1. Abstract

Epigenetic mechanisms in Arabidopsis thaliana 
induce histone and DNA modifications which convey differential patterns of chromatin dynamics and gene regulation.  Consequently, the altered chromatin structure impacts upon a broad range of developmental processes including cell proliferation and differentiation.  SET domain containing proteins are associated with a range of regulatory roles involved with gene expression and development as they make up the main catalytic core of histone methyltransferases.  SUVH6, SUVH5 and SUVH4 are three SET domain containing proteins of subgroup Class V which have overlapping functions in maintenance of DNA and histone methylation, and have also proven to be highly homologous.  In this study SUVH6 is further characterised, confirming by confocal microscopy and GFP reporter assays that this SET domain containing protein co-localises 
to the vegetative cell in mature pollen and is differentially expressed in the eight nuclei of the developing female gametophyte.  Expression is also identified in the developing root within the meristem regions.  Analysis of a SUVH6 genetic knockout also suggests a possible protein redundancy in which SUVH5 and SUVH4 take over roles of methylation during gametophyte development.  Although further questions need to be addressed regarding the complex mechanisms in which SET domain containing proteins are controlled, it is clear that SUVH6 plays an important regulatory role during gametophyte development.  
2. Introduction

Chromatin Dynamics and Epigenetic Regulation



The term epigenetics is used to classify processes which ensure the inheritance of phenotypic variation without affecting the underlying DNA sequence (Bonasio, R. et al, 2010).  A range of major epigenetic mechanisms including DNA methylation, covalent post-translational modifications of histone proteins, and RNA-mediated gene silencing (Vaissière, M. et al, 2008) all lead to a carefully orchestrated pattern of chromatin dynamics and gene regulation.  Chromatin is a macromolecular complex of genomic DNA, histone and non-histone proteins which, depending on the degree of condensation, can either be the transcriptionally active euchromatin or the highly compacted and largely inactive heterochromatin (de la Paz Sanchez, M. et al, 2008).  In eukaryotes, nuclear DNA is organised into nucleosomes, the fundamental unit of chromatin, by wrapping around a histone octamer core constituting of two of each histones H2A, H2B, H3 and H4.  Chromatin assembly and nucleosome positioning effects the accessibility of transcriptional machinery to the DNA (Pontvianne, F. et al, 2010), epigenetic modifications of this process leads to differential gene activation and silencing.   As a consequence, changes in chromatin structure impacts upon a broad spectrum of important processes during growth and development, including cell proliferation and differentiation, embryonic stem cell maintenance and senescence (Pontvianne, F. et al, 2010).  These epigenetic marks, which are thought to continually change during the lifetime of an organism, depend on a number of intrinsic and extrinsic factors including genotype, environment and other stochastic factors (Aguilera. O. et al, 2010).

Post-translational modifications of histones are probably the most studied epigenetic mechanism and are carried out by enzymes which modify the N-terminus tails of histones H3 and H4, allowing regulatable contact with the underlying DNA.  A diverse array of modifications includes methylation, acetylation, phosphorylation, ubiquitination, sumoylation and citrullination.  A combination of histone modifications work together to fine-tune transcriptional regulation and are collectively referred to as the histone code (de la Paz Sanchez, M. et al, 2008).       

The Histone Code

The Histone Code comprises a series of covalent post-translational histone modifications which regulate transcriptional processes and considerably extends the information potential of the genetic code (Jenuwein, T. and Allis, C.D.  2001). As previously mentioned the range of modifications is vast, histone methylation and acetylation of either lysine or arginine residues are the most studied and best characterised.

Histone lysine acetylation is widely assumed to alter the folding of nucleosomal fibers which renders chromosomal domains more accessible to transcriptional machinery, this results in access to promoter regions and more frequent initiation of transcription (Eberharter, A. and Becker, P.B. 2002). In contrast, histone deacetylation promotes chromatin condensation and repression (Cruickshank, M.N. et al, 2010).

In comparison to histone lysine acetylation, which is generally associated with active transcription, histone lysine methylation is associated with active and repressed chromatin depending on the context and extent of the modification (Justin, N. et al, 2010).  The addition of methyl groups to specific lysine residues is a process directed by Histone lysine methyltransferases (HKMTs) and confers either mono-, di- or tri- methylation (Berger, F. and Gaudin, V. 2003).  The addition of methyl groups to Histone 3 Lysine 4 (H3K4) is associated with the promoter regions of active genes whereas the methylation of Lysine 9 on Histone 3 (H3K9) is associated with inactive genes within highly condensed heterochromatin (Pontvianne, F. et al, 2010).  The regulatory properties of histone lysine methyltransferases are becoming more apparent as their role in development is further defined.    

Histone methylation in Plants

Plants are exposed to a variety of environmental stimuli which provide essential cues for regulation of development, growth and morphogenesis.  As the stimuli is consistently changing, the organism has developed the ability to reversibly alter gene expression by a series of modifications without affecting the underlying DNA sequence: this ‘memory process’ is defined as epigenetic (Cazzonelli, C. et al. 2009).  Conserved and non-conserved covalent modifications have previously been identified in mammals and yeast, however, although plants are an excellent model to study epigenetic regulation, histone modification patterns within this system are poorly defined (Zhang, K. et al.  2007).  

So far, more than 30 putative HKMT’s have been identified in the Arabidopsis thaliana genome which are collectively called the SET Domain Group (SDG) genes due to the presence of a SET lysine methyltransferase catalytic core (Guo, L. et al.  2010).  In this study we are focusing on SUVH6 which is a MTase from the Class V group of SET domain proteins involved in H3K9 methylation.  Another member of the Class V group is SUVH4 or KRYPTONITE (KYP) which is the major MTase involved in H3K9 methylation and has been studied more extensively.  One particularly study looked into the links between DNA and histone methylation in Arabidopsis thaliana (Jackson, J.  2002). The results suggested that methylation of cytosine nucleotides in the DNA is controlled by H3K9 methylation, through interaction of CMT3 (DNA methytransferase gene) with methylated chromatin.  These interactions characterise the formation of heterochromatin; a tight complex of proteins and DNA which blocks transcriptional machinery resulting in gene silencing.  

One mechanism in which DNA and H3K9 are marked for methylation in order to induce gene silencing is by the interference of small RNA molecules.  This could either occur by small RNA’s guiding enzymatic complexes in order to promote repressive epigenetic marks, or by the promotion of DNA methylation via protein complexes which result in histone methylation (Cazzonelli, C. et al. 2009).   
SET domain proteins

The SET domain is a complex 3D structure which was first recognised as a conserved feature in a number of different chromatin-associated proteins in Drosophila (Suppressor of variegation 3-9, Enhancer-of-zeste and Trithorax).  After observing the homology between the SET domain and plant enzyme Rubisco LSMT researchers characterised a number of SET-domain containing proteins as histone lysine methyltransferases (HKMTs) (Yeates. T.O.  2002).  

The SET domain is roughly 130 amino acids in length and appears as one part of a larger multidomain protein.  Structural analysis of this conserved region in a variety of very different proteins, including Neurospora DIM-5, human SET7 and garden pea Rubisco LSMT, has revealed distinct domain compositions (Yeates. T.O.  2002).   A specific characterisation of this core domain is a unique conserved folded region consisting of 12 β strands (Couture. J-F. and Trievel. R. 2006) surrounding a knot-like structure which is formed by the C-terminal of the SET domain exiting underneath the β8-9 connection (Trievel. C. et al.  2002).  Structural data and mutagenesis experiments show that this region plays a critical role in binding and catalysis and is believed to constitute the methyltransferase catalytic core in which there is a binding site for the SAM methyl donor cofactor (Yeates. T.O.  2002) (Berger. F and Gaudin. V. 2003).  The core SET domain is flanked by less conserved highly variable cysteine-rich pre- and post- SET domains which are important for enzymatic activity and may have an underlying ability in discriminating existing active and silent gene states (Krajewski. W.A. and Reese. J.C.  2010). 

The conserved SET domain motif has been detected in over 140 gene sequences of diverse function ranging from viruses to all three domains of life (Bacteria, Archaea and Eukaryota) (Rea. S et al, 2000).  As previously mentioned SET domain sequences were first recognised in Drosophila when high sequence similarity was observed between Polycomb group (PcG) and trithorax group (trxG) proteins (Ng. W-K. et al, 2007) and later on Su(var)3-9.  Homologs of these genes have since been identified in yeast, mammals, and plants and are mostly all associated with epigenetic control of gene expression and development.     

To date there are seven classes of SET domain proteins in Arabidopsis Thaliana
, including five original classes grouping proteins according to their sequence and domain architectures and an additional two classes which were established to include proteins with interrupted SET domains (Springer. N. 2003, Ng. W-K
. et al. 2007).  Class I is made up of the PcG protein Enhancer of Zeste [E(z)] homologs which control gene regulation via H3K27 methylation (Ng. W-K. et al, 2007).  In Arabidopsis CURLY LEAF (CLF) and MEDEA (MEA) were two of the first plant genes identified encoding SET domain proteins which were homologs of E(z) and therefore grouped in Class I (Baumbusch et al.  2001). Both genes have functions related to various aspects of plant development, CLF controls leaf and flower morphology as well as flowering time by repression of floral homeotic genes (Ng. W-K. et al, 2007) and MEA is crucial for normal seed development (Baroux. C. 2006).

Class V is a large class of proteins made up of Suppressor of variegation [Su(var)] homologs 
and relatives which mediate activity via H3K9 methylation.  A specific characterisation of this group is the highly conserved pre-SET, SET and post-SET domains, as well as a conserved YDG (Tyr-Asp-Gly) motif upstream of the pre-SET domain (Ng. W-K. et al, 2007).
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Figure 1 – Class V SET domains

Schematic diagram of Class V SET domain containing proteins, there are seven known classes of SET domain (I-VII), pictured above is Class V.  Subgroups 4, 6 and 7 contain a SET domain flanked by two conserved regions: the pre-SET and post-SET domain.  Subgroups 1-3 and 5 contain an additional YDG (Tyr-Asp-Gly) motif upstream of the SET domain (adapted from Ng, D
. et al. 2007).
The best studied member of the Class V SET domain family is SUVH4 (KYP) which is involved in heterochromatin formation and gene silencing (Jackson et al, 2004) and specifically represses expression of the floral homeotic gene SUPERMAN .  SUVH6 is a further member of this class and therefore a H3K9 methyltransferase which Jackson et al (2004) define as an efficient monomethylase, a moderately efficient dimethylase but a protein which does not catalyse trimethylation.  This evidence is in concordance with the SUVH4 protein which has the same methylation properties.  Further work has been carried out defining the similarities between SUVH4 and SUVH6 and it appears as though the two Class V SET domain proteins act together to maintain epigenetic modifications via H3K9 and non-CG methylation at specific loci (Ebbs, M et al. 2005).  SUVH4 is the only one of nine genes within this family that contains introns within its coding region, therefore it is a possibility that KYP was the ancestral member of the gene family and SUVH6 has evolved by gene duplication in order to take on more specialized roles (Jackson et al, 2004).              

Little research surrounds the genetic analysis of SUVH6 and other Su-(var)3-9 homologs within Arabidopsis, and therefore the function of H3K9 methylation within this species is an area of great interest.  Preliminary work has suggested that SUVH6 plays a regulatory role in different stages of male and female gametophyte development and is significant during cell fate mapping (Pickles, 2010).  In this study SUVH6 was further characterised in Arabidopsis Thaliana 
by confocal microscopy.  

Male Gametophyte Development

In angiosperms formation of the male gametophyte occurs within the stamen over two sequential stages: microsporangenesis and microgametogenesis
.  Tetrads of haploid microspores are produced during microsporangenesis as diploid pollen cells undergo meiotic division; this stage is complete when unicellular microspores are released from the tetrad.  The next stage, microgametogenesis, begins with the unicellular microspores enlarging and producing a single vacuole and the microspore nucleus polarising to the periphery of the cell wall.  The microspore undergoes a process called Pollen Mitosis I (PMI) in which a very distinct cell-within-a-cell structure is produced as a small germ cell (the male germline) is engulfed within the cytoplasm of the larger vegetative cell.  This asymmetric division is essential for the correct patterning of the male gametophyte as specific cytoplasm within the germ and vegetative cells contain gene profiles necessary for their respective structures and cell fate.  The germ cell then undergoes Pollen Mitosis II (PMII) in order to produce twin sperm cells and the large vegetative cell continues to nurture the germ cell and sperm cells, respectively, until the pollen has matured; the resulting structure is a tri-nucleate pollen grain (Borg, 2009).        
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Figure 2 – Stages of Male Gametophyte Development
Microsporangenesis results in unicellular microspores.  Microgametogenesis involves the polarisation of the microspore nucleus, followed by PMI and PMII resulting in a mature tri-nucleate pollen grain (adapted from Borg, 2009).   
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Female Gametophyte Development

In Arabidopsis Thaliana,
 the female gametophyte is found within the ovules which are enclosed within the carpel of the angiosperm.  Two sequential stages, megasporogenesis and megagametogenesis, lead to the development of the seven celled female gametophyte comprised of two female gametic cells, an egg cell, central cell flanked by accessory cells (Sphrunk, S.  2010). Arabidopsis Thaliana
 undergoes monosporic megasporogenesis, this pattern results in the production of four one-nucleate megaspores, three of which degenerate.  The next stage in development is megagametogenesis, firstly the single cell undergoes three rounds of mitosis producing an eight-nucleate cell which are arranged into two groups of four.  One nucleus from each pole then migrates towards the centre to produce two polar nuclei (Figure 4 – STG 5) which eventually fuse together to form the secondary nucleus.  The three nuclei at the micropylar end of the mature female gametophyte along with the egg cell become the egg apparatus, with two flanking synergid cells; the three antipodal cells at the chalazal pole eventually undergo cell death (Drews, G. 2002.)
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Figure 4 – Megagametogenesis in Arabidopsis Thaliana 
The mature female gametophyte is a seven celled structure containing the egg cell (ec), central cell (cc) and two synergid cells (sc), three antipodal cells at the chalazal pole undergo cell death.  pn: polar nuclei, sn: secondary nucleus. (adapted from Drews, G. 2002).


2.1 Project Aims

· Characterise SET domain containing protein SUVH6 expression in Arabidopsis thaliana by using At2g22740::GFP reporter construct;

· Confirm previous work (Pickles, J. 2010) and further describe expression patterns of SUVH6 in gametophyte and root development;

· Carry out phenotypic and genotypic analysis of SUVH6 T-DNA insertion line plants



3. Materials and Methods

3.1 Plant Material
Arabidopsis thaliana 
(Ecotype Columbia-O) were sowed into fine soil in Petri dishes and given a cold treatment at 5°C for 1-2 days before being transferred to greenhouse conditions of 16 hours daylight and 8 hours of night at 22°C, 60% humidity.  After approximately 4-5 days the seedlings were carefully transferred to individual modules in 6x4 trays containing soil treated with 0.02% Intercept insecticide 70WG (Scotts).  Plants grown included wild type controls, lines containing an At2g7740::GFP (SUVH6) construct and a SAIL T-DNA insertion line.

At2g22740::GFP lines
Previously prepared plant lines containing a Green Florescent Protein (GFP) translational fusion to At2g22740 (At2g22740::GFP) SET domain-containing protein was used to analyse SUVH6 expression using confocal microscopy.

pBI GFP Construct Preparation
 

??

T-DNA Insertion lines
A T-DNA SAIL insertion line ordered from TAIR were grown as described above, this was SAIL_1244_F04, N879899.

3.2 Microscopy of At2g22740:: GFP and N879899 Insertion Line Plants

In order to screen for GFP positive plants, mature pollen was firstly imaged by dispersing pollen grains across a glass slide and immersing in 50% glycerol before covering gently with a cover slip.  The pollen was imaged using a confocal microscope (Nikon D-ECLIPSE C1) with a GFP filter (488nm excitation) and background fluorescence was established by firstly imaging wild type plants. 

A range of other tissues were then imaged for GFP-expression using confocal microscopy including, sepals, petals, carpels, ovules, anthers, seeds, leaves, roots as well as pollen.  These were all mounted on glass slides in mounting media (50% glycerol) and covered with cover slips.

Imaging reproductive tissues
Using DIC microscopy, UV florescence microscopy and confocal microscopy stages of development were imaged by removing unopened flower buds of different sizes from plants.  The first fully open bud was named stage 0: ‘STG 0’ and younger and older buds were sequentially named ‘STG -1’ and ‘STG+1’ respectively, and so on.  Ovules were dissected out by halving the carpel lengthways using a razor blade and teasing the ovules out very carefully before placing onto a glass slide and mounting in 50% glycerol.  Stages of female gametophyte development were imaged using DIC and phase contrast microscopy as well as confocal microscopy in order to sequentially visualise cell divisions.  Anthers were dissected and placed on a glass slide in glycerol and by applying pressure with a cover slip the pollen was released.  Male gametophyte development was then imaged using DIC microscopy, confocal microscopy and UV microscopy by DAPI staining (0.05mg/ml) in order to identify individual nuclei within the pollen grains.    
Imaging developing roots
Sterilised seeds were sown onto 0.5 MS (?) 
agar plates and placed in the growth room at angle which was almost vertical so the roots had enough space to grow down through the agar.  The roots were removed from the agar and imaged using DIC and confocal microscopy to detect SUVH6 expression levels at the germinated seed and seedling stage of development. 

3.3 Genotyping of T-DNA insertion lines
DNA extraction 
Circular disks of leaf tissue were taken from plants and collected in 1.5ml microfuge tubes, 100µl of extraction buffer (0.14M d-Sorbitol, 0.22M Tris-HCl pH 8.0, 0.022M EDTA pH 8.0, 0.8M NaCl, 0.8% CTAB, 0.1% n-Lauryllsarcosine) was added and the tissue was homogenised using a plastic grinder attached to a drill.  100µl chloroform was used to precipitate protein and the DNA was extracted from the resulting upper phase and pipetted into a fresh 1.5ml microfuge tube.  100µl iso-propanol was added to precipitate the DNA which, after centrifugation, was pipetted off and the subsequent pellet was washed with 70% ethanol.  Pellets were then air-dried being resuspended in 50µl pure water.  The samples were then either stored in the freezer or used directly for PCR.  

Genotyping 
Following DNA extraction (as described above) a PCR reaction was carried out in order to genotype each individual plant from the Syngenta Arabidopsis Insertion Library (SAIL) T-DNA insertion line sown (N879899).  The first reaction contained left and right gene specific primers and the second reaction was with a SAIL line T-DNA specific left border primer (LB1) and right gene specific primer.  Both
 primer specific PCR reactions were performed under the following conditions: Step 1, initialisation at 95°C for 2 minutes; Step 2, denaturation at 95°C for 30 seconds; Step 3, annealing at 58°C for 30 seconds; Step 4, extension at 72°C for 1 minute; Step 5, final extension at 72°C for 10 minutes; Steps 2-4 were repeated 35 times.  PCR products were then run on 0.1% agarose gel.  

Phenotypic Analysis
N879899 plants were also visually assessed for any phenotypic differences compared to wild type.  The plants were assessed as a whole for overall differences in growth and development, and the reproductive tissues of the male and female gametophyte were imaged using a microscope in order to assess structural differences
.

4. Results

4.1 Expressional Characterisation of SUVH6 in Arabidopsis thaliana

Microarray in-silico Data
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Figure – 6 Expression profile for At2g22740 (SUVH6) in all tissues of Arabidopsis thaliana
Expression values are linearly represented in a scatter plot for each tissue type (labelled on the left) with standard deviation indicated by the error bars according to the number of arrays the data was collected from (shown in values on the right). Figure obtained from Genevestigator V3 (www1).

The ‘Meta-Profile Analysis’ from Genevestigator V3 (www1) shown in Figure ? above displays expression levels of At2g22740 (SUVH6) in a range of tissues in Arabidopsis thaliana according to available array data.  The highest level of gene expression was shown in pollen, in the range of 4,700 units (32 arrays) and was closely followed by the stamen with a value of ~2,500 units (96 arrays).  Overall, flower tissue displayed expression levels of ~1,500 units (225 arrays) including female reproductive tissues (carpel, stigma and ovary) in the range of 800-1000 unit, which is relatively low in comparison to male reproductive tissues.  The roots also showed a range of expression levels with root hair zone being the highest ~ 1,300 units (4 arrays), closely followed by the endodermis ~ 1,100 units (3 arrays) and elongation zone ~ 1,000 units (8 arrays).        
Expressional Characterisation of At2g22740::GFP in Plant Tissues
	Dev. Stage
	Petal
	Sepal
	Anther
	Carpel
	Stigma

	-8
	4
	2
	4
	1
	1

	-4
	2
	1
	1
	2
	1

	0
	5
	1
	1
	3
	3

	+4
	1
	n/a
	7
	5
	1

	+8
	n/a
	n/a
	n/a
	1
	1


Table 1 – Expression of At2g22740::GFP (SUVH6) in Arabidopsis thaliana tissues
In order to visually determine levels of SUVH6 expression in Arabidopsis thaliana tissues from petal, sepal, anther, carpel and stigma were imaged using confocal microscopy.  Expression was qualitatively assessed by assigning a mark out of ten for the strength of signal in comparison to expression levels observed in wild type controls.  Background florescence was taken into account for each tissue type.  The first fully open flower bud was labelled STG 0 and used as a reference point for stages of development prior and post STG 0; full description of all stages is included in the materials section.   
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Figure – 7 Expression of At2g22740::GFP in Arabidopsis thaliana tissues at different stages of development

A range tissue types, imaged by confocal microscopy, displaying a varying degree of At2gt2270::GFP (SUVH6) expression at different developmental stages, as represented by Table 1: (A) Petal, STG 0 (B) Carpel, STG -8 (C) Anther STG +4 (D) Stigma -4.

A range of tissues from Arabidopsis thaliana were imaged using confocal microscopy in order to ascertain the level of At2g22740::GFP (SUVH6) expression at different developmental stages, compared to wild type controls.  The highest level of expression was shown in the anther at STG +4 with a mark of 7/10, shown by image (C) in Figure - 7.  Carpel tissues showed an increasing degree of expression from STG -8 to STG +4 with the highest florescence displayed in STG +4 (5/10).  Other high levels of expression were displayed by petal tissue at STG -8 and STG 0 (4/10 and 5/10, respectively).  Lower levels of expression was also shown in the stigma at STG 0 (3/10) and the sepal at STG -8 (2/10).         
Characterisation of At2g22740::GFP (SUVH6) expression in Male Gametogenesis
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Figure - 8 No At2g22740::GFP (SUVH6) expression is detected in pollen at the microspore stage
DIC, confocal and UV microscopy with DAPI staining was used to detect SUVH6 expression in pollen at the microspore stage of development.  Pollen grains were dissected at STG -10 and imaged using a 40x oil immersion
 lens.  
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Figure - 9 At2g22740::GFP (SUVH6) expression is detected in the vegetative cell nucleus of bicellular pollen.

Confocal microscopy was used to detect expression of the SET domain protein SUVH6 during STG -6 of microgameteogenesis, along with DIC imaging using DAPI staining to reveal cell nuclei.  Pollen grains were imaged using a 40x oil immersion lens.
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Figure - 10 At2g22740::GFP (SUVH6) expression co-localises 
to the vegetative cell and not the sperm cells in tri-nucleate pollen

Confocal microscopy was used to detect SUVH6 expression, along with UV microscopy and DAPI staining in order to reveal nuclei.  The STG 0 pollen was imaged using a 40 x oil immersion lens; arrow head: vegetative cell, red lines: sperm cell.  



Expression of At2g22740::GFP was characterised during male gametophyte development, the above images (Figures 8-10) were obtained using DAPI staining and UV microscopy to identify nuclei and confocal microscopy to identify the localisation of expression.

Pollen grains dissected from Arabidopsis plants at the late bicellular stage (STG -6) show SUVH6 expression in the outer ring of the pollen grain and larger vegetative cell nucleus, but not in the generative cell (Figure 9-C).  
DAPI staining under UV microscopy reveals two stains, the larger irregular shaped duller stain represents the vegetative nuclei and the smaller brighter stain indicates the generative cell nuclei.  This confirms that the pollen is at the bicellular phase of development (Figure 9B), after the first round of mitosis (PMI).

Figure 10 depicts pollen, dissected at STG 0, at the tri-nucleate stage of development.  The three nuclei are clearly visualised in Figure 10-B as the larger, fainter stain reveals the vegetative cell and the two smaller and brighter stains adjacent to the vegetative cell depict the sperm cells produced from the generative cell after PMII.  Confocal microscopy (Figure 10-C) shows that SUVH6 expression co-localises to the vegetative cell and not the sperm cells in mature pollen.         

Characterisation of At2g22740::GFP Expression during Female Gametogenesis
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Figure – 11 No expression of At2g22740::GFP (SUVH6) in early 
ovules prior to megagametogenesis.

Ovules were imaged using DIC (A, C) 
and confocal microscopy (B, D) using a 20x lens; ovules were imaged by auto-florescence (red) due to the low levels of GFP florescence (green).  (A, B) Ovules dissected at STG -10 and (C, D) ovules dissected at -8. 
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Figure - 12 Expression of At2g22740::GFP (SUVH6) in one, two and four nuclei in the developing female gametophtye
Ovules were imaged using DIC (top panel) and confocal microscopy (lower panel) using a …  (A, D) STG -7, multiple ovules still within the carpel display one nucleus of expression with a slight halo effect (B, E) STG -7, one ovule with two nuclei of expression and (C, F) STG -6, four nuclei of expression.   
During sequential stages of Arabidopsis thaliana female gametophyte development At2g22740::GFP (SUVH6) expression was characterised using confocal and DIC microscopy (Figures 11 - 12).  The red channel of auto-florescence was used in order to illustrate the ovules and areas of expression more clearly.

Multiple ovules were dissected at early stages of development, prior to megagametogenesis.  At STG -10 (Figures 11-A,B) and STG -8 (Figures 11-C,D) confocal microscopy (B, D) detected no SUVH6 expression in any of the ovules imaged.

Figure 12 onwards depcits multipe foci of expression in the developing female gametophyte, from STG-7 to STG-6 one, two and four nuclei of expression can be clearly visualised by confocal microscopy and the individual ovules by DIC imaging.

Figure 12–A,D clearly shows one nucleus of expression with a slight surrounding green halo in a number of ovules still attached to the transmitting tract of the carpel.  Also at STG -7 in Figure-12 two nuclei of expression can be clearly seen in the central most part of the ovule, portraying the polar nuclei at Stage FG5 of megagametogenesis (see Figure 2).  Ovules dissected from STG -6 (Figure -12) display four nuclei of expression, the ovule in the bottom left hand corner (*) 
shows expression of two nuclei at the micropylar pole of the ovule and of two nuclei at a more central position.  Whereas, the ovule in the top right hand corner (*) shows At2g22740::GFP expression of four nuclei all positioned at the ovules micropylar pole.       
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Figure – 13 At2g22740::GFP (SUVH6) expression is detected in the central cell nuclues and central cell cytoplasm 

Using DIC (top panel) and confocal microscopty (bottom panel) ovules were imaged using a 40x oil immersion lens (A, C) and a 20x lens (B, D).  Two ovules dissected at STG -4 (A, C) display a single nuclei and cytoplasmic expression surrounding a vacuole.  Multiple ovules disseced at STG 0 (B, D) display strong florescence at the micropylar pole.   
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Figure – 14 No expression of At2g22740::GFP (SUVH6) in female gametophyte post fertilisation

DIC (top panel) and confocal microscopy (lower panel) was used to image ovules post-fertilisation using a 20x lens, auto-florescence (red) was used due to low level of GFP florescence (green).  (A, B) Ovules dissected at STG +2 shows feint cytoplasmic expression (C, D) ovules dissected at STG +4 also show no SUVH6 expression. 

At2g22740::GFP (SUVH6) expression was detected from STG -4 to STG 0 during the last stages of megagametogenesis, but as of STG +4 no expression could be detected.

In Figure - 13 two ovules dissected at STG -4 show one bright nucleus of expression localised to the centre of the female gametophyte, and a faint green halo surrounds two small vacuoles.  On opening of the flower bud (STG 0 – Figure 13) At2g22740::GFP expression can be seen throughout the ovule, with the brightest signal located to the central cell nucleus and cytoplasmic regions at the micropylar pole.  

In ovules dissected from STG +2 and STG +4, post fertilisation, no SUVH6 expression can be detected (Figure 14).  
Characterisation of At2g22740::GFP (SUVH6) expression in roots
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Figure – 15 Expression of At2g22740::GFP (SUVH6) in the root tip from a germinated seed

Roots were imaged using DIC (A, C) and confocal microscopy (B, D) using a 10x lens; (A, B) roots taken from a wildtype seed shows very feint expression and (C, D) roots taken from a GFP-verified seed show an increased level of SUVH6 expression in the root tip ad meristem region. 
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Figure – 16 Expression of At2g22740::GFP (SUVH6) in the root tip at the seedling stage of development.  

Roots were imaged using DIC (A, C) and confocal microscopy (B, D) using a 10x lens; (A, B) roots from a wildtype seedling shows very feint expression and (C, D) roots from a GFP-verified seedling show increased expression in the root tip and meristem region.  

Roots imaged at the germinated seed and seedling stages of development, using DIC and confocal microscopy, display similar levels of At2g22740::GFP (SUVH6) expression in the meristem region and cell elongation and division zone compared to wild type controls (see figure 17).
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4.2 Analysis of T-DNA SUVH6 Insertion Lines
Plants
Figure – 18 T-DNA insertion line SAIL_1244_F04; N879899 compared to wild type plants.

T-DNA insertion line N879899 () and wild type () plants were grown in 6x4 trays as described in materials and methods.  All T-DNA insertion line plants were normal in appearance compared to wild type plants.

The growth rate and structure of T-DNA insertion line plants were compared to wild type in order to ascertain the effect of the SUVH6 genetic knockout on the development of Arabidopsis.  The images above display the observations that were made compared to wild type plants and plants containing the GFP construct, no obvious differences were noted compared to the T-DNA N879899 insertion line. 
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Figure - 19 Structural analysis of flowers from T-DNA insertion line plants compared to wild type

Flowers taken from plants at different developmental stages were analysed for any phenotypic differences, particularly in the reproductive tissues.  Images were taken of wild type (A, C, E) and T-DNA insertion line plants (B, D, F) at STG -4 (A-B) STG 0 (C-D) and STG +4 (E-F).     
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Figure – 20 Comparative analysis of stamen taken from a SUVH6 gene knockout plant compared to wild type

Anthers dissected from wild type (top of A, B, D) and T-DNA insertion line plants (bottom of A, C, E) were imaged at STG -4 (A), STG 0 (B-C) and STG +4 (D-E) using a microscope. 
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Figure – 21 Comparison of carpels dissected at different stages from T-DNA insertion line and wild type plants

Carpels were dissected at STG -4 (A), STG 0 (B) and STG +4 (C) from SUVH6 gene knockout (top of image) and wild type (bottom of image) plants.
Images of flowers and specific reproductive tissues were imaged at sequential developmental stages in order to assess if the plants containing the T-DNA N879889 insertion line were phenotypically different to wild type plants.  Looking at the growth and development of the structures an obvious distinction can be made in the carpel at STG -4, 0 and +4 and in the anther at STG -4.  In Figure – 19 images were taken of whole flowers dissected from both wild type and SUVH6 gene knockout plants, in the latter the carpel is consistently larger lengthways compared to the wild type carpel.  This can also be observed by Figure –21, in A the carpel taken from the N879889 plants was broader with a lightly deformed bulbous style underneath the stigma.  In the later stages of development the carpel is longer in the plants containing the SUVH6 gene knockout and also appears to be thinner.  Focusing on the stamen, the image of the flowers at STG 0 shows one of the stamen has grown substantially more than the others in the flower taken from the T-DNA insertion line plant compared to the wild type.  When looking at the stamen individually in Figure – 21 the first image (A) shows the filament of the stamen taken from the SUVH6 gene knockout plant 
is longer and slightly deformed compared to the wild type.  However, images taken of pollen dissected from STG 0 and STG +4 shows there is little difference between the size and shape of the filament and anther in the T-DNA insertion line plant compared to the wild type.    
Genotyping (PCR)



Figure – 22 Verification of the SAIL T-DNA insertion line N879899 on a 1% agarose gel

Two PCR reactions were set up to genotype DNA from plants containing the SAIL_1244_F04, N879899 insertion.  Each sample included PCR products from gene specific primers (RPxLP) loaded into the first lane and into the second lane was PCR products from right gene specific primer and left border T-DNA insertion line SAIL specific primer (RPxLB1).  L:  1Kb DNA ladder (NEB); first row: plants 1-6; second row: plants 7-8; WT1: Wild type 1; WT2: Wild type 2; WT3: Wild type 3; W: Water control; lanes next to the DNA ladder were missed. 

The above figure shows that mostly all plants contain the N879899 T-DNA insertion line and are homozygous except for plant number ?.  The first lane contains PCR products from gene specific primers which are present in WT1 and WT2 plants which shows the primers are specific to the gene, a band was also observed for plant ? which suggests that this plant is heterozygous.  The second lane was of PCR products from primers specific to the SAIL At2g22740::GFP T-DNA insertion line sequence and was present in all T-DNA plants displayed by a 1kb band.  A band at the 1kb mark was also observed for WT3 which suggests that this plant is heterozygous and also contains the SAIL T-DNA insertion line, this result could possibly be due to contamination whilst purifying the DNA or during PCR.  
Plant ? could have also yielded a heterozygous result due to contamination early on in the genotyping protocol.  Plants ?-? will be used in order to identify phenotypic and genotypic differences compared to wild type plants and plants containing the At2g22740::GFP reporter construct. See appendix for details on which primers were used during PCR.           
Imaging of Reproductive Tissues
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Figure – 23 At2g22740::GFP (SUVH6) expression in pollen taken from plants containing the T-DNA N879899 Insertion Line

No SUVH6 expression was detected in pollen grains dissected from STG -10, using DIC (A) and confocal (B) microscopy and a 40x oil immersion lens. 
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Figure – 24 Expression of At2g22740::GFP in bicellular and trinucleate pollen

Using DIC, confocal and UV microscopy with DAPI staining to reveal nuclei At2g22740::GFP (SUVH6) expression can be detected at both the early bicellular and tri-nucleate stage.  Pollen grains were imaged using a 40x oil immersion lens at STG -8 (A-C) and STG -5 (D-F).
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Figure – 25 Expression of At2g22740::GFP in mature pollen

DIC (A) and confocal (B) images of pollen dissected at STG +4 were taken using a 40x oil immersion lens, one strong signal of expression was displayed illustrating the vegetative cell nucleus.  
Pollen grains taken from a seed line containing the T-DNA insertion line N879899 were imaged using confocal, DIC and UV microscopy with DAPI staining in order ascertain the localisation of expression in the male gametophyte.  

Figure - 23 shows no At2g22740::GFP (SUVH6) expression in pollen at the microspore stage, dissected at STG -10.  In Figure 24–B DAPI staining under UV microscopy reveals staining indicative of the larger vegetative and smaller generative cell nuclei at the early bicellular stage.  Confocal microscopy reveals that SUVH6 expression localises to the vegetative cell and possibly the smaller generative cell also, with a slight halo effect surrounding the nuclei (Figure 24-C).  Figure 24–E clearly shows pollen at the tri-nucleate stage, confocal microscopy (Figure 24-F) shows that SUVH6 expression localises to the vegetative cell nuclei only, no expression can be detected in the adjacent sperm cells.

Lastly, mature pollen grains were imaged using DIC and confocal microscopy at STG+4 of development (Figure -25).  Once more, one large bright signal of expression was detected depicting the vegetative cell nucleus but no expression in the sperm cells. 
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Figure – 26 At2g22740::GFP (SUVH6) expression in the female gametophyte of plants containing the T-DNA N879899 Insertion Line
Confocal (A, C) and DIC (B, D) microscopy was used to detect SUVH6 expression using a 20x lens.  Ovules were dissected at STG -10 (A-B) and STG -8 (C-D)
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Figure – 27 Expression of At2g22740::GFP is detected in two and four nuclei in the developing female gametophyte of a T-DNA knockout line

Using DIC (top panel) and confocal (lower panel) microscopy using a 20x (A, C) and 40x oil immersion lens (B, D) were able to detect the polar nuclei in ovules dissected at STG -7 (A, C) and four nuclei of expression in ovules dissected at STG -6 (B, D).
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Figure – 28 Expression of At2g22740::GFP (SUVH6) at sequential stages of development

DIC (top panel) and confocal (lower panel) microscopy was used to detect SUVH6 expression in the developing female gametophyte of a seed line containing the T-DNA N879899 insertion.  Ovules dissected from STG -4 (A, D) and STG 0 (B, E) show SUVH6 expression in the central cell nucleus and central cell vacuole, respectively, whereas ovules dissected at STG+4 (C, F) show no expression.
The female gametophyte from a seed line containing the T-DNA insertion line N879899 was imaged during sequential stages of development using DIC and confocal microscopy using auto-florescence to visualise foci of At2g22740::GFP (SUVH6) expression within the ovule.  

Prior or megagametogenesis (Figure 26–A, B) no SUVH6 expression was detected in the ovules, but at STG-8 one single nucleus of expression could be seen towards the micropylar pole of the ovule.  Ovules dissected at STG -7 show faint expression of two nuclei, also at the micropylar pole of the female gametophyte (Figure 27-C), at STG -6 (Figure 27-D) SUVH6 expression localises to four nuclei also at the micropylar pole of the ovule.

Figure 28 shows the last stages of megagametogenesis within the female gametophyte, images A and D show a bright signal of expression as one single nucleus towards the micropylar pole but still relatively central, cytoplasmic expression surrounds the nuclei.  Figure 28 – B, E shows ovules at the flower bud opening stage with SUVH6 expression localised to the central cell vacuole and central cell nucleus, the brightest signal can consistently be seen towards the micropylar pole.   
Imaging of Roots

[image: image83.png]


  [image: image84.png]


   [image: image85.jpg]WA T
.)olso; N2
LA

M G LY




    [image: image86.png]



Figure – 29 Expression of At2g22740::GFP (SUVH6) in the root of a germinated seed containing the T-DNA N879899 insertion line

DIC (A) and confocal microscopy (B) was used to detect expression of SUVH6 in roots from a seed line containing the T-DNA N879899 insertion line, using a 10x lens.
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Figure – 30 Expression of At2g22740::GFP (SUVH6) in the root of a seedling containing the T-DNA N879899 insertion line

DIC (A) and confocal microscopy (B) was used to detect the expression of SUVH6 in roots from a seed line containing the T-DNA N879899 insertion line, using a 10x lens.

Roots from a germinated seed and seedling containing the T-DNA insertion line N879899 were imaged using DIC and confocal microscopy to detect At2g27740::GFP (SUVH6) expression. 

Figure - 29 shows roots taken from a germinated seed, the T-DNA insertion line root shows little difference in SUVH6 expression compared to the wild type root.  A similar effect can also be observed in the seedling roots (Figure - 30), the root from a T-DNA insertion line seed displays little difference in SUVH6 expression compared to the root of a wild type plant.  The results suggest that the T-DNA insertion has had an effect on the function of the set domain protein SUVH6 in developing roots.

5. Discussion

5.1 Expressional Characterisation of SUVH6 in Arabidopsis thaliana
SUVH6 Expression in various tissues types

The ‘Meta-Profile Analysis’ taken from Genevestigator V3 (www1) brings together a series of different arrays to give a complete picture of SUVH6 expression in Arabidopsis.  Data taken from this program indicates a higher level of expression in the male gametophyte, particularly pollen, compared to a range of other tissue types which display a lower level of SUVH6 expression.  Confocal microscopy was used to collect images and SUVH6 expressional data from a range of tissues in Arabidopsis thaliana, the results I 
obtained correlated well to the microarray data.  At2g22740::GFP expression was especially high in anthers, particularly at STG +4, whereas in the sepal and stigma expression remained relatively low at all stages of development.  However, microarray data indicates that the female gametophyte displays a low level of expression whereas data collected by confocal microscopy indicates a higher level of At2g22740::GFP reporter expression in the carpel.

Due to time constraints the amount of data collected was not as extensive as it could have been and the results collected from the confocal microscope were assessed subjectively.  In order to improve the quality of the results, I
 ideally would have taken samples of a larger range of tissue types at specific developmental stages from a number of different plants in order to eliminate any variation and ascertain a more qualitative value.  However, the confocal microscopy results did show that SUVH6 expression patterns were mostly consistent with microarray data; this provides a good basis for future experiments characterising SUVH6 set domain protein in Arabidopsis thaliana. 

SUVH6 expression during Male Gametophyte Development

Using DIC, confocal and UV microscopy with DAPI staining to identify nuclei, the male gametophyte of Arabidopsis thaliana was studied at sequential stages of development in order to characterise At2g22740::GFP (SUVH6) expression.  Data obtained during the course of this study identified the localisation of SUVH6 expression to the vegetative cell and not the generative 
or sperm cells; this is not consistent with microarray data which reveals a high level of SUVH6 expression in the sperm cells.  Pollen grains imaged at STG -6 (Figure) show the male gametophyte at the bicellular stage of development; this is indicated by the two bright DAPI stains under UV microscopy representing the vegetative and generative cell nuclei.  The corresponding image taken from the confocal microscope detects a strong GFP signal in the vegetative cell only, indicating the co-localisation 
of SUVH6 expression is to the vegetative cell and not the generative cell at the bicellular stage of development.  Mature pollen grains were also taken from just opened flower buds and imaged to detect the level of At2g22740::GFP (SUVH6) expression after the second mitotic division (PMII).  Results obtained during the study consistently displayed a high level of expression in the vegetative cell, but no GFP signal at all was detected in the adjacent sperm cells (Figure -).  This characterisation of SUVH6 expression is consistent with previous data (Pickles, J. 2010) but as mentioned earlier it does not correlate with microarray data taken from Genevestigator V3 which indicates a much higher level of expression in sperm cells.  Evidence from this study suggests that SUVH6 expression is down-regulated in the generative cell of bi-cellular pollen and as the male gametophyte undergoes the second round of mitosis to become mature tri-nucleate pollen, SUVH6 expression remains down-regulated in the sperm cells and continues to be up-regulated in the vegetative cell.      

SUVH6 expression during Female Gametophyte Development

SUVH6 expression was observed during sequential mitotic divisions leading to the development of the mature ovule.  Between STG -10 and STG +4 ovules were imaged using DIC and confocal microscopy in order to evaluate the level of At2g22740:: GFP reporter expression at particular foci.  

Multiple ovules were dissected at very early stages of development – STG -10 and STG -8 – prior to megagameteogenesis and stage FG1.  Confocal microscopy revealed no expression suggesting down regulation of the SET domain protein SUVH6 during microsporogenesis.  A single nucleus surrounded by a green halo effect was the first foci of expression to be observed at STG -7.  As described by previous work (Pickles, J. 2010) the single nuclei of expression could either be from the remaining microspore entering the beginning stages of megegametogenesis or the point of expression could be one of the two nuclei after the first mitotic division.  In the first instance SUVH6 expression would be up-regulated post megasporogenesis and after the first mitotic division expression would remain up-regulated in the nucleus at the mircropylar pole and become down-regulated in the nucleus at the chalazal-most pole.  In the second case expression of the SET domain protein is likely to be up-regulated in the nuclei at the micropylar pole but down-regulated in the nuclei at the chalazal pole after the first mitotic event.  What is observed by Figure – is expression in a single nucleus at the micropylar pole which would be the result of both of the suggested scenarios.

At stage FG4 a second round of mitotic division takes place by which four nuclei are now produced, two at each pole of the ovule.  Images taken from STG -7 show two nuclei of expression at the micropylar pole; this suggests that up-regulation of SUVH6 remains consistent in the nuclei at the micropylar pole and expression in the nuclei at the chalazal pole continues to be switched off.  

The final mitotic division gives rise to a polar eight nucleate cell, shortly after the division one nucleus from each pole migrates to the centre of the ovule before fusing to become the central cell nucleus.  At STG -6 two ovules were imaged depicting sequential stages in the migration of four out of the eight nuclei (Figure -).  In one ovule two nuclei of expression can be seen towards the centre of the cell and the remaining two are positioned at the micropylar pole.  This image is likely to represent the up-regulation of SUVH6 in the polar nuclei and the synergid cell nuclei at stage FG5 of female gametophyte development.  This would also mean that SUVH6 expression would have to be switched on after the third mitotic event in the nucleus which migrated from the chalazal pole to become one of the polar nuclei.  The second ovule displays expression in four nuclei all at the very tip of the micropylar pole; this is likely to illustrate the migration of the polar nuclei towards each other and towards the micropylar pole prior to fusing to form the central cell nucleus as well as the synergid cell nuclei.  The antipodal cells at the chalzal pole and the egg cell at the micropylar pole consistently show no nucleic expression of SUVH6 indicating a consistent down-regulation of the SET domain protein throughout female gametophyte development.        

Ovules imaged at STG -4 (Figure -) display a strong signal of expression in a single nuclei positioned at the micropylar pole and the surrounding cytoplasm.  This high level of SUVH6 expression is localised to the central cell nucleus after the fusion of the polar nuclei.  As no other foci of expression can be detected this shows down-regulation of SUVH6 expression in the synergid cells post polar nuclei fusion.  The final image (Figure -) was of ovules dissected from the first fully open flower bud, the strong signal extends throughout the central cell cytoplasm with a particularly bright signal of expression representing the central cell nucleus.  

Ovules dissected at post-fertilisation stages +2 and +4 displayed no expression pattern, this shows that SUVH6 expression is switched off in the central cell on fertilisation of the female gametophyte.  This indicates the important role of the SET domain protein during sequential stages of gametophyte development leading to the formation of a mature ovule.  

GFP interference?

SUVH6 expression during root development
Roots were imaged at the germinated seed and seedling stages of plant development.  In both cases the plants containing the At2g22740::GFP reporter construct displayed a stronger signal of expression compared to the wild type plants, as demonstrated by Figures?  When compared to an image representing regions of the root implicated in its growth and development (Figure?), we can clearly identify the localisation of SUVH6 expression is to the meristem region and cell elongation and division zone (papers
?).

No difference in SUVH6 expression was detected between the germinated seed and seedling stages, but it would be interesting to see whether expression levels differ throughout the course of angiosperm development.  Unlike gametophyte development, the development of the roots is never a completed process; therefore it is my prediction that expression of the SET domain protein SUVH6 would remain consistent in the meristem region of the root tip throughout the duration of Arabidopsis thaliana development.   

5.2 Analysis of T-DNA SUVH6 Insertion Lines 

Phenotypic Analysis
In order to assess the phenotypic differences in plants containing the SUVH6 genetic knockout compared to wild type and GFP verified plants, images were taken of whole plants, whole flowers and more specifically the reproductive tissues at different developmental stages.  Observations made of Arabidopsis growth and development showed little differences between the different plant lines (figure -), however looking at the reproductive tissues we can clearly see 
a slight difference in structure and growth rate of the stamen and a definite difference in the carpel at STG -4, STG 0 and STG +4 of development (Figures -).  The stamen of the N879899 insertion line plant appears to be affected at STG -4, as Figure – A shows a slightly distended and unusually shaped filament compared to the wild type plant.  However, at later stages of development there seems to be no difference between the two lines of plant.  Focusing on the carpel at early stages of development it appears to be bulbous and broader in plants containing the SUVH6 gene knockout; at later stages it becomes more extended and thinner than the wild type plant (Figure -).  Although overall growth and development of Arabidopsis thaliana does not seem to be affected by the SUVH6 gene knockout, it is clear that the loss of At2g22740 genetic function does impact upon the correct structural development of the carpel and to a certain point the stamen too.  The observations and comparisons made between wild type and T-DNA insertion line plants were of course subjective, in order to fully characterise the phenotypic differences between the plant lines I 
ideally would take tissues samples from a number of plants at a larger range of developmental stages
.  
Genotyping
The first PCR reaction using gene specific primers (see appendix) were confirmed to be specific to At2g22740 (SUVH6) as indicated by a 1077bp band using an annealing temperature of 58°C.  Plants containing the SAIL_1244_F04 T-DNA insertion line N879899 were mostly all confirmed to contain the homozygous insertion line by TAIR and by the second PCR reaction (figure ?).  T-DNA insertion line plant ? displayed two bands indicating the presence of the N879899 insertion line and SUVH6 gene.  The same result was also observed for WT3 which suggests that contamination may have occurred either at the DNA purification stage or when carrying out the PCR protocol. Plant ? and WT3 were therefore left out of any experiments comparing phenotypic and genotypic differences between wild type, GFP verified and T-DNA insertion line plants as the results obtained may not have been entirely representative.

Carry out RT-PCR in order to confirm loss of gene?    

Genotypic Analysis of Arabidopsis thaliana Tissues 
At sequential developmental stages ovules and pollen grains dissected from plants confirmed to contain the homozygous SAIL_1244_F04 T-DNA insertion line were imaged using DIC, confocal and UV microscopy with DAPI staining in order reveal nuclei.  The localisation of At2g22740::GFP (SUVH6) expression in female and male gametophyte development, in the plants with a confirmed disrupted SUVH6 gene sequence, was comparable to plants containing the SUVH6-GFP reporter construct (Figures -).  However, analysis of roots dissected from a plant containing the T-DNA SUVH6 insertion line showed a loss of SUVH6 expression compared to the roots taken from a plant containing the At2g22740::GFP reporter construct.  Suggesting that the insertion line in Arabidopsis thaliana lead to increased loss of SUVH6 expression in the developing root.  However, this did not appear to have a phenotypic impact on the root as the structure remained unaffected and appeared to develop at a normal rate compared to wild type and GFP verified plants.  

Overall, this may suggest a possible protein redundancy in which SET domain containing proteins similar to SUVH6 have overlapping roles in the methylation of H3K9.  Previous work (Pickles, J. 2010) analysed the homology of SUVH6 to other SET domain containing proteins in Arabidopsis thaliana.  According to all inferred trees produced SUVH6 had the highest homology to SUVH5, and the next closest SET domain containing protein was SUVH4.  The SUVH5 protein has been proven to display histone methyltransferase activity in vitro and contributes to the maintenance of H3K9 and DNA methylation of non-CG sites in vivo (Ebbs, M. et al 2006).  Studies defining the similarities between SUVH4 and SUVH6 have reported that the two Class V SET domain proteins work together to maintain epigenetic modifications via H3K9 and non-CG methylation at specific loci (Ebbs, M. et al. 2005).  SUVH4 is the only one of nine genes within this family that contains introns within its coding region.  Therefore, it is a possibility that KRYPTONITE was the ancestral member of the gene family and SUVH6 plus SUVH5 have evolved by gene duplication in order to take on more specialized roles (Jackson et al, 2004). 

Conclusion and Further Work
In this study SUVH6 has been further characterised in Arabidopsis thaliana, focusing mainly on expression patterns during development of the male and female gametophyte and the effect of a T-DNA SUVH6 insertion line on phenotypic and genotypic traits of the plant.  Other studies have consistently reported the epigenetic properties of SUVH6 via covalent histone modifications and the interaction of the SET domain containing protein with other proteins of high homology in maintaining H3K9 and DNA methylation at non-CG sites (Ebbs, M. et al. 2006).  Preliminary work studying the expression of an At2g22740::GFP reporter construct in Arabidopsis thaliana has detected SUVH6 expression in the vegetative cell of mature pollen and differential expression in the eight nuclei of the developing female gametophyte (Pickles, J. 2010).  The results obtained during the course of this study confirm the pattern of expression during the development of the male and female gametophyte and suggests possible SUVH6 protein redundancy due to the overlapping roles of SUVH4 and SUVH5 in histone and DNA methylation.  

In order to fully characterise SUVH6 in Arabidopsis thaliana 
further questions need to raised and the complex mechanism involved in shaping and regulating SET domain proteins needs to be addressed.

Alternative splicing occurs in 18 (38%) of Arabidopsis SET genes by a variety of different mechanisms.  The occurrence of alternative splicing in non-coding regions can lead to differential expression of proteins and in coding regions it can affect protein structure and function (Ng, DN. et al. 2007).  The generation of several different transcript isoforms by alternative splicing may provide Arabidopsis thaliana 
with an opportunity for differential regulation of SET domain proteins, further adding to epigenetic control of development by possible mechanisms of tissue specificity.  
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Figure 3 – Structure of the Male Gametophyte 


Tricellular Pollen.  The larger vegetative cell (vc), which is less compact and irregularly spaced, encloses two smaller sperm cells (sc1 and sc2) which are physically connected to each other and co-jointly surround the plasma membrane of the vegetative cell [pm(v)].  The sperm cell nuclei are coloured black, the sperm cell plasma membranes [pm(s)] are coloured grey.  (Sprunck, S. 2010)  





Figure 5 – Structure of the Female Gametophyte


The seven-celled female gametophyte is enclosed by the outer integuments (oi) and inner integuments (ii) of the ovule, with a small opening (mp) as entry for the pollen tube.  The micropylar pole (mp) contains the synergid cells (sn) and the three antipodals (ap) are located at the chalazal pole (chz).  In the centre of the egg is the central cell nucleus (cnn), located in close proximity to the large central cell vacuole (ccv) and the egg cell nucleus (ecn).  Fun: funiculus, f: filiform apparatus.  (Sprunck, S. 2010)       
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Figure – 17 Primary Growth in the Root


Regions of the roots which contribute to its growth and development (www2)
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�Again need more info in the legend. It look to me as if there is also expression in the generative cell but you don’t mention this


�Co-localise not the right expression really


�Again more detail requires in legend a,b,c  etc and also need arrows etc


�Look like the vegetative and generative cell are GFP positive to me in many of the pollen grains


�reword


�you don’t have letters on your figures


�this should be detailed in the figure legend. A figure with its legend should be almost ‘stand alone’  - It is fine to detail again in the main text section of the  ‘Results’


�make sure you use arrow in all figures to indicate key points


�ensure all figures get the same treatments I have indicated above


�observing differences like this in just afew plants needs to be taken with a large pinch of salt. You must clearly indicate how many plants were observed, whether differences wre consistent in your opinion etc. You can say that differences were routinely observed or not in this preliminary study…large sample size needed with proper statistical analysis etc etc


�can’t see figures in  my version of the document all OK in yours I hope


�make sure this is clear on the figure so that the reader will grasp what you mean


�Why do we have this section when earlier you have a section on reproductive tissues and roots? Was this an earlier version and needs an edit? Anyway make sure that the results section is coherent with no repition


�Do not use ‘I’ in scientifiv writing…keep it impersonal


�Avoid chatting ‘personal’ style – keep it tight and scientific


�I am sure that your images show expression in the generative cell. I agree that no expression is evident in sperm cells. What do you think about expression in the generative cell?


�Co-localisation means localising to the same place as something else….do you really mean this?


�Not sure what you mean by this?!


�Or a book chapter on plant anatomy – would this be detailed in Taiz and Zeiger?


�Again avoid ‘we’ – not good in scientific writing!


�As above


�And come up with some way of assessing these phenotypes…what would you measure?


�This is not entirely appropriate for a discussion section. You could mention this in the results section. The main message is that you identified plants appropriately and that ones that gave ambigious results were omitted from the study


�I think you need to comment on this. Time constraints meant you couldn’t do this but you should make some comment on where the T-DNA occurs in the gene and thus you could make some educated guesses as what you would expect in terms of a functional transcript or not


�italics


�italics





