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Introduction
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Pollen genes can be separated into two groups; early and late genes – or genes active in development and genes active after development respectively
. This project will be concerned with finding genes that affect the ability of pollen to fertilise the ovule. It needs to be remembered, however, that the methods used may uncover genes involved in the development of the male gametophyte.

Plant fertilisation

A. thaliana pollen grains consist of two cells
 – a generative cell (which will divide into two sperm cells) within the vegetative cell. The vegetative cell carries out the metabolic functions of the pollen grain and initiates the growth of the pollen tube.
Reproduction begins when a pollen grain lands on  the stigma. If the pollen is compatible, the tube cell 
will form a pollen tube which burrows into the style. The pollen tube is actively guided by signals in the plant through the style, through the transmitting tract and to the ovule. The generative cell, which has divided to form to sperm cells, follow through the pollen tube. The pollen tube enters the ovule through the micropyle. It then bursts, releasing the sperm cells into the embryo sac. One sperm cell will unite with the egg cell (the female gametophyte
), while the other will enter the diploid central cell to form a triploid cell.
There are many different genes that control the growth and direction of the pollen tube to the ovule and the subsequent double fertilisation
. For instance, the protein HAP2 
is required for pollen tube direction and fertilisation (von Besser, Frank, Johnson, & Preuss, 2006). Knocking-out the gene does not affect the rate at which the pollen tube grows, but approximately half the tubes do not find their way to an ovule. Plus, fertilisation does not occur even when the pollen tube does reach an ovule. Importantly this shows that sperm cells are not merely passive cargo being transported to their destination.
The section above needs further expansion..needs more on genes possibly involved in sperm-egg interactions eg GEX2
The sperm cells are transported close to the tip of the pollen tube and are, therefore in a prime position to process directional signals for the tube. HAP2 is an integral membrane protein with a significant extra-cellular domain. This domain could well interact with cytoplasmic factors in the tube cytoplasm.
Identifying pollen genes

Identifying genes expressed principally in pollen is a major challenge
. The usual method of determining tissue specific gene expression is by isolating mRNA for a particular tissue and carrying out reverse transcription to produce a cDNA library. Sperm cells only occupy a fraction of any given pollen grain, however, with the generative cell
 occupying even less; making this method difficult to apply. 
Purifying sperm cells is difficult in some plants (eg. A. thaliana) and easier in others (eg. Zea mays). In 2003 a study by…reported … cDNA library was created from Zea mays sperm using fluorescence-activated cell sorting (FACS) to separate sperm cells from the rest of the pollen grains (Engel, Chaboud, Dumas, & McCormick, 2003). Pollen was first ruptured by osmotic and pH shock followed by centrifugation to enrich sperm cells. They were still heavily contaminated by vegetative cell cytoplasm, though. The contaminated fraction was labelled with Hoechst dye (a DNA dye) and cells sorted by this dye and their light scattering properties using FACS. RT-PCR found no trace of an mRNA found at high levels in the vegetative cell in the purified sperm.

This cDNA library is used as the basis for finding new sperm specific genes in A. thaliana
. First, genes identified in the cDNA library were BLASTed against the A. thaliana genome. Approximately 5% of the sperm specific Z. mays genes were found to have possible homologues
. These identified genes were further narrowed down by removing genes that were expressed in non-pollen tissue and using microarray data to identify genes that are expressed in pollen (but not necessarily sperm cells).

Microarray data showing the comparative expression levels of most genes in the A. thaliana genome is available through Genevestigator (Zimmerman, Hirsch-Hoffmann, Hennig, & Gruissem, 2004) at ‘https://www.genevestigator.ethz.ch/’. The microarray data is available through an easy-to-use Java application. The user is able to choose the organism and the microarrays and search for a particular gene. An example of the program in use is shown in Error! Reference source not found..
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Figure 2 The GENEVESTIGATOR program showing the comparative expression of a particular gene in different plant tissues. 
The functions of the genes found can be investigated by a number of different methods. My project will focus on the use of SALK insertion lines.

SALK insertion lines
These are a series of A. thaliana lines produced by the Salk Institute for Biological Sciences, La Jolla, California. The project resulted in 225 000 lines, each with an independent T-DNA insertion in the genome (Alonso, 2003), representing at least one insertion in nearly all genes in the A. thaliana genome. In order to carry out this large scale operation, the researchers utilised the bacteria Agrobacterium.
 In nature, this bacterium contains a T-DNA plasmid which it is able to transfer into a plant host cell and integrate into the host cell’s genome at an almost random locus (there are insertion hot spots in genomes). The genes contained within the T-DNA, such as opine synthesis genes, are expressed, which leads the creation of a hospitable environment for the bacteria.
Agrobacterium has been an important tool for plant molecular biologists since it was discovered that the left and right borders of the T-DNA is all that is necessary to ensure effective transfer to the host genome, the sequence between the borders need not be conserved. Researchers could remove the normal T-DNA genes, such as those for opine synthesis, and replace them with other genes. It became an easy method for expressing a new protein in a given plant species
.

In 1983, a new application for Agrobacterium was developed; activation tagging mutagenesis (ATM). 
This technique involved inserting 4 copies of the cauliflower mosaic virus 35S promoter into the T-DNA (as well as an antibiotic resistance gene). The promoters would integrate at a random place in the genome and increase the transcription of any genes in the vicinity. The plants could then be screened for the appropriate activity. 
[image: image2.emf]
Figure 3 A diagram of the pCAMBIA 1301 T-DNA plasmid
In the creation of the SALK lines, the sequence in between the left and right borders of the T-DNA is relatively unimportant. What is important is the location in the genome that the T-DNA was inserted
. An insertion in the middle of a gene would halt the production of the expressed protein. By knowing the phenotype the insertion line, a putative function for the gene can be ascertained.

 The group carried out enough insertions to ensure coverage of the entire genome (usually just one T-DNA per plant), and then identified the locus of each T-DNA. On the Salk website (signal.salk.edu), researchers can search for a particular gene in the Arabidopsis genome and identify the lines which contain a T-DNA insertion in that particular gene.
AT1G10090

Two possible sperm specific genes were previously identified by the bioinformatics approach desribed in section x  
that are to be investigated further in this project, AT1G10090 and AT1G03250. 
Microarray data shows (or showed) that AT1G10090 is found in a range of tissues, such as leaves and petals, but is principally found in pollen
.  Bioinformatics turned up few possible features of AT1G10090. The hypothetical gene produces a transmembrane protein, containing 9 transmembrane domains. It is predicted, by its N-terminal sequence, that it is localised to the cell membrane. The protein also contains the DUF221 domain
, which 6 of the transmembrane domains are situated in, but the domain has no known function.
The DUF221 domain has been found in other proteins with some discernable function: the early-responsive to dehydration (ERD) proteins. The expression of these proteins is increased in response to dehydration, but their particular functions remain unknown
.
I had available to me
, 3 SALK lines with a T-DNA in or around AT1G10090. SALK_131877 had a T-DNA inserted into the genes 7th exon (in the reverse direction
), whereas SALK_050721 and SALK_050377 had insertions in the promoter region within 1kb of the gene’s starting codon.
Even less information was known about AT1G03250
. The gene, also hypothetical, has no recognisable domains, no transmembrane regions and no prediction of subcellular localisation can be made
.

I had one SALK line, SALK_017925, which the SALK Institute indicated had an insertion in the gene’s first exon.

Aims and Objectives

The primary aim of this project is to investigate the functions of two possible pollen specific genes
, AT1G10090 and AT1G03250, in A. thaliana using SALK insertion lines.
Following the more general aims described above I would then go on to say…more specifically in this project I aim to …then bullet point the specific goals that you want to achieve.
1. confirm that the plant lines for study contain T-DNAs in the loci of interest
2. Assess whether fertility is affected in the putative knock out lines by assessing seed set

3. where infertility is established for lines determine whether the cause of this resides on the male or female side by reciprocal crosses between mutant lines and wt, pollen tube growth analysis, and segregation distortion analysis
Something like this would be good
Following confirmation that the T-DNAs are present at the correct loci of the genome, I will analyse the plants’ seed sets. If the genes are involved in reproduction, the SALK insertion lines should have a reduced proportion of fertilised ovules. If a significant difference in seed set is seen between mutant and wild-type, I will ensure that the pollen are viable (non-viable pollen would suggest that the gene is involved in pollen development). If pollen are viable, this would suggest that the gene is involved in either pollen tube growth or fertilisation itself. I will visualise the growth of individual pollen tubes using aniline blue staining to test this hypothesis.
Finally, I will carry out segregation distortion to assess the impact that the mutation has on fertilisation. 
Jan – yes your own assessment of the intro was correct. A bit too short and lacking substance in the important areas. You can lose some of the Agrobacterium stuff and increase the background on plant sperm biology, discuss the findings of the Maize paper a bit and work by Scott Russell on Plumbago dimorphic sperm…state that lots of info on pollen development and female development etc but virtually nothing on mutations that actually affect sperm –egg interactions…consider why this might be the case? Probable that relatively few genes affect this stage of reproduction…the rest of the process of making sperm and eggs and getting them to one another is under the control of hundreds if not thousands of genes..thus mutants are common for thiese parts of the process etc
Materials and Methods

Jan need a section on plant material and growth conditions. The plant lines you used and where they come from. Remember Col-0 A. thaliana, salk lines from NASC and growth conditions 22C 16hour day 8 hor dark 60% humidity in controlled environment rooms
Analysis of SALK lines

Before assessing the phenotype of a SALK insertion line, it is important to ensure that the plant contains a T-DNA insertion and that it is at the expected locus. There are a number of reasons why a line may not contain an insertion, or contain one at a different locus than is expected.
 
This is determined using two PCR reactions. The first uses two primers complementary to wild-type genomic sequences, one upstream of the expected insertion site (the left primer – LP) and the other downstream (the right primer – RP). The other PCR once again utilises the right primer, but instead of the left primer, a primer complementary to the left border (BP) of the T-DNA is used. 
[image: image3.png]



Figure 4 A digram showing the positions of the 3 primer sites in and around a T-DNA insertion site (SALK Institute)
These PCRs are able to determine whether the plant is wild-type, a heterozygous insertion mutant or a homozygous mutant. A wildtype mutant will just have a band in the first PCR, a heterozygous will have a large band in the first and a smaller one in the second, while a homozygous plant will just have a band in the second PCR (as the T-DNA is too large to replicate in its entirety). Examples of each are shown in Figure 5.
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Figure 5 A PCR gel showing the 3 possible outcomes of a T-DNA insertion. Each plant is represented by 2 consecutive lanes; the first indicating an interrupted sequence, the second indicating a T-DNA is present
Phenotypic analysis
Once a gene expressed principally in pollen has been identified and a SALK line containing the necessary insertion has been obtained and confirmed, the phenotype of the line must then be identified. The knock-out of a pollen gene could have a number of different effects. For instance, it may result in the sperm cells not being viable and having a much reduced lifespan, the pollen tube may have difficulty locating an ovule or fertilisation may be inhibited once the sperm cell reaches the ovule. There are a number of different tests which can narrow down the possible function of the gene in question.
FDA and DAPI staining

These two staining experiments are very quick to carry out and allow easy identification 
of any non-viable pollen. These tests will likely determine if the knocked-out gene is involved in pollen development.

FDA (fluorescein diacetate) is a non-fluorescent compound which can be cleaved for form fluorecein, a fluorescent molecule which fluoresces bright yellow/green light
. This cleavage is carried out by esterases in living cells. Therefore, a living pollen grain will take up the FDA and subsequently form fluorescein and will become easily identifiable by fluorescence microscopy (see Figure 6
).
20μl mounting media
 was placed onto a slide and 3 flowers rubbed in the media to dislodge pollen from the anthers. 2μl FDA 
(in acetone) 
was then pipette into the media and mixed with the tip. Preparations were covered with a glass slide, sealed and left for 5 mins. Slides were viewed under the FITC fluorescent filter
.
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Figure 6 An image showing a viable pollen grain (left) fluorescing and a dark, no-viable pollen grain (right)

DAPI (4',6-diamidino-2-phenylindole) is a fluorescent stain that binds to DNA. The stain can freely traverse cell membrane and will then label the cell nucleus. The molecule is excited by ultra-violet light, emitting light at 461nm. The stain can be used to visualise the 3 nuclei within the pollen grain; one in the vegetative cell and two in the generative cell (see Figure 7
).
20μl mounting media was placed onto a slide and 3 flowers rubbed in the media to dislodge pollen from the anthers. 2μl DAPI (at 5μg/ml) and 1μl Triton 10% (to facilitate DAPI movement into the cells) were then pipetted into the media and mixed with the tip. Preparations were covered with a glass slide, but could be viewed under the microscope (with the DAPI filter) straight away. 
[image: image6.jpg]



Figure 7 An image showing the 3 nuclei within a pollen grain containing DAPI stained DNA
Seed set

An analysis of seed set is usually the first indication as to whether or not a particular plant may have a problem in seed formation
. The plants are allowed to self-fertilise and the number of properly formed seeds in the siliques are compared to the numbers of unfertilised ovules and aborted foetuses. This can be carried out in two different ways; either by dissection or by dark-field or bright-field microscopy (see Figure 8). To view by microscopy, the silique is first submerged in fixative for 1-2 days to clear. Fixative consists of 60% ethanol, 30% chloroform and 10% acetic acid. Fixative halts all biological processes in the plant which can remain in the fixative indefinitely.
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Figure 8 (a) A dissected wild-type silique, and siliques with reduced seed set viewed by dark-field (b) and bright-field (c) microscopy

Siliques with reduced seed set identified by DF or BF microscopy
 can be dissected in order to determine whether the missing seeds were aborted or not fertilised in the first place. If no aborted foetuses
 are found it is possible that the sperm cells were not delivered to the ovule for some reason. If the seeds were aborted young it is important to rule out that it is a problem with the female gametophyte.

Particular phenotypes will give expected results:

	Phenotype
	Seed set

	No reproductive phenotype
	100%

	Pollen tube growth – catastrophic
	100%

	Pollen tube growth – mild 
	100%

	Male gametophyte – catastrophic
	50%

	Male gametophyte – mild
	Between 50 and 100%

	Female gametophyte – catastrophic
	50%

	Female gametophyte – mild
	Between 50 and 100%

	Sporophytic
	100%

	Sporophytic – dominant negative – catastrophic
	0%

	Sporophytic – dominant negative – mild
	Between 0 and 100%


A mild phenotype phenotype means that there is an effect on a particular tissue (be it pollen tube, gametopohyte or sporophyte), but the effect does not completely prevent its functioning.

Pollen tube growth phenotypes will not affect seed sets, as stigma are self-pollinated in excess and, so, there will always be enough wild-type pollen to fertilise all the ovules. Male gametophytic phenotypes do affect seed set as only one pollen tube can enter an ovule (in the vast majority of cases), so a wild-type gametophyte cannot ‘take over’ if there is a problem.
Sporophyte tissue refers to the 
cells surrounding the egg sac
. A problem with these calls can prevent fertilisation, but unlike most of the egg sac cells, sporophyte tissue is diploid. The mutation must, therefore be dominant negative in order to display a phenotype
. If this were the case it would affect by mutant and wild-type gametophytes.
The issue can be significantly clouded, however, if the mutation results in a number of different phenotypes. This will be discussed further in the discussion.

Ovule dissectio
n

The carpel is separated from the rest of the flower and a needle is run up along one side of it, releasing the ovules contained within. These are then viewed by DIC microscopy and compared to a wild-type ovule.
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Figure 9 A Wild-type ovule with a clearly visible central cell
Pollen tube growth

If a plant with low seed set is found to have a significant number of missing seeds (as opposed to aborted foetuses
), it is quite possible that the knocked gene is somehow affecting the passage of the sperm cells to the ovule. It is, therefore, necessary to view the pollen tubes growing in the stigma
. If the pollen tubes are seen to be aimless 
and have difficulty reaching the ovules, it would suggest that the gene is involved in directing the growth of the pollen tube.
 

Pollen tubes are too discreet to easily discern from plant material using DIC microscopy
. A fluorescent stain called aniline blue is used to label the tubes. Unfortunately, the stain does not label pollen tubes exclusively and, in fact, often stains vascular tubes quite brightly. A successful method of identifying pollen tubes is to identify possible structures using epifluorescence, followed with visualisation by DIC. If the structure is indeed a pollen tube, it should be barely visible, if at all, using DIC. The technique can take some time to master so I have included a clearer image from a journal article for illustration 
(Figure 10).
[image: image11.emf]
Figure 10 An aniline blue stained wild-type stigma fixed one day after pollination. Arrowheads indicate successful pollen tube accession (Mori, Kuroiwa, Higashiyama, & Kuroiwa, 2006)
Aniline blue staining was carried out on restricted pollinations to reduce the number of pollen tubes visible. I carried this out by pollinating by hand and making sure anthers only lightly touched the stigma. There were two methods to ensure that the plant did not self-pollinate prior to carrying out hand pollination. I carried out emasculations 2 days prior to pollination. This involved removing the anthers with forceps before the flower opened. I also used a mutant A. thaliana, A9, which has been engineered to have short anthers
, which prevents self-pollination. The emasculation method was the better method scientifically, but took significantly more time to complete. The A9 method, while quick, involved the use of a mutant which could have an unexpected effect on pollen tube growth
.
After pollination, pollen tubes were allowed 24 hours to grow before the growing silique was removed and placed into fixative for 24 hours. The silique was then placed into 8M NaOH for 2 days to soften. The silique was placed in aniline blue solution for 5 hours before being mounted on a glass slide and viewed under the microscope with the DAPI filter.
I was looking particularly for pollen tubes entering ovules and aimless pollen tubes which do not appear able to locate an ovule.
Segregation distortion
The T-DNA contains a kanamycin resistance gene and this can be used to determine the proportion of the offspring that contain the T-DNA when seedlings are grown an plates containing this antibiotic. This, in turn, can give clues as to the activity of the knocked gene. If the T-DNA were inserte
d into junk DNA 
on just one chromosome, for instance, we would expect 75% of the offspring to contain T-DNA on at least one chromosome and to grow on kanamycin media – Medndelian genetics dictate that 25% of progeny will be homozygous, 50% heterozygous and 25% wild-type (which will be kanamycin sensitive). If the T-DNA is disrupting a gametophytic gene this percentage will change depending on how important the gene is in enabling fertilisation. 
Seedlings from heterozygous parents were grown for 2 weeks on MS media containing kanamycin
. Resistant seedlings were green and appeared to grow normally, while non-resistant plants were small and yellow.

Particular phenotypes will give expected results:

	Phenotype
	Percentage resistance

	No reproductive effect
	75%

	Pollen tube growth – catastrophic
	50%

	Pollen tube growth – mild 
	Between 50 and 75%

	Male gametophyte – catastrophic
	50%

	Male gametophyte – mild
	Between 50 and 75%

	Female gametophyte – catastrophic
	50%

	Female gametophyte – mild
	Between 50 and 75%

	Sporophytic

	75%

	Sporophytic – dominant negative – catastrophic
	Prevents reproduction

	Sporophytic – dominant negative – mild
	75%


As with seed set, this can be clouded by the presence of more than one phenotype.
Diagrams explaining the effect of the various catastrophic phenotypes on seed set and segregation distortion follow:

[image: image12]

Results
Jan there is little easily navigable structure to you results section. I’d suggest restructuring the results section under headings that tell us a story/summarise the findings eg PCR screening for T_DNA insertions in genes X and Y; Lines Xand Y have reduced seed set; segregation distortion is occurs in line; etc
Wild-type

Results for the particular experiments specified in the methods section follow. These results were used as controls for the same experiments on the SALK lines.

I analysed the 
seed set in 12 wild-type siliques. In total I counted 628 developing seeds and 19 gaps.
Every DAPI stained wild-type pollen I viewed looked identical. The 3 nuclei can be seen clearly in the centre of the pollen grain. The tube nucleus is seen as a diffuse blue structure, whereas the sperm nuclei can be seen as tightly packed structures which fluoresce very brightly:
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Figure 12 A selection of pollen viewed by DAPI staining
The majority of pollen were seen to be viable when viewed by FDA staining. I counted 300 pollen, across 3 plants, with the following results:
	Plant
	Viable pollen
	Non-viable pollen

	1
	99
	1

	2
	96
	4

	3
	97
	3


This gives an average non-viability rate of 2.67%.
AT1G10090

I carried out PCRs 
on each of the three lines to ensure that a T-DNA had been inserted into the indicated part of the genome. As explained in the methods, I carried out two PCRs for each plant; one using 2 wildtype primers 
that flank the T-DNA and one using a T-DNA left border primer (LBb1.3) and a wildtype flanking primer. Examples of the results for each SALK line follow:
[image: image16.png]- -




Figure 13 SALK_131877 - PCRs to check T-DNA presence

[image: image17.png]


Figure 14 SALK_050721 - PCRs to check T-DNA presence

[image: image18.png]



Figure 15 SALK_050377 - PCRs to check T-DNA presence

	Line
	No. of plants
	Wild-type
	Heterozygous
	Homozygous
	Inconclusive

	SALK_131877
	18
	1
	16
	0
	1

	SALK_050721
	17
	8
	1
	3
	5

	SALK_050377
	17
	10
	4
	3
	0


A plant was labelled inconclusive when neither a wild-type nor a T-DNA could be obtained. I carried out repeat PCRs on all inconclusive plants to ensure no error was made in the PCR procedure. Inconclusive results are likely to have been caused by a bad
 DNA extraction. 

I was able to identify enough plants containing the T-DNA in a known position to assess the lines’ phenotypes
. The first phenotype test I carried out on each was an investigation of seed set
. Typical results for each line follow below. It would be ideal to carry out this test on homozygous plants, as this would prevent the results from being skewed by wild-type pollen (in a heterozygous plant, only half the pollen population will have the T-DNA). However, for SALK_131877 I did not have any plants homozygous for the T-DNA and so carried out the test on heterozygous plants.
[image: image19.png]



Figure 16 SALK_131877 - Typical seed set result

[image: image20.jpg]



Figure 17 SALK_050721 - Typical seed set result

[image: image21.png]



Figure 18 SALK_050377 - Typical seed set result

From the results
 we can see that none of the plants have a noticeably reduced seed set. This implies that there is no gametophytic or sporophytic phenotype
.
Due to the T-DNA in SALK_131877 having been inserted into a protein coding region of the gene (as opposed to the promoter region in the other 2 lines), I focussed on this line for the phenotypic analysis.
I next 
carried out DAPI and FDA staining on SALK_131877 to ensure that the T_DNA insertion had not caused gross changes to the pollen or affected its viability:
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Figure 19 SALK_131877 pollen viewed by DAPI staining

I viewed 20 
different pollen grains from 3 different heterozygous plants. None viewed appeared to be any different 
from wild-type.

For the viability assay using FDA staining, I viewed 100 different pollen grains in 3 different plants and counted the number of non-viable pollen:

	Plant
	Viable pollen
	Non-viable pollen

	2A
	98
	2

	2B
	97
	3

	3A
	98
	2


The occurrence of non-viable pollen in the mutant plant is not significantly different from a wild-type plant.
No problems were seen with either ovule dissection or aniline blue staining.

I carried out ovule dissection analysis on all three SALK lines. Unfortunately no plants from SALK_131877 grew well; all seemed sensitive
. There is little doubt that this result is unreliable as a catastrophic male and female phenotype would result in 25% seed set, which was not seen. While seedlings from SALK_050721 did grow, the plate had bad contamination which prevented growth of surrounding seedlings. This would make any statistics drawn from the plate unreliable.

SALK_050377 showed good differentiation between resistant and sensitive plants; producing the following results (with χ2 calculation – null hypothesis that the mutation has no reproductive phenotype):again needs to be a table with a figure legend
	 
	Resistant
	Non-resistant
	Total

	Average
	185
	84
	269

	Expected
	201.75
	67.25
	266.5

	(O-E)2
	280.563
	280.563
	

	(O-E)2/E
	1.391
	4.172
	5.563


The χ2 value at 1 degree of freedom gives p<0.02. This is a significant difference
.
AT1G03250 - SALK_017925

I first carried out a PCR to ensure that the T-DNA in the plant was situated in the correct place, as explained previously. An example of the results follow:
[image: image25.png]



All the plants appeared to be wild-type. I followed this up by using two different sets of wildtype primers and a different left border primer (LBa1) to ensure that there was no problem with the binding of the primers:


[image: image26]
The two new primer pairs, A and B, should give wild-type bands of 817 and 364.
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Figure 20 SALK_03250 PCR using primer pair A and LBa1
[image: image28.png]



Figure 21 SALK_03250 PCR using primer pair B and LBa1
The bands were of the expected size, but once again, no T-DNA band was present. This could mean a number of different things; there could have been no T-DNA present in the plants, the T-DNA may have been inserted at a different point of the genome to that specified by the SALK Institute or the border sequences may have become scrambled upon insertion thus preventing a primer from annealing. To test these hypotheses, I first carried out a PCR using two T-DNA specific primers (7831F and 8800R):
[image: image29.png]



The T-DNA was found to be present in the majority of the plants. I also carried out controls on plants I already knew to contain the T-DNA:

[image: image30.png]



This confirmed that there was a T-DNA present in the plant. I then tested whether the T-DNA was present at the correct locus, but that the borders had been scrambled. For this, I used the same LP and RP primers that I used initially but I used a primer in the T-DNA further away from the left border than LBb1.3 (7896R). I also used another T-DNA primer (8800F), which faced the right border to see if a band in the opposite direction could be obtained.
I carried out this PCR on 3 different plants – two SALK_017925 plants which I knew to contain the T-DNA (2B and 2C) and a SALK_050377 plant which contained the T-DNA in a known location. Due to the increased distance between the T-DNA primers and the borders, I increased the extension time to 2.5 minutes.
[image: image31.png]nl




The PCR on the positive control showed a band using the primers 7896R and RP, whereas the 017925 plants showed no band. This is final confirmation that the T-DNA has been in inserted in a different place from what was expected given the data for this particular SALK line.. 
Interestingly, I expected a band for the 050377 plant when using the 8800F and LP primers, but there was not one present. As I obtained the necessary evidence for this project, I did not follow this up. It could have simply been an error in setting up the reaction or perhaps the area around the right border had been scrambled. With more time, I would repeat the experiment to rule out human error and then use a wild-type primer further from the right borde
r. Discovering what has happened at the right border is of limited value, however, as we know where the T-DNA is.
The focus of the project then turned on to finding the location 
of the T-DNA in the plant genome. There are a number of different methods for determining this (see Discussion) but I was limited in terms of time and/or expenses. I, therefore, developed the following method, that would allow the T-DNA locus to be determined before the end of my project.
The mature method developed from the idea of using a specific T-DNA primer 
alongside random primers. A random primer mixture is a solution containing every possible sequence combination for a given oligonucleotide length – in my case, decamers. These random decamers could, therefore, anneal to any locus in the plant genome. If I were to carry out a PCR simply using a T-DNA primer and the random primers, I would likely only obtain a smear as the random primers would not selectively bind near the T-DNA. We had to somehow make random priming near the T-DNA more likely.
To achieve this I carried out a PCR using a single primer, LBa1; the aim of which was to amplify single stranded DNA running out from the T-DNA. Amplifying double stranded DNA using two primers occurs exponentially – the number of products double with each reaction cycle. A 40 cycle reaction, therefore would produce 240 – over 1×1012 – products for each starting strand. With this method, however, replication is not exponential – the same initial strand must act as the template in each cycle. Therefore, in a 40 cycle reaction only 40 products will be produced for each template. Even so, this could turn the odds in favour of amplifying this region of DNA.
The PCR conditions I used were the same as a normal PCR reaction, only with a long extension time of 2.5 minutes to give a long strand and ensure effective random priming.
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Following this PCR, I had, in theory, obtained a solution of genomic DNA and ssDNA running out from the T-DNA. The next step was to carry out a PCR using a nested T-DNA primer and random primers. It would be better, however, to separate the ssDNA from the genomic DNA as we are using random primers
. I decided to run the solution on a gel, cut out the ssDNA and extract it from the gel. This idea isn’t without its problems, however. Firstly, ssDNA cannot be seen on an ethidium bromide-agarose gel (EtBr intercalates dsDNA between stacked, paired bases), so the area to cut can only be estimated. Secondly, it is possible to lose product during the gel extraction process. This is not a problem when extracting the product of an exponential PCR reaction, but, as explained earlier, relatively small amounts of ssDNA will have been produced – making the loss of any, much more significant
.
I accounted for the former problem by running the gel for a short time (7 mins compared to the normal 20 mins), as there is a limit to the amount of gel that can be dissolved in an extraction process, and cutting out a large area, from ~500bp to ~4kb. Unfortunately, the only way to account for the latter problem was to be very careful and reduce human error.
I cut the ssDNA from the following gel:
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I extracted the DNA from the cut gel using the QIAGEN Gel Extraction Kit
.

I carried out a PCR using a T-DNA primer and random primers on the DNA extracted from this gel and the original, genomic DNA containing sample. The main consideration of the PCR conditions was the annealing temperature. The nested T-DNA primer had an annealing temperature of ~55°C, whereas the random decamers would require a temperature between 20°C and 40°C, depending on the particular primer. Using an annealing temperature of 55°C would prevent the random primers from binding, whereas a temperature below 40°C would prevent LBb1.3 from binding specifically. I, therefore, used two annealing steps in my reaction (see graph below).
The first annealing step was carried out at 28°C to allow most random primers to anneal (it would be unnecessary to lower the temperature to 20°C to allow all random primers to bind. The temperature is then raised to 55°C to allow LBb1.3 to bind. If this transition was quick, however, the random primers would unbind. I, therefore, used a slow temperature increase (over 30s). Despite the optimum temperature of Taq polymerase being at 72°C it will retain some, albeit low, activity at this low temperature. Over this transition the random primers will extend to a length that allows them to stay annealed at 55°C. Over the transition, only ~9 bases need to be added by the polymerase.
Normal extension and melting conditions were kept for the reaction.
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A pictorial representation of the reaction is shown below:
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I obtained the following gel using the product of the reaction that used the ssDNA isolated from the gel as template:
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No bands were obtained, whatsoever, the possible reasons for which I will go into in the discussion. Using the ssDNA unseparated from the genomic DNA produced better results:
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I cut 6 bands from this gel and extracted the DNA
. They were then sent off of direct sequencing. Unfortunately, the results didn’t come back in time for me to finish my project.

SALK_017925 phenotypic analysis

I followed the same procedures for analysing the plant’s phenotype as I did for the AT1G10090 plants. I first looked at the seed set of various plants. I counted the numbers of seeds and gaps in 21 siliques across 5 plants, all of which were confirmed to contain a T-DNA insertion. In total, I counted 714 growing seeds with 342 gaps. On average, therefore, approximately one third of the ovules in each silique were not fertilised. The plant definitely had a reproductive problem, despite the T-DNA having been inserted into the wrong part of the genome
. This created a problem when analysing the phenotype; I could no longer rely on the gene being expressed in pollen, it could well be expressed in the female gametophyte or some other cell which can affect fertilisation. It will be much clearer when the sequencing data is returned and analysis on the actual gene being knocked-out can be carried out.
Nevertheless, I continued with the same methods of analysing the phenotype. DAPI and FDA analysis did not show any differences from wild-type:
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Figure 22 SALK_017925 DAPI stained pollen

	Plant
	Viable pollen
	Non-viable pollen

	1C
	95
	5

	2B
	99
	1

	2C
	98
	2


I then carried out aniline blue staining on restricted pollinations
. I carried out 3 different pollinations; SALK_017925 on to A9 and SALK_017925 on to wild-type (which were emasculated beforehand to prevent self-pollination). Pollen tube growth appeared normal compared to wild-type – I could see no pollen tubes which looked directionless
. This does not rule out a tube growth problem, however. The tubes may be being properly guided, but they could be slower than wild-type tubes.
I carried out ovule dissection to investigate the possibility of the T-DNA having been inserted into a gene involved in the development of the female gametophyte.
 I observed no visual differences to wild-type:
I carried out segregation distortion on 3 separate plant progeny. The kanamycin selected the plants well, with a clear visual difference between resistant and non-resistant plants, which can be seen below:
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Figure 23 SALK_017925 progeny from parents heterozygous for the T-DNA

Two of the seed populations gave a clear distinction between resistance and non-resistance. There was not such a clear distinction in the other population and the choice between resistant and non-resistant became too subjective. I, therefore, disregarded that plate. The results of the 2 plates follow:

	Parent
	Resistant
	Non-resistant
	Percentage resistant

	SALK_0179251 1A
	82
	185
	30.7

	SALK_0179251 1B

	96
	170
	36.1


The χ2 calculation table (using the null hypothesis that the insertion does not affect fertilisation) follows:
	
	Resistant
	Non-resistant
	Total

	Average
	89
	177.5
	266.5

	Expected
	199.875
	66.625
	266.5

	(O-E)2
	12293.266
	12293.266
	

	(O-E)2/E
	61.505
	61.505
	123.01


Looking up χ2=123.01 at df=1 in a table of χ2 critical values returns p<0.001

Therefore, the observed numbers of resistant and non-resistant seedlings are significantly different from those expected by the null hypothesis.
The χ2 calculation table (using the hypothesis that the insertion affects the female gametophyte and prevents fertilisation) follows:

	
	Resistant
	Non-resistant
	Total

	Average
	89
	177.5
	266.5

	Expected
	133.25
	133.25
	266.5

	(O-E)2
	1958.063
	1958.063
	

	(O-E)2/E
	14.695
	14.695
	29.39


Looking up this value again returns p<0.001; these observed values are significantly different from this hypothesis also.

Discussion

AT1G10090

I was able to confirm the presence of T-DNAs in each of the 3 SALK lines. Only SALK_131877 showed reduced seed set, however. This is not surprising as this is the only line where the T-DNA is contained within a protein coding region of the gene. I
 showed that the pollen were viable, reducing the possibility of the gene being active during the development of the male gametophyte. While I did not find any pollen tube problems 
with aniline blue staining of restricted pollinations, further study will be required to confirm this.
Unfortunately, the segregation distortion analysis for SALK_131877 was unsuccessful
. Details can be drawn from the segregation distortion of SALK_550377, however
. This plant showed no reduction in seed set, but showed a segregation distortion of 69% resistance. A χ2 test showed this to be significantly different from the 75% expected if there was no reproductive phenotype. These data suggest a pollen tube growth phenotype, which would not affect seed set but will affect segregation. As the insertion is in the gene promoter, perhaps it results in reduced expression of the gene, but not a complete knockout like SALK_131877 – resulting in a less pronounced phenotype.
Without more data, however, this remains as speculation. I only carried out segregation distortion on one plate each. More should be carried out to provide a larger sample. If this backs up the hypothesis that pollen tube growth is affected then I would focus on finding how exactly it is affected. I would carry out further aniline blue stains and in vitro germination to assess tube growth rates. This could be assessed by…Pollen are placed onto solid germination media around a stigma to attract tube growth
. Lengths of tubes can then be measured easily (they are much easier to see in vitro than in vivo with aniline blue staining) after a certain length of time. If the hypothesis that tube growth rates are slowed is correct, half the tubes will have grown significantly less than the other half.
Predictions made from the gene sequence could indicate another possible way in which tube growth is affected. As mentioned previously, AT1G10090 contains the DUF221 domain which is found in genes expressed in the plant’s dehydration response. Dehydration, and subsequent rehydration by the stigma, is one of the first signals to begin pollen tube growth. Could the gene be involved in this process? Once again this is speculative, but could prove to be a worthy avenue of research if no phenotype can be found.

SALK_017925
The SALK _017925 line appears to have 
a definite reproductive phenotype, showing significantly reduced seed set than wild-type. Molecular analysis, however, showed that the 
T-DNA was not actually where it should have been. This could have occurred a by a number of different ways. It could have simply been a mix up by the SALK Institute leading to the seeds having been labelled wrong. Alternatively, the line may have originally had a number of T-DNAs, including one in AT1G03250, but that it was selected out over several generations
. This could happen if the gene was completely necessary for fertilisation, in which case it could not possibly be transferred to the next generation
.

Regardless, the line still has a relevant phenotype and so is worthy of further investigation. Reduced seed set, however, could be the result of a non-pollen gene being knocked-out, which could make the phenotypic analysis difficult.
 I, therefore, attempted to discover the actual loci of the T-DNA in order to find out where it is expressed, or at least narrow down the possibilities.
There are a number of different methods that I could have used for finding the location of the T-DNA in the SALK_017925 plants – all along a scale of quick and cheap, but requiring some luck, to, slow and expensive, but near certain to find the T-DNA in the end. If the sequencing of the bands does not give good results, then the following methods may need to be tried
:
Inverse PCR

This technique is usually used when a short internal sequence is known and the flanking sequences need to be found, ideal for this situation.
The technique first requires the treatment of the DNA sample with a restriction enzyme – one which will not cut within the known sequence (the T-DNA in our case). A trial an error approach must be taken using a number of different restriction enzymes. The DNA is then allowed to self-ligate, producing a circular DNA product. This is followed by treatment with a restriction enzyme that will cut within the known sequence to produce a linear sequence with the two halves of the known sequence on the flanks and the unknown sequences internal. This will allow the unknown sequence to be sequenced. 

The choice of the first restriction enzyme may require some good fortune. If the nearest restriction sites are too far away from the known internal sequence, then the final linear product will be too long to sequence. A trial and error approach, which could take quite some time, will need to be taken.
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Adapter-ligation mediated method

This is the method that is actually employed by the SALK Institute to establish where the T-DNA is located in a particular genome. This method isn't unlike IPCR but is generally recognised as having a slightly better chance of success.

Genomic DNA first undergoes a restriction digest using one of the 3 restriction enzymes which cut within the T-DNA - EcoRI, HindIII or AseI. Usually, all 3 would be used (in combination or in 3 separate reactions). This will cut the genome up, producing particular sticky ends to which double stranded adapters will be ligated. The size of the adapters isn't very critical, but ~50bp is common. Importantly, the adapters must have a 3' overhang which enables ligation. The sequence of the T-DNA and the locations of the restriction sites are known as well as the adapter sequences. Therefore primers can be designed which can amplify the internal region. The product can then be cloned or directly sequenced using nested primers.
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The seed set data from this line rules out a catastrophic phenotype. There are a number of distinct possibilities that can explain the seed set data, however. 
The insertion may result in a mild problem with the male gametophyte; the gametophyte is able to reach the ovule but seed development can arrest. Alternatively there may be a mild female phenotype which results in some of the seeds from mutant ovules arresting.
The segregation distortion analysis data shows a level of kanamycin resistance below 50%. This is critical as no single phenotype can cause this. The insertion must result in both a male and female phenotype, but the seed set data shows that neither is catastrophic. For instance, the insertion could cause a mild female gametophytic mutation which prevents a certain proportion of the mutant ovules from developing into seeds. This would still result in more resistant seedlings than non-resistant if this was the only phenotype, however. The insertion could also cause mutant pollen tubes to be less competitive than wild-type, or the sperm cells may be delivered correctly but unable to fertilise the egg cell or central cell. Below is a diagram describing these two possibilities:


[image: image44]

It is impossible to properly characterise the phenotype for certain without more data (as ‘mild’ is not an exact description). A mild female gametophyte phenotype along with a mild phenotype affecting pollen tube growth seems to be a more natural explanation, though. The female gametophytic phenotype is responsible for the reduced set as the wild-type pollen is able to make up for any shortfall created by the mutant pollen. Both phenotypes are responsible for the segregation distortion with fewer mutant ovules developing correctly and fewer mutant pollen fertilising ovules. A slight increase in a severity of the phenotype shown in the diagram would produce similar results to those observed.
If the male gametophyte is affected and not pollen tube growth, however, the combination of both gametophytes being affected could reduce seed set below the levels observed. A male gametophytic phenotype would have a less pronounced effect on segregation distortion than a pollen tube defect and may not be able to bring resistance down to the levels observed.

There are a number of further experiments that could be carried out to ascertain what phenotypes are being caused by the insertion. The male and female phenotypes would need to be separated and investigated without interfering each other. I would carry out 2 crosses – SALK_017925 plants onto A9 (which would remove female phenotypes from the equation) and wild-type plants onto SALK_017925 plants (which would remove the male phenotype).

The diagram below shows how a pollen tube phenotype and a male gametophytic phenotype could be differentiated by the Mut→A9 cross
:


[image: image45]
If mutant pollen tubes could not compete as well as wild-type tubes, the seed set would be unaffected as all ovules would still be fertilised. Most, however, would be fertilised by wild-type pollen – skewing segregation distortion in the favour of non-resistance. The amount of distortion could be used to calculate how competitive the pollen tubes are.
If the problem was with the male gametophyte
, the seed set would be reduced as a number of seeds would abort. Segregation distortion would also be skewed towards non-resistance. Importantly, the segregation distortion can be calculated from the seed set to provide a specific hypothesis (below). If the calculated distortion is different from that observed, the hypothesis must be incorrect (or, at least, incomplete).
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These equations can be combined to: [image: image57.png]z=100 - (1 -2 mn)
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If there is a mild female gametophyte phenotype the seed set would be reduced to between 50% and 100%, depending on the severity. As with the male gametophytic phenotype, the segregation distortion can be calculated from the seed set – using the same formula.
If there is a sporophytic phenotype (which must be dominant negative to affect fertilisation), both mutant and wild-type ovules will be affected; reducing seed set to anywhere between 0% and 100%. The segregation distortion
, however, will always remain at 50%.
If my previous hypothesis – that the insertion causes a mild female gametophytic and a mild pollen tube growth phenotype – is correct, there are further experiments which can investigate this. I carried out aniline blue staining on SALK_017925 pollen tubes, but was unable to find any differences from wild-type. It is possible that pollen tube growth is slowed, but still guided. One way of testing this is by in vitro germination.
Evaluation
The analysis PCRs on SALK_131877 did raise some questions. The majority of plants were heterozygous and so gave bands in both the wild-type and T-DNA PCRs accordingly. The two bands, however, were always different intensity, with the wild-type band being much brighter than the T-DNA band. The likely 
reason for this happening would be badly designed primers (or at least not as well as they could have been designed). The wild-type primers were designed to be used together, which shows in the bands’ intensity. For the T-DNA PCR, however, I just used the wild-type right primer and LBb1.3, ie. they were not designed to work together.
	Primer
	Sequence
	Length
	No. of CGs
	Annealing temp (°C)

	SALK_131877 LP
	TTAATGCAAGGTCTCGACGAC
	21
	10
	52.4

	SALK_131877 RP
	CAGGTCAGCATTTCCTTCTTG
	21
	10
	52.4

	LBb1.3
	ATTTTGCCGATTTCGGAAC
	19
	8
	46.8


Annealing temperatures were calculated with the following formula:
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The annealing temperature for the PCR reaction was 55°C. It is possible that, at this temperature, LBb1.3 binding is weak and, therefore, amplification is less efficient. In future I should ensure that primer pairs are designed better. Fortunately, it did not affect this experiment. 
When locating the T-DNA in SALK_03250, separating the ssDNA from the single primer PCR would have
 been ideal as using random primers with genomic DNA still in the solution could produce erroneous bands. Running the sample on a gel and cutting out the ssDNA should have worked, but for some reason did not. It is possible that the ssDNA could have been lost in the gel extraction process due to the low copy number, but due to the number of repeats I carried out, I doubt this to be the case. It is more likely that I cut out the wrong part of the gel due to the inability to visualise it on the gel. I cut out the region corresponding to 500bp to 4kb according to a dsDNA ladder. I have since discovered, however, that ssDNA is pulled through an agarose gel at a significantly slower rate than dsDNA. I should, therefore, have cut much further up the gel.

The quickest and easiest way to deal with this problem would be a trial and error approach. Cut multiple slices along the length of the gel and extract the DNA from each. I would then follow this up by carrying out a PCR on each extraction using just random primers. This would be adequate to discover approximately how far down the gel the ssDNA has run.

There are more exacting approaches that could be taken; most revolving around using a separate method of visualising the DNA other than ethidium bromide intercalation. On such way would be to use radiolabelled nucleotides in the PCR (eg. 33P or 35S) and run alongside a radiolabelled ladder on an agarose gel. How far the ssDNA has moved through the gel could then be accurately determined. Radiolabelled nucleotides can be expensive, however, and this method provides only a small advantage over the previous method, and so there would be little point in using this method.
Kanamycin resistance has been shown in the past to be an inadequate method of plant selection
. Unsurprisingly, in a number of the segregation distortion analysis plates, distinguishing resistant and non-resistant plants was too subjective to obtain reliable results. Hygromycin selection has been seen to be more effective (Howden, Park, Moore, Orme, Grossniklaus, & Twell, 1998), but unfortunately, the SALK T-DNA only contains the kanamycin resistance gene. It is unlikely that this will change any time soon as it would not be worth repeating the whole genome wide insertion for the sake of replacing the resistance gene. The only feasible way to improve the analysis would be to use a large number of repeats.
Jan you make very little use of the literature in your discussion. It would be good to somehow relate your data to some published work on reproductive mutants somewhere in here
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Appendix 1 – Annotated T-DNA Sequence
	
	10
	20
	30
	40
	50
	Annotations

	0
	GTTTCAAACC
	CGGCAGCTTA
	GTTGCCGTTC
	TTCCGAATAG
	CATCGGTAAC
	

	50
	ATGAGCAAAG
	TCTGCCGCCT
	TACAACGGCT
	CTCCCGCTGA
	CGCCGTCCCG
	

	100
	GACTGATGGG
	CTGCCTGTAT
	CGAGTGGTGA
	TTTTGTGCCG
	AGCTGCCGGT
	Left border

	150
	CGGGGAGCTG
	TTGGCTGGCT
	GGTGGCAGGA
	TATATTGTGG
	TGTAAACAAA
	

	200
	TTGACGCTTA
	GACAACTTAA
	TAACACATTG
	CGGACGTTTT
	TAATGTACTG
	

	250
	GGGTGGTTTT
	TCTTTTCACC
	AGTGAGACGG
	GCAACAGCTG
	ATTGCCCTTC
	

	300
	ACCGCCTGGC
	CCTGAGAGAG
	TTGCAGCAAG
	CGGTCCACGC
	TGGTTTGCCC
	LBb1

	350
	CAGCAGGCGA
	AAATCCTGTT
	TGATGGTGGT
	TCCGAAATCG
	GCAAAATCCC
	LBb1.3

	400
	TTATAAATCA
	AAAGAATAGC
	CCGAGATAGG
	GTTGAGTGTT
	GTTCCAGTTT
	

	450
	GGAACAAGAG
	TCCACTATTA
	AAGAACGTGG
	ACTCCAACGT
	CAAAGGGCGA
	

	500
	AAAACCGTCT
	ATCAGGGCGA
	TGGCCCACTA
	CGTGAACCAT
	CACCCAAATC
	LBa1

	550
	AAGTTTTTTG
	GGGTCGAGGT
	GCCGTAAAGC
	ACTAAATCGG
	AACCCTAAAG
	

	600
	GGAGCCCCCG
	ATTTAGAGCT
	TGACGGGGAA
	AGCCGGCGAA
	CGTGGCGAGA
	

	650
	AAGGAAGGGA
	AGAAAGCGAA
	AGGAGCGGGC
	GCCATTCAGG
	CTGCGCAACT
	

	700
	GTTGGGAAGG
	GCGATCGGTG
	CGGGCCTCTT
	CGCTATTACG
	CCAGCTGGCG
	

	750
	AAAGGGGGAT
	GTGCTGCAAG
	GCGATTAAGT
	TGGGTAACGC
	CAGGGTTTTC
	

	800
	CCAGTCACGA
	CGTTGTAAAA
	CGACGGCCAG
	TGAATTCCCG
	ATCTAGTAAC
	EcoRI

	850
	ATAGATGACA
	CCGCGCGCGA
	TAATTTATCC
	TAGTTTGCGC
	GCTATATTTT
	

	900
	GTTTTCTATC
	GCGTATTAAA
	TGTATAATTG
	CGGGACTCTA
	ATCATAAAAA
	

	950
	CCCATCTCAT
	AAATAACGTC
	ATGCATTACA
	TGTTAATTAT
	TACATGCTTA
	6933F

	1000
	ACGTAATTCA
	ACAGAAATTA
	TATGATAATC
	ATCGCAAGAC
	CGGCAACAGG
	

	1050
	ATTCAATCTT
	AAGAAACTTT
	ATTGCCAAAT
	GTTTGAACGA
	TCGGGGAAAT
	

	1100
	TCGAGCTCGG
	TACCCGGGGA
	TCCTCTAGAG
	TCCCCCGTGT
	TCTCTCCAAA
	BamHI

	1150
	TGAAATGAAC
	TTCCTTATAT
	AGAGGAAGGG
	TCTTGCGAAG
	GATAGTGGGA
	

	1200
	TTGTGCGTCA
	TCCCTTACGT
	CAGTGGAGAT
	ATCACATCAA
	TCCACTTGCT
	

	1250
	TTGAAGACGT
	GGTTGGAACG
	TCTTCTTTTT
	CCACGATGCT
	CCTCGTGGGT
	

	1300
	GGGGGTCCAT
	CTTTGGGACC
	ACTGTCGGCA
	GAGGCATCTT
	CAACGATGGC
	

	1350
	CTTTCCTTTA
	TCGCAATGAT
	GGCATTTGTA
	GGAGCCACCT
	TCCTTTTCCA
	

	1400
	CTATCTTCAC
	AATAAAGTGA
	CAGATAGCTG
	GGCAATGGAA
	TCCGAGGAGG
	

	1450
	TTTCCGGATA
	TTACCCTTTG
	TTGAAAAGTC
	TCAATTGCCC
	TTTGGTCTTC
	

	1500
	TGAGACTGTA
	TCTTTGATAT
	TTTTGGAGTA
	GACAAGTGTG
	TCGTGCTCCA
	

	1550
	CCATGTTGAC
	GAAGATTTTC
	TTCTTGTCAT
	TGAGTCGTAA
	GAGACTCTGT
	

	1600
	ATGAACTGTT
	CGCCAGTCTT
	TACGGCGAGT
	TCTGTTAGGT
	CCTCTATTTG
	

	1650
	AATCTTTGAC
	TCCATGGCCT
	TTGATTCAGT
	GGGAACTACC
	TTTTTAGAGA
	

	1700
	CTCCAATCTC
	TATTACTTGC
	CTTGGTTTGT
	GAAGCAAGCC
	TTGAATCGTC
	

	1750
	CATACTGGAA
	TAGTACTTCT
	GATCTTGAGA
	AATATATCTT
	TCTCTGTGTT
	

	1800
	CTTGATGCAG
	TTAGTCCTGA
	ATCTTTTGAC
	TGCATCTTTA
	ACCTTCTTGG
	

	1850
	GAAGGTATTT
	GATTTCCTGG
	AGATTATTGC
	TCGGGTAGAT
	CGTCTTGATG
	7831F

	1900
	AGACCTGCTG
	CGTAAGCCTC
	TCTAACCATC
	TGTGGGTTAG
	CATTCTTTCT
	HindIII

	1950
	GAAATTGAAA
	AGGCTAATCT
	GGGGACCTGC
	AGGCATGCAA
	GCTTGGCGTA
	7896R

	2000
	ATCATGGTCA
	TAGCTGTTTC
	CTGTGTGAAA
	TTGTTATCCG
	CTCACAATTC
	

	2050
	CACACAACAT
	ACGAGCCGGA
	AGCATAAAGT
	GTAAAGCCTG
	GGGTGCCTAA
	

	2100
	TGAGTGAGCT
	AACTCACATT
	AATTGCGTTG
	CGCTCACTGC
	CCGCTTTCCA
	

	2150
	GTCGGGAAAC
	CTGTCGTGCC
	AGCTGCATTA
	ATGAATCGGC
	CAACGCGCGG
	

	2200
	GGAGAGGCGG
	TTTGCGTATT
	GGGCCAAAGA
	CAAAAGGGCG
	ACATTCAACC
	

	2250
	GATTGAGGGA
	GGGAAGGTAA
	ATATTGACGG
	AAATTATTCA
	TTAAAGGTGA
	

	2300
	ATTATCACCG
	TCACCGACTT
	GAGCCATTTG
	GGAATTAGAG
	CCAGCAAAAT
	

	2350
	CACCAGTAGC
	ACCATTACCA
	TTAGCAAGGC
	CGGAAACGTC
	ACCAATGAAA
	

	2400
	CCATCGATAG
	CAGCACCGTA
	ATCAGTAGCG
	ACAGAATCAA
	GTTTGCCTTT
	

	2450
	AGCGTCAGAC
	TGTAGCGCGT
	TTTCATCGGC
	ATTTTCGGTC
	ATAGCCCCCT
	

	2500
	TATTAGCGTT
	TGCCATCTTT
	TCATAATCAA
	AATCACCGGA
	ACCAGAGCCA
	

	2550
	CCACCGGAAC
	CGCCTCCCTC
	AGAGCCGCCA
	CCCTCAGAAC
	CGCCACCCTC
	

	2600
	AGAGCCACCA
	CCCTCAGAGC
	CGCCACCAGA
	ACCACCACCA
	GAGCCGCCGC
	

	2650
	CAGCATTGAC
	AGGAGGCCCG
	ATCTAGTAAC
	ATAGATGACA
	CCGCGCGCGA
	

	2700
	TAATTTATCC
	TAGTTTGCGC
	GCTATATTTT
	GTTTTCTATC
	GCGTATTAAA
	

	2750
	TGTATAATTG
	CGGGACTCTA
	ATCATAAAAA
	CCCATCTCAT
	AAATAACGTC
	

	2800
	ATGCATTACA
	TGTTAATTAT
	TACATGCTTA
	ACGTAATTCA
	ACAGAAATTA
	

	2850
	TATGATAATC
	ATCGCAAGAC
	CGGCAACAGG
	ATTCAATCTT
	AAGAAACTTT
	8800F/R

	2900
	ATTGCCAAAT
	GTTTGAACGA
	TCGGGGATCA
	TCCGGGTCTG
	TGGCGGGAAC
	

	2950
	TCCACGAAAA
	TATCCGAACG
	CAGCAAGATA
	TCGCGGTGCA
	TCTCGGTCTT
	

	3000
	GCCTGGGCAG
	TCGCCGCCGA
	CGCCGTTGAT
	GTGGACGCCG
	GGCCCGATCA
	

	3050
	TATTGTCGCT
	CAGGATCGTG
	GCGTTGTGCT
	TGTCGGCCGT
	TGCTGTCGTA
	

	3100
	ATGATATCGG
	CACCTTCGAC
	CGCCTGTTCC
	GCAGAGATCC
	CGTGGGCGAA
	

	3150
	GAACTCCAGC
	ATGAGATCCC
	CGCGCTGGAG
	GATCATCCAG
	CCGGCGTCCC
	

	3200
	GGAAAACGAT
	TCCGAAGCCC
	AACCTTTCAT
	AGAAGGCGGC
	GGTGGAATCG
	

	3250
	AAATCTCGTG
	ATGGCAGGTT
	GGGCGTCGCT
	TGGTCGGTCA
	TTTCGAACCC
	

	3300
	CAGAGTCCCG
	CTCAGAAGAA
	CTCGTCAAGA
	AGGCGATAGA
	AGGCGATGCG
	

	3350
	CTGCGAATCG
	GGAGCGGCGA
	TACCGTAAAG
	CACGAGGAAG
	CGGTCAGCCC
	

	3400
	ATTCGCCGCC
	AAGCTCTTCA
	GCAATATCAC
	GGGTAGCCAA
	CGCTATGTCC
	

	3450
	TGATAGCGGT
	CCGCCACACC
	CAGCCGGCCA
	CAGTCGATGA
	ATCCAGAAAA
	

	3500
	GCGGCCATTT
	TCCACCATGA
	TATTCGGCAA
	GCAGGCATCG
	CCATGGGTCA
	

	3550
	CGACGAGATC
	ATCGCCGTCG
	GGCATGCGCG
	CCTTGAGCCT
	GGCGAACAGT
	

	3600
	TCGGCTGGCG
	CGAGCCCCTG
	ATGCTCTTCG
	TCCAGATCAT
	CCTGATCGAC
	

	3650
	AAGACCGGCT
	TCCATCCGAG
	TACGTGCTCG
	CTCGATGCGA
	TGTTTCGCTT
	

	3700
	GGTGGTCGAA
	TGGGCAGGTA
	GCCGGATCAA
	GCGTATGCAG
	CCGCCGCATT
	

	3750
	GCATCAGCCA
	TGATGGATAC
	TTTCTCGGCA
	GGAGCAAGGT
	GAGATGACAG
	

	3800
	GAGATCCTGC
	CCCGGCACTT
	CGCCCAATAG
	CAGCCAGTCC
	CTTCCCGCTT
	

	3850
	CAGTGACAAC
	GTCGAGCACA
	GCTGCGCAAG
	GAACGCCCGT
	CGTGGCCAGC
	

	3900
	CACGATAGCC
	GCGCTGCCTC
	GTCCTGCAGT
	TCATTCAGGG
	CACCGGACAG
	

	3950
	GTCGGTCTTG
	ACAAAAAGAA
	CCGGGCGCCC
	CTGCGCTGAC
	AGCCGGAACA
	

	4000
	CGGCGGCATC
	AGAGCAGCCG
	ATTGTCTGTT
	GTGCCCAGTC
	ATAGCCGAAT
	RB9948

	4050
	AGCCTCTCCA
	CCCAAGCGGC
	CGGAGAACCT
	GCGTGCAATC
	CATCTTGTTC
	

	4100
	AATCATGCGA
	AACGATCCAG
	ATCCGGTGCA
	GATTATTTGG
	ATTGAGAGTG
	10058R

	4150
	AATATGAGAC
	TCTAATTGGA
	TACCGAGGGG
	AATTTATGGA
	ACGTCAGTGG
	

	4200
	AGCATTTTTG
	ACAAGAAATA
	TTTGCTAGCT
	GATAGTGACC
	TTAGGCGACT
	

	4250
	TTTGAACGCG
	CAATAATGGT
	TTCTGACGTA
	TGTGCTTAGC
	TCATTAAACT
	RB10208

	4300
	CCAGAAACCC
	GCGGCTGAGT
	GGCTCCTTCA
	ACGTTGCGGT
	TCTGTCAGTT
	

	4350
	CCAAACGTAA
	AACGGCTTGT
	CCCGCGTCAT
	CGGCGGGGGT
	CATAACGTGA
	

	4400
	CTCCCTTAAT
	TCTCCGCTCA
	TGATCAGATT
	GTCGTTTCCC
	GCCTTCAGTT
	

	4450
	TAAACTATCA
	GTGTTTGACA
	GGATATATTG
	GCGGGTAAAC
	CTAAGAGAAA
	

	4500
	AGAGCGTTTA
	TTAGAATAAT
	CGGATATTTA
	AAAGGGCGTG
	AAAAGGTTTA
	

	4550
	TCCGTTCGTC
	CATTTGTATG
	TGCATGCCAA
	CCACAGGGTT
	CCCCAGATCT
	Right Border

	4600
	GGCGCCGGCC
	AGCGAGACGA
	GCAAGATTGG
	CCGCCGCCCG
	AAACGATCCG
	

	4650
	ACAGCGCGCC
	CAGCACAGGT
	GCGCAGGCAA
	
	
	


Figure � SEQ Figure \* ARABIC �1� A DAPI stained pollen grain showing the disperse vegetativetube nucleus and the densely packed sperm cell nuclei
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Figure � SEQ Figure \* ARABIC �11� Diagram showing the effect of certain phenotypes. Mutant ovules and pollen are shown in red, wild-type are in blue. Crossed ovules do not develop due to a male (purple) or female (black) gametophytic phenotype.Jan the pollen is confusing having an orange border..is this necessary? Could it be a thin black border. Also note seg distortion figures refer to the % of seeds that survive on Kanamycin
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Seed set: 50%
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Male gametophyte - catastrophic











Female gametophyte - catastrophic
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Primers A + LBa1





Primers B + LBa1





C





RP


+


LBa1





LP


+


RP





RP


+


LBa1





LP


+


RP





RP


+


LBa1





LP


+


RP





LP


+


RP





RP


+


LBa1





RP


+


LBa1





LP


+


RP





RP


+


LBa1





LP


+


RP





RP


+


LBa1





LP


+


RP





RP


+


LBa1





LP


+


RP





RP


+


LBa1





LP


+


RP





RP


+


LBa1





LP


+


RP





RP


+


LBa1





LP


+


RP





C





131877 Het





131877 Hom





131877 Het





Water Control





C





050377 3A





8800F





7896R





8800F





7896R





017925 2C





8800F





7896R





017925 2B





94°C – Melting





55°C – Single primer annealing





72°C – Single strand extension
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94°C – Melting (step 4)





28°C – Random primer annealing





72°C – Full extension





28-72°C – Slow extension





28°C – Random primer annealing





28-55°C – Slow extension





55°C – Nested primer annealing





72°C – Full extension





72°C – Full extension





94°C – Melting (back to 4)
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PCR with LBa1 and adapter primer
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Mild female gametophyte


+


Mild pollen tube
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Seed set: 100%
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Mild pollen tube phenotype











Mild male gametophyte phenotype
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Mild female gametophyte phenotype











Mild sporophytic phenotype














�This introductory section need to be expanded. Need to place your work in the context of the work Pear has done for her thesis…aiming to identify genes specifically involved in sperm biology. Mention the bioinformatics approach she has taken and that you are using data and lines that have come from that 


�Be more specific..development of what


�Make it clear that you are working on some genes that were identified in a larger project aimed at identifying the genes you mention


�3 cells…1 vegetative and 2 sperm


�bit of an old fashioned way of describing it. Just say pollen germinates


�the female gametophyte is actually all 7 cells, 8 nuclei of the embryosac


�cite a review or two


�highlight this as being one of the most interesting genes found so far…I’m not aware of any other genes that affect sperm-egg fusion even


�what is the emphasis here…do you mean pollen genes or sperm genes


�identifying pollen expressed genes is easy…sperm is the challenge


�no need to really mention the generative cell


�just need to state that the sperm cells were free of contamination from the vegetative cytoplasm as demonstrated by PCR of vegetative cell specific genes


�make it clear that this work came before your project…work done by Pear (Ajaraporn Sriboonlert unpublished)


�homologues or orthologues?


�state that this investigation let to the identification of many genes that were studied in detail…your project focuses on just a few of those 


�What?!


�Which species?


�Jan I think there is no need to go into such detail on Agrobacterium. T-DNA insertional mutagenesis is a tool that you utilise…you could cite a paper ot indeed the SALK website to cover all of this


�Walden ref


�Sorry Jan…as above I think all this info is not the focus of the project and you are giving it too much space.


�Ajaraporn Sriboonlert unpublished


�Can you present this data in your results section? Or is this what you already knew from Pear


�Cite a reference for this


�Can you cite a reference for this


�Not the correct language style for a piece of scientific writing. Three SALK T-DNA insertion lines were available in the Doughty Lab that could be utilised in this….


�Is the direction relevant here?


�You have a section devoted to the other gene and this is tagged onto that section…either alter the title to the section or give this its own section


�What is the expression profile across the plant?


�Jan you say in the previous section that at least one of these is expressed in a range of tissues! Adjust this. Are they both expressed in pollen? Aim is to investigate the function of these pollen expressed genes in plant reproduction


�List the reasons


�Too chatty just need to report how to carry out the tests


�What wavelength?


�No need to point to a figure in materials and methods…you job here is just to describe how to do these analyses


�What does this contain?


�Concentration etc needed


�Concentration?


�Give details of the microscope used in this study


�Leave this to the results section


�Again not usual to have figures in M&Ms…have this in the results section


�Again not necessary to say this just tell the reader how to do the analysis


�Not necessary to state this


�State the microscope model used


�!!! seeds/ovules


�Jan somewhere you need to make it clear whether you are working on heterozygous line and restate that when presenting stuff like this


�Table above needs a good figure legend to describe what you mean. This may be difficult for a reader to get their head around so I think you need to expand on this somewhere…perhaps not in the M&Ms section but when you discuss your data


�diploid


�Embryo sac


�In a heterozygous plant


�The above section is a bit woolly. Perhaps best to keep it simple as this section is M&Ms.


What about pollen side mutants


�Analysis of Ovules


�What are we looking for


�Take a pic with the colour camera


�Seeds/ovules. Remember the ovule could abort prior to fertilisation or the seed could abort after fertilisation


�Right word? Stigma and stylar tissue would be better


�Reword!


�Find references


�You do not need to state this kind of thing just tell us the technique


�Put this in the figure legend not here


�Anther development is ablated in this line so no pollen is formed


�Not really a consideration assume behaves as wild type


�Remember you have to make it clear that the parent plant is heterozygous for the T-DNA


�Or any gene where the transmission of gametes are not affected


�Concentration


�Sporophytic what? I fear that there is not enough info provided here for the reader to grasp this


�OK this should help


�Still need aniline blue and ovule dissection


�Avoid personalising the language style. Seed set in 12 WT siliques was assessed would be better


�Again avoid using ‘I’


�Primer seqs?


�This needs labelling so we know what each lane and band means


�The above figures need to be labelled up so we know what we are looking at


�Poor quality


�Your writing style is a bit too diary-like and personal…change to a more direct and scientific style


�You don’t need to tell us this..just have a heading saying seed set analysis or similar


�Insert table + stats


�Be careful as there could be a male gametophytic phenotype that could still give 100% seed set


�again


�again…change this throughout


�vary


�this should be presented as a table with a legend


�Data


�Jan…couldn’t you analyse from plants grown on soil? Not clear why you were using plants grown on plates for ovule work


�Very hard to follow what you are saying here as above you state that mutation has no reproductive phenotype and here you state there is a significant difference (to what?)


�Jan make sure all primers used are presented in an appendix


�Too chatty and this kind of thing should be reserved for the discussion


�Jan you are not writing a diary!!


�I think this should be in the M&Ms


�No need to explain just report what you did in M&Ms


�Jan again the nwriting style here really is not appropriate, too chatty. Also I think much of this should be in M&Ms and you simply report the outcomes


��HYPERLINK "http://www.gel-electrophoresis.com/gels/articles/agarose-gel-electrophoresis/"�http://www.gel-electrophoresis.com/gels/articles/agarose-gel-electrophoresis/� ssDNA moves slower!


�M&Ms


�Needs a figure legend with some indication of what is in the various lanes


�Needs a really good figure legend explaining the primers and bands that were isolated for sequencing


�Indicate which bands were isolated


�Jan apply my comments in the previous results sections to the following sections


�Not in wrong part of genome just not what we expected…think about how you describe things carefully


�Pics


�That failed to follow the normal guidance routes to ovules


�Data


�Again a figure legend describing in full the salk line annotations you have used etc


�Perhaps need to make it more explicit what you would expect  in the progeny to make it easy for the reader


�Any idea of what this gene does or is like to include in the title here


�Pollen was shown to be viable by…


�Be more explicit


�Explain why


�Start this my saying interestingly segregation distortion was detected  for this gene in salk line x despite there being not obvious infertility phenotype


�Citation or Pear, personal communication


�But you have a phenotype..reduced seed set


�It either does or it doesn’t have


�A T-DNA could not be detected in the predicted gene for this salk line….


�Do you comment anywhere that you analysed the seed line actually sent also as well as progeny from plants with the phenotype


�But was detected by the salk institute..be careful


�You should discuss the phenotype in more detail here and the data you were able to gather on it etc


�Not a good scientific writing style


�You need to tell us again what the phenotype is and what the seed set data were


�Jan I find it difficult to interpret you diagram here…could you add a good legend. I’m not sure why you have two separate sets of seg dist numbers…what were the actual findings?


�By convention this would be written with the female first followed by the pollen donor – A9xSalkX


�Do you mean gametes


�You mean the % of resistant progeny…segregation distortion is the change observed away from the expected value


�Really wouldn’t bother discussing this as these PCRs are just diagnostic tools and band intensity is of little importance


�Need to structure your writing more as jumps around a bit


�How much further? Again a very chatty style for a scientific report


�Reference
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