The analysis of patterns
In many areas of functional genomic research, analysis of patterns of gene expression is becoming increasingly relevant; combinations and networks of genes can define particular cell types or even whole pathways and thus, the study of such phenomena has assumed a certain air of importance: for instance, it has been shown that particular transcriptional networks define certain classes of neuronal cell types[1]. This increasing interest in the biology of molecular systems has translated into development of elaborate methods for exploring the patterns of expression of a number of genes at the same time. Analysing complete transcriptomes is a highly pertinent endeavour for these can vary within or between cell types and, therefore, could be of functional and evolutionary relevance ; various analytical tools do not merely shed light on possible patterns that can be tested by more traditional means but can also inform us of fundamentally important processes in nature itself. Therefore, several different technologies have been developed in order to analyse gene expression at the genomic level, including the following approaches: SAGE (serial analysis of gene expression); expressed sequence tags; those pertaining to microarray technology; in situ hybridization.

Microarray analysis has become a very useful means of gaining insight into patterns of gene expression at the whole genome level. Affymetrix microarrays are widely used in genomic labs and have been shown to be very reliable and provide scope for extensive sequence coverage; yet, affimatrix arrays are also expensive and may not be a feasible option for many labs due to limited funds. Thus it is sensible to investigate whether less expensive microarrays provided by other companies can be a affable alternative in terms of sensitivity and signal - to - noise ratio ; some form of cost - benefit ratio is a constant and pertinent concern for many labs and, given the importance of using microarrays in many contexts in the functional genomics field, obtaining cheap, yet computationally reliable microarray tools would be extremely fruitful ; given the fact that systems biology aims to detect changes occurring in small coding regions is a very important concern in the experimental design stage . The aim of my project was to investigate whether a microarray system manufactured by Nimblegen( specific details regarding the comparative advantages of nimblegen can be found in the appendix) can provide a cheaper option for labs that may be financially limited, yet also combines several features to increase sensitivity. This seems to be quite a pertinent issue given the cost involved in the scanning of microarray chips - costs can reach figures such as 400 Euros per array, which may not be feasible for some labs.

My project involved the following: extraction of mRNA from a three populations drosophila fruit flies(male, female and both), all of which were whole - fly, i.e. the only variable was sex; sample preparation and labelling, sample hybridisation to arrays composed of densely packed 60 - mer oligonucleotides( to do so, I will use a universal method which I will discuss in more detail in the next section, using Nimblegen arrays) ; image analysis of scans using a generic scanner PARTEK software will then be used to quantify the signal. Nimblescan was used to quantify the data, hence allowing for analysis of data(beforehand, a generic scanner was used ).
Materials and methods:

Obtaining flies:
It was essential to obtain a sufficient number of flies in order to extract enough RNA for further experiments at the microarray stage. Flies were collected at the day 7 stage, for this is when the differences between males and females is most pronounced. About 50-100 flies were collected. Male, female and whole(both) flies were collected in three separate vials. Four replicates were used to improve statistical confidence(for males, the samples were M1, M2, M3, M4 and the same for ''both'' and " female". These samples were batched in the following way: i took 1 and 2 for each condition(M,W,B) and my lab partner took 3 and 4 for each of the respective samples. However, this could have been in a number of possible ways, so we call the batch effect a random variable( this becomes important in later analysis).
RNA extraction:
RNA was extracted by either sonication or by grounding up the tissue[2]. Sonication generally gives higher yields so this is the most desirable method. A mortle and pestle was used to homogenize the tissue with Trizol. This is a efficient means of isolating RNA, DNA and protein from a broad range of biological samples.
Spectrophotomeric QC of RNA:
Prior to synthesis of cDNA synthesis, it must be verified that the RNA samples are of sufficient purity to proceed with cDNA synthesis:
1. The RNA samples were quantitated according to the following formula:
RNA concentration(µg/ml) = A(260) x 40 x dilution factor.

(RNA samples must have a concentration ≥1.0µg/µL).
2. It was verified that all the samples met the following requirements:
1. A(260)/A(280)≥1.8

2. A(260)/A(230)≥1.8
Bioanalyzer/Gel Qc):
Next, it was verified that the RNA samples are of sufficient molecular weight. Roche Nimblegen recommends the use of an Agilent 2100 Bioanalyzer, because the required sample size is very small.

The procedure followed can be found on page 12 - 13. 250ng total RNA was transferred to a sterile microcentrifuge tube. The remainder of the sample was stored on ice or at -80°C. Intensity traces were analyzed in order to check for degraded samples.
First strand cDNA synthesis:
RNA, DEPC water and oligo dT primer were thawed and maintained on ice. These components were then combined in 0.2ml tube on ice according to the protocol set out in page 14 of the nimblegen arrays user's guide gene expression analysis. The sampleswere heated at 70C for 10 mins in a thermocycler. The tubes were briefly spun down in a microcentrifuge and placed in an ice - water slurry for 5 mins. These were then mixed gently(vortexing was avoided) and,then, briefly microcentifuged. Samples were placed in a thermocycler set at 42°C for 2 mins and superscript ІІ and mixed gently (vortexing was again avoided). Samples were incubated at 42C for 60 mins.
Second strand cDNA synthesis:
A PCR master mix( listed on page 15 of the user guide) was added to the first strand reactions. The tubes were kept on ice or in a PCR tube chiller. The samples were then mixed gently( again, vortexing was avoided) and briefly micro - centrifuged. These were then incubated for 16°C for 2 hours. T4 RNA polymerase was then added to each reaction(2µL of 5U/µL). Then, the whole mixture was incubated for an additional 5 mins at 16°C( the temperature should not exceed 16°C during this step. These samples were then placed in a PCR chiller rack(it is also possible to place them on ice) and EDTA(10µL of 0.5M EDTA). These samples can be stored overnight at -20°C.
RNase A cleanup:
RNase clean - up was performed in order to pellet the DNA pellet out of solution by removing the protein and RNA layers.( page 16 of user's manual)
cDNA precipitation:
In order to isolate DNA, it was neccessary to precipitate the pellet out of solution and rehydrate the sample using the method described on page 16-17.
Spectrophotometric QC of cDNA:
The cDNA was quantitated according to the formula mentioned earlier(appendix table 2 shows the A260 values, etc).
Bioanalyzer/ GelQC of cDNA:
Samples for analyzed using the Agilent Bioanalyzer to verify that all samples meet the following requirements for acceptance:
1. Median size ≥400bp when compared to the DNA ladder.

2. Looks similar to the examples of good cDNA sample traces(described in nimblegen user's guide).
The key point is that samples exhibiting degradation should not be carried through labelling and hybridization because there is an unacceptable risk that one will obtain unacceptably poor results.
Sample labelling:
Samples were labelled( using the protocol set out on page 19 of the protocol) to ensure that a record of what was in each tube was kept. This was important for samples can easily get mixed up in later steps if this is step is not included and, hence, cross-contamination may occur.
Hybridization and washing:
Hybridization was then carried out using the protocol set out on page 23 of the Nimblegen user's manual. This is essentially requires adhering a Nimblegen mixer to the microarray slide. The general rationale for this process is set out in figure E. The aim is to optimally reduce the degree of non-specific binding and enhance specific binding.
NimbleScan Data Analysis:
The scanned images(TIFF format) can then be imported into Nimblescan software in order to quantify signals. Images are aligned automatically, spots identified followed by quantification of signal corresponding to each spot. In addition, it is possible to confirm the presence of the sample STC, thus enabling the user to confirm the sample identity on each array and ensure integrity of the experiment.(reference: page 41-43 of nimblegen user's guide). Experimental metrics reports were also generated to determine the signal- to- noise ratio of the samples in question and, hence, the quality of the data.
Normalisation and differential expression analysis:
PARTEK genomics suite is a statistical package for analysis of genomic data on a large scale. Partek can recognise the data format generated with the Nimblescan software, which allows for seamless data input. After data normalisation, principal component analysis was used to check how compact the groups of replicated samples were. Genes expressed differentially between different sexes were identified using ANOVA method. One can also compare a variety of genomic data sets to detect, in this case, differentially expressed genes. One can create gene lists sorted according to p-vaule or fold change, thus enabling one to extract biologically interesting information from dataset comparisons.
DAVID bioinformatics:
David bioinformatics allows for the functional characterization of large gene lists using an amalgamation of web - based bioinformatic results, such as KEGG pathway analysis and Gene Ontology(GO) functional terms terms . A gene list gives very little useful information in itself and must be functionally annotated. This can be performed with DAVID quite easily using KAPPA statistics. Genes cluster to specific pathways and the gene list can be divided into enriched annotation clusters.
RESULTS:
1. Clustering of replicated samples:
The replicated samples clustered well, as shown by the PCA figure( figure M). Here we can see that samples cluster relatively well with regards to sex, as shown by the separation along the axis of PCA component 1, sex. This means that most of the vraiance in the data can be explained by principlal component 1 which is the variable "sex". Thus batch effect(a random variable, the meaning of which was discussed earlier in this passage) and the error component are negliable and not significantly implicated in the variance, i.e. they do not explain the variance to any great degree.
2. Sources of variation:
As was stated above, microarray data is inherently noisy due to non - specific binding and technical error. As such, it is difficult to distinguish between biologically meaningful signal and information which is the result of noise, whether in the form of biological error( e.g. hybridization effects) or technical error( i.e. experimental error or batch effects).

One statistic that is commonly used to deal with this problem is the variance, which can be defined as follows: The mean F-ratios for for sex, batch and error factos are 58.63%, 3.15% and 1.00%, respectively.

The replicated samples clustered well as can be seen on Figure M. The sample distribution in Figure M and source of variation in Figure M demonstrate that batch effect is negligible as compared to sex effect. Therefore, we can say with high confidence that the main source of variation in our experiment comes from difference between samples of biological replicates associated with different sexes.
3. Finding genes that are differentially expressed in male and female flies:
P-value for a given gene is a probability that the expression pattern for that gene was obtain if the gene was unchanged between different groups of replicated samples. So, as many the statistical test has to be repeated many thousand times, it makes the p-values looks better than they really are. To correct that, Benjamini-Hochberg corrections was applied and corrected p-values calculated.

In microarray data analysis, it most important to take into account both significant p-values and fold changes( i.e the extent of the apparent difference between the data-sets). Consequently, a gene was marked as differentially expressed if it has p-value lower than 0.05 and Fold-change greater that 2 . The numbers of differentially expressed genes between male and female are presented in Venn diagram.

From the results, 4879 genes were shown to be significantly different between male and female flies purely by virtue of their low p-values but this is not reflected in a simarly significant fold - change. These genes are not very biologically interesting for they merely reflect low variance in the data, yet do not point to there being a large difference between the male population and the female population.

Similarly, the blue fraction comprises genes(125) which show significant difference between the male flies and female flies but only by virtue of a fold change greater than 2. However, this is not supported by low p-value which means that the data shows unacceptable variation.

However, the overlapping purple fraction constitutes genes which show a statistically significant difference between the male and female population of fruit flies by virtue of a low p-value coupled to a large difference between the means of each of the respective groups. Hence, these genes show biologically meaningful differences between males and females and therefore could be important players in the process of hierarchical process of sex determination. Thus, these genes can be said to be functionally significant as regards the biology of the organism in question, particularly in processes pertinent to sex determination.
4. KEGG pathways: pathways over-represented in the gene - list(table L):
Listed below are the results obtained using KEGG pathways with DAVID. The lower the p-value and benjamini - corrected p-vaule(this is to account for multiple pathway possibilities), the more significantly enriched the pathway is in the gene list. For instance, DNA replication has a p-value of 1.6E-8 and a Benjamini of 1.8E-6 and is thus shows an occurance that is much greater than that due to random chance
Results: annotation clusters:
Displayed below are the enriched annotation clusters generated by DAVID bioinformatics. The extent of enrichment of each cluster is quantified by the enrichment score. The extent of representation of each GO-term within the cluster is found using p-value(or EASE value[6]), which measures the probability that the occurance of the term is due to chance alone, and the Benjamini value, which corrects for multiple testing(basically, genes can occur in more than one cluster, hence reflecting findings in biology). For example, the term non - membrane - bound (annotation 1) is found to have a p-value of 1.2E-22 and a Benjamini of 7.5E-20. Thus there it is statistically unlikely that it occurs by chance alone.
Discussion:
The aim of this project was to demonstrate the use of nimblegen in the analysis of possible molecular differences between male and female drosophila fruit flies and to investigate whether this technique could be used effectively in the Sir Henry Wellcome functional genomics facility. With this in mind, flies were separated into the following groups: male ; female ; both(males and females). These flies were then sonicated in order to extract the RNA. This RNA was then tested for purity and quality using a standard RNA clean - up protocol. Microarray analysis could then be carried out on these samples, with nimblescan software being used to quantify the data and PARTEK being used to compare the results of each of the groups statistically a generic scanner in the lab was first used to quantify signal, however it was of an sufficient resolution to capture differences at the level of single probes, hence making this the weakest link as regards the possibility of employing Nimblegen technology in the Sir Henry Welcome genome facility). This was an important step for a gene list was obtained pertaining to the differences between males and females at a genetic level. This gene list was constructed in terms of statistically significant p-values lower than 0.05 and fold changes greater than 2. It is important to use both p-value and Fold-change for identification of gene differential expression, as good p-values associated with low fold-changes show genes that are very consistent but not necessarily biologically interesting. Moreover, the usefulness of p-values is severely in doubt in scenarios with low number of biological replicates[7]. This approach was followed in PARTEK by grouping the data in terms of p-value and fold change, creating a Venn diagram to define the number of genes that are significantly different between two groups and then constructing a gene list.

However, a long gene list contains very little biologically interesting information in itself and must be analyzed at a functional level. Using DAVID bioinformatics resource, one is able to cluster groups of genes in terms of function, hence allowing for more effective functional analysis of the gene list in question. Genes are grouped using an heuristic partitioning procedure, which allows for the possibility that genes can cluster to more than one functional grouping or annotation cluster, which is essentially a group of closely related pathways defining the biology of the organism in question. The extent to which a given group of genes is enriched in a given annotation cluster is defined by the enrichment score and the EASE score (Lempicki et. Al, 2008). Sometimes, within the clusters, there may be some overlaps between genes involved in each of the pathways that make up the annotation group. Hence, it is also worthwhile to use a multiple test correction such as the Benjamini p-value to take account of the possibility that gene groups may cluster to more than one annotation group. The basic idea or rational behind DAVID is as follows: notable portions of up- or down-regulated genes are involved in certain interesting biological processes, rather than being randomly spread throughout all possible biological processes ; therefore, during analysis,a "good gene list" should show a non - random distribution in terms of function and, as such, consistently contain more enriched biology than that of a random list in of similar size.

The biology underlying the differences between male and female d. Melanogaster fruit flies is complex and convoluted. In the literature, it is thought to correspond to a hierarchical structure[9] composed of interacting molecular pathways with genes involved in copulation and mating being implicated. However, as one goes somewhat deeper, it is possible to observe more complex and subtle differences at the level of molecular pathways. In table X, one can see that many pathways are significantly associated with the gene list, meaning that the differences between males and females are very wide-ranging. For instance, we find that the DNA replication pathway and cell cycle are significantly enriched in the gene list. This hardly surprising since it has been found that many genes are implicated in the timing of gene expression early on in development. The pathway revolving around RNA polymerase was also implicated, suggesting that possibility that transcription may play a role in establishing molecular differences between male and female flies. However, this raises the following question: what are the molecular pathways and types of gene products involved in each of these enriched pathways.

Many pathways are heterogeneous in terms of the molecular pathways from which they are composed. Hence, in order to obtain a greater underlying of the deeper molecular biology underlying these differences, it is crucial to integrate KEGG pathway terms with the GO(Gene Ontology) terms. For instance, the term "chromatin" was found to be enriched in annotation cluster 3. Interestingly, the terms "histone modification" and "chromosome organization were enriched" with significant EASE values, thus leading us to speculate whether the histone protein state changes could in turn regulate chromosome dynamics[10] : they are in the same enriched annotation cluster, which means that there are strong connections and interactions between the genes in the cluster. Further, it was observed that DNA replication was enriched in annotation cluster 2 with a high enrichment score. Enzymes that catalyze Histone modifications play a role in regulating chromatin dynamics and are thought to be involved in genetic imprinting, thus affecting gene expression on a global scale ; indeed, chromatin state may impinge upon transcriptional memory[11]. RNA polymerase pathway was shown to be enriched in the gene list(although, the Benjamini p-value was not very large). Hence, this has lead me to the following hypothesis:
1. The function of enzymes that catalyze histone modifications regulate chromatin state and, hence, have a strong effect on chromosome dynamics.

2. Chromosome dynamics will then affect the course of DNA replication. OR histone modifications will silence particular genes and have wide - ranging effects on gene expression early in development, effectively imprinting molecular differences between the male and female fruit flies.

3. Histone modifications have been shown to be important in the establishment of cell-specific gene expression patterns and a recent paper has documented their relative enrichment at cell - specific enhancer sequence[12], thus leading to quite specific effects at level of single genes(in eukaryotes, the coding sequences are very much discontigious, thus allowing for the development of cell - specificity).

4. Alternatively, chromatin state can affect chromosome dynamics and affect a large number of genes.
Another interesting observation was that "zinc finger" and "zinc ion binding" were significantly enriched. This would appear to be consistent with the relative enrichment of the RNA polymerase pathway. Perhaps there are transcriptional differences between sex - specific genes with zinc - finger transcriptional factors regulating such affects. Such a hypothesis would appear to be concordant with the fact that the "DNA-binding" term is enriched in the functional chart. For instance, double-sex, a transcription factor, falls under this category and is thought to be involved in the regulation of sexual dimorphic patterns in neural circuitry and social behaviour in drosophila melanogaster[13]. Interegestingly, Acf1,an ATP-dependent chromatin assembly factor large subunit was found to cluster to the zinc ion binding domain. In the literature, it is has been shown to be required for basal repression of WG target genes(WG refers to the wingless/wnt pathway)[14]. Perhaps this points to the possibility that Acf1 and the wingless signalling pathway interact to establish differences in gene expression between male and female d.melanogastor fruit flies.

In conclusion, Nimblegen can be used in a very efficient way to decipher molecular differences between groups of organisms corresponding to different conditions. It has been shown that a gene list can be obtained in terms of significant p-values combined with fold changes and uploaded into DAVID, leading to effective clustering in terms of gene function. The heuristic algorithm used in DAVID can effectively group genes in a list into numerous functional groupings using KAPPA statistics, yet allows for the possibility that genes can cluster to more than one annotation set( this is consistent with biology, for there is a great deal of crosstalk between molecular pathways in many biological clusters[15]). Thus, although there may be many non - overlapping genes found between clusters, there may be other genes that are involved in more than one biological process. This allows for inference concerning the biological meaning of a gene list, for it allows one to inter-relate KEGG and GO terms to synthesize a biological impression of what the molecular correlates of the differences between males and females actually are.
Nimblegen microarrays:
As I said in my introduction, the aim of my project is to test whether nimblegen microarrays can be as effective and as accurate as affimatrix arrays, despite being cheaper. Nimblegen microarrays are believed to have the following advantages relative to those designed by other companies:
1. Have the ability to accurately analyze 12 samples simultaneously on a single slide;

Can achieve high specificity, sensitivity, and reproducibility with 60-mer oligo probes: highly repetitive elements of the genome or transcript sets are often excluded from the microarray data, which decreases the probability of non - specific binding (technical note, Roche Nimblegen Probe Design Fundamentals).

2. Utilize 135,000 features on each gene: included are multiple probes per target, hence allowing for complete coverage of transcriptome and increased accuracy at the same time[17]: averaging of signal over multiple probes enhances statistical confidence, as inconsistencies in the binding of each probe are accounted for. This increases signal - to - noise ratios, relative to platforms containing fewer probes.
Nimblegen microarrays are unique in that they can effectively combine high - density arrays, long - oligo probes, and flexible design capability.
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