osmotic stress. To identify genes important for abiotic stress response 

and tolerance, the promoter of SOT12 was fused with the luciferase gene which acted as 

a reporter, and a forward genetic screening for mutations affecting luciferase gene 

expression in response to abiotic stress was carried out. Map-based gene cloning 

identified two genes crucial for gene repression; One gene encodes histone deacetylase 

6 (HDA6), which has an important role related to the transgene silencing, DNA 

methylation and rRNA genes regulation; Another gene encodes FRY2, a CTD 

phosphatase important for stress response and development in Arabidopsis.  

 

1.2 The important role of sulphotransferases 

The sulphotransferase (SOT) family catalyzes the reaction of sulphonation 

conjugation, an important pathway in the biotransformation of numerous xeno- and 

endobiotics such as hormones, bile acids, peptides, lipid, neutrotransmitters, chemical 

carcinogens and drugs. In this pathway, a sulphuryl group (SO3
--
), donated by 
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3’-phosphoadenosine-5’-phosphosulfate (PAPS), is transferred to an acceptor substrate, 

which generally has a hydroxyl group or an amine group. After the sulphonation the 

acceptor molecules become more water-soluble. Through the changes of biological 

activity of some compounds, some physiological processes and biological responses, 

such as growth, development and stress response, are regulated by the sulphotransferases. 

( Klein and Papenbrock, 2004) 

There are 18 cytosolic SOT genes identified in Arabidopsis by sequence analysis. 

However, very little has been studied about this gene family. All these 18 SOT proteins 

have high similarity. For example, serine
137

, lysine
47

 and histidine
107

 residues are 

conserved in all known Arabidopsis sulphotransferases. Moreover 15 of these 18 genes 

have no introns. These 18 SOT proteins can be divided into 7 groups (Figure 1.1 and 

Figure 1.2) according to the amino acid sequence similarity. Our lab has identified the 

homozygous T-DNA insertion mutant of SOT12 and found some interesting phenotypes, 

including hypersensitivity to cycloheximide (CHX) and salicylic acid (SA) in the root 

growth and more inhibited by NaCl and ABA in seed germination (Klein and Papenbrock, 

2004). 

SA, an important signal molecule, plays an important role in plant defense during 

plant-pathogen interaction (Lacomme and Roby, 1996). It has already been found that SA 

is modified in plants through glucosylation and methylation. But the previous work in our 

lab showed that SA is an endogenous substrate of SOT12. All these results indicate that 
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the sulphonation is a new modification pathway for SA and important for pathogen 

resistance (Baek et al., 2010). And the expression of the SOT12 is highly induced by 

NaCl which indicates that SOT12 is an abiotic stress responsive gene (Kreps et al., 2002). 

 

1.3 Luciferase Imaging-based mutant screening 

The shorter the physical distance between a target gene and a known molecular 

marker is, the lower the genetic recombination rate is. So the genetic linkage to markers 

whose physical position in the genome DNA available can be used to identify the location 

of a gene or a mutation, which is called map-based cloning. When the physical distance 

of two markers is short enough, the target gene can be determined (Jander, 2006). 

Ethyl methanesulfonate (EMS) is the most often used compound to mutagenize 

plants for the following reasons: Firstly, EMS generally can produce 1 mutation in every 

200-300 kbp which is a higher rate than other mutagenesis pathways such as radiation. 

Secondly, EMS induces a broader range of mutations. It can be used to find the dominant 

mutations and essential genes. And last, EMS can be easily used for any plant line when 

it is important to map out the suppressors of already existing mutations (Maple and 

Moller, 2007).  

Since the mapping number of materials is large enough theoretically, the limiting 

factors to map out a gene are: suitable genetic markers and the frequency of meiotic 

recombination within the mutation area. In the Col-0/Ler ecotypes, more than 50,000 
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sequence differences are available which includes approximately one single-nucleotide 

polymorphism (SNP) in every 3.3 kb and one insertion/deletion (InDel) polymorphism in 

every 6.6 kb in the whole genomic DNA. Based on the fact mentioned above, the limiting 

factor will be the meiotic recombination frequency in Arabidopsis (Jander et al., 2002). 

Generally in Arabidopsis genome one centimorgan (cM), the genetic distance 

defined as one recombination occurred in 100 meiotic results, is about 250 kbp of 

physical distance (Rossel et al., 2004; Jander, 2006). So if we need to determine the 

relative location of a mutation and a genetic marker in the genome, more than one 

meiotic recombination should occur between these two. So as the distance from the 

mutation site to the marker decreases, the population of plants needed to show a 

recombination event increases enormously. Empirically, 1000-2000 plants are needed to 

narrow down the distance to 25-50 kbp of DNA in Arabidopsis, but larger mapping 

population of plants can’t help to narrow down the distance further (Jander, 2006). 

Typically, an Arabidopsis mapping project contains the following steps: 

(1) The mutant line is crossed with another Arabidopsis ecotype. And the DNA 

sequence difference available between these two ecotypes is required. The 

mutation, dominant or recessive, can be judged by the phenotype of F1 and F2 

plants. 

(2) Several F2 plants are genotyped with markers on each arm of the five 

chromosomes to identify the position of the mutation. Once the arm is 
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determined, more markers at that arm can be used to narrow down the distance 

as much as possible. Optimistically, it can be narrowed down to less than 5 cM. 

(3) A large numbers of F2 plants, from hundreds to 2000, are genotyped with the 

markers generating the least distance in step (2). The plants in which the meiotic 

recombination occurred with these two markers are genotyped further with more 

markers within the distance.  

(4) When the distance is narrowed down to less than 50 kbp, the mutation can be 

analyzed by DNA sequencing. Since the whole Arabidopsis genome is available, 

the candidates genes which might contain the mutation can be selected and 

sequenced. (Jander et al., 2002) 

SOT12 gene is induced enormously by NaCl and some other treatments like SA 

treatment. We constructed a chimeric gene in which the firefly luciferase cDNA acts as a 

reporter gene driven by the SOT12 promoter. The reasons for luciferase being selected as 

a reporter gene are: (1) there is no post-translation processing, so the luciferase functions 

immediately after it is translated; (2) it is a sensitive, rapid and easy assay (McNabb et al., 

2005). This chimeric gene was transferred into Arabidopsis Col-0 ecotype and 

homozygous transgenic lines were obtained. After EMS mutagenesis of the transgenic 

seeds, mutants with altered luciferase expression were isolated using luciferase imaging 

system. The mutant plants were crossed with the Ler ecotype. The F2 plants which had 

high expression of luciferase and showed bright images under the CCD imaging system 



Texas Tech University, Hui Wang, May 2011 
   

6 

were selected for further mapping.  

 

1.4 Identification of The Genes 

Two mutants were mapped out successfully. The mutant labeled as 1502 was 

identified as RPD3-like histone deacetylase 6 (HDA6), which located at the BAC clone 

of MDC12 in the bottom arm of chromosome 5. Furthermore a nucleotide change of 

C1247T in the second exon was found in this mutant, which caused the amino acid 

change of S277F. HDA6 is also named as AXE1, SIL1, ATHDA6, RPD3B, etc (Murfett 

et al., 2001; Probst et al., 2004; Vaillant et al., 2007). The mutant labeled as 1005 was 

identified as FIERY2 (FRY2), which located at the BAC clone of F17L22 in the bottom 

arm of chromosome 4. A nucleotide change of G584A in the second exon was found in 

this mutant, which caused the amino acid change of E116K. FRY2 is also named as CPL1, 

ATCPL1, FIERY 2, etc (Xiong et al., 2002). 

 

1.4.1 Histone deacetylase (HDA6) 

The basic unit of chromatin is nucleosome which is composed of DNA and histones. 

In eukaryotes one of the important pathways of regulation of gene expression is the 

histone acetylation by histone acetyltransferase and histone deacetylation by histone 

deacetylase (Wade, 2001). The N-terminal lysines are the most often acetylated and 

methylated sites. It has long been believed that high histone acetylation activates genes 
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while hypoacetylation of histone silence genes (Fukuda et al., 2006). Histone 

acetyltransferases and histone deacetylases function in large multi-subunit complexes. 

Histone acetyltransferases and histone deacetylases are targeted to specific sites in 

nuclear DNA. The acetylation of N-terminal lysine residues by histone acetyltransferases 

relaxes the highly coiled and condensed chromatin structure which favors the gene 

expression. Conversely, the deacetylation of N-terminals of lysine residues by histone 

deacetylases recovers the highly coiled and condensed chromatin structure which 

represses the gene expression (Kuo and Allis, 1998; Lusser et al., 2001). And it is 

reported that the HDA6 control the light-induced chromatin compaction in Arabidopsis 

(Tessadori et al., 2009).  

HDA6 in Arabidopsis was first published in 1998 (Furner et al., 1998). It was 

mapped out with the gene silencing mutant not with the approaches using luciferase 

reporter gene in our method. The hda6 mutants impaired the silencing of inactive 

neomycin phosphotransferase gene and thus showed high kanamycin resistance. As a 

result, the mutant plants were selected to fulfill the mapping project. It was found that the 

HDA6 together with methylation was necessary for gene silencing, but was not necessary 

for homology-dependent gene silencing which required only methylation. The HDA6 

gene products are thought to recognize methylated DNA and interfere with the generation 

of functional mRNA (Matzke et al., 2004). 

HAD6 was mapped out successively later and more and more functions and 
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mechanisms were found. HDA6 is thought related to the transgene silencing, DNA 

methylation and rRNA genes regulation (Earley et al., 2010 ; Devoto et al., 2002). 

As a broad specificity histone deacetylase, HDA6 can eliminate the histone 

acetylation on the whole region where it acts since it can transfer the acetyl group from 

multiple lysines of multiple histones (Pontes et al., 2007). HDA6 is abundant inside the 

nucleolus with relaxed and active rRNA genes and scarce outside the nucleolus with 

extremely condensed heterochromatic part of the nucleolus organizer regions (NORs), so 

it may take part in the process of switching the active state of rRNA genes to inactive 

state of rRNA (Earley et al., 2006). It was also reported that the chemical inhibitors of 

histone deacetylation or genetic knockdown of HDA6 induced the nucleolus organizer 

regions de-condensation and the repressive heterochromatic histone modifications losing 

(Probst et al., 2004). 

HDA6 has also been found to play a role in the RNA-directed pathway of genome 

modifications to increase the C(N)G methylation. All the cytosines, not only the cytosines 

(Cs) in CG or CNG group, are methylated in RNA-directed DNA methylation (RdDM) in 

the region of sequence between the triggering RNA and the target DNA (Matzke and 

Birchler, 2005). Double-stranded RNA (dsRNA) is needed for RdDM. And it seems that 

HDA6 is a specific and essential component for the RNA-directed pathway of chromatin 

modification (Matzke et al., 2007; Chinnusamy and Zhu, 2009). It is hypothesized that 

HDA6 might recognize partially methylated DNA from early phase of RdDM, then 



Texas Tech University, Hui Wang, May 2011 
   

9 

HDA6 enrolls DNA methyltransferses to maintain the methylation of C(N)G (Aufsatz et 

al., 2002; Lavrov and Kibanov, 2007). 

The methylation of RdDM pathway is restricted to the site of RNA/DNA identity. 

When the promoter is targeted, RdDM can make the transcription repressed. HDA6 is an 

important factor to maintain the silenced state. The transcription of RdDM target 

promoter will be re-activated if the mutant plants losing HDA6 completely no matter the 

silencing-reducing RNA signal exists or not (Matzke et al., 2004). 

HDA6 is also involved in the RNAi-mediated heterochromatin formation, another 

pathway in addition to the RdDM that modifies chromatin with small RNA in 

Arabidopsis(Earley et al., 2010; Aufsatz et al., 2007). In this pathway, the 

heterochromatin is regulated by centromeric repeats, intergenic regions, and other 

repeated elements and transposons.  

HDA6 acts as a bridge between histone acetylation and DNA methylation. The silent 

genes are found to harbor deacetylated histones H3 and H4 and methylated DNA. The 

methylation and deacetylation are often closed linkage while they can also function 

separately. The RdDM-silenced promoters need recruit both the cytosine methylation and 

histone deacetylation which all require the HDA6. It seems that the intact of histone 

deacetylase is required (Aufsatz et al., 2007). 

Some phenotypes of hda6 mutant are found. It has found that HDA6 is related to 

jasmonate (JA), senescence and flowering. The JA responsive pathway recruits HDA6 to 
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down-regulate the JA-responsive genes, and the HDA6 expression is induced by JA too. 

In Arabidopsis JA is related to the leaf longevity (He et al., 2002). So compared with the 

wild type, the hda6 mutant has longer leaf longevity by measuring the physiological signs 

like chlorophyll and photochemical efficiency which is associated with the senescence 

(Ay et al., 2009). And compared with the wild type, the days for flowering of the hda6 

mutant are longer than those of the wild type. The number of rosette leaves when it began 

flowering is much more than the wild type, even some of the rosette leaves showed 

senescence (Wu et al., 2008). 

HDA6 is thought to function in complicated complexes. Figure 1.3 shows the known 

and predicted protein-protein interaction of HDA6 (Tanaka et al., 2008). 

We used a different system mapping out the HDA6, which was the first time. 

Although many functions of HDA6 were reported, many questions regarding HDA6 

remained unanswered. Now we know HDA6 is related to transgene silencing, DNA 

methylation and rRNA genes regulation (Lippman et al., 2003; Shiba and Takayama, 

2007), etc, but detailed mechanism is the hot research field in the future. 

The study of HDA6 is the main focus of my project. The following is the main work 

being carried out: 

(1) Gene identification and cloning by using molecular marker mapping 

(2) Phenotype assay 

(3) Protein interaction by yeast two hybrid 
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(4) Northern blotting 

(5) Capping and termination assays by RACE 

 

1.4.2 FIERY2 (FRY2) 

     The name of fiery comes from the high luminescence intensities of the fiery mutants. 

FRY2 is a plant-specific protein with a FCP1 homologous domain and two DSRM 

domains. So it possesses both the phosphatase domain and dsRNA-binding domain (Bang 

et al., 2008). The phosphatase domain can only dephosphorylate Ser-5, not Ser-2, in the 

C-terminal domain (CTD) in RNA polymerase II (Koiwa et al., 2002). Thus it might 

regulate critical point of plant stress responses and development processes by influencing 

the RNA polymerase II complex, mRNA maturation and chromatin structure. And the 

dsRNA-binding domain is required for the function of FRY2, this domain might target 

specific RNA substrates, however the dsRNA-binding domain doesn’t act on the nuclear 

targeting (Koiwa et al., 2004). 

The drought-responsive/C-repeat element (DRE/CRT) is a cis-element responsible 

for the induction of gene expression by environmental stresses such as drought, salt and 

low temperature. FRY2 plays a role in regulating the DRE/CRT genes. FRY2 is a 

transcriptional repressor. In fry2 mutant, the DRE/CRT gene expression increases with 

stress or ABA treatments. It is thought that FRY2 suppresses the DRE/CRT genes through 

repressing the expression of the c-repeated binding factor/dehydration response elements 
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binding protein (CBF/DREB) which activates DRE/CRT (Xiong et al., 2002; Chen et al., 

2009). 

The fry2 mutant is resistant to ABA treatment in seed germination, but the seedling 

growth is more sensitive to ABA (Xiong et al., 2002). The fry2 mutant is sensitive to cold 

treatment (Lissarre et al., 2010; Ueda et al., 2008; Wasilewska et al., 2008).  

My works on FRY2 include: 

(1) Gene identification and cloning by using molecular marker mapping 

(2) Protein interaction by yeast two-hybrid 
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Figure 1.1 Phylodendrogram of Arabidopsis sulfotranferases (the phylodendrogram and 

the sulfotranferases name are based on Klein, et al., 2004) 
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Figure 1.2 Locations of 18 sulfotransferase genes on the chromosomes (this figure is 

generated from http://www.arabidopsis.org/servlets/ViewChromosomes) 
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Figure 1.3 Known and predicted protein-protein interaction for HDA6 

(from http://string-db.org/newstring_cgi/show_network_section.pl?identifier=B1PXB9) 
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CHAPTER II 

MATERIALS AND METHODS 

2.1 Culture Media and Growth Conditions 

      Luria-Bertani broth (LB; 10 g of tryptone, 5 g of NaCl and 5 g of yeast extract per 

liter of distilled H2O, or with 15g Agar for solid media, 20 minutes autoclave) were used 

for routine cultivation of all bacterial strains. Ampicillin and kanamycin were used at a 

concentration of 50 mg/ml unless otherwise indicated. Half Murashige and Skoog media 

(1/2 MS media; 2.17 g MS salt, 15 g sucrose, 7 g Agar for 0.7% media and 12 g Agar for 

1.2% media, pH 5.7, 20 minutes autoclave) was used for the cultivation of Arabidopsis 

seedling. NaCl was added before autoclave and other chemicals used for phenotype test 

were added after the autoclaved media was cooled down to about 50-60 °C. Yeast 

peptone dextrose adenine (YPDA) media (10 g Bacto yeast extract, 20 g bacto peptone, 

and 20 g glucose per liter dd H2O, or 15 g agar for solid plate, 20 minutes autoclave) 

were used as the complex media for routine cultivation of all bacterial strains. Synthetic 

Dextrose (SD) media (1.7 g Yeast Nitrogen Base without amino or ammonium sulfate, 

0.34 g dropout mixture without Leu, His, His and Ura, 5 g ammonium sulfate, 20 g 

glucose and supplements as needed per litter. 12 g agar without amino acid for solid plate. 

20 minutes autoclave) were use for the selective culture of the yeast. The Escherichia coli 

strain DH5α was grown at 37°C under aerobic conditions on solid plate in an oven 

(Lab-Line Instruments (Barnstead), model No.120) or in liquid media in a rotary 
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incubator shaker (New Brunswick Scientific, Innova 4000 incubator shaker) at 200 rpm. 

The Saccharomyces cerevisiae strain Y190 was grown at 30 °C under aerobic 

conditions on solid plate in an oven (Lab-Line Instruments (Barnstead), model No.120) 

or in liquid media in a rotary incubator shaker (New Brunswick Scientific, Innova 4000 

incubator shaker) at 250 rpm. Arabidopsis seedlings first were grown in 0.7% half MS 

medium and about one week later were transferred to soil and grown in growth room.  

        

2.2 Arabidopsis seeds sterilization 

       Surface sterilization solution (Clorox 2 ml , 10% Triton X-100 50 μl and 7.95 ml 

ddH2O for a total of 10 ml solution) was used to sterilize the Arabidopsis seeds. First the 

seeds were soaked with the sterilization solution for about 15 minutes on the shaker (Clay 

Adams Brand, Nutator) at room temperature. Then the seeds were washed with 

autoclaved ddH2O 5 times in hood. Finally the seeds were kept in low temperature AMP 

and stored at 4 ℃. After about 2 days, the seeds were ready for use. 

 

2.3 Isolation of E. coli plasmid 

       The selected E. coli colony was incubated in 2-3 ml LB media (containing 

antibiotics) at 37 ℃ in a shaker overnight. The media was transferred into a 1.5 ml 

Eppendorf tube and spun down at max speed. Then discarded the supernatant with least 

solution left in the tube. First 100 μl Alkaline Solution I was added to the tube and 
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vortexed to resuspend the cells. Then 200μl Alkaline Solution II was added to the tube 

and mixed by gently shaking. Finally 150μl Alkaline Solution III was added to the tube 

and inverted several times. After centrifugation at max speed at room temperature for 10 

minutes the supernatant was transferred to a new Eppendorf tube. Two times of volume 

of 100% ethanol was added into the tube and mixed thoroughly. After about two minutes 

stand at room temperature, the tube was centrifuged again at max speed at room 

temperature for 15 minutes. The supernatant was discarded and the pellet was washed 

with 1 ml 70% ethanol by vortexing. After centrifuged at max speed for 5 minutes the 

supernatant was removed as much as possible. The pellet was dried in a vacuum 

concentrator (Thermo Scientific, Savant DNA120 SpeedVac concentrators) and dissolved 

in 50 μl ddH2O with 10 μg/ml RNase. The plasmid was incubated in 37 ℃ incubator for 

at least 30 minutes to digest the RNA and then stored at -20 ℃ refrigerator. 

  

2.4 Construction of mutant populations for map-based cloning 

       The luciferase reporter vector was previously constructed in our lab as described 

below. Hind III and Sma I were used to digest firefly luciferase ORF fragment from 

RD29A-LUC. This fragment was inserted into pCAMBIA 1381Z at Hind III and Pmal I 

site (pCAMBIA 1351Z-LUC). The promoter with the 5’-UTR of SOT12 gene was 

amplified with primer pairs ccccccggg gaaggtttccaccttcacactc and 

aaaactgcagtgttgagacttgagagatcgatca (underlined sequence are restriction sites). This 
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amplified fragment was inserted into pCAMBIA 1381Z-LUC at Xma I and Pst I site. This 

chimeric gene was transferred to Col-0 ecotype of Arabidopsis by floral dip method using 

Agrobacterium (Clough, 2005). The seeds of a homozygous transgenic line were 

mutagenized with EMS. The mutants whose luminescence expressions under NaCl 

treatment under CCD camera changed were selected. The selected mutants were crossed 

with Ler ecotype of Arabidopsis. Then the F2 generation was used for map-based 

cloning. 

 

2.5 Screening for mapping population   

       The F2 seeds were plated on half MS plate. One week later, luciferase test 

solution (15 ml half MS media, 15 μl 10 %Triton X-100, 150 μl 100 mM luciferin) was 

sprayed onto the surface of seedlings in the plate. The plate was kept in a sealed box for 

about 3 minutes. Then put the plate in CCD image machine for 2 minutes waiting. The 

image was measured and brightest seedlings were selected from the plate with a ratio of 

mutant to wild type about 3:16. The selected seedlings were rinsed in ddH2O and then 

transferred to soil. 2-3 weeks later it was ready for the genomic DNA isolation. 

 

2.6 Phenotype test 

       The sterilized seeds were plated in a line on 1.2% half MS plate. The media was 

then held vertically to make the roots grow along the surface of media not into the media. 
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About one week later, seedlings with uniform root length were chosen and transferred to 

the 1.2% half MS plate containing the tested chemicals with the ends of roots kept in 

alignment. An extra half MS plate without any chemical was used as control. Still hold 

the media vertically. After about one week the length of new-grown root was measured 

and recorded.  

       The sterilized seeds were plated on 0.7% half MS plate for about two weeks. The 

seedlings growing stronger or weaker were chosen and transferred to a box with 0.7% 

half MS media to check the further growth. 

 

2.7 Total RNA isolation and Northern Blotting 

       About 2 grams of seedlings in MS plate were frozen and ground to powder in 

liquid nitrogen, then transferred to a 15 mL tube with 4.5 ml isolation buffer (50 mM 

Tris-HCl pH 8.0, 300 mM NaCl, 5 mM EDTA, 2% SDS, 6 mM Aurintricarboxylic acid 

and 10 mM ß-mercaptoethanol) and mixed well. After supplemented with 0.7 ml cold 3 

M KCl, mixed completely and incubated on ice for 15 minutes. The tubes were 

centrifuged at 8000 rpm at 4 ℃for 20 minutes. Transferred supernatant to a new 15 ml 

tube with 2 ml 8 M LiCl and incubated at 4 ℃ overnight. The tubes were centrifuged at 

8000 rpm at 4 ℃ for 20 minutes. The supernatant was discarded and 2 ml RNase-free 

water was added to re-suspend the pellet. Then mixed with 2 ml phenol:chloroform (v/v, 

1:1) and centrifuged at 8000 rpm at 4 ℃ for 20 minutes. Transfer the aqueous layer to a 
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new tube, then add 200 μl 5 M NaCl and 5 ml 100% ethanol, mix completely and 

incubate at -20 ℃ overnight. The tubes were centrifuged at 8000 rpm at 4 ℃ for 20 

minutes, then discard the supernatant and add 2 ml 80% ethanol. After brief vortexing, 

the tubes were centrifuged at 8000 rpm at 4 ℃ 10 minutes. Discarding the ethanol, the 

RNA pellet was dried in a vacuum dryer. The pellet was dissolved in 200 μl RNase-free 

water. Briefly centrifuged, then stored at -80 ℃.  

      Run electrophoresis with a 1.2% agrose gel containing 2.2 M formaldehyde (20 

μg per lane) to separate total RNA. RNA was then transferred from the gel to BIodyne 

nylon membrane (Pall) by vacuum transfer method (Bio-Rad 785 vacuum blotter). After 

air dried, cross-link the RNAs to the membrane at 1200μJ cm
-2

 and incubated at 80 ℃ 

for 2 hours. Pre-hybridize the membrane in prehybridization buffer (7% SDS, 1% BSA, 1 

mM EDTA and 0.5 M NaHPO4 pH7.2) at 60 ℃ for 3 hours. Replace this buffer with 

hybridization buffer containing 
32

P-labeled probe, prepared by random primer labeling kit 

Prime-It®II (Stratagene). Hybridizing the membrane at 60 ℃ overnight, then washed 

with 0.5 x SSC with 0.1% SDS at room temperature for 20 minutes. After washing the 

membrane with 0.1 x SSC with 0.1% SDS at 50 ℃ for 20 minutes twice, the membrane 

was wrapped and exposed to an X-ray film.  
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2.8 Isolation of genomic DNA for general use 

       About 4-6 healthy and green leaves were ground in 1.5 ml Eppendorf tube. After 

adding 0.7 ml 2X CTAB (hexadecyltrimethylammoniumbromide) DNA extraction buffer 

(2% CTAB, 1.4M NaCl, 20 mM EDTA pH 8.0, 100 mM Tris-HCl pH7.5, and 0.1% 

ß-mercaptoethanol ), continued to grind the tissue to get homogenous solution. Then the 

solution was incubated at 65 ℃ for 30 minutes. After cooling down to room temperature, 

0.7 ml chloroform/isoamyl alcohol (v/v, 24:1) was added and the tube was inverted 

several times. After centrifugation at 12000 rpm for 5-10 minutes the supernatant was 

transferred to a new tube. The supernatant was mixed with 0.7 ml isopropanol and kept at 

room temperature for 10 minutes. The mixture was spun down again at 10000 rpm for 15 

minutes. The supernatant was discarded and the pellet was washed with cold 70% ethanol 

twice. After dried in a vacuum concentrator (Thermo Scientific, Savant DNA120 

SpeedVac concentrators), the pellet was dissolved in about 20 μl ddH2O. After spun down 

for a few seconds, the genomic DNA was kept at 4 ℃ overnight and stored at -20 ℃ the 

next day.  

 

2.9 Isolation of genomic DNA for RACE (rapid-amplification of cDNA ends) 

       About 4-6 healthy and green leaves were frozen, ground to powder and 

transferred into a 1.5 ml Eppendorf tube. After adding 0.7 ml 2X CTAB 

(hexadecyltrimethylammoniumbromide) DNA extraction buffer (2% CTAB, 1.4M NaCl, 



Texas Tech University, Hui Wang, May 2011 
   

23 

20 mM EDTA pH 8.0, 100 mM Tris-HCl pH7.5, and 0.1% ß-mercaptoethanol ), 

continued to grind the tissue to get homogenous solution. Then the solution was 

incubated at 65 ℃ for 30 minutes. After cooled down to room temperature, this solution 

was extracted with 0.7ml phenol/chloroform/isoamyl alcohol (v/v/v, 25:24:1). Spun down 

the mixture at 12000 rpm for 5-10 minutes and transferred the top layer to a new tube. 

This layer was extracted with 0.7 ml chloroform again and repeated the centrifuge and 

transferring. Then the supernatant was mixed with 0.7 ml isopropanol and kept at room 

temperature for 10 minutes. This mixture was spun down again at 10000 rpm for 15 

minutes. The supernatant was discarded and the pellet was washed with cold 70% ethanol 

twice. After dried in a vacuum concentrator (Thermo Scientific, Savant DNA120 

SpeedVac concentrators), the pellet was dissolved in about 20 μl ddH2O containing 10 

μg/ml RNase and incubated at 37 ℃ at least 30 minutes to digest the RNA remains. Then 

procedures from the extraction of phenol/chloroform/isoamyl alcohol above were 

repeated. Finally the vacuum dried pellet was dissolved in 20μl ddH2O and kept at 4 ℃ 

overnight. The next day this fine extracted genomic DNA was stored at -20 ℃. 

 

2.10 Isolation of genomic DNA for map-based cloning 

       About 4-6 healthy and green leaves were put in a 1.5 ml Eppendorf tube with 

100 μl extraction buffer (200 mM Tris-HCl pH 7.5, 250 mM NaCl, 25 mM EDTA pH 8.0 

and 0.5% SDS). After the leaves were ground thoroughly and the solution became 
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homogenous, another 600 μl extraction buffer was added into the tube. Vortexed the tube 

5 seconds and spun down at 12000 rpm at room temperature for 10 minutes. The 

supernatant was transferred into a new tube containing 600 μl isopropanol inside. The 

mixture was kept at -20 ℃ for 10 minutes. Then the mixture was centrifuged at 12000 

rpm for 10 minutes. After removing the supernatant, the pellet was washed with 600 μl 

70% ethanol. Then the pellet was dried in a vacuum concentrator (Thermo Scientific, 

Savant DNA120 SpeedVac concentrators) and dissolved in 70 μl ddH2O and kept at 4 ℃ 

overnight. The next day, the genomic DNA was stored at -20 ℃. 

 

2.11 Gene mapping and sequencing 

       At least one pair of primers to generate a marker in each arm of the 5 

chromosomes was designed (totally 10 markers). About 30 isolated genomic DNA 

samples were amplified with these pairs of primers. After the electrophoresis check, the 

markers with the lowest combination rate were selected which might be close to the gene 

loci. Another several pairs of primers were designed for markers located at the same arm 

of the selected markers. The genomic DNA samples were amplified with these primers 

and the PCR products were checked by the electrophoresis again. The arm was confirmed 

if the recombination rate were still low. Further mapping was continued. More primers 

for markers were designed at the direction in which the recombination rate decreased, and 

more genomic DNA samples were checked. Finally the genetic locus was narrowed down 
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to a range in which there was no any recombination could be determined. Candidate 

genes in this range could be identified in the database of TAIR (The Arabidopsis 

Information Resource).  

       When candidate genes were determined, gene sequencing was carried out. First 

several pairs of primers were designed. Each pair of primers covered about 1 Kb 

candidate gene DNA and adjacent pairs of primers had at least 50-60 bp overlap. The 

mutant genomic DNA was amplified by these primers. Then the PCR product was 

purified using the GENECLEAN
®
 Kit according to the manufacturer’s (Qbiogene, Inc) 

instructions. These purified PCR products were amplified and purified using 

BigDye
®

Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) according to the 

manufacturer’s instructions. The samples were sent to the USDA lab located at Lubbock 

to be sequenced. Finally the sequencing results were checked to see if there was a 

mutation site (G→A or C→T mutation). Another sequencing test was needed to confirm 

the mutation site.       

 

2.12 5′ RACE for determination of capping rate 

       The guanidine isothiocyanate/acid-phenol method was used here to isolate the 

RNA for RACE. The plants was frozen and extracted first by 1 ml solution D (denaturing 

solution, 4 M guanidinium thiocyanate, 25 mM sodium citrate pH 7, 0.5% sarcosyl, and 

0.1 M 2-mercaptoenthanol), and followed by adding 0.1 ml 2 M sodium acetate pH 4, 1 
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ml phenol and 0.2 ml chloroform/isoamyl alcohol (v/v, 49:1). After thorough mixing, this 

mixture was incubated on ice for 15 minutes. Then centrifuged at 10000g for 20 minutes 

at 4 ℃. Transferred the aqueous phase into a new tube and mixed with 1 ml isopropanol. 

After incubating this at -20 ℃ at least 1 hour to precipitate RNA, centrifuged at 10000g 

for 20 minutes again. The pellet was dissolved in 0.3 ml solution D and then precipitated 

with 1 volume of isopropanol at -20 ℃ for 1 hour again. After centrifuge for 10 minutes 

at 4 ℃ again, the RNA pellet was washed in 75% ethanol. Finally, the pellet was vacuum 

dried and dissolved in RNase-free water (Chomczynski and Sacchi, 1987, 2006; 

Robertson and Leek, 2006).  

Then the RNA was reverse transcrpted as described below: 1 μl AMV reverse 

transcriptase, 1 μl RNase inhibitor, 1.25 μl dNTP, 5 μl 5x reverse transcript buffer, 2 μg 

RNA, 1 μl oligo dT primer, and ddH2O was added to total volume of 20μl. This mixture 

was incubated at 42 ℃ for 2 hours and then 85 ℃ for 5 minutes. Then 17μl of the 

cDNA was mixed with 2.5 μl 10 x reaction buffer, 2.5 μl 2 mM dATP for addition of poly 

A tail. This mixture was incubate at 94 ℃ for 3 minutes and kept in ice for 10 minutes. 

After adding 1 μl Terminal transferasewas, the mixture was incubated at 37 ℃ for 30 

minutes followed by 70 ℃ for 10 minutes. 4μl of this mixture was taken and mixed with 

4 μl 5 x GoTaq buffer, 2 μl dNTPs, 1 μl adaptor dT, 0.1 μl GoTaq enzyme and 8 μl water. 

Amplified this mixture with the PCR program: 95 ℃ 2 minutes, 5 cycles of 94 ℃ 30 

seconds, 42 ℃ 30 seconds and 72 ℃ 30 seconds, then 1 μl primer nested-1 was added 
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into the mixture, continued to amplify with the PCR program: 95 ℃ 2 minutes, 30 

cycles of 94 ℃ 30 seconds, 59 ℃ 30 seconds and 72 ℃ 30 seconds, finally 4 ℃ 

finished. The product of this amplification was diluted 50 times and repeated with 

adaptor primer and nested primer 2. This PCR product was diluted 50 times and then 

amplified with adaptor primer and nested primer 3. The final product was inserted with 

pGEM®-T Easy Vector (Promega) and transferred to E. coli. After one hour incubation, 

the E. coli was spread to LB plate with ampicillin/TPTG/X-Gal. The plate was incubated 

at 37 ℃ for 12-16 hours. White colonies were picked up and incubated in liquid LB 

medium at 37 ℃ overnight, and the plasmids were isolated and sequenced to calculate 

the capping rate. (All the primers used in this assay are listed in Table 2.1) 

        

2.13 3′ RACE for determination of polyadenylation site 

       One μl of reverse transcripted cDNA was mixed with 11 μl water, 4 μl 5x GoTap 

buffer, 2 μl dNTPs, 1 μl 3’ primer, and 0.1 μl GoTaq enzyme, and amplified with the PCR 

program: 95 ℃ 2 minutes, 5 cycles of 94 ℃ 30 seconds, 56 ℃ 30 seconds and 72 ℃ 

30 seconds, then 1 μl primer adaptor dT was added to the mixture. The amplification was 

continued with the program: 95 ℃ 2 minutes, 5 cycles of 94 ℃ 30 seconds, 42 ℃ 30 

seconds and 72 ℃ 30 seconds, followed with 30 cycles 94 ℃ 30 seconds, 56 ℃ 30 

seconds and 72 ℃ 30 seconds, finally finished at 4 ℃. This product was diluted 50 

times, and 2μl was used to mix with 10 μl water, 4 μl 5x GoTaq buffer, 2 μl dNTPs, 1 μl 
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adaptor primer, 3′ RACE nested primer 1 and 0.1 μl GoTaq enzyme. This mixture was 

amplified with the PCR program: 95 ℃ 2 minutes, 30 cycles of 94 ℃ 30 seconds, 56 ℃ 

30 seconds and 72 ℃ 30 seconds, finished by 72 ℃ 7 minutes. Then the dilution was 

repeated, the amplification was also repeated with 1 μl adaptor primer and 3′ RACE 

nested primer 2. Then similarily to 5′ RACE to obtain the plasmids and sequence to 

calculate termination. 

 

2.14 Protein interaction by yeast two-hybrid screening 

       Yeast competent cell was made as follows: 3-4 colonies was incubated in 5 ml 

YPDA liquid media at 30 ℃ overnight. Then this solution was added into 50 ml YPDA 

until OD600 reached to 0.5. Still incubated this 50 ml-YPDA media at 30 ℃ in a shaker 

for several hours, until the OD600 of 10 times diluted media was over 0.2. Then the media 

was centrifuged at 5000 rpm for 5 minutes. Removing the supernatant, then the pellet was 

suspended in 900 μl ddH2O and transferred to 1.5 ml tube. The tube was centrifuged at 

13000 rpm for 1 minute, removed the supernatant. The pellet was added 700μl 100 mM 

LiAC and resuspended. Incubated the mixture at 30 ℃ for 10 minutes. For each 

transformation reaction, made one aliquot of 100μl. Centrifuged at max speed for 1 

minute. Removed the supernatant, the mixture of 50% PEG 240μl, 1 M LiAC 36μl, 2 

mg/ml SS-DNA 50μl, plasmid DNA containing the interested gene 1μl and ddH2O 33μl 

was added to the precipitate. Mixed completely and incubated the mixture at 30 ℃ for 
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30 minutes, then in water bath of 42 ℃ for 30 minutes. After centrifuge at 7000-8000 

rpm 1 minute, removed the transformation mixture. Re-suspended the precipitation with 

1 ml ddH2O. 50 ul was used to spread to SC-Trp plate. The plate was incubated in 30 ℃ 

for more than two days. 

       The yeast two-hybrid screening for protein-protein interaction was carried out as 

describrd below. Several colonies of the transformants harboring the bait construct were 

picked up and incubated in 5 ml SC-Trp liquid media at 30 ℃ overnight. Then 

transferred to 100 ml SC-Trp media, incubated 30 ℃  overnight. The media was 

centrifuged at 5000 rpm, and re-suspended with 10 ml YPDA liquid media. This mixture 

was added to 300 ml YPDA until the OD600 reached to 0.5. Kept on incubating the 300 ml 

media at 30 ℃ in shaker for several hours, until the OD600 of 10 times dilution of the 

media reached to 0.2. After centrifuge, supernatant was removed and pellet was 

re-suspended with 20 ml ddH2O. After repeating the last step, the pellet was re-suspended 

with 6 ml 100 mM LiAC and incubated at 30 ℃ for 15 minutes. After centrifuge, the 

supernatant was discarded and the following mixture was added to the precipitate: 50% 

PEG 14.4 ml, 1 M LiAC 2.16 ml, 2 mg/ml SS-DNA 3 ml, plasmid DNA of 40μl cDNA 

libraries and 2 ml ddH2O. After mixing the mixture was incubated at 30 ℃ for 30 

minutes and then 42 ℃ for 45 minutes. The mixture was centrifuged at 5000 rpm for 5 

minutes. The precipitate was re-suspended in 5 ml ddH2O. The resuspended yeast cells 

were spread in SC selective plates, 150 μl for each plate. The plates were incubated at 
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30 ℃ for 7-10 days. The transformation efficiency was determined by spreading 10 μl 

of the cells to a SC selection medium only for bait and prey plasmids. 

       Big colonies were picked up to be tested on plates with X-Gal. And the colonies 

which turned blue within 8 hours were selected to isolate plasmid. These yeast plasmids 

were transferred to E. coli and plasmids were isolated to be sequenced. The protein in 

frame was checked with small scale yeast screen to confirm it was a true interaction.  
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Table 2.1 Primers used in RACE 

Primer name Primer sequence 

LUC 3′ RACE gttttggagcacggaaagacg 

LUC 3′ RACE nested 1 cgtggattacgtcgccagtc 

LUC 3′ RACE Nested 2 gccaagaagggcggaaagtc 

SOT12 3′ RACE TTGCCAAATGGAATAGAGACTAAAAC 

SOT12 3′ RACE Nested 1 GGAGAGATACTTTGAGTGAGTCATTGG 

SOT12 3′ RACE Nested 2 AGTGAGTCATTGGCAGAGGAAATTG 

LUC 5′ RACE ggttggcagaagctatgaaac 

LUC 5′ RACE Nested 1 gaagagatacgccctggttcctgg 

LUC 5′ RACE Nested-2 GCAGTTGCTCTCCAGCGGTT 

SOT12 5′ RACE TCAGAGCTCTTGTTTCTTGTGTCAGA 

SOT12 5′ RACE nested 1 TTCATCTCCCAAGTAAGCAGGAAC 

SOT12 5′ RACE nested 2 AGCAGGAACTGATGATGATGATGA 
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CHAPTER III 

RESULTS  

3.1 Phenotype assay of the mutant plants 

In root growth phenotype assay, five chemicals were applied (Figure 3.1.1): NaCl 

(100 mM, 125 mM, 150 mM and 175 mM), gibberellin (GA, 100 μM, 150 μM, 200 μM 

and 300 μM), salicylic acid (SA, 5 μM, 10 μM, 25 μM and 50 μM), methyl jasmonate 

(MeJA, 5 μM, 10 μM, 25 μM and 50 μM) and abscisic acid (ABA, 1 μM, 5 μM, 10 μM 

and 25 μM). The analysis shows that there is no obvious growth phenotype when mutant 

seedlings grown in the medium containing these chemicals. 

In heat stress assay, the length of hypocotyl was measured respectively after 

exposure under treatment at 37 ℃, treatment at 45 ℃, and treatment at 37 ℃ followed by 

45 ℃. No obvious difference was found in the length of hypocotyl growing under the 

heat treatment conditions (Figure 3.1.2). 

hda6 mutant growth phenotype at normal conditions was also tested. After two 

weeks growing on half MS plate the mutant seedlings showed segregation of 

different-sized seedlings without constant ratio. For example, in one plate 25% of the 

total grew better than normal WT (labeled as strong), 20% of total grew worse than 

normal WT (labeled as weak) and others grew normally like WT, while in another plate 

30% of the total grew strong, 10% of the total grew weak, and others grew normally. 

Several seedlings growing strong and weak on plate were transferred to a box with half 
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MS media. Interestingly, after about two weeks growing, some strong seedlings still grew 

strong and big, weak seedlings still grew weak and small, but some strong seedlings grew 

weak and weak seedlings grew strong (Figure 3.1.3). All the seedlings which cultured in 

MS plate all the time had better growth conditions than the seedlings which were 

transferred to soil after the first week on MS plates.  

Because the mutant growth in MS media was much better than the growth in soil, 

the MS nutrient starvation assay was applied in this study to determine the factors 

affecting mutant growth in soil. In this test, the starvation of I, B, Mo, Mn, N, Co, sucrose 

and S (Fe) in the MS medium components were tested by measuring the root length. 

Among all these tests, no obvious differences were observed (Figure 3.1.4).  

Since the hygromycin resistant gene is partial silenced in the wild type (line 9-1) 

causing reduced resistance of the wild type plants to hygromycin, we tested whether the 

mutatuion in HDA6 gene could repress the natural gene silencing of the hygromycin gene 

by comparing the hygromycin resistance in hda6 mutant with that in wild type. The 

hygromycin resistance in hda6 mutant and the homozygous hda6 mutant lines segregated 

from the backcross between 1502 (hda6) mutant and 9-1 (WT) was much higher than that 

in wild type, as indicated by both root growth assay (Figure 3.1.5) and seed germination 

assay (Figure 3.1.6). This result suggests that HDA6 plays a role in transgene silencing.  

In the luciferase image assay, low expression of luciferase in the wild type plants 

was detected, but high expression of luciferase in the hda6 mutants was observed (Figure 
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3.1.7 A). When treated with 200 mM NaCl for 5 hours, there was still relatively low 

expression of luciferase in the wild type plants, and the expression of luciferase in hda6 

mutant plants increased substantially (Figure 3.1.7 B). About 30 seedlings were selected 

from wild type and mutant plants with or without NaCl treatment to measure the 

luminescence intensity. The result (Figure 3.1.7 C) showed that the expression of 

luciferase in the hda6 mutant with NaCl treatment was about ten times of that of without 

NaCl treatment. 

 

3.2 Identification of The Mutant Gene 

Map-based cloning method was used to identify the mutation genes. F2 seeds 

resulted from the cross between the mutants and Ler ecotype were used to generate a 

mapping population. The plants having high luminescence by CCD imaging were 

selected and mapped with simple sequence length polymorphis (SSLP) markers. There 

are two genes were cloned by using map-based cloning strategy. 

 

3.2.1 Identification of histone deacetylase 6 (HDA6) 

     Forty five selected F2 mutant plants were used for rough mapping. The marker at 

the bottom arm of chromosome 5 showed only 10.87% of recombinant rate which was 

the lowest one (Table 3.1) amongst all markers tested. And two more markers at the 

bottom arm of chromosome 5 were applied to check the recombinant rate, whose results 
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were still around 10%. Thus, it was determined that the mutation is located at the bottom 

arm of chromosome 5.  

    For fine mapping, totally 418 plants were used to map the mutation. The mutation 

was narrowed down between BAC clone MQB2 and MDC12 (Figure 3.2.1). After 

sequencing several candidate genes in this region, a nucleotide change of C1247T in 

At5g63110 gene was found (Figure 3.2.2). At5g63110 is HDA6, a histone deacetylase 

which remove the acetyl group from a histone resulting in the inactivity of some genes. 

An amino acid change of S277F resulted from the nucleotide mutation in the hda6 mutant 

was found at the histone deacetylase activity domain (Figure 3.2.1).  

    To verify that the mutation in HDA6 gene is responsible for the mutant phenotypes, 

the hda6 mutant was crossed with two hda6 mutant allele lines CS1894 and CS1895 

obtained from the ABRC (Arabidopsis Biological Resource Center). In the 

complementation assay, the hda6 mutant had a extremely high luminescence image under 

the CCD camera, wild type 9-1 showed very low luminescence, while all the F1 progeny 

from the crossed line also had a high luminescence (Figure 3.2.3), which confirmed the 

mutation in HDA6 gene is indeed responsible for the mutant phenotype. 

      

3.2.2 Identification of FIERY2 (FRY2) 

     Twenty three selected F2 mutant plants from the cross between the mutant and Ler 

ecotype were used for rough mapping. The marker at the bottom arm of chromosome 4 
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showed only 13.04% of recombinant rate, which was the lowest one (Table 3.2). Two 

more markers at the bottom arm of chromosome 4 were applied to check the recombinant 

rate, whose results were still around 15%. So it was determined that the mutation was 

located at the bottom arm of chromosome 4. Then more F2 mutant plants were selected 

and more markers at this arm were used for further fine mapping.  

Totally 205 F2 mutant plants were used to map the mutation. The mutation was 

narrow down between BAC clone F17L22 and F8F16 (Figure 3.2.4). After sequencing 

candidate genes in this region, a nucleotide change of G584A in At4g21670 gene was 

found (Figure 3.2.5). At4g21670 gene encodes FRY2, a transcriptional repressor 

important for stress responsive gene regulation. An amino acid change of E116K was 

found upstream of the phosphatase activity domain (Figure 3.2.4). 

There are 17 exons and 16 introns in FRY2 gene. And there are one FCP1 

homologous domain and two DSRM domains in this protein. FCP1 protein is a RNA 

polymerase II CTD phosphatase. The DSRM domain is homologous to the DSRM 

domain in many dsRNA-bing proteins (Xiong et al., 2002). 

 

3.3 Northern blotting 

     Northern Blot analysis revealed some apparent differences in stress-responsive 

gene expression in the hda6 (1502) mutant when compared with wild type control (9-1) 

(Figure 3.3.1). In cold treatment, the transcript levels of CBF1, CBF2, CBF3, KIN1, and 



Texas Tech University, Hui Wang, May 2011 
   

37 

DREB2A were lower than WT. The expression of COR47 gene was much higher than 

that in WT in all treatment conditions. In cold and ABA treatment, the SOT12 gene 

expression was lower in hda6 mutant than in WT but displayed similar expression levels 

under NaCl stress. The luciferase expression in hda6 mutant was significantly higher than 

in WT, especially evidenced under NaCl stress condition. These results indicate that 

HDA6 is a regulator of stress-responsive genes and may play a role in transgene 

repression. 

 

3.4 Luciferase Expression Assay 

     With the Luciferase Assay System (Promega), the quantitaion of luciferase in wild 

type and hda6 mutant plants was tested. Although NaCl treatment induced the luciferase 

expression in both hda6 mutant and wild type, the luciferase activity in hda6 mutant was 

significantly higher than in wild type with or without NaCl treatment (Figure 3.4.1). 

 

3.5 3′ RACE and 5′ RACE 

To study the role of HDA6 in regulation of co-transcriptional processes, 5′ RACE to 

determine capping rate of the luciferase mRNA and 3′ RACE to determine the 

polyadenylation site selection were carried out (Figure 3.5.1). The 3′ RACE results 

showed that the rate for early termination in hda6 mutant was about 10% lower than in 

the wild type without NaCl treatment. The rate for early termination in both wild type and 



Texas Tech University, Hui Wang, May 2011 
   

38 

hda6 mutant increased obviously after the treatment with NaCl, while the increasing in 

hda6 mutant was more than in the wild type. 

The 5′ RACE results (Figure 3.5.1) showed that the 5’-capping of the luciferase 

mRNA in hda6 mutant was about 10% higher than in the wild type without NaCl 

treatment. After treated with NaCl, the 5’-capping rate in both hda6 mutant and wild type 

increased. However, the increasing in hda6 mutant was more than the increasing in the 

wild type. The 5’-capping rate in hda6 mutant was about 20% higher than in the wild 

type after the NaCl treatment. 

 

3.6 Protein Interaction by Yeast Two-Hybrid Screening 

3.6.1 Protein interaction of FRY2 

    The full length of FRY2 shows self-activation in the yeat two-hybrid system, so only 

the N- and C- terminal of FRY2 protein were used as bait for yeast two-hybrid screening. 

The proteins potentially interact with FRY2 were listed in Table 3.3 

 

3.6.2 Protein interaction of HDA6 

     The full length of HDA6 was used as bait for screening for HDA6-interacting 

proteins using yeast two-hybrid system. The potential HDA6-interacting proteins were 

listed in Table 3.4. 
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Figure 3.1.1 Root growth phenotype of hda6 mutant in response to NaCl and hormonal 

treatments. Treated with NaCl; (B) Treated with GA; (C) Treated withSA; (D) Treated 

with MeJA; (E) Treated with ABA.  
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Figure 3.1.2 Hypocotyl growth in response to heat treatment. The seedlings were 

treated as follows: only 37℃ for one hour, only 45℃ for one hour, and pretreated at 

37℃ for half hour and then 45℃ for one hour. hda6 mutant did not show obviously 

difference in response to heat stress when compared with wild type. 
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Figure 3.1.3 Segregation for growth phenotype in hda6 mutant plants. (A) The small 

seedling before transferring (labeled as SMALL in the figure) grew much better than 

the big seedling before transferring (labeled as BIG in the figure) after two weeks. (B) 

The big seedling before transferring still grew much better than the small seedling 

before transferring. 
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Figure 3.1.4 Nutrient deprivation assay. One of the nutrients in ½ MS agar medium was 

omitted and the root growth was measured. 
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Figure 3.1.5 hda6 mutant (1502) is more resistant to hygromycin than the wild type (9-1) 

in root growth assay. (A) From top to the bottom, an hda6 mutant line from the backcross 

with 9-1 (WT), 1502 (hda6) mutant and 9-1 (WT). (B) From left to the right, the average 

root length of the hda6 mutant line from the backcross with 9-1 (WT), 1502 (hda6) 

mutant and 9-1 (WT). Both the hda6 mutant plants and the homozygous hda6 mutant line 

from the backcross are more resistant to hygromycin compared with the wild type. 
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Figure 3.1.6 1502 (hda6) mutant is more resistant to hygromycin in seed germination 

assay. hda6 mutant plants and the backcrossed lines of hda6 mutant are more resistant to 

hygromycin compared with the wild type. 

 

 

 

 



Texas Tech University, Hui Wang, May 2011 
   

45 

 

Figure 3.1.7 The expression of luciferase using luminescence imaging. Much higher 

expression of luciferase in hda6 mutant than in wild type was observed. (A) control 

without stress treatment. (B) 200 mM NaCl treatment for 5 hour. (C) The average 

values of luminescence intensity from each sample. 
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Figure 3.2.1 Map-based cloning of HDA6 and domain structure of HDA6 protein 
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Figure 3.2.2 Part of the sequencing result of hda6 (1502) from the sequencing analysis 

software. A neuclotide change from C to T is shown at the position of 1369 in the gene 

At5g63110 coding for HDA6.  
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Figure 3.2.3 Genetic complementation test for hda6 mutants. Shown is the luciferase 

imaging result of 1502 (hda6) mutant, 9-1 (WT), F1 seedlings from the cross between 

1502 and hda6 allele mutants CS1894 and CS1895. The hda6 mutant shows very bright 

luminescence image, the F1 crossed lines show brighter luminescence image than wild 

type but weaker than 1502, presumably due to heterozygosity of the luciferase report 

gene. This result confirms that the mutation in HDA6 gene is responsible for the 



Texas Tech University, Hui Wang, May 2011 
   

49 

phenotype. 

 

 

Figure 3.2.4 Map-based cloning of FRY2 and domain structure of FRY2 protein 
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Figure 3.2.5 Part of the sequencing result of the FRY2 gene in 1005 (fry2) mutant. A 

neuclotide change from G to A is shown at the position of 980 of the FRY2 gene. 
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Figure 3.3.1 Gene expression analysis by Northern blotting 
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Figure 3.4.1 Quantitative measurement of luciferase enzyme activity in wild type and 

hda6 mutant (1502) plants. (A) Without stress treatment. (B) Treated with 200 mM NaCl 

for 5 hours. Very low luciferase activity was detected in the wild type, while hda6 mutant 

displayed obviously higher luciferase activity. 
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Figure 3.5.1 Detection of 5’-capping and polyadenylation site selection in luciferase 

mRNA. 3′ RACE results show the percentage of 5’ capped luciferase mRNA; 5′ RACE 

results indicate the percentage of polyadenylation at the sites before the putative 

polyadenylation signal sequence.  A) RACE results of luciferase mRNA without NaCl 

treatment. (B) RACE results of luciferase mRNA with NaCl treatment.  
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Table 3.1. The recombination rate of rough mapping for 1502 (hda6) mutant. chr, 

chromosome; ↑, top arm of each chromosome; ↓, bottom arm of each chromosome 

 

 

Table 3.2. The recombination rate of rough mapping for 1005 (fry2) mutant. chr, 

chromosome; ↑, top arm of each chromosome; ↓, bottom arm of each chromosome 
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Table 3.3 proteins possibly interacting with FRY2 identified from yeast two-hybrid 

screening 
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Table 3.4 proteins possibly interacting with HDA6 identified from yeast two-hybrid 

screening  
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CHAPTER IV 

CONCLUSION  
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      Firefly luciferase catalyzes luciferin oxidized to oxyluciferin, which emits light. 

Firefly luciferase is a valuable reporter gene. The chimeric gene we constructed for 

identification of genes important for stress responsive gene regulation through a forward 

genetic approach has led to isolation of a number of mutants showing altered luciferase 

gene expression. In this study, two of these mutants were further characterized and 

mutant genes were identified by using map-based cloning strategy.  

     The mutant labeled as 1502 was mapped and the mutation was found in HDA6 

gene. The mutation leads to a change of the polar amino acid Ser to the nonpolar amino 

acid Phe (Figure 3.2.1). The change of the polarity of the amino acid in HDA6 may cause 

the change of the conformation. Thus the function of the protein may also be changed. 

hda6 mutant showed very bright luminescence images under CCD camera, the wild type 

displayed very weak luminescence image, while the crossed line between the hda6 

mutant and its allele mutants also showed bright luminescence image (Figure 3.2.3). This 

genetic complementation assay confirmed that mutation HDA6 is responsible for the 

phenotypes. 

     The mutant labeled as 1005 was identified as FRY2. The mutation leads to a 

negatively charged amino acid Glu change to a positively charged amino acid Lys (Figure 

3.2.4).  

      It is reported that HDA6 is involved in the JA responsive pathway, senescence and 

flowering. It has longer leaf longevity and late flowering (Wu et al., 2008). The root 
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growth phenotype with NaCl, GA, SA, MeJA and ABA treatments was tested, but hda6 

mutant did not show any clear phenotype in response to these chemicals when compared 

with wild type (Figure 3.1.1). Therefore, HDA6 may not control the expression of genes 

in the pathways of salt and hormonal response. 

      The role of HDA6 in transgene silencing was further strengthened in this study. 

Due to a complex arrangement of the T-DNA in the wild type (9-1) line, some of the 

plants underwent natural silencing of the hygromycin resistant gene within the T-DNA, 

which causes reduced resistance of the wild type plants to hygromycin.  In hda6 mutant 

plants, the hygromycin resistance is much higher than the wild type control (Figures 3.1.5 

and 3.1.6), which indicates that the mutation in the hda6 mutant suppressed the natural 

silencing of the hygromycin resistant transgene. This is consistent with several previous 

reports about the role of HDA6 in gene silencing. 

      The growth of hda6 mutant seedling is very strange. In the half MS plate, the 

growth of the seedlings can be divided into three types: strong, weak and normal. There is 

no constant ratio among these three types. After cultured in half MS media, these three 

types of seedlings were transferred to a box containing half MS media and soil, 

respectively. Two weeks later, all the seedlings in half MS plate grew much better than 

the seedlings in soil. And the growth of seedlings in MS media became even more chaotic. 

In some boxes, the original weak ones became stronger than the original strong ones. In 

some boxes, the original weak ones still grew weaker than the original strong ones. A 
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possible explanation for this is: it is one of the epigenetic phenomena.  

      Because of the finding that the seedlings cultured in half MS media grew much 

better than the seedlings cultured in soil and all the seedlings in soil grew very weak with 

fewer and yellow leaves and fewer siliques while most of the seedlings in agar media 

grew normally like wild type, a nutrient deprivation assay was carried out to determine 

the cause of sick growth of hda6 in soil. A series of nutrient deprivation in MS media was 

designed. Since some of the nutrients in MS ingredient such as copper, potassium, 

sodium, calcium, etc., are assumed enough in soil, so only the components of iodine (I), 

boron (B), molybdenum (Mo), manganese (Mn), cobalt (Co), nitrogen (N), sulphur (S) 

and sucrose, which might be lack in soil, are individually removed from the completed 

MS ingredient. The results (Figure 3.1.4) indicated that these components might not be 

the reason for the sick growth phenotype of hda6 in soil. The components removed in this 

assay are only trace elements required for the plants growth, so the possibility that these 

components exist as impurities in other chemicals used in this assay could not be 

excluded.  

      hda6 mutant displayed significantly higher expresses of luciferase than wild type 

with or without NaCl treatment (Figure 3.1.7). This can be attributed to higher transcript 

level of luciferase gene in hda6 than in wild type, as indicated in Figure 3.3.1. The 

increase of the steady state transcription level of luciferase gene in hda6 could be either 

because of increased transcription or increased stability of the luciferase mRNA. It is 
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very likely that HDA6 represses gene expression by inhibiting transcription through 

histone deacetylation thus reducing accessibility of the promoter for the transcription 

machinery. On the other hand, HDA6 may also involve in the co-transcriptional processes 

such as mRNA capping and termination, since transcription and co-transcription are 

believed to be coupled processes. The RACE results showed in Figure 3.5.1 indicated 

that HDA6 indeed influences the 5’ capping and polyadenylation site selection, which 

may partly contribute to the increased luciferase expression in hda6 mutant. Further study 

is needed for understanding of how HDA6 affects co-transcriptional processes.  

Putative FRY2 and HDA6 interacting proteins were identified by using yeast 

two-hybrid screening. However, further work will be carried out to verify the interaction 

in yeast and plant cells.  

        

 

 

 

 

 

 

 

 

 



Texas Tech University, Hui Wang, May 2011 
   

62 

REFERENCES 

Aufsatz, W., Stoiber, T., Rakic, B., and Naumann, K. (2007). Arabidopsis histone 

deacetylase 6: a green link to RNA silencing. Oncogene 26, 5477-5488. 

 

Aufsatz, W., Mette, M.F., van der Winden, J., Matzke, M., and Matzke, A.J. (2002). 

HDA6, a putative histone deacetylase needed to enhance DNA methylation 

induced by double-stranded RNA. EMBO J 21, 6832-6841. 

 

Ay, N., Irmler, K., Fischer, A., Uhlemann, R., Reuter, G., and Humbeck, K. (2009). 

Epigenetic programming via histone methylation at WRKY53 controls leaf 

senescence in Arabidopsis thaliana. Plant J 58, 333-346. 

 

Baek, D., Pathange, P., Chung, J.S., Jiang, J., Gao, L., Oikawa, A., Hirai, M.Y., Saito, 

K., Pare, P.W., and Shi, H. (2010). A stress-inducible sulphotransferase 

sulphonates salicylic acid and confers pathogen resistance in Arabidopsis. Plant 

Cell Environ 33, 1383-1392. 

 

Bang, W.Y., Kim, S.W., Jeong, I.S., Koiwa, H., and Bahk, J.D. (2008). The C-terminal 

region (640-967) of Arabidopsis CPL1 interacts with the abiotic stress- and 

ABA-responsive transcription factors. Biochem Biophys Res Commun 372, 

907-912. 

 

Chen, M., Xu, Z., Xia, L., Li, L., Cheng, X., Dong, J., Wang, Q., and Ma, Y. (2009). 

Cold-induced modulation and functional analyses of the DRE-binding 

transcription factor gene, GmDREB3, in soybean (Glycine max L.). J Exp Bot 60, 

121-135. 

 

Chinnusamy, V., and Zhu, J.K. (2009). RNA-directed DNA methylation and 

demethylation in plants. Sci China C Life Sci 52, 331-343. 

 

Chomczynski, P., and Sacchi, N. (1987). Single-step method of RNA isolation by acid 

guanidinium thiocyanate-phenol-chloroform extraction. Anal Biochem 162, 

156-159. 

 

Chomczynski, P., and Sacchi, N. (2006). The single-step method of RNA isolation by 

acid guanidinium thiocyanate-phenol-chloroform extraction: twenty-something 

years on. Nat Protoc 1, 581-585. 

 

Clough, S.J. (2005). Floral dip: agrobacterium-mediated germ line transformation. 

Methods Mol Biol 286, 91-102. 



Texas Tech University, Hui Wang, May 2011 
   

63 

 

Devoto, A., Nieto-Rostro, M., Xie, D., Ellis, C., Harmston, R., Patrick, E., Davis, J., 

Sherratt, L., Coleman, M., and Turner, J.G. (2002). COI1 links jasmonate 

signalling and fertility to the SCF ubiquitin-ligase complex in Arabidopsis. Plant J 

32, 457-466. 

 

Earley, K., Lawrence, R.J., Pontes, O., Reuther, R., Enciso, A.J., Silva, M., Neves, N., 

Gross, M., Viegas, W., and Pikaard, C.S. (2006). Erasure of histone acetylation 

by Arabidopsis HDA6 mediates large-scale gene silencing in nucleolar dominance. 

Genes Dev 20, 1283-1293. 

 

Earley, K.W., Pontvianne, F., Wierzbicki, A.T., Blevins, T., Tucker, S., Costa-Nunes, 

P., Pontes, O., and Pikaard, C.S. (2010). Mechanisms of HDA6-mediated rRNA 

gene silencing: suppression of intergenic Pol II transcription and differential 

effects on maintenance versus siRNA-directed cytosine methylation. Genes Dev 

24, 1119-1132. 

 

Fukuda, H., Sano, N., Muto, S., and Horikoshi, M. (2006). Simple histone acetylation 

plays a complex role in the regulation of gene expression. Brief Funct Genomic 

Proteomic 5, 190-208. 

 

Furner, I.J., Sheikh, M.A., and Collett, C.E. (1998). Gene silencing and 

homology-dependent gene silencing in Arabidopsis: genetic modifiers and DNA 

methylation. Genetics 149, 651-662. 

 

He, Y., Fukushige, H., Hildebrand, D.F., and Gan, S. (2002). Evidence supporting a 

role of jasmonic acid in Arabidopsis leaf senescence. Plant Physiol 128, 876-884. 

 

Jander, G. (2006). Gene identification and cloning by molecular marker mapping. 

Methods Mol Biol 323, 115-126. 

 

Jander, G., Norris, S.R., Rounsley, S.D., Bush, D.F., Levin, I.M., and Last, R.L. 

(2002). Arabidopsis map-based cloning in the post-genome era. Plant Physiol 129, 

440-450. 

 

Klein, M., and Papenbrock, J. (2004). The multi-protein family of Arabidopsis 

sulphotransferases and their relatives in other plant species. J Exp Bot 55, 

1809-1820. 

 

 



Texas Tech University, Hui Wang, May 2011 
   

64 

 

 

Koiwa, H., Hausmann, S., Bang, W.Y., Ueda, A., Kondo, N., Hiraguri, A., Fukuhara, 

T., Bahk, J.D., Yun, D.J., Bressan, R.A., Hasegawa, P.M., and Shuman, S. 

(2004). Arabidopsis C-terminal domain phosphatase-like 1 and 2 are essential 

Ser-5-specific C-terminal domain phosphatases. Proc Natl Acad Sci U S A 101, 

14539-14544. 

 

Koiwa, H., Barb, A.W., Xiong, L., Li, F., McCully, M.G., Lee, B.H., Sokolchik, I., 

Zhu, J., Gong, Z., Reddy, M., Sharkhuu, A., Manabe, Y., Yokoi, S., Zhu, J.K., 

Bressan, R.A., and Hasegawa, P.M. (2002). C-terminal domain phosphatase-like 

family members (AtCPLs) differentially regulate Arabidopsis thaliana abiotic 

stress signaling, growth, and development. Proc Natl Acad Sci U S A 99, 

10893-10898. 

 

Kreps, J.A., Wu, Y., Chang, H.S., Zhu, T., Wang, X., and Harper, J.F. (2002). 

Transcriptome changes for Arabidopsis in response to salt, osmotic, and cold 

stress. Plant Physiol 130, 2129-2141. 

 

Kuo, M.H., and Allis, C.D. (1998). Roles of histone acetyltransferases and deacetylases 

in gene regulation. Bioessays 20, 615-626. 

 

Lacomme, C., and Roby, D. (1996). Molecular cloning of a sulfotransferase in 

Arabidopsis thaliana and regulation during development and in response to 

infection with pathogenic bacteria. Plant Mol Biol 30, 995-1008. 

 

Lavrov, S.A., and Kibanov, M.V. (2007). Noncoding RNAs and chromatin structure. 

Biochemistry (Mosc) 72, 1422-1438. 

 

Lippman, Z., May, B., Yordan, C., Singer, T., and Martienssen, R. (2003). Distinct 

mechanisms determine transposon inheritance and methylation via small 

interfering RNA and histone modification. PLoS Biol 1, E67. 

 

Lissarre, M., Ohta, M., Sato, A., and Miura, K. (2010). Cold-responsive gene 

regulation during cold acclimation in plants. Plant Signal Behav 5, 948-952. 

 

Lusser, A., Kolle, D., and Loidl, P. (2001). Histone acetylation: lessons from the plant 

kingdom. Trends Plant Sci 6, 59-65. 

 

Maple, J., and Moller, S.G. (2007). Mutagenesis in Arabidopsis. Methods Mol Biol 362, 



Texas Tech University, Hui Wang, May 2011 
   

65 

197-206. 

 

 

Matzke, M., Kanno, T., Huettel, B., Daxinger, L., and Matzke, A.J. (2007). Targets of 

RNA-directed DNA methylation. Curr Opin Plant Biol 10, 512-519. 

 

Matzke, M., Aufsatz, W., Kanno, T., Daxinger, L., Papp, I., Mette, M.F., and Matzke, 

A.J. (2004). Genetic analysis of RNA-mediated transcriptional gene silencing. 

Biochim Biophys Acta 1677, 129-141. 

 

Matzke, M.A., and Birchler, J.A. (2005). RNAi-mediated pathways in the nucleus. Nat 

Rev Genet 6, 24-35. 

 

McNabb, D.S., Reed, R., and Marciniak, R.A. (2005). Dual luciferase assay system for 

rapid assessment of gene expression in Saccharomyces cerevisiae. Eukaryot Cell 

4, 1539-1549. 

 

Murfett, J., Wang, X.J., Hagen, G., and Guilfoyle, T.J. (2001). Identification of 

Arabidopsis histone deacetylase HDA6 mutants that affect transgene expression. 

Plant Cell 13, 1047-1061. 

 

Pontes, O., Lawrence, R.J., Silva, M., Preuss, S., Costa-Nunes, P., Earley, K., Neves, 

N., Viegas, W., and Pikaard, C.S. (2007). Postembryonic establishment of 

megabase-scale gene silencing in nucleolar dominance. PLoS One 2, e1157. 

 

Probst, A.V., Fagard, M., Proux, F., Mourrain, P., Boutet, S., Earley, K., Lawrence, 

R.J., Pikaard, C.S., Murfett, J., Furner, I., Vaucheret, H., and Mittelsten 

Scheid, O. (2004). Arabidopsis histone deacetylase HDA6 is required for 

maintenance of transcriptional gene silencing and determines nuclear organization 

of rDNA repeats. Plant Cell 16, 1021-1034. 

 

Robertson, N., and Leek, R. (2006). Isolation of RNA from tumor samples: single-step 

guanidinium acid-phenol method. Methods Mol Med 120, 55-59. 

 

Rossel, J.B., Cuttriss, A., and Pogson, B.J. (2004). Identifying photoprotection mutants 

in Arabidopsis thaliana. Methods Mol Biol 274, 287-299. 

 

Shiba, H., and Takayama, S. (2007). RNA silencing systems and their relevance to 

allele-specific DNA methylation in plants. Biosci Biotechnol Biochem 71, 

2632-2646. 



Texas Tech University, Hui Wang, May 2011 
   

66 

 

Tanaka, M., Kikuchi, A., and Kamada, H. (2008). The Arabidopsis histone 

deacetylases HDA6 and HDA19 contribute to the repression of embryonic 

properties after germination. Plant Physiol 146, 149-161. 

Tessadori, F., van Zanten, M., Pavlova, P., Clifton, R., Pontvianne, F., Snoek, L.B., 

Millenaar, F.F., Schulkes, R.K., van Driel, R., Voesenek, L.A., Spillane, C., 

Pikaard, C.S., Fransz, P., and Peeters, A.J. (2009). Phytochrome B and histone 

deacetylase 6 control light-induced chromatin compaction in Arabidopsis thaliana. 

PLoS Genet 5, e1000638. 

 

Ueda, A., Li, P., Feng, Y., Vikram, M., Kim, S., Kang, C.H., Kang, J.S., Bahk, J.D., 

Lee, S.Y., Fukuhara, T., Staswick, P.E., Pepper, A.E., and Koiwa, H. (2008). 

The Arabidopsis thaliana carboxyl-terminal domain phosphatase-like 2 regulates 

plant growth, stress and auxin responses. Plant Mol Biol 67, 683-697. 

 

Vaillant, I., Tutois, S., Cuvillier, C., Schubert, I., and Tourmente, S. (2007). 

Regulation of Arabidopsis thaliana 5S rRNA Genes. Plant Cell Physiol 48, 

745-752. 

 

Wade, P.A. (2001). Transcriptional control at regulatory checkpoints by histone 

deacetylases: molecular connections between cancer and chromatin. Hum Mol 

Genet 10, 693-698. 

 

Wasilewska, A., Vlad, F., Sirichandra, C., Redko, Y., Jammes, F., Valon, C., Frei dit 

Frey, N., and Leung, J. (2008). An update on abscisic acid signaling in plants 

and more. Mol Plant 1, 198-217. 

 

Wu, K., Zhang, L., Zhou, C., Yu, C.W., and Chaikam, V. (2008). HDA6 is required for 

jasmonate response, senescence and flowering in Arabidopsis. J Exp Bot 59, 

225-234. 

 

Xiong, L., Lee, H., Ishitani, M., Tanaka, Y., Stevenson, B., Koiwa, H., Bressan, R.A., 

Hasegawa, P.M., and Zhu, J.K. (2002). Repression of stress-responsive genes 

by FIERY2, a novel transcriptional regulator in Arabidopsis. Proc Natl Acad Sci 

U S A 99, 10899-10904. 

 

 

 

 


