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Shigella flexneri is the leading cause of dysentery and shigellosis in humans and has exhibited a remarkable ability to build resistance to different antibiotics. A 2012 study by Fu et al. concluded that two rifamycin antibiotics, rifaximin and rifampin, effectively cause cessation of ribosomal activity and translation but are also associated with an up-regulation in virulence genes. To verify this and further understand how Shigella builds resistance, a newly customized database was built with XMLPipeDB’s GenMAPP Builder for the species using genomic data from a 2002 study by Jin et al. The microarray data from the Fu et al. experiment was run through this database using GenMAPP and criteria was created to analyze the effects of the drugs at different concentrations and time points. The data obtained through MAPPFinder supported results from the Fu et al. study while also providing more insight on how rifamycin works in Shigella. 

[bookmark: h.ye0dinp3gu3a]Introduction
Shigella flexneri is a gram-negative facultative bacillus that is responsible for most of the shigellosis and bacillary dysentery deaths in humans worldwide. It invades the epithelial tissue of the colon and rectum, resulting in inflammation as well as intestinal symptoms ranging from short-lasting watery diarrhea to acute inflammatory bowel disease (3). There is no vaccine for Shigella in existence and current treatments and preventative strategies are inadequate or are being met with significant resistance from the species. Approximately 163 million cases and 1.1 million Shigella-related deaths are reported in developing countries each year and most of these cases are children under 5 years old, so understanding the mechanisms behind Shigella’s virulence properties and how its adverse effects can best be combatted are critical (4).
Pathogenic strains of Shigella are known to contain a virulence plasmid that contains genes necessary for invading intestinal epithelial cells and survival in host environments, i.e. surviving the proteases and acids of intestinal tract as well as restricting the immune response by T-lymphocytes. The virulence plasmid encodes a type III secretion system that allows the bacteria to enter into vacuoles in colonic epithelial cells, lyse the cell membrane, and rapidly replicate in the cytoplasm (6). In the last 50 years this plasmid has rendered previous therapy such as sulfonamides, ampicillin, and tetracycline nearly useless, leading to a surge in research to understand why resistance is building so quickly so that a proper vaccine can be created (4). One such antimicrobial agent that Shigella is gradually undermining is rifamycin, which has previously been an effective treatment because binds to the beta-subunit of RNA polymerase, thus inhibiting RNA synthesis. Two compounds in the rifamycin group, rifampin (RP) and rifaximin (RX), are FDA-approved antibiotics used to treat a variety of intestinal and bowel disorders. Their effects on gene expression in Shigella were compared to provide insight on how the bacteria circumvent treatment by Fu et al. in 2012 (2). The study found that while ribosomal and metabolism-related genes are consistently down-regulated over time with different concentrations of RF and RP, virulence genes such as those encoding flagellar assembly are commonly up-regulated.
In 2002, Jin et al. conducted a gene sequencing study on Shigella flexneri 2a str. 301 (Sf301) and proved that this serotype is closely related phylogenetically to pathogenic strains of Escherichia coli. They discovered that both possessed the same backbone and pathogenicity island mosaic structure, although Sf301 lacks some genes present in E. coli and has some additional, less-understood adaptations for intracellular replication and growth (3). Using the information provided in the paper, as well as an external model organism database, we utilized XMLPipeDB’s GenMAPP Builder to construct a newly customized gene database for Sf301. Using this new database, we ran the microarray data through GenMAPP and MAPPFinder to analyze how RF and RP may be affecting gene expression levels and therefore virulence in Shigella in response to the antibiotic. 

[bookmark: h.4nuvc2ntkph4]Materials & Methods
Downloading Necessary Files
Files that were imported into TallyEngine were taken from the UniProt, GO Consortium page, and GOA pages. In the UniProt page, the specific taxonomy (623) and proteome IDs (UP000001006) had to be manually inputted into the search bar so that the proper strain of Shigella flexneri can be downloaded. All the files that were used in this project were downloaded on November 19, 2015: the UniProt XML version 2015_11, the GO-OBO XML updated on 11/19/2015,  and the GOA released on November 11, 2015. XMLPipeDB’s GenMAPP Builder was also needed to be downloaded.

Creating the Database using PostgreSQL
Our gene database was created using PGAdmin III. The commands used to execute the creation of the database were taken from XMLPipeDB’s GenMAPP Builder gmbuilder.sql file. Once the query finishes, GenMAPP Builder had to be configured to look for the PostgreSQL database that was just created.

Exporting into a GenMAPP Gene Database
The requirements at this stage were to ensure that all of the necessary files were imported into TallyEngine. Then, we also ensured that the name of the database matched the one created in PostgreSQL, and the file name that we would want the exported file will be called is designated. Then, we ran the export for approximately 1 to 2 hours.

Validating the Gene Database
Microsoft Office was primarily used to inspect the contents of the exports. Using Microsoft Access to open the .gdb file, the Systems table was observed to contain the necessary information, such as the date of the export and the URL of the external model organism database that we would link to our own gene database. Other tables that were inspected for validity were the OrderedLocusNames, UniProt, and RefSeq. The latter two were quickly skimmed for consistency, because the OrderedLocusNames table is the one that matters the most in this project.

[bookmark: h.vl4xy7gwwyay]Creating a Compiled Raw Data File
The GenMAPP users accessed the microarray data from ArrayExpress and downloaded the raw files. This file was unzipped and expanded to show the treatment and control hybridized and the columns were re-labeled to indicate that they were the hybridized log ratio samples with the format LogFC [drug-concentration-time point-rep #]. For convenience, one GenMAPP user did all RP samples and the other did all RX samples. In Microsoft Excel, all ID columns were deleted except for column A, which was re-named “MasterIndex”, and rows labeled “empty” or “blank####” were deleted, leaving behind 3,926 total files. The word “error” was replaced with a space character. The samples were then combined into a master compiled raw data file.

Normalization of Log Ratios and Statistical Analysis
Data was averaged in Microsoft Excel and the standard deviation was calculated for all data columns indicating a different treatment in a new worksheet called “Statistics.” The average log fold change of the repetitions per treatment and time period was calculated and these columns were named Avg_LogFC [drug-concentration-time point]. The T statistic and P value (degrees of freedom=2) were calculated that were representative of all three replicates per treatment. Bonferroni P values were calculated as well as the corrected Bonferroni P value, which replaced any number greater than 1 with the number 1 in the spreadsheet. 

Sanity Check
Columns containing P values were separately filtered by p < 0.05, p < 0.01, and p < 0.001 and Bonferroni p value column was filtered by p < 0.05. Results for each were recorded as numbers and percentages out of 3,926 total files. 

Preparing file for GenMAPP and Running GenMAPP
GenMAPP, a gene map annotator and pathway profiler, was used for data analysis by the GenMAPP users through the polished database created by the QA and Coder (5). A new worksheet was created for import into GenMAPP. The statistics sheet was copied and pasted into the new worksheet. All fold changes were changed to show 2 decimal places and all P value columns were edited to show 4 decimal places. A “SystemCode” column was created so that each ID had a SystemCode value of N. In order for the file to be recognized and read accurately by the program, the “0.5” headers were changed to “0pt5” and all “#DIV/0!” messages were replaced with a space character. This was saved as a “Text (Tab-delimited) (*.txt)” format. The new database created by the QA and Coder was uploaded into GenMAPP and the compiled raw data .txt file was chosen in the Expression Dataset Manager.

Creation of Color Sets and Running MAPPFinder
In the Expression Dataset Manager the name of each treatment was typed in the format [drug-concentration-time period] in the “Name” section. Under “Gene Value”, the same treatment was added with the prefix Avg_LogFC. A new color set was added with the label “Increased” and colored red and the criterion was written as “[Avg_LogFC treatment] > 0.25 AND [PValue_LogFC treatment] < 0.05”. A second criterion was added for that treatment with the label “Decreased” and colored green. The criterion was written as “[Avg_LogFC treatment] < -0.25 AND [PValue_LogFC treatment] < 0.05.” This color set was saved and the process was repeated for every drug concentration/time point combination for a total of 12 color sets.

Analysis of MAPPFinder Results
After each color set was saved, the resulting Criterion.GO files were opened with Excel. The criterion files for increased and decreased RX and RP at -0pt5-10 and -1-60 were filtered by the following criteria: “Number Changed” column filtered to show only between 4 and 100, “Z score” column filtered by greater than 2, “Permute P” column filtered to show less than 0.05 only, and “Adjusted P” column filtered to show less than 0.1. Out of the GO terms listed after applying each of the filters, the top 10 (or 9) were selected for these four treatments and added to a compiled file of filtered MAPPFinder results. In this compiled filtered results file all columns were deleted save for GO ID, name of GO term, number changed/present and percentage, number present/number in GO and percentage, regular p value, and adjusted p value. 

Placing Genes on MAPP and Drawing Pathway
Receiving the analysis of MAPPFinder results with relevant GO terms regarding the induced and repressed expression of genes comparing the different drugs at 0.5xMIC at 10 minutes and 1xMIC at 60 minutes provided insight into what pathway to create on the MAPP(5). The genes associated with the pathways were found at http://www.genome.jp/kegg/pathway.html. The organism of interest and strain, Shigella flexneri 301 2a, were selected and pathways were searched regarding relevant GO terms. The maps provided information with gene labels and IDs which were used to create the MAPP. GenMAPP would search the IDs by OrderedLocusNames showing which genes were in the directory and which ones were absent. Genes were placed in categories regarding pathway and organized based on alphabetical order and function. Multiple maps were made in reference to commonly induced genes, commonly repressed genes, and the filtered criterion-GO files generated by GenMAPP.
 
[bookmark: h.7d8s6zjyk3zw]Results
Gene Database Schema Figure for Shigella flexneri 2a str. 301








[image: Shigella_Schema.png]Gene Database Testing ReportFigure 1 – Gene database schema

See Appendix section.

Gene Database Summary
The ordered locus names listed below are more than the external MOD since each of the genes in the chromosome had two ordered locus names: 
	
	# of OrderedLocusNames IDs

	XMLPipe DB Match
	7569

	TallyEngine (UniProt)
	15134 = 2 * 7567

	TallyEngine (PostgreSQL)
	7660

	OriginalRowCounts
	7661

	external MOD
	4446 (coding genes - chromosomes)


Table 1 – Summary of overall results
The discrepancy of ~3200 IDs stems from the fact that the exported OrderedLocusNames were in fact representing the same genes. The IDs of the form SF#### can also be represented with the form S####. 

XMLPipeDB Match Command
Two slightly different commands were used on match that was then combined to get the total number of IDs:
· java -jar xmlpipedb-match-1.1.1/xmlpipedb-match-1.1.1.jar “>(CP|SF?)[0-9][0-9][0-9][0-9](\.[0-9])?(/|</name>)” < uniprot-proteome%3AUP000001006.xml
· java -jar xmlpipedb-match-1.1.1/xmlpipedb-match-1.1.1.jar “/(CP|SF?)[0-9][0-9][0-9][0-9](\.[0-9])?(/|</name>)” < uniprot-proteome%3AUP000001006.xml

PGAdmin III Query
A query specific for our specie was created in order to ignore IDs that were already imported. The union of the default command for finding the ordered locus names and the command for capturing the dbReferences was used:
select count(value) from (select value from genenametype where type = 'ordered locus' and value ~ '(CP|SF?)[0-9][0-9][0-9][0-9](\.[0-9])?' union select extra as value from (select propertytype.value as extra from propertytype inner join dbreferencetype on propertytype.dbreferencetype_property_hjid = dbreferencetype.hjid where dbreferencetype.type = 'EnsemblBacteria' and dbreferencetype.id ~ 'AAN[0-9][0-9][0-9][0-9][0-9]' and propertytype.type = 'gene ID' and propertytype.value ~ 'SF[0-9][0-9][0-9][0-9]') as f left join (select value from genenametype where type = 'ordered locus' and value ~ '(CP|SF?)[0-9][0-9][0-9][0-9](\.[0-9])?') as g on f.extra = g.value where g.value is null) as combined;

TallyEngine Results
The number of OrderedLocusNames IDs that were not in the XML source at all was about 322. The missing ones are of the form SF#### and S####. The number of OrderedLocusNames IDs that were not exported are those that are misnomers. A quick search using firstObject XML Editor revealed that some of the IDs do exist, however, they are not the ones that we needed since they did not appear in the form SF####, but as parts of some other strings (i.e., some appeared as SSF#####). From inspecting the .gdb file using Microsoft Access, the ~92 genes were indeed exported. In fact, we had exported a slightly higher number of genes than what we expected.

Changes to the GenMAPP Builder Code
The results above were done after we have successfully modified the GenMAPP Builder code specifically for our specie. We added a subclass of UniprotSpeciesProfile called ShigellaflexneriUniprotSpeciesProfile.  This class initially had a custom constructor and overrode only one method entitled getSystemsTableManagerCustomizations. This method was customized to aid in the export of Shigella flexneri genes.  These customizations resulted in a .gdb file that was missing 416 of the genes as seen in the Microarray raw data.  It was discovered that only 92 of these 416 genes were actually in the XML file.  To capture these missing 92 genes another method was created that overloaded the previous method “getSystemsTableManagerCustomizations()”.  A SQL query was added that aided in the exportation of the remaining genes.  The full customization, as seen below, allowed us to get all of the genes we could out of the Uniprot XML file, which in turn aided the work done in GenMAPP.
[image: FinalCustomizationsPart1.png]
Figure 2 - Final Version of custom species profile Shigella flexneri pt.1
[image: FinalCustomizationsPart2.png]
Figure 3 Final Version of custom species profile Shigella flexneri pt.2

Sanity Check 
[image: ]
	Table 2 - Amount of genes that exhibit significance at different p-values and Bonferroni results
     Results of the sanity check indicate the amount of gene expression within the given parameters, including both up-regulated and down-regulated genes. 
Criteria for GenMAPP Expression Dataset
     Color sets were created using the criteria of log fold change greater than 0.25 for increased (red) and log fold change less than -0.25 for decreased (green). The p value cutoff for significance was set as less than 0.05 (Table #).
	Label in Legend
	Color
	Criteria

	Increased
	 
	Increased [Avg_LogFC] > 0.25 and [P value] < 0.05

	Decreased
	 
	Decreased [Avg_LogFC] < -0.25 and [P value] < 0.05


[bookmark: h.aj54si91jh5p]Table 3 – Criterion for Gene inhibition and induction within MAPPFinder

Filtered MAPPFinder Results
[image: ]
Table 4 – Down-regulation CriterionGO results from RXRP 0.5xMIC at 10 min  
                    	Results from MAPPFinder for RX and RP at 0.5 x MIC after 10 minutes indicated a drastic down-regulation of genes encoding ribosome, ribonucleoprotein complex, structural constituent of ribosome, structural molecule activity, cytoplasmic part, intracellular non-membrane-bounded organelle, and intracellular organelle. RX caused a greater percentage of genes to be significantly changed than RP but both had at least around 40% of genes encoding those processes to be changed (Table 4). This is consistent with the findings of Fu et al., who found that RX has more of an effect than RP, particularly as time increases.
[image: RPvsRP_0pt5_10-60_20151612.jpg]
Figure 4 – MAPP of flagellar assembly and ribosomal genes RXRP 0.5xMIC at 10 min
GenMAPP was utilized to create MAPPs of pathways corresponding with gene pathways indicated relevant within CriterionGO filtered results.  The above MAPP is associated with production of proteins located in pathways associated with flagellar assembly and the large and small subunit of the ribosome (Figure 4). The MAPP indicates a substantial amount of genes associated with ribosomal protein production at 0.5 x MIC RP vs RX at 10 minutes are repressed. 

 	

At 1 x MIC after 60 minutes both RX and RP showed significant down-regulation of translation, peptide biosynthetic process, peptide metabolic process, amide biosynthetic process, cellular amide metabolic process, ribonucleoprotein complex, and ribosome (Table 5). In light of the Fu et al. paper these results are consistent because the drug acts to bind to the beta subunit of RNA polymerase, inhibiting translation of RNA into amino acids and peptide-related processes that occur in the ribosomal complex. At least 60% of genes were changed for both drugs, with RX generally having slightly more genes changed out of the total number.[image: ]Table 5 – Down-regulation CriterionGO results from RXRP 1xMIC at 60 min

[bookmark: h.ccl3ibx5695o][image: ]
Table 6 – Up-regulation CriterionGO results from RXRP 1xMIC at 60 min
[bookmark: h.7ivdwq69zb1c]At 1 x MIC after 60 minutes both RX and RP showed significant up-regulation of carbohydrate transport, cell projection, bacterial-type flagellum part, and cell projection part. This is consistent with the Fu et al. paper in that after 60 minutes of exposure to the drug there was common up-regulation seen in virulence genes from the plasmid such as those encoding flagellar production and motility. RP had a greater effect in relation to up-regulation of flagellar genes, indicating that RP increases virulence to a greater extent. This was not addressed by Fu et al.
[image: RXvsRP_1_60_20161512.jpg]
Figure 5 – MAPP of flagellar assembly and ribosomal genes RXRP 1xMIC at 60 min
The MAPP of RX vs RP 1xMIC at 60 minutes shows genes exhibit an increased expression during both treatments within the flagellar assembly pathway and decreased expression for genes located in the ribosomal protein pathway (Figure 5). Flagellar assembly genes code for proteins associated with other pathways such as cellular processes and cell motility. 
One of the features of GenMAPP is the ability to analyze and cross reference multiple data sets at a time. MAPPs were made to compare the analyzed data with commonly induced or repressed genes described by Fu et al. Both drugs at 0.5xMIC and 1xMIC were viewed at each time point to analyze and record data correlations with that of Fu et al. 
[image: RPvsRX_0.5_10-60_Commonly_Induced_Genes_20151512.jpg]
Figure 6 – MAPP of commonly induced genes RXRP 1xMIC 10 – 60 min
 	GenMAPP produced MAPPs analyzing pathways of commonly induced genes stated by Fu et al. The map shows a strong presence of induced genes throughout all time points of the 0.5 x MIC trials of RP and RX (Figure 6). Fu et al. noted that some of the genes located within the VP showed time dependent rates of induction which is shown within the MAPP, spa29 proves as an example(2).
[image: RPvsRX_0.5_10-60_Commonly_Repressed_Genes_20151512.jpg]
Figure 7 – MAPP of commonly repressed genes RXRP 1xMIC 10 – 60 min
MAPP analysis of pathways of commonly repressed genes stated by Fu. et al. There is a strong presence of repressed genes through all time points of the 0.5 x MIC RP and RX (Figure 7). The gene mdh stands out for being induced within a generally repressed gene pathway, this gene codes for enzymes utilized within other pathways such as pyruvate metabolism, microbial metabolism in diverse environments, carbon metabolism, and biosynthesis of antibiotics. 

[image: RPvsRX_1_10-60_Commonly_Induced_Genes_20151512.jpg]
Figure 8 – MAPP of commonly induced genes RXRP 0.5xMIC 10 - 60 min
There is a strong reinforced presence of induced genes through all time points of the 1 x MIC trials of RP and RX, especially within genes that code for virulence. Genes involved in heat shock, however, indicate a time-dependent repression. Genes involved with heat shock exhibiting an initial induction followed by a time dependent repression during the 1xMIC trials include hslU, which codes for the protein ATP-dependent protease ATP-binding subunit; hslV, which codes for ATP-dependent protease peptidase subunit; and htpG, which codes for heat shock protein 90 (2, Figure 8).




[image: RPvsRX_1_10-60_Commonly_Repressed_Genes_20151512.jpg]
Figure 9 – MAPP of commonly repressed genes RXRP 0.5xMIC 10 – 60 min
There is a strong presence of repressed genes through all time points of the 1 x MIC trials of RP and RX, indicating that pathways regarding transcription, production of ribosomal proteins, citrate cycle, and amino acid metabolism are repressed (Figure 9). Gene mdh stands out for being induced within a generally repressed gene pathway. This gene codes for enzymes utilized within other pathways such as pyruvate metabolism, microbial metabolism in diverse environments, carbon metabolism, and biosynthesis of antibiotics. FumC (fumarate hydratase) is an enzyme utilized within the citrate cycle and is present within the cytosol for amino acid metabolism when the cell experiences DNA impairment(7).

[bookmark: h.c78jp2y92ky9]Discussion
For the most part, the GenMAPP Builder process captured most of the valid IDs during the initial export, producing an overall count of 7567 ordered locus names from the <gene/> tag in the XML file. However, there was a bit of a setback on the testing side after some XML files were unknowingly imported twice to the initial gene database. Though the duplicated count of genes in TallyEngine did not affect the rest of the group, it still proved to be troublesome since the exports took more than twice as long as it should have been, and the cause of the extra counts was yet undetermined at the time. The UniProt and GOA files had to be re-imported and the previous build had to be re-run in order to produce the actual results.
Aside from the longer timeframe, the GenMAPP Builder export had no hiccups.  It is to be expected that not every gene was found within the XML file using the initial customization, so when we figured out which genes were missing we customized GenMAPP Builder accordingly.  We were missing 416 genes initially and were able to find 92 genes in the XML file that needed to be exported.  Those 92 genes were included in the export by adding a single method within the source code of GenMAPP Builder.  With this added method all the genes in the XML file that we could find were exported successfully.  Specific changes that were made can be seen in the Results section.   
One major discrepancy, however, still exists within the build. Ensembl Bacteria reports that there are only 4446 coding genes, but we have exported 7661 ordered locus names. The cause of this is that the IDs of the form SF#### represent the same genes as the ones represented by the IDs of the form S####.
When comparing values used to distinguish significant changes were compared in the average log-fold change along with T-stat values that were used to create P values. A value of less than 0.05 for statistical significance. Fu et al. used mean log ratios and within their calculations a change in gene expression was significant if the mean ratio was higher than a twofold change up or down (2). The criteria for the mean ratios is not clear, nor are their calculations identified, and only the results are shown. If a gene exhibited a twofold increase or decrease from the previous time point then it was considered significantly altered. 
Our analysis considered genes significant if they showed greater than a 0.25 increase or decrease in average LogFC values and had a P value less than 0.05 (Table 3). Given this criteria 18.8% of genes were significantly changed for RP at 0.5 x MIC after 10 minutes, with 22% noted as significant in the sanity check using only the P value. Additionally, 18.2% of genes were significantly changed for RX with the same treatment with the criteria of 0.25 increase or decrease in comparison to 20.8% in the sanity check. For RP at 1 x MIC after 60 minutes, 61% of genes were considered significantly changed in MAPPFinder and 64% in the sanity check, and for RX 56% were considered changed in MAPPFinder and 59% in the sanity check. Overall, between our analysis via MAPPFinder and the sanity check done in Excel, most changes in gene expression were similar, with the MAPPFinder analysis being slightly more stringent (Table 2). 
In the sanity check a similar trend was seen with the percent of genes changed at the different time points. With both RX and RP the highest percent of genes changed was seen after Shigella was harvested at 30 minutes, regardless of the drug concentration added and even as the p value cutoff became smaller (Table 2). The general trend shows the smallest percentage of genes changed for RX and RP at all p values after 10 minutes, the largest at 30 minutes, and a middle-level percentage at 60 minutes. The exception is seen in RP-1-30 and RP-1-60, where there is almost no change or none at all, which provides a possibility for further analysis for this treatment. 
The study noted genes that had altered expression levels within at least two experimental conditions for each drug. RX had a total of 535 genes altered and RP showed 367 genes altered (2). MAPPFinder results bolster claims made in Fu. et al while providing new insight into their data. A significant change of expression was identified if the mean ratio of a gene is higher than twofold up- or down-regulated within their study. The data for rpoBC was not logged within the Excel file named within the paper (Table S3) as a search function of the gene came up empty (2). These genes were thought to be induced 1.6 to 4.0 fold. Genes rpoBC and rpoD are the only two genes described with a fold change (2). All others are simply upregulated or downregulated. 
Within the transcription pathway several genes were continually repressed. The gene rho was targeted because of the expectation that as there is less transcription occurring, so the free rho factors binding to mRNA will show a decreased gene expression throughout the trials (1). This study found that there was reduced gene expression throughout the experiment along with csiE coding for stationary phase inducible protein, major cold shock protein gene cspA, and uidR, that codes for a transcriptional repressor for uid operon(2). Amino acid metabolism shows a continual repression as well, which is expected because of the downregulation in transcriptional genes (Figures 9, 7). Genes associated with ribosomes, amino acids, transcription, and the citrate cycle exhibited a continual inhibition of gene expression throughout the trials (Figures 9, 7). 
The Criterion-GO files provided insight into the pathways with greater rates of expression and inhibition for 0.5 x MIC at 10 minutes and 1 x MIC at 60 minutes. These pathways involved flagellar assembly and motility, ribosomal activities, and metabolism. Genes that were typically induced or repressed within these pathways showed corresponding data at different time points as well. There were several genes that showed time dependency including hslU, hslV, and htpG, which displayed decreased rates of expression overtime. Heat shock genes met the criteria as a group of genes cited as commonly upregulated within the paper that showed altered levels of expression(2). These results of 1 x MIC RX vs RP show the initial upregulation with later time points gene expression significantly decreasing (Figure 8). Genes encoded with virulence were typically induced, such as genes within the virulence plasmid and on the chromosome. Known genes associated with virulence located on the chromosome such as fimE, shiC, shiA, fimB, and SF3803 show increasing rates of induced gene expression as stated in the paper (Figures 3, 8). Genes located within the flagellar assembly pathway including flgG, flgI, flhC, fliD, fliR, and fliT were found to be commonly induced in a consistent manner with the Fu et al. study (2, Figures 4, 5).
Due to the similarity in mechanisms of action for both drugs, one would expect similar reactions among pathways. There are many instances where gene expression differs among the drugs and this warrants future possible research regarding the mechanism of action and what can be hypothesized about such proteins interaction within the system. Notably, the genes encoded within the virulence plasmid showed indications of induced expression along with other virulent genes on the chromosome, which appeared to be induced at an even higher level. Along with the flagellar assembly pathway these are strong virulent factors that could possibly be harmful to a host. There are many hypothetical genes that were altered, shedding light on potential protein functions within already established and well-known pathways that be used to understand and predict mechanisms of resistance in Shigella flexneri.

[bookmark: h.yi34nm10kvrg]Conclusion
With respect to the gene database creation, the number of genes seemed to closely match the ones that the external gene database has if the IDs of the form S#### is not taken into account. Since the SF#### and S#### ordered locus names represent the same IDs in the UniProt XML file, which would mean that we are counting the same genes twice, if we dismiss ~3200 ordered locus names with the form S####, then we would get approximately the same number of coding genes reported on Ensembl Bacteria, i.e., 4446 coding genes. If the project were to be continued, we would have to adjust more of the existing GenMAPP Builder code to ignore the ordered locus names of the form S####. Additionally, in terms of the processes involved in the microarray data, we would like to see a dye swap with the Cy5-dCTP and Cy3-dCTP dyes. Swapping the dyes and averaging the ratios would allow for compensation in dye bias that may have been present. This study revealed that rifamycin treatments are shown to be inhibitory but at the cost of the bacteria enhancing processes related to pathogenicity. Our findings support the conclusions of the previous study by Fu et al., while providing greater insight into gene pathways affected by rifampin and rifaximin (2). Due to the parameters set within GenMAPP we were able to see the activity of genes and make comparisons not only based on the data but a visual representation of the data. The RX and RP trials showed that the steric hindrance caused by the binding of the drugs to the beta subunit of RNA polymerase has a strong effect on Shigella flexneri but the antibiotic also causes genes associated with motility and secretion systems to become upregulated, increasing the virulence of the bacteria.
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Appendix
Gene Database Testing Report for Shigella flexneri 2a str. 301 

Export Information:
Version of GenMAPP Builder:
· gmbuilder-3.0.0-build-5
Computer on which export was run:
· LMU Seaver 120 computer: front of the room, 3rd computer from the right
Postgres Database name:
· Shigella_flexneri_20151208
UniProt XML filename:
· UniProt XML version (The version information can be found at the UniProt News Page < http://uniprot.org/news>): 
· UniProt release 2015_11
· UniProt XML download link: 
· <http://www.uniprot.org/uniprot/?query=proteome:UP000001006>
· Time taken to import: 
· 4.43 minutes
GO OBO-XML filename:
· GO OBO-XML version (The version information can be found in the file properties after the file downloaded from the GO Download page < http://archive.geneontology.org/latest-termdb/go_daily-termdb.obo-xml.gz> has been unzipped):
· Version created on 11/19/2015 (at 2:24 AM)
· GO OBO-XML download link: 
· <http://archive.geneontology.org/latest-termdb/go_daily-termdb.obo-xml.gz>
· Time taken to import: 
· 6.84 minutes
· Time taken to process: 
· 5.49 minutes
GOA filename (give filename and upload and link to compressed file):
· GOA version (News on the UniProt – GOA page < http://www.ebi.ac.uk/GOA> records past releases; current information can be found in the Last modified field on the FTP site <ftp://ftp.ebi.ac.uk/pub/databases/GO/goa/proteomes/>): 
· Version released on 11/11/2015.
· GOA download link: 
· <http://ftp.ebi.ac.uk/pub/databases/GO/goa/proteomes/103.S_flexneri_301.goa>
· Time taken to import: 
· 0.06 minutes
· Name of .gdb file (give filename and upload and link to compressed file): Sf-Std 20151208.gdb
· Time taken to export: 
· 2 hour, 0 minutes, 27 seconds
· Start time: 
· 9:35:00 PM PDT
· End time: 
· 11:35:27 PM PDT
 
Using TallyEngine:
·       With the necessary files import to PostgreSQL, TallyEngine was run and the following table is the result of the export:
 [image: tally results.png]
Table 7 - Final result of TallyEngine Match and PostgreSQL counts
 
Using XMLPipeDB match to Validate the XML Results from the TallyEngine:
·   	Two separate, almost identical regex, were used in order to find more ordered locus names in the XML file from just within the <gene/> tag. The one below found 7567 IDs:
 [image: regex1.png]
·   	The one below found 3 IDs:
 [image: regex2.png]
·   	When added together, the results become 7566 + 3 = 7569.
·   	Since there were ID duplicates between the <gene/> and <dbReference/> tags, there was no easy way to actually find newer IDs without miscounting. Therefore, this initial regex count was kept since it is the closest number we could get to our database export count (7569 vs. 7663).
 
Using SQL Queries to Validate the PostgreSQL Database Results from the TallyEngine
·   	For our specific specie, a specialized PSQL query was made thanks to our advisor, Dr. John David Dionisio. Below is a screenshot of the query in action, which produced 7660 entries:
 [image: postgres_OTS_20151216.png]
Figure 10 - PostgreSQL query specific to Shigella flexneri
 
OriginalRowCounts Comparison
·   	In the .gdb file, which was opened in Microsoft Access, the OriginalRowCounts table was inspected in case the export did not work as we intended. With the additional ~92 IDs that was found from the <dbReference/> tag, the total count should be 7569 + 92.
·   	In this table, the OrderedLocusNames row was determined to contain the number of IDs that we were expecting, as seen from the table below.
·   	Other than the table that we were expecting to be changed, the rest of the rows seemed to be kept intact when compared with the “benchmark” build that we made previously (Build 2).
[image: originalrowcounts_OTS_20151216.png]
[bookmark: _GoBack]Table 8 - OriginalRowCounts table as seen in Microsoft Access
 

Visual Inspection
A visual inspection was performed on the individual tables to see if there are any problems. Primarily, the Systems table was checked for dates. There were no problems in the following tables:
·       GeneOntology
·       InterPro
·       GeneID
·       RefSeq
·       UniProt
·       EMBL
·       PDB
·       Pfam
·       OrderedLocusNames
·       EnsemblBacteria
Additionally, the following tables seemed to all have the correct forms of IDs:
·       UniProt
·       Refseq
·       OrderedLocusNames
 
Download .gdb File
The resulting .gdb file can be downloaded in the link provided below:
·   	<https://xmlpipedb.cs.lmu.edu/biodb/fall2015/images/b/b8/Sf-Std_20151214.gdb>.
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1 package edu.lmu.xmlpipedb.gmbuilder.databasetoolkit.profiles;

2
3
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import

public

java.sql.Connection;
Java.sql.Preparedstatenent;
Java.sql.Resultset;
Java.sql.SQLException;
Java.util.Date;

org.apache. commons. logging. Log;
org.apache. commons. logging. LogFactory;

edu. Lnu. xnlpipedb. gnbuilder. databasetoolkit. Connect iontianager;
edu. Lnu_ xnlpipedb. gnbuilder. databasetoolkit. tables. TableManager;

edu. Lnu_ xnlpipedb. gnbuilder. databasetoolkit. tables. TableManager. QueryType;
edu. Lnu. xnlpipedb. util.exceptions. InvalidParameterException;

class ShigellaflexneriUniProtSpeciesProfile extends UniProtSpeciesprofile {

public ShigellaflexneriUniProtSpeciesprofile() {

i

super("Shigella flexneri”,
623,
"This profile customizes the GenMAPP Builder export for
"Shigella flexneri” +
" data loaded from a UniProt XiL file.");

@override

public TableManager getSystemsTableManagerCustomizations(TableManager tableManager, DatabaseProfile dbProfile) {

super . getSystensTabletanagerCustomi zations( tabletanager, dbProfile);
tabletlanager . submit("Systens", QueryType.update, new String[][] {

{ "SystenCode”, "N" },
N { "Species”, "|" + getSpeciestame() + *|* }

tabletanager. submit("Systens”, QueryType.update, new String[](] {
{ "SystemCode”, "N" },
{ "Link”, "http://we.mgc.ac.cn/cgi-bin/shiBASE/ShiBASE_query.cgi?synonym=~" }
b

return tableManager;
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private static final Log L0G = LogFactory.getLog(shigellaflexneriUniProtspeciesProfile. class);
@override
public TableManager getSystenTableManagerCustomizations(TableManager tableManager,
TableManager primarySystenTabletanager, Date version) throws SQLException, InvalidParameterException i
// Start with the default OrderedLocusiiames behavior.
TableManager result = super.getSystenTableManagerCustomizations(tableanager, primarySystenTabletanager,

version);
String sqlouery = "select dbreferencetype.entrytype_dbreference_hjid as hjid, " +
"propertytype.value from propertytype inner join dbreferencetype on " +

"propertytype.dbreferencetype_property_hjid = dbreferencetype.hjid " +
"where dbreferencetype.type = 'EnsemblBacteria’ and " +

"dbreferencetype.id ~ 'AAN[@-9][@-9][@-9][e-9][e-9]" and " +
"propertytype.type = ‘gene I0’ and " +

"propertytype.value ~ 'SF[-9][e-9][e-9][e-9]" order by propertytype.value”;

Connection c = Connectiontianager. getRelationalDBConnection();
PreparedStatenent ps;
Resultset rs;
ry {
7/ Query, iterate, sdd to table manager.
ps = c.preparestatement(sqlauery);
Ts = ps-executeQuery();
while (rs.next()) {
String hjid = Long.valueof(rs. getLong("hjid")). tostring();
String 1d = rs.getString(~value");
Stringl] substrings - id.split("/");
For (int 1 = 67 1 < substrings.length; i) {
result. subnit("OrderedLocuslianes", QueryType.insert, new Object[][] {
(toor, 443,
{ "Species, *|" + getspeciestane() + *|* },
{ "pste”, version 1,
§ om0, "nid 3
»s

i
I
} catch(sQLException sqlexc) {
) 1ogSQLException(sqlexc, sqlouery);

return result;
1
private void logSQLException(SQLException sqlexc, String sqlouery) {
L0G.error("Exception trying to execute query: " + sqlQuery);
while (sqlexc != null) {
L0G.error("Error code: [ + sqlexc.getErrorCode() + "1);
L06.error("Error message: [ + sqlexc.getMessage() + "17);
L06.error("Error SQL State: [ + sqlexc.getsQLState() + "1);
sqlexc = sqlexc.getNextException();





image4.png
LogFCRX-0.5- | LogFCRX-05- [ LogFCRX-0.5- [ LogFCRX1- | LogFCRX-1- | LogFCRX-1-
1 0 & 10 0 )
$<005 | 8660r22% | 1898048k | 16810r43% | 20230r52% | 2536 0r66% | 23310r50%
<001 [ 2400r64% | 6700r17% | 6060r15.4% | 6370r16% | 13090r33% | 8820122%
<0001 |260r06% |830r21% | 710r18% | 60orisK | 2500r63% | 1340r3a%
Bonfp< | 10r0025% | 10r0.025% g 0[4or01% [ 20r005%
005
LogFCRP-05- | LogFCRP-0.5 | LogFCRP-0.5- | LogFCRP-1- | LogFCRP-1- | LoghCRP-1-
1 0 & 10 0 )
<005 [ 820012089% 61501 168 or W0i5or | 25260r | 2520r
a1 2.30% 2585% | 643a% |64k
$<001 | 1560r307% | 4820r12.28% | 427 0r10.85% | 299 0r7.62% | 12960 | 1296 or
o |30
<001 | 160r041% | 450rLi5K | 3801097 | 380r097% | 217 0r550% | 247 0r55%
Bonfp 0[Tor002% O[1or002% | 50r013% | S0r013%

<0.05





image5.png
GOID | GO Name # Changed | # Measured | #inGO | % Changed | % Present | PermuteP | AdjustedP
5840 | ribosome ES 55 55| 70.90905 100 0 0]
30523 | ribonucleoprotein complex 39 55 56| 7050505  98.21429 0 0|
3735 | structural constituentof ribosome 38 E 54| 7037037 100 0 0|
5198 | structural molecule activity 39 £ 64| 609375 100 0 0|
44444 | cytoplasmic part 4 75 1| ss.e%62 7500 0 0|
43232 [ intracellular non-membrane-bounded organelle 40 &7 12| 5970149 5583333 0 0|
43229 | intracellular organelle 40 68 1| 5882353 6800 0 o
19843 | rRNA binding 30 a1 a1| 7317073 100 0 0
43228 | non-membrane-bounded organelle 40 88 22| 4545450 400 0 0

% 5 T T

ribonudeoprotein complex 55 56 0 0
structural constituent of ribosome 54 E 0 0
structural molecule activity £ £ 0 0
intracellular non-membrane-bounded organelle &7 12 0 o
intracellular organelle & 14264706 0 o

75 1| 3928051 0 o

6412 | translation 36 112 96| 3214286  116.6667 0 0

43043 | peptide biosynthetic process 37 120 10| 3083333 1200 0 o
43604 | amide biosynthetic process a0 135 10| 28.77698 1390 0 0





image6.jpg
it
id
sH

FE F g B
g PR R

| EIEEREETE

fiN
flio
P
| &
fiR
fiis
il

Flagellar Assembly Genes

fic
fliD
NiE
G

| O
fiil
i
flik
flim

[ng8 |
[hge ]
8
(gt
[gu
(g

10

RXRP_EYKZ20181210.

10

Fe0pts10

10

Gene Database
SF-Sid_20151207 gdb.

Dataset
Name FINAL_CompiledRawData,

Color Sets:
i
Gene
Legend: RX-
]
Joecreased
criteria met
found





image7.png
GOID | GO Name # Changed | #Measured | #inGO | % Changed | % Present | PermuteP | AdjustedP

g 0]

peptide biosyntheticprocess 0 0|

‘peptide metabolic process 0 0|

amide biosyntheticprocess 0 0|

cellular amide metabolicprocess 0 0|

ribonudeoprotein complex 0 0|

ribosome. 0 o)

43232 | intracellular non-membrane-bounded 53 67 12 7910 |  558.33 0 o
organelle

3735 | structural constituentof ribosome 6 E 54 8519 |  100.00 0 0

43229 | intracellular organelle 53 8 1 77.54 | 6800.00 0 0

g T

peptide biosyntheticprocess 0 0

amide biosyntheticprocess 0 0

‘peptide metabolic process 0 0

cellular amide metabolicprocess 137273 0 0

44444 | cytoplasmic part 56 75 T 70.89 | 7900.00 0 0

3723 | RNAbinding 76 13 115 6179 | 106,96 0 o

S840 B = 5 7818 | 100.00 0 T

30529 43 55 56 7818 58.21 0 o

19843 35 a1 3 8537 |  100.00 0 o





image8.png
R [GOID [ GO Name # Changed #Measured | #inGO [ % Changed | % Present | PermuteP | AdjustedP
15144 | carbohydrate transmembrane. 30 a8 B 525 | 5333333 o 0
transporter activity.
1901476 | carbohydrate transporter activity 30 a8 B 625 | 5333333 o o
CaTOnyarate Tansport 1054505 S

cellprojection

ROCTEObEIE Coee oI PToreT

1509051

bacterial-type flagellum basal body.

5451539 | 8666666

benzene-containing compound
metabolic process
Bacterial type flagelium part

100 140

75| 1066667

cellprojection part

1

5

75 | 1056667

G
o
o

2 5
35 42 8333334 | 1909091
5 21

0076

transport
Bacteral-type flagellum part

Toseeer

S T W W L T e
5258 | st et 5 ez oo 155454 e [ oS

1056567

cellprojection part




image9.jpg
Flagellar Assembly Genes Ribosome

Gene Database

St-Sta_20151207 935 & |

Expression Dataset

ame: FINAL_CompiledRawData_RXRP_EYKZ20161210_{1)

i W
- B
(5]
[T

i

[y
L
Gene B

Legend: RX-1-60
Wincreased

Eoecreased
o critria met
ot ound

™ laE H

o]
[
[rpimd]

BER




image10.jpg
Gene Database Commonly Induced Genes

20151207 900

Expression Dataset
iame: FINAL_CompiledRawbats_RXRP_EYKZ20151210_(1)

=
M:"E%Zm Target Genes Genes located within VP Virulent genes encoded by chromosome Genes involved in heat shock
Tres HA il HE
[T [ Ha
Legen: pi5-10 [moitl] I % | 1T ] Ha
== B G i HE
n i 7t BT (d -




image11.jpg
Legend: RX-0pt6-10
Bl ncreased

Boccreased
o criteia met
ot founa

Transcription

BzlEz

Amino Acid Metabolism

AeEEs
- Bt

EREEERE=EREE

Commonly Repressed Genes

Ribosome protein pathway

EEEEERRRE

TeETREETE
ZEEETAEEIERE

HEx

Citrate cycle

EERTERE
EEEEED




image12.jpg
Commonly Induced Genes

Gene Database
St-5td_20151207.9db

Expression Dataset
ame: FIVAL_Compiledawata_RXRP_EYKZ20151210_{1)
Cotor Sets
RX-110
maiso Target Genes Genes located within VP Virulent genes encoded by chromosome Genes involved in heat shock
"t
P10

g [

[ Jio criteria met
ot ound

S

e
=gasl
WEE




image13.jpg
Commonly Repressed Genes

Gene Database
St-Sta_20151207 935

Expression Dataset

ame: FIVAL_GompiledRawData_RXRP_EVKZ20151210_(1) 2 _ :
Cotor Setst Ribosome protein pathway Citrate cycle
et 10 i
ol Transcription
orso
w10
w150

HES

Legend: RX-1-10
ncreased

Eoecreased

o critria met

ot ound

Loy
[tpmD]

Amino Acid Metabolism

e ETREENEE
gt

EEEEEE
EECEEE




image14.png
(&) Tally Results

XL Path XWLCount | Database Table | Database Count
(UniProt 4103(UniProt 4103)
RefSeq 7518[RefSeq 7518]
[GenelD 4406/GenelD 4406}
[Ordered Locus 15134]0rdered Locus 7567
dered Locus 0[Ordered Locus 7663|
(GO Terms 43954|G0 Terms 43954





image15.png
java -jar xmlpipedb-match-1.1.1/xmlpipedb-match-1.1.1.jar
">(CRISF?) [0-9] [0-9] [0-9] [0-9] (\.[0-9]) 2 (/|</name>) " < uniprot-
proteomes3AUP000001006.xml > shigella_flexneri_results




image16.png
java -jar xmlpipedb-match-1.1.1/xmlpipedb-match-1.1.1.jar
"/ (CR15E?) [0-9] (0-3] [0-9] [0-3] (\- [0-3]) ? (/|</name>) * < uniprot-
proteome?3AU2000001006. n1 > shigella_flexneri_results




image17.png
File Edit Query Favourites Macros View Help

PSRRI AN A dBEEE|D

0 Shigel_fiexneri_20151208 on postareslocahost:54 v

Saatch x
SQL Editor | Graphical Query Builder - o
Previous queres <)ot [_odetea )
Elselect count(value) from (select value from genenametype where type = 'ordered locus' and value ~ '(CP|SF?) [0-9][0-8][0-3][0-8] (\[0-9])2"
=] union select extra as value from (select propertytype.value as extra from Propertytype
inner join dbreferencetype on propertytype.dbreferencetype property hjid = dbreferencetype.hjid
where dbreferencetype.type = 'EnsemblBacteria’ and dbreferancetype.id - 'AAN[0-3] [0-8] [0-8] [0-8] [0-8]"
and propertytype.type = 'gene ID' and propertytype.value ~ 'SF[0-9][0-9][0-8][0-8]") as £ left join
(select value from genenametype where type = 'ordered locus' and value ~ '(CP|SF2) [0-9] [0-9] [0-9] [0-9] (\.[0-9])2")
as g on f.exvra = g.value where g.value is null) as combined;
« I v«
Ouputpane x
Data Output | Explain | Messages | History -
count|
=
1 |76

oK. Unix__Ln5, Col 105, Ch 546 Lrow.

s81ms





image18.png
Info 1
systems 35
Relations 35
Other o
GeneOntologyTree 109896
GeneOntology 478
UniProt-GOCount 2674
GeneOntologyCount 3673
UniProt-GeneOntology 18524
UniProt 2103
Refseq 7501
EmBL 2
pfam 2357
InterPro 5124
Geneld 4389
EnsemblBacteria 9524
PDB 95
OrderediocusNames 7661
UniProt-PDB 225

UniProt-OrderedLocusNar 7661
UniProt-EnsemblBacteria 19075

UniProt-GenelD 7931
UniProt-Interpro 21210
UniProt-pfam 8929
UniProt-EMBL 17189
UniProt-Refseq 14017
RefSeq-EMBL 18330
Refseq-pfam 9338
Refseq-Interpro 21592
Refseq-GenelD 15995

Refseq-EnsemblBacteria 32487
Refseq-OrderedLocusNam 26669

Refseq-PDB 226
GenelD-EVBL 10527
GenelD-Pfam 5469
GenelD-InterPro 12348

GenelD-EnsemblBacteria 23567
GenelD-OrderedLocusNam 20443





image1.png
Info
OrderedLocusNames Geneld RefSeq Owner
PK|ID IPK/|ID [PK[ 1D Version
Date Date s IROWCOUNTS| | | Viogity
Remarks Remarks Remarks B e el
Rows Notes
UniProt-OrderedLocusNames UniProtGeneld UniProtRerseq R
[Primary Primary Primary S R
Related Related Related SiEnGHE)| |||y
[Bridge [Bridge. [Bridge s’s e — =
Date Type
Columns |source
Species
[Unierot:edezrol UniProt UniProt EMBL | [MOD
[Ekpany) Pri Link
e o b =
= [EntyName Helsea =,
|GeneName ridge
[ProteinName|
[Functon
Species
UniProtPram IDate UniProtPDE
Primary [Remarks Primary
Related Related
Bridge [Bridge
UniProt-GeneOntology |
m [[] GenMAPP Control Tables provided by template
i) [[] MOD System Table (also a Proper System Table)
[ Proper Gene ID Systems Tables
|GeneOntologyTree| [GeneOntologyCount]|
= EG [ improper ID Systems Tables
(o (Gourd} [ Relations Tables
[Name UniProtGocount| || GeneOntology Special-use Tables
Pk G0
“Count ] For Comparison with GMB TallyEngine Results
Tolal

[ Other Table

NOTE: Some Relations tables are not shown. All possible pairwise Relations tables exist between Proper ID systems and between
Proper and Improper ID systems, but not between Improper ID systems (i.e., Proper-Proper, Proper-improper, but NOT Improper-Improper).




