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Abstract

Introduction 

Infectious diseases are increasing in marine ecosystems, with dramatic effects on community structure (e.g., corals: Bruckner & Bruckner 1997; Lessios et al. 1984; Nagelkurken et al. 1996, 1998; Richardson et al. 1998; Rosenburg & Ben-Haim 2002; Richardson et al. 1998; Runtzler et al. 1983; oysters: Burkholder et al. 1992; Burkholder & Glasgow 1997; Kim & Powell 1998; Lewitus et al. 1995; Soniat 1996; Van Banning 1991; seagrass: Rasmussen 1997; Robblee et al. 1991), as well as on commercial fish such as herring (Rahimian & Thulin 1996; Sindermann 1956) and salmon (Beamish & Mahnken 2001; Holt et al. 1989). Environmental parameters strongly influence host-pathogen relationships by modulating both host immune defenses and pathogen survival and virulence (Perrigault et al. 2010; Harvell et al. 1999; Rachowicz et al. 2005). However, mechanisms for these effects are poorly understood. Genomic and comparative transcriptomic approaches can identify both molecular and environmental factors associated with altered virulence in non-model organisms.

Thraustochytrids are cosmopolitan protists that are associated with several diseases globally. For example, thraustochytriaceous parasites have been identified as the causative agent of a subepidermal “yellow-spot” disease in the dendronotacean nudibranch Triatonia diadema (McLean & Porter 1982), and are implicated in severe gill disease in the laboratory-housed squid Illex illecebrosus (Jones & O’Dor 1983). Quahog Parasite Unknown (QPX), the thraustochytrid protistan parasite discussed here, causes disease in hard clams (quahogs; Mercenaria mercenaria) (Dove et al. 2004; Ford et al. 2002; MacCallum & McGladdery 2000; Perrigault et al. 2011). As a thraustochytrid, QPX lies within the taxonomic class of Labyrinthulomycetes, a poorly described protistan group consisting of saprophytes and some parasites. Several species of labyrinthulid parasites are highly virulent (Bower 1987; Craven et al. 2005; Muehlstein et al. 1988, 1991), and characterization of genomic and transcriptional patterns in QPX will provide tools for further study of this taxonomic group.

QPX has been implicated as a causative agent of large-scale mortalities in hatchery-reared and commercially harvested clams throughout the northeastern coast of North America (Prince Edward Island, Canada, and Virginia, Massachusetts, New York, and New Jersey, USA) (Dove et al. 2004; MacCallum & McGladdery 2000; Ragone et al. 1998; Smolowitz et al. 1998; Whyte et al. 1994). The occurrence and severity of outbreaks have been associated with salinity, pH and temperature, and in vitro studies show that QPX cell proliferation and physiological traits are dependent on these factors (Brothers et al. 2000; Dove et al. 2004; Perrigault et al. 2010; MacCallum & McGladdery 2000; Ragone et al. 1998; Smolowitz et al. 1998). For example, in vitro growth of QPX is optimal in standard culture medium between 20°C and 23°C (Perrigualt et al. 2010). Similarly, QPX characteristically secretes a mucus that has been associated with potential virulence factors (Anderson et al. 2003):  the secretions participate in inflammatory responses via chemoattractant activity (Decker & Anderson 2002), and they provide the parasite protection from phagocytic hemocytes (Smolowitz et al. 1998) and humoral antimicrobial agents (Anderson et al. 2002). Mucus production is also temperature dependent, and its volume is greatest at 24°C (compared to production at 0°C, 16°C, and > 32°C; Brothers et al. 2000). QPX outbreaks remain a concern within the shellfish industry, since several naïve clam-growing areas exist within the QPX range (i.e., Canada to Virginia; Lyons et al. 2006). 

High-throughput sequencing technologies, such as transcriptome sequencing via RNA-seq, provide new opportunities to generate genomic resources for non-model organisms. RNA-seq allows for unbiased, high resolution analysis of global gene expression patterns (Wang et al. 2009) and is not limited to analysis of known sequences as in qPCR or microarray technology, making it particularly appropriate for non-model or understudied species (Gavery & Roberts 2012). Comparative transcriptomic analyses have been used to characterize the changes in gene expression in Vibrio cholerae inside and outside a mammalian host (Mandlik et al. 2011). We are applying this technology to investigate global patterns of gene expression in a marine pathogen with an invertebrate host. In particular, because little attention is paid to the pathogen-environment relationship, especially in marine systems, we use transcriptomics to compare pathogen gene expression under different environmental conditions. 

** something about how a lot more attention is being paid to host-pathogen relationships and not as much to pathogen-environment, especially since it’s a marine pathogen

The objective of this study is twofold: to characterize the genome and examine the taxonomy of a commercially important pathogen of hard clams; and to identify and evaluate the effect of temperature on differential gene expression in QPX, in order to provide insight into environmental factors that may drive pathogen virulence. To our knowledge, this paired approach has not previously been used to evaluate pathogens in shellfish/invertebrates.

Methods

QPX Culture, Temperature Incubations and Sample Processing

QPX organisms used for this experiment were from ATCC (Manassas, VA) and were maintained using culturing conditions previously described. Briefly, QPX is grown in RFEM media in 50 mL culture flasks and transferred to new media every month. In order to assess the influence of incubation temperature on gene expression, QPX cultures were grown at either 10°C or 21°C for 72 hours. To mimic natural conditions and allow for accurate quantification of organisms, excess mucus was removed and QPX was incubated in sterile seawater (20 uL sterile seawater in 1mL tube). Two cultures were used in each temperature treatment. 

For RNA extraction, samples were pelleted and Tri-Reagent was added directly to the cells for  RNA isolation using manufacturer's protocol (Invitrogen, Grand Island, NY). All samples were then DNased using the Turbo DNase protocol (Invitrogen, Grand Island, NY). Messenger RNA was isolated using the Ambion mRNA Isolation System. In addition to the RNA samples taken from QPX incubated at different temperatures, excess mucus and media were removed from a different 50 mL culture flask via centrifugation, organisms were resuspended in sterile seawater, and genomic DNA was isolated using DNAzol (Molecular Research Center, Inc., Cincinnati, OH) according to manufacturer's protocols.

High Throughput Sequencing and Assembly

Three libraries were constructed and sequenced by the UW High Throughput Genomics Unit at the University of Washington, using the Illumina HiSeq platform (San Diego, CA): two transcriptomic libraries (10°C and 21°C) and one genomic DNA library. Quality trimming of the resulting libraries was performed using the following parameters: quality score 0.05 (Phred; Ewing & Green, 1998; Ewing et al., 1998); number of ambiguous nucleotides <2 on ends, and reads shorter than 25 bp were removed. The two transcriptomic libraries were assembled to generate a QPX transcriptome, while the genomic library reads were assembled to provide contigs representing the partial genome of QPX. De novo assembly was performed using CLC Genomics Workbench version 5.0 (CLC Bio) on quality trimmed sequences with the following parameters: mismatch cost = 2, deletion cost = 3, similarity fraction = 0.9, insertion cost = 3, length fraction = 0.8 and minimum contig size of 200 bp. 

Transcriptome Sequence Analysis: Annotation and SNP detection

Transcriptomic sequences were annotated by comparing contiguous sequences to the UniProtKB/Swiss-Prot database (http://uniprot.org). Comparisons were made using the BLASTx algorithm (Altschul et al. 1997) with a 1.0E-5 e-value threshold. Genes were classified into their biological processes according to their Gene Ontology (GO), as well as into their parent categories (GO Slim).  

SNP detection was carried out on these genomic contigs using the following parameters in CLC Single nucleotide polymorphisms (SNPs) were identified in the transcriptome using CLC Bio and the average rate of SNPs per base pair was calculated. Open reading frames were also identified in the transcriptome and translated sequences with different snps were compared to determine if snps were synonymous or nonsynonymous. The ratio of non-synonymous to synonymous snps was compared in genes containing greater than four snps. 

Transcriptome Sequence Analysis: RNA-Seq 

RNA-Seq was performed by independently mapping reads from each library against the de novo assembly of the transcriptome in CLC Genomics Workbench version 5.0 (CLC Bio). Genes were considered differentially expressed when a fold increase greater than 2 was observed in unique read counts across libraries. 

Transcriptome Sequence Analysis: Gene Enrichment Analysis

Significantly enriched GO terms associated with differentially expressed genes were identified using the Database for Annotation, Visualization and Integrated Discovery (DAVID) v6.7 (http://david.abcc.ncifcrf.gov/; Huang et al., 2009a; Huang et al., 2009b). The UniProt accession numbers for differentially expressed genes were uploaded as a gene list while all UniProt accession numbers for annotated transcriptomic contigs were used as a background. Significantly enriched GO terms were identified as those with p < 0.05. Enriched GO terms were clustered in semantic space using Revigo (Supek et al. 2011) and R version 2.13.1. Select proteins and their encoding genes were evaluated for potential roles as factors of virulence. Specifically, we focused on genes encoding proteins that participate in polysaccharide metabolism (potential participants in mucus production) and shoot system development (potential participants in pathogen cellular growth). 

Network Analysis 

GO slim gene networks were created using the igraph module in R version 2.14.1 (cran
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HYPERLINK "http://cran.r-project.org"org). The script is included as 
Supplementary file xxx. In brief, a table of enriched, differentially expressed genes, including the GO domains and GO slim terms, was read into R. To make the network nodes (circles), the number of genes per GO slim term was counted. To make the network edges (lines), the number of genes shared between two GO slim terms was counted. These numbers were put into an igraph network and visualized with the help of tkplot.

Network statistics were obtained through a program written in Python version 2.7.2 (www
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Supplementary file xxx+1). The input to the igraph network was also written as a csv file and the headers removed before being read into Python. A NetworkX network was created from these files, and NetworkX functions were used to gain basic statistics: average and variance in degree (number of edges per node); density (proportion of observed edges to all possible edges); average, variance, and maximum length of shortest paths (shortest distance from one node to another, traversing the edges); and average and variance in clustering (proportion of triangles).

Genomic Sequence Analysis: Annotation and SNP Detection

Genomic contigs were annotated by comparing sequences to both the NCBI Nucleotide and UniProtKB/Swiss-Prot databases. Comparisons were made using the BLASTn and BLASTx algorithms, respectively, with a 1.0E-5 e-value threshold. Summary statistics on the genomic assembly are derived from the CLC Genomics Workbench assembly report and Galaxy (Giardine et al. 2005, Blankenberg et al. 2010, Goecks et al. 2010).

Results

Transcriptome Characterization

Following quality trimming, 45,082,610 and 30,035,397 reads (36bp) remained from the transcriptomic library generated from QPX incubated at 10°C (QPX10) and the transcriptomic library generated from QPX incubated at 21°C (QPX21), respectively. De novo assembly of the reads from the two transcriptomic libraries resulted in 59,931,497 reads, generating 11,280 contigs with an average length of 1,176 bp (Supplementary
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We evaluated the functions of 164 genes associated with stress response (GO Slim) based on reference organisms in the protein database in NCBI (abbreviated list, Table 1). QPX has six genes identified as essential or necessary for growth; two of these genes are needed for growth in high temperatures (proteins, Protein phosphatase 2C homolog 1 and ATP-dependent Clp protease ATP-binding subunit ClpC) and two genes that code for the same protein, Heat shock protein STI1, facilitate growth in relatively high and low temperatures. There are 38 genes associated with DNA repair in the QPX transcriptome, 31 of which are involved in three important DNA repair pathways: nucleotide excision repair (NER; DNA repair helicase UVH6, General transcription factor IIH subunit 4), base excision repair (BER; DNA-(apurinic or apyrimidinic site) lyase, DNA polymerase lambda) and mismatch repair (MMR; DNA mismatch repair protein Msh2, DNA mismatch repair protein Mlh1). Previous studies of bacterial pathogens found loss of MMR function may be beneficial or detrimental to specific pathogens, with defective mutS heterodimers playing an important role in pathogenesis (Davies et al. 2011, Macia et al 2005). 

We identified 2536 genes in the transcriptome that contained SNPs and 2424 genes that did not (
Supplementary file xxx) . 46.4% of the snps were transversions and 53.5 were transitions. Among the genes that contained SNPs the average rate of snps per base pair ranged between 0.000117 and 0.0623 (Figure 2). We were able to compare the rate of non-synonymous to synonymous snps in 18 genes (Figure 3). 

Differential Gene Expression 

Of the 11,280 contigs, a majority 
(4,783) were expressed at higher level in the QPX10 library. Although only 112 contigs were expressed more highly in the QPX21 library (Figure 4; Supplementary
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Supplementary File xxx). 

Gene Enrichment Analysis

Gene enrichment analysis was performed to evaluate the significance of differentially expressed genes (>2 fold difference) compared to the entire transcriptome (Supplementary
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HYPERLINK "https://www.evernote.com/shard/s10/sh/49836687-6ae3-4726-b031-d31ac83d6214/f26d3ed45fd6aff24b989b0d43f12ec1" 7). Characterizations based on Gene Ontology revealed that enriched biological processes include those associated primarily with protein folding, lipid biosynthesis, and ribosome biogenesis (Figure 5a). Other processes of note include nucleotide-sugar transport and small GTPase mediated signal transduction. See Supplementary
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In order to visualize the connections among the different GO processes, we created networks of the number of genes shared between GO slim terms (Figure 6; the Molecular Functions category shared very few genes among processes and is not pictured). The process networks are both highly connected and highly clustered. Aside from cell adhesion, which is disconnected within the biological processes network, one can go from any process to any other process through their shared genes in 1-2 steps on average and 3 steps at the most (see 
Supplementary file xxx for all network statistics). The networks can be used to examine broad relationships amongst processes and identify specific areas of further interest. For example, in the network of biological processes, Stress response and DNA metabolism have 9 common genes, suggesting that each is important to the other. 

A comprehensive list of all QPX transcriptomic contigs that underlie significantly enriched gene ontologies (biological process, cellular component, and molecular function) can be found in Supplementary
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Select Enriched Genes and Corresponding Proteins

Enriched genes associated with polysaccharide/lipopolysaccharide metabolism, and their corresponding proteins, were of particular interest in this study because we considered that these may be proteins associated with mucus production and therefore pathogen virulence. Selected proteins that participate in polysaccharide metabolism include: exopolysaccharide phosphotransferase SCO6023 (e-value = 6.00E-30; 1.50 fold increase), identified as a stealth protein which helps pathogens to elude the host innate immune system and also involved in exopolysaccharide biosynthesis (Bentley et al. 2002); chitinase 1 (e-value = 2.00E-08; 1.50 fold of increase), an enzyme that cleaves glycolchitin (Yamagami et al. 2000); 42 kDa endochitinase (e-value = 2.00E-08; 1.50 fold increase), which plays a morphogenetic role during apical growth, cell division and differentiation and functions as an antifungal agent (Garcia et al. 1994); 3-deoxy-D-manno-octulosonic-acid transferase (e-value = 5.00E-15; 1.56 fold increase), which acts at transfer of 3-deoxy-D-mono octulonic acid (KDO) from CMP-KDO to a tetraacyldisaccharide 1,4'-bisphosphate precursor of lipid A, an essential step in lipopolysaccharides biosynthesis (Brabetz et al. 2000); carbohydrate-binding domain-containing protein C2E1P3.05c (e-value = 2.00E-12; 1.50 fold increase), a protein domain found in carbohydrate-active enzymes, usually with carbohydrate-binding activity (Wood et al. 2002); and serine/threonine-protein phosphatase PP1-alpha catalytic subunit  (e-value = 4.00E-116; 1.59 fold increase), a protein phosphatase that associates with over 200 regulatory proteins to form holoenzymes which dephosphorylate many biological targets, and is essential for cell division and regulation of glycogen metabolism and protein synthesis (Carninci et al. 2005). Additional polysaccharide metabolic protein information is detailed in Supplementary File 10. **Steven, can you put a link to the table here? It’s in the Dropbox labeled “Enriched genes_proteins involved in QPX polysaccharide metabolism”.** 
Genomic Characterization

In addition to characterizing the QPX transcriptome, the pathogen’s genome was also examined and summary statistics are presented (Table x). De novo assembly of the quality trimmed sequencing reads (110,422,312) from the genomic library resulted in 21,280 contigs with a minimum size of 100 bp; 6848 contigs with a minimum size of 1000 bp; and 555 contigs with a minimum size of 10,000 bp. Summary statistics are derived from contigs of >100 bp. The draft genome is ~34.7 megabase (Mb) QPX, which is significantly smaller than the genome of closely related Labyrinthulomycete Aurantiochytrium limacinum (~61 Mb) and oomycete Phytophthora sp. (~78-190 Mb). The Guanine-Cytosine (GC) content of the QPX genome is ~44.7%, which is also lower than that of closely related species.
Discussion

At the time of this writing, NCBI lists 1,839 nucleotidic sequences, 246 proteins, and no full genomes associated with the entire order of Labyrinthulidae (http
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HYPERLINK "http://www.ncbi.nlm.nih.gov/"/). Genomic and transcriptomic resources are particularly lacking given the number of pathogenic species in the taxon. Here, we provide a wealth of information on both the genome and the transcriptome of QPX to provide a better understanding of its mechanisms of virulence and the effects of environmental conditions on QPX stress response and pathogenicity.

Although labyrinthulomycetes are poorly characterized taxonomically, their role as pathogens and saprophytes  (Gregor) High-throughput genome sequencing reveals that the QPX genome size is significantly reduced relative to closely related taxa (A. limacinum, oomycetes). 

It has been suggested that gene-centric GC content may play a role in determining optimal growth temperatures of prokaryotes (Zheng and Wu 2010). GC pairs are bound by three hydrogen bonds (AT pairs are bound by two), and a higher GC content may thus be more stable at higher temperatures (Zheng and Wu 2010). The depressed GC content of QPX relative to closely related taxa may therefore indicate that QPX has alternative molecular mechanisms to maintain growth at elevated temperatures. 

Pathogens use environmental sensing mechanisms to conserve energy and select a subset of genes to express in different environments, and the transition from one environmental condition (i.e. temperature in a reservoir) to another (i.e. temperature in a host) may be associated with global changes in gene expression that contribute to pathogenesis (Konkel and Tilly 2000). Temperature-regulated genes, or networks of temperature-induced genes may be directly or indirectly related to pathogenesis and virulence factors by enabling faster growth or improved overall fitness. Ribosomal biogenesis exhibited enriched, differentially expressed genes between the QPX transcriptomes at 10°C and 21°C libraries, indicating a major energy investment into translational machinery due to a temperature difference. An adequate supply of ribosomes may be needed to quickly mobilize the production of appropriate defenses under a different temperature regime. Although this is the first study to examine the effects of temperature on the QPX transcriptome, a study investigating the thermal resistance used by Aspergillus fumigatus grown in 25° and 37°C found that new ribosomal production increased by an order of magnitude, indicating increased translation during the initial minutes of temperature growth, which the authors believe is likely to be one of the first steps during the infection process (Bhabhra and Askew 2005). Genes encoding for proteins such as Pre-rRNA-processing protein pno1 that play a role in the processing of early nucleolar pre-RNA species in QPX suggest our results indicate a similar relationship to A. fumigatus. We posit that increased ribosomal biosynthesis allows the pathogen to successfully meet the demands of differential temperature growth, enabling homeostasis upon entry into a new environment such as Mercenaria mercenaria and the ability to persist and infect. 

Characterizations based on GO terms revealed that one of the primary enriched biological processes was that associated with lipid biosynthesis. Lipid binding has been shown to underlie mucus production in a mouse model of cystic fibrosis (Gulbins 2010), and lipids are an appreciable constituent of human bronchial epithelial mucus (Reid & Bhaskar 1989). A study evaluating the chemical composition of the extracellular polysaccharide of two marine thraustochytrid isolates revealed them to be composed of sugars (39.1% & 53.2%); proteins (18.2% & 31.7%); lipids (23.6% & 14.2%); sulfates (13.1% & 4.9%); and uronic acid (1.1% & 4.1%), respectively (Jain et al. 2005). Based on these findings, it is reasonable to assume that lipid is a constituent of the mucus produced by QPX. Upregulation of differentially expressed genes associated with lipid biosynthesis between the QPX transcriptomes at 10°C and 21°C, may be representative of the pathogen’s allocation of relatively large amounts of metabolic energy towards production of a proposed virulence factor- mucus. The results presented here provide a transcriptomic correlation to previous observations that QPX mucus production varies with varying temperatures, and suggest an underlying mechanism of increased transcription of mucus-related genes in the face of temperature stress. 
For this experiment, cultures were grown in vitro, so the exact way in which the host immune system might be influencing growth and development of disease may not be easily determined. However, being able to identify the different biological processes that are enriched at two different temperatures, as well as the genes involved in these processes, might aid in getting a general idea of the mechanisms and pathways related to disease. For example, out of all the genes that resulted of the enrichment analysis, only six of them appear to be overexpressed in the 21°C library. These seem to be mostly related with translation, as well as in lipid and fatty acid biosynthesis.

Indications that various environmental factors such as temperature, pH, salinity and dissolved oxygen influence QPX growth and virulence have been previously reported (Brothers et al. 2000; Dove et al. 2004; Perrigault et al. 2010; MacCallum & McGladdery 2000; Smolowitz et al. 1998). Understanding how these parameters affect development and pathogenesis of QPX are central to better understanding this disease. Studies have shown that development of disease is significantly  higher in clams that are maintained at 13°C, as opposed to those kept at 21°C (Perrigault et al. 2011). This result might seem contradictory with the facts that QPX is related with higher prevalence of disease and mortality during summer months  and that the temperature optimum for in vitro growth of QPX has been found to be between 20°C and 23°C (Perrigault et al. 2010). However, QPX is a chronic disease, and a diagnosis is not easily made. Acquisition of the disease could occur in earlier months and only result in extreme disease and mortality when clam metabolic requirements are high during the summer. This further supports the idea that environmental factors greatly influence host-pathogen interactions. 
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Figures

Figure 1. Summarized results of annotated gene ontologies determined by GO Slim terms. The three figures were grouped by biological processes (a), molecular functions (b), and cellular components (c). Nonspecific terms were excluded from each category- other biological processes (a), other molecular functions (b), and other cellular components (c). 
Figure 2. Rate of single nucleotide polymorphisms normalized to base pair (bp) length among the entire distribution of annotated genes in the QPX genome. Area in the box is enlarged to show SNP rates greater than 1/100 bp.
Figure 3. Rate of non-synonymous to synonymous mutations in genes identified in the transcriptome that had greater than 4 snps and open reading frames could be indetified.
Figure 4. Scatterplot of the number of unique reads for each contig in the QPX10 and QPX21 data sets. Reads from all contigs are included in this figure. The line indicates a 1:1 relationship in reads- that is, no differential expression between libraries. Blue points indicate contigs with a 2-fold or greater change in expression; red points indicate contigs with >100-fold difference.
Figure 5. Semantic similarity-based scatterplots of Gene Onotology terms (A - Biological Process; B - Cellular Component; C Molecular Function) summarizing fold enrichment and number of genes involved in each category. Clustering of categories indicates functional similarity. Semantic clustering was done in REViGO and the scatterplot was generated in R.  
Figure 6. Graph of the number of shared genes between GO slim terms for biological processes (a) and cellular components (b). The size of each circle represents the number of genes in each category, and the width of the connecting lines represents the number of shared genes. (a) Transport, 49 genes; Cell cycle and proliferation, 14 genes; Signal transduction, 6 genes; RNA metabolism, 110 genes; Stress response, 13 genes; DNA metabolism, 9 genes; Protein metabolism, 67 genes; Developmental processes, 4 genes; Death, 2 genes; Cell adhesion, 1 gene. Thin lines represent 1 shared gene while the thickest line (DNA metabolism to Stress response) represents 9 genes. (b) ER/Golgi, 39 genes; Cytoskeleton, 4 genes; Plasma membrane, 21 genes; Other membranes, 119 genes; Mitochondrion, 53 genes; Nucleus, 123 genes; Other cytoplasmic organelle, 21 genes; Translational apparatus, 60 genes; Non-structural extracellular, 4 genes. Thin lines represent 1 shared gene; the thickest line (ER/Golgi to Other membranes) represents 32 genes.

Figure 1a: Gene Ontology (GO) classifications for annotated sequences- Biological Process
[image: image1.png]Transporter Activity

Translation Activity Cytoskeletal Activity

Transcription \
Regulatory Activity

Signal Transduction/

Activity

Enzyme Regulator
Activity

Nucleic Acid Binding
Activity

\ Kinase Activity





Figure 1b: Gene Ontology (GO) classifications for annotated sequences- Molecular Function
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Figure 1c: Gene Ontology (GO) classifications for annotated sequences- Cellular Component
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Figure 2
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Figure 3
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Figure 4
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Figure 5a
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Figure 5b
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Figure 5c
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Figure 6a: Biological processes
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Figure 6b: Cellular components
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36 deposition and glucosinolate activation in response to pathogens.
5918 Q39023 100E-76 Mitogen-activated protein kinase  Involved in oxidative stress-mediated signaling cascade and the innate immune MAP kinase signaling
3 cascade (MEKK1, MKK4/MKKS and MPK3/MPK) downstream of bacterial flagellin receptor FLS2.
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* SP ID = Swiss-Prot Identification

Table 1. Abbreviated list of genes within the QPX transcriptome associated with GO Slim stress response. Comprehensive list of stress response GO Slim associated genes and their functions in Supplementary
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HYPERLINK "http://aquacul4.fish.washington.edu/~steven/armina/S4_GOSlim_Stress_Response_Table.txt" 4.
[image: image12.jpg]‘Aurantiochytrium _Phytophthora _ Phytophthora

Genome QPX (>100 bp) _limacinum® sojae* infestans*
Number of contigs 21,280 1118 5,577 18,288
NSO contig length 56kb 1057 kb 245kb
Total contig length 347 Mb 61Mb 78Mb 1% Mb
Average contig length 1,629 bp
G+C content 44.30% 54.4% 51%

Transcriptome Represented (%) _35.70%

Where comparable, statstics were obtained from A fimacinum entry on Joint Genome Institute Gatabase (genome.Jg Goe gov).
“Where comparable, staistcs were obtained from Haas efal. (2009).




Table x. QPX genome characteristics compared to genomes of the oomycete Phytophthora, which has the most closely related published genome.
	Select Polysaccharide Metabolism
Gene/Protein Name
	 Source Organism
	E-value
	Fold of Increase
	Comments on Function

	Cullin-4

 
	Arabidopsis thaliana
	0
	1.609046072
	Component of the CUL4-RBX1- CDD ( COP10-DBB1a-DET1) E3 ubiquitin-protein ligase complex which mediates the ubiquitination and subsequent proteasomal degradation of target proteins. Participates in the CDD complex to light-mediated control of development. May repress photomorphogensis thorugh enhancing COP1 E3 ubiquitin-protein ligase activity. Acts together with the CUL4-DDB1-COP1-SPA E3 ubiquitin-protein ligase complexes in the repression of photomorphogenesis and flowering time. Component ot the CUL4-RBX1-DDB1-PRL1 E3 ubiquitin-protein ligase complex which mediates ubiquitination and subsequent degradtion of AKIN10. Component of the CUL4-RBX1-DDB1-DWA1/DWA2 E3 ubiquitin-protein ligase complex that acts as negative regulator in abscisic acid (ABA) signaling and may target ABI5 for degradation. 

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q8LGH4"http

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q8LGH4"://

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q8LGH4"www

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q8LGH4".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q8LGH4"ncbi

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q8LGH4".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q8LGH4"nlm

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q8LGH4".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q8LGH4"nih

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q8LGH4".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q8LGH4"gov

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q8LGH4"/

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q8LGH4"protein

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q8LGH4"/

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q8LGH4"Q

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q8LGH4"8

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q8LGH4"LGH

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q8LGH4"4
 

	Glycylpeptide N-tetradecanoyltransferase 1
	Arabidopsis thaliana
	3.00E-156
	1.609046072
	Adds a myristoyl group to the N-terminal glycine residue of certain cellular proteins. Can also use decanoyl-CoA and lauroyl-CoA as substrates. 

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LTR9"http

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LTR9"://

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LTR9"www

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LTR9".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LTR9"ncbi

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LTR9".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LTR9"nlm

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LTR9".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LTR9"nih

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LTR9".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LTR9"gov

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LTR9"/

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LTR9"protein

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LTR9"/

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LTR9"Q

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LTR9"9

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LTR9"LTR

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LTR9"9
 

	Two-component response regulator ARR10
	Arabidopsis thaliana
	7.00E-15
	1.609046072
	Transcriptional activator that binds specifically to the DNA sequence 5'-[AG]GATT-3'. Functions as a response regulator involved in His-to-Asp phosphorelay signal transduction system. Phosphorylation of the Asp residue in the receiver domain activates the ability of the protein to promote the transcription of target genes. Could directly activate some type-A response regulators in response to cytokinins. 

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O49397"http

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O49397"://

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O49397"www

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O49397".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O49397"ncbi

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O49397".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O49397"nlm

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O49397".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O49397"nih

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O49397".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O49397"gov

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O49397"/

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O49397"protein

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O49397"/

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O49397"O

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O49397"49397
 

	Phospholipid-transporting ATPase 3
	Arabidopsis thaliana
	1.00E-40
	1.609046072
	Involved in transport of phospholipids. Contributes to transmembrane flipping of lipids. Required for secretory processes during plant development. Requires an interaction with an ALIS protein for activity. Has activity with phosphatidylserine, phosphatidylcholine and phosphatidylethanolamine, but not with lysolipid. 

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9XIE6"http

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9XIE6"://

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9XIE6"www

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9XIE6".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9XIE6"ncbi

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9XIE6".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9XIE6"nlm

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9XIE6".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9XIE6"nih

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9XIE6".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9XIE6"gov

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9XIE6"/

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9XIE6"protein

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9XIE6"/

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9XIE6"Q

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9XIE6"9

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9XIE6"XIE

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9XIE6"6
 

	Kinesin-like calmodulin-binding protein
	Arabidopsis thaliana
	3.00E-28
	1.609046072
	Minus-end microtubule-dependent motor protein involved in the regulation of cell division and trichome morphogenesis. Possesses basal and microtubule-stimulated ATPase activities. 

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FHN8"http

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FHN8"://

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FHN8"www

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FHN8".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FHN8"ncbi

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FHN8".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FHN8"nlm

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FHN8".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FHN8"nih

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FHN8".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FHN8"gov

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FHN8"/

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FHN8"protein

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FHN8"/

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FHN8"Q

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FHN8"9

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FHN8"FHN

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FHN8"8
 

	DNA topoisomerase 1
	Arabidopsis thaliana
	1.00E-156
	1.609046072
	Releases the supercoiling and torsional tension of DNA introduced during the DNA replication and transcription by transiently cleaving and rejoining one strand of the DNA duplex. Introduces a single-strand break via transesterification at a target site in duplex DNA. The scissile phosphodiester is attacked by the catalytic tyrosine of the enzyme, resulting in the formation of a DNA-(3'-phosphotyrosyl)-enzyme intermediate and the expulsion of a 5'-OH DNA strand. The free DNA strand than undergoes passage around the unbroken strand thus removing DNA supercoils. Finally, in the religation step, the DNA 5'-OH attacks the covalent intermediate to expel the active-site tyrosine and restore the DNA phosphodiester backbone (By similarity). 

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/P30181"http

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/P30181"://

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/P30181"www

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/P30181".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/P30181"ncbi

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/P30181".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/P30181"nlm

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/P30181".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/P30181"nih

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/P30181".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/P30181"gov

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/P30181"/

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/P30181"protein

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/P30181"/

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/P30181"P

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/P30181"30181
 

	26S proteasome non-ATPase regulatory subunit RPN12A
	Arabidopsis thaliana
	2.00E-43
	1.609046072
	Acts as a regulatory subunit of the 26S proteasome which is involved in the ATP-dependent degradation of ubiquitinated proteins. May help to control the degradation of one or more factors that repress cytokinin signaling. 

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9SGW3"http

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9SGW3"://

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9SGW3"www

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9SGW3".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9SGW3"ncbi

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9SGW3".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9SGW3"nlm

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9SGW3".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9SGW3"nih

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9SGW3".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9SGW3"gov

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9SGW3"/

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9SGW3"protein

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9SGW3"/

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9SGW3"Q

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9SGW3"9

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9SGW3"SGW

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9SGW3"3
 

	Nucleolin 1
	Arabidopsis thaliana
	7.00E-17
	1.609046072
	Involved in pre-rRNA processing and ribosome assembly. Is associated with intranucleolar chromatin and pre-ribosomal particles and plays a role in controlling activation and repression of a specific subset of rRNA genes located in distinctive nucleolar organizer regions. Binds specifically rDNA chromatin and may be required to maintain rDNA chromatin structure, but is probably not required for the overall histone methylation status of 45S rRNA genes. 

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FVQ1"http

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FVQ1"://

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FVQ1"www

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FVQ1".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FVQ1"ncbi

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FVQ1".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FVQ1"nlm

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FVQ1".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FVQ1"nih

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FVQ1".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FVQ1"gov

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FVQ1"/

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FVQ1"protein

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FVQ1"/

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FVQ1"Q

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FVQ1"9

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FVQ1"FVQ

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9FVQ1"1
 

	Peptidyl-prolyl cis-trans isomerase FKBP42
	Arabidopsis thaliana
	3.00E-21
	1.609046072
	PPIases accelerate the folding of proteins. It catalyzes the cis-trans isomerization of proline imidic peptide bonds in oligopeptides (By similarity). Modulates the uptake of MRP substrates into the vacuole; reduces metolachlor-GS (MOC-GS) and enhances 17-beta-estradiol 17-(beta-D-glucuronide) (E(2)17betaG) uptake. Regulates cell elongation and orientation. Functions as a positive regulator of PGP1-mediated auxin transport. Confers drug modulation of PGP1 efflux activity as interaction with NPA or flavonol quercetin prevents its physical and functional interaction with PGP1. Required for the proper localization of auxin-related ABCB transporters. Plays a role in brassinosteroid (BR) signaling pathway. 

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LDC0"http

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LDC0"://

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LDC0"www

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LDC0".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LDC0"ncbi

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LDC0".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LDC0"nlm

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LDC0".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LDC0"nih

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LDC0".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LDC0"gov

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LDC0"/

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LDC0"protein

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LDC0"/

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LDC0"Q

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LDC0"9

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LDC0"LDC

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/Q9LDC0"0
 

	WD-40 repeat-containing protein MSI4
	Arabidopsis thaliana
	1.00E-75
	1.609046072
	Core histone-binding subunit that may target chromatinmassembly factors, chromatin remodeling factors and histone deacetylases to their histone substrates in a manner that is regulated by nucleosomal DNA. Component of the flowering autonomous pathway, which positively regulates flowering by promoting transcriptional repression of the flowering repressor FLC. May promote histone deacetylation at the FLC locus leading to the formation of repressive chromatin structures. Also negatively regulates cold-responsive genes. 

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O22607"http

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O22607"://

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O22607"www

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O22607".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O22607"ncbi

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O22607".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O22607"nlm

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O22607".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O22607"nih

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O22607".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O22607"gov

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O22607"/

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O22607"protein

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O22607"/

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O22607"O

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O22607"22607
 

	Probable 26S proteasome non-ATPase regulatory subunit 7
	Arabidopsis thaliana
	2.00E-118
	1.609046072
	Acts as a regulatory subunit of the 26S proteasome which is involved in the ATP-dependent degradation of ubiquitinated proteins (By similarity).  

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O24412"http

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O24412"://

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O24412"www

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O24412".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O24412"ncbi

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O24412".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O24412"nlm

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O24412".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O24412"nih

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O24412".

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O24412"gov

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O24412"/

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O24412"protein

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O24412"/

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O24412"O

HYPERLINK "http://www.ncbi.nlm.nih.gov/protein/O24412"24412
 

	Probable adenylate kinase 1
	Arabidopsis thaliana
	1.00E-28
	1.609046072
	This small ubiquitous enzyme is essential for maintenance and cell growth (By similarity). http://www.ncbi.nlm.nih.gov/protein/

Q9ZUU1

 


You guys can find my world table in labeled “Enriched Shoot Development Genes” under the dropbox.

Contact information

Cell: 404-354-1975

Email: Griffin.ashton@gmail.com

Taking a closer look at the shoot genes, we find that they could play an important part in organism response to environmental pressures. After examining closely we see that shoot developmental genes may play a large role in protein repair and destruction, allowing the organism to respond faster to environmental pressure. Some of the expressed genes were also linked to the inhibition of photomorphogenesis, although how this plays into QPX is unknown.

QPX Genome Assembly and Characterization

· ORFs - mapping the transcriptome to the genome, what percent of it is expressed. Find references to put it in context.

· discuss GC content, find references on this as well.

· high consensus between the transcriptome and the genome, not missing very much from your genome.

Gene Discovery

· Possible starting point to look at host-pathogen interactions jointly using transcriptomics (Mercenaria mercenaria).

· The pathogen transcriptome alone can offer insight into the ability of QPX to grow, establish itself in the host, and reproduce. 

· Genes associated with growth under different conditions (i.e. heat stress) may allow QPX to develop in more variable environments than their host. On a population level this growth attribute may aid in the evolution and persistence of this pathogen.

· Pathogens such as Vibrio cholerae may experience increased DNA damage and require multiple defense enzymes and/or DNA repair systems to colonize inside a host (Bryan et al. 2011; http

HYPERLINK "http://www.plospathogens.org/article/info%3Adoi%2F10.1371%2Fjournal.ppat.1001295"://

HYPERLINK "http://www.plospathogens.org/article/info%3Adoi%2F10.1371%2Fjournal.ppat.1001295"www

HYPERLINK "http://www.plospathogens.org/article/info%3Adoi%2F10.1371%2Fjournal.ppat.1001295".

HYPERLINK "http://www.plospathogens.org/article/info%3Adoi%2F10.1371%2Fjournal.ppat.1001295"plospathogens

HYPERLINK "http://www.plospathogens.org/article/info%3Adoi%2F10.1371%2Fjournal.ppat.1001295".

HYPERLINK "http://www.plospathogens.org/article/info%3Adoi%2F10.1371%2Fjournal.ppat.1001295"org

HYPERLINK "http://www.plospathogens.org/article/info%3Adoi%2F10.1371%2Fjournal.ppat.1001295"/

HYPERLINK "http://www.plospathogens.org/article/info%3Adoi%2F10.1371%2Fjournal.ppat.1001295"article

HYPERLINK "http://www.plospathogens.org/article/info%3Adoi%2F10.1371%2Fjournal.ppat.1001295"/

HYPERLINK "http://www.plospathogens.org/article/info%3Adoi%2F10.1371%2Fjournal.ppat.1001295"info

HYPERLINK "http://www.plospathogens.org/article/info%3Adoi%2F10.1371%2Fjournal.ppat.1001295"%3

HYPERLINK "http://www.plospathogens.org/article/info%3Adoi%2F10.1371%2Fjournal.ppat.1001295"Adoi

HYPERLINK "http://www.plospathogens.org/article/info%3Adoi%2F10.1371%2Fjournal.ppat.1001295"%2

HYPERLINK "http://www.plospathogens.org/article/info%3Adoi%2F10.1371%2Fjournal.ppat.1001295"F

HYPERLINK "http://www.plospathogens.org/article/info%3Adoi%2F10.1371%2Fjournal.ppat.1001295"10.1371%2

HYPERLINK "http://www.plospathogens.org/article/info%3Adoi%2F10.1371%2Fjournal.ppat.1001295"Fjournal

HYPERLINK "http://www.plospathogens.org/article/info%3Adoi%2F10.1371%2Fjournal.ppat.1001295".

HYPERLINK "http://www.plospathogens.org/article/info%3Adoi%2F10.1371%2Fjournal.ppat.1001295"ppat

HYPERLINK "http://www.plospathogens.org/article/info%3Adoi%2F10.1371%2Fjournal.ppat.1001295".1001295, need additional papers to make a stronger statement). A large proportion of the QPX genes associated with stress response relate to DNA repair, potentially indicating an association between the need to repair its own DNA and virulence. 

Transcriptome Characterization

· Importance of transport and other metabolic processes 

· Why is cell signaling so small?

· Nothing special to cellular component?

· Is Molecular function close to what we would expect?

(Ana) Temperature, remember to say that this was done in vitro. 10 and 21 degrees C, what are the major differences in upregulation downregulation. Broad context. Maybe a couple of genes as examples again. Probable reasons for differences, tying back into a discussion of the clams. 

-------------------------------------------------------------------------------------------------------------------

Enriched GO Terms

· What are they?

· What do they mean? (Virulence, growth...)

· Characterizations based on Gene Ontology revealed that enriched biological processes include those associated primarily with protein folding, lipid biosynthesis, and ribosome biogenesis (Figure 3). Other processes of note include nucleotide-sugar transport and small GTPase mediated signal transduction.
· Ribosomal biogenesis, protein folding, lipid biosynthesis - how do these potentially relate to mucus production? Upregulated at 21*C? 

· More genes involved or faster transcription of the same genes?

· Network

Effects of Temperature on Gene Expression

· Which genes are differentially expressed (Ana’s table)- discuss it! How do these relate to what’s happening?

· Massive downregulation of genes at 10*C, which is also where it has been shown to be more pathogenic. - 

· What do the SNPs say about mutation/selection on genes? How do these genes relate to virulence and mucus and anything else? File for Galaxy from Steven- SNP table based on transcriptome. 

· Shoot and polysaccharides- discuss the results

(This will be 2 paragraphs). We saw increase of genes involved in x and it’s probably y, z, q. Difference between 21 and 10 degrees -> discuss the three main processes. Take one of the genes within those processes. Use a couple of the genes to discuss examples. Lipids->mucus, biogenesis->protein. One paragraph for each of the three, lipid biosynthesis, protein increased translation. Go back and look at a couple of them. 

------------

SNP detection was carried out on these genomic contigs using the following parameters in CLC Genomics Workbench: mismatch count = 2, window length = 11, minimum coverage = 10, and minimum variant frequency = 35%. 

SNP detection analysis based on the de novo assembly of the genomic reads revealed...
snsinghal21:


GOslim_networks_SUPPL.r in the Dropbox


snsinghal21:


network_statistics_SUPPL.py in Dropbox


Maya Groner:


I added a file to the dropbox with all of the snp data. I'm not sure what all of the columns are and if we need them. Could you take a peek Steven? SNPs QPX Transcriptome.txt


Steven Roberts:


This should be one aspect discussed in the discussion.


snsinghal21:


100fold_genes_FINAL.txt in Dropbox


snsinghal21:


network_stats_FINAL.txt in Dropbox





