Internship at New York Presbyterian - Columbia University Medical CenterGenome Annotation of the Mycobacterium Phage Leston

[bookmark: _GoBack]A newly isolated My internship will be supervised by Dr. Nicholas Tatonetti, Assistant Professor in the Departments of Biomedical Informatics, Systems Biology, and Medicine at Columbia University in the city of New York. He is also the Director for the Clinical Informatics Shared Resource (CISR) at the Herbert Irving Comprehensive Cancer Center. Dr. Tatonetti was trained in mathematics and molecular biology at Arizona State University before receiving his PhD in biomedical informatics in 2012 from Stanford University. His research focuses on the development of algorithms, techniques, and methods for analyzing enormous and diverse data by designing rigorous computational and mathematical approaches to integrate medical observations with systems and chemical biology models to not only explain clinical effects, but also to further our understanding of basic biology and human disease [1].

Gene expression analysis is a powerful tool for the study of complex systems and is being applied to many questions in the biological sciences. Using patterns of gene expression it is possible to identify many differences that can predict important clinical properties. However, a challenge of clinical sample studies is that systematic biases are often present. Gene expression analysis experiments are often performed over many months because sample collection is prospective, with most samples being assayed soon after they are collected. These systematic biases are manifested as differences in gene expression patterns when one set of microarrays is directly compared with another. These biases can typically be identified because they perfectly correlate with non-biological properties like where the samples were isolated and processed, or what print batch of microarrays the samples were tested on. As can be expected, these systematic biases compromise the integrity of the data, and are especially troubling in experiments in which many samples are assayed over a long time period [2].

Additionally, an overlooked potential bias in human experiments is the seasonal variation in gene expression.  Previous research studies had shown seasonal variation in various species from a wide range of phylogenetic backgrounds [3-6]. Therefore, seasonal variation in human gene expression should not only be verified but expected and taken into account when profiling and analyzing expression data. Consequently, the assessment of this potential bias is crucial for future clinical sample studies as this type of study has never been done before.

During my stay at NYP-Columbia I will be analyzing gene expression and its correlation with seasonal variation. Gene expression data profiled by DNA microarrays and/or RNA-Seq technologies will be gathered computationally by searching databases available such as: ArrayExpress, EO, GXA, RefExa and SMD.
The main selection criteria will be the recorded date in which the samples were taken. Several datasets are expected to be obtained and put through an integrating process. In order to integrate datasets from multiple distinct sources (different labs, experimental conditions, and assay technology) I will perform a series of normalization stepswhich include using robust multi-array average (RMA) [8], transforming each expression value using log base 2, and removing technical bias resulting from variation in hybridization conditions and starting material using the R package bias 0.0.3 [9]. I will map probes to genes using the Bioconductor annotation package hgu133plus2 1.16.0 [10], and calculate expression values for each gene by averaging the values of probesets measuring the same gene. Finally, I will perform quantile normalization [11] on the entire compendium using the limma R package.The normalization of these data will make it possible to run statistical analyses and identify any seasonal effects.
Separate analyses of gene expression will be conducted when appropriate on the datasets depending on selection criteria, tissue origin and other potential classification discriminants. Seasons will be defined according to calendar month of tissue collection: winter (December, January, February), spring (March, April, May), summer (June, July, August), and autumn (September, October, November). Only Northern-hemisphere derived data will be considered. One-way analysis of variance (ANOVA) will be used to compare mean expression levels of each gene. Variation will be also examined separately among pertinent variables.Mycobacterium Phage named Leston was annotated. This phage was isolated by Leslyann Mercier and Antonio Devine from the Univesity of Texas at El Paso. Its genome was sequenced at the Pittsburgh Bacteriophage Institute by Ilumina techonology. It has a genome shotgun coverage of 2224, a genome length of 61,808 bp and a GC content of 64.9%. It was characterized as a cluster K5 Siphoviridae bacteriophage.
The initial homology analysis of the whole sequence revealed a similarity of 98% with the Mycobacterium phage OkiRoe. A rapid annotation was performed using the PHAST tool [1] which identified 97 protein coding regions and 1 tRNA . We also did a manual annotation using gene prediction tools such as GeneMark and Glimmer, tRNA searching tools like tRNAscan and Aragorn and a gene verification process using BLAST yielding the same results as the PHAST output. The whole sequence was given to 9 groups of students of the phage hunter course at the University of Texas at El Paso in sections of 9,000 bp each with an overlap of 1,000 bp aproximately to perform a detailed annotation using DNAmaster and the annotation guide provided by PhagesDB.  Each section of the genome was annotated by each group and a final annotation file was produced at the end by merging the files. For verification purposes the annotation was crosschecked in pairs of groups. 97 protein coding regions and a tRNA region were identified. Details of the annotations were written in the final DNAM5 file.
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