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- Feature Annotation and Visualization
“We developed an interactive web-based tool, AVIA to explore and interpret large sets of genomic variations (single

- Cltaile Bllinin nucleotide variztions and small msertion/deletions) to help guide and summarize genomic experiments. The taol 15 based

- MIiENA 8NP Analysis

Protein Tools

on coupling a comprehensive annotation pipeline with a flexible visualization method. We leveraged the ANINOVAR (Wang
et al, 2010) framework for assigning functional impact to genomic variations by extending its list of reference annotation
databases (RefSeq, UCEC, 3IFT, Polyphen etc.) with additional in-house developed sources (Ion-B DB, PolyBrowse).

- Annotation with Protein coordinates *beta®  Fupther, because many users also have their own annotation sources, we have added the ability to supply their own files as

- Visnalization of Protein using ISmol well

The original version of AVIA is focused on gene related impact assessment; however, AVIAvZ2.0 extends its original
irnplernentation by adding information focusing on epigenetics, gene expression, and protein annctations. These data
sources include Encode, NetPath, Uniprot, PharmGEB, GSEA, TargetScan, and many others. We have over 40 genomic
databases and several new visualization options including use of jsmol for protein visualization, PathView-a KEGG map
visnalization tool, and Circos. Also, we have integrated several tools for prioritization

General Tools
Set up AVIA configuration file
Gene based tools

File/Data C: rter tool:
LR Conidaiar S During exploratory work with AVLA, users explore their data with the different databases, visualization and prioritization
Results Retrieval tools. Our most recent implementations strengthens AVIA as a cornprehensive web-based resource that integrates
Retrieve Request By ID annotation, visualization, and impact analysis.

g Sl R i B If you already have mapped genomic data from human, please click here to get started.

Disclaimer

Introduction

As sequencing becomes cheaper and more widely
available, there is a greater need to quickly and
effectively analyze large-scale genomics data.
Although transitory, understanding the importance of
epigenetic modifications in the landscape of cancer
development requires comprehension of all changes
affecting the cell. Many clinical panels focus on specific
known genes associated with specific diseases or
pathways. Accessing all available data about a given
mutation can be difficult; from comprehending each
database or algorithm to obtaining the computational
power to annotate, filter, and prioritize lists of variants.
Here, we present AVIA, an interactive Annotation,
Visualization and Impact Analysis web server that
enables users to explore their datasets on genomic
variant, protein variant and gene-level, integrating
resources from third party databases and software, as
well as user-defined databases. AVIA includes several
key annotation databases from the Encyclopedia of
DNA elements (ENCODE) project, PhosphoSite and
TargetScan, which provide insight on epigenetic
markers that are involved with DNA methylation,
posttranslational modifications, and microRNAs and
their targets. Users can also explore data by many of
the newly added features including visualization of
genes in the context in KEGG pathway maps
overlaying state data, comparison of gene expression
in reference tissues, and prioritization of genes. The
ability to upload a variety of input types, explore their
datasets by mutations, genes and proteins, and easily
navigate their data strengthens AVIA's applicability as a
hub for genomics, epigenetic, gene, and protein
annotations. AVIA s available at
http://avia.abcc.ncifcrf.gov.

Workflow

Figure 1- Workflow for Interactive Analysis
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Figure 1. Workflow for AVIA annotations. Due to the modular framework,
users can come in with a variety of different inputs to get annotations based
on their input.

AVIA Functionality

. Impact Analysis framework: ANNOVAR (Wu et
al. 2010) and bioDBnet (Mudunuri et al., 2009), a
conversion tool that allows easy retrieval of gene level
annotations using any biological identifier

. Annotation Databases : RefSeq, UCSC, SIFT,
PolyPhen ,dbSNP, 1000 Genomes, Exome
Sequencing Project (ESP), ClinVar, COSMIC, Uniprot,
NonB db, ENCODE, miRNA, miRNA targets, splicing

. User-driven annotation: Ability to upload user-
defined databases for on the fly annotation

. Customization: Ability to customize reports
based on interests.

. Clustering and Functional Annotations : Using
DAVID-API (Jiao, et al., 2012), gene lists can be further
interrogated by analyzing significance.

. Variety of input options : Ability to use genomic
and protein mutations, as well as gene lists, as input

. Pathview Integration : Layering SNP
information on top of KEGG Pathview maps (Luo, et
al., 2013) allows users to visualize SNPs in the context
of pathways.

. Expression : Ranked Reference expression by
tissues and graphic visualization of all tissues.

. Gene and SNP Prioritization : FunSeq
(Khurana et al., 2013) variant prioritization, as well as
AVIA’s variant summary. Gene prioritization by
categories ranging from Disease causing to PTM.

. 3D protein structures : Visualization of variant
location in 3D protein structures modeled in-house
using I-Tasser (Roy et al., 2010).

. Circos Plots: Visualization of variants in Circos

AVIA Results

Figure 2— AVIA Results pages showing Visualization
options

Figure 2. Overview of AVIA Results page. This tab shows the Visualization
options available from AVIA.

AVIA Prioritization Tab

AVIA Expanded Visualization Tabs

KEGG Pathways with Gene Summary overlays
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AVIA Variant Report Tab

Summars v Variant ID ANNOVAR Annot Feat Gene sift “ri‘:i]‘:l‘;"s and Prsu:g]i:s;‘ nd
Scores (Human Yar)

0 7:87160618:67160618:4:C_ || exanic nensynenymous SHV:ABCELiNM_000827 ABCEL || TOLERATED:1.00(2.73) || Benign:n.00s

co 10:22030096:22939096:T:G | UTR3 NM_D01080409:E04:m. 1126564+ 1020 ZNF99 [ TOLERATED:1.00(2.70) || Benign:n.002

c 10:22499326:22430326:T:C | exonic || nons ynanymous SNv:ZNF720:NM_00124 znF720 [ TOLER&TEDD70(2.60) || -

co 18:28019016:26010016:T:G | exonic || nons ynanymous SKV:DSG 1:NM_D01942; D561 TOLERATED:0.56(2.30) || Benign:0.001

coF 7:2079516:2070516:T:6 | exonic || nons ynonymous SNV:CARDL L:NM_03241 CARD11 | TOLERATED:0.48(2.33) || Benign:0.053

DCOF 11:27114906:27114908:T:G | exonic nensynanymous SHV:BBOXLINM_003986 BBOXL || TOLERATED:D.46(1.50) || Berignin.347

DCOF 20:24121566:24121566:T:C || exonic || nons ynonymous SNV:MMP11NM_005940 . || MMP11 | TOLERATED:D.42(2.30) | Probably DAMAGING:0.6

DCOF 0:219746096:21974606:T6 | exonic || nons ynanymous SNV:COKN2ANM_00119 CDKNZ# || TOLERATED:D.37(2.43) || Benign:D.421

DCOF 20:20018196:20018196:T:C_||_exanic ymous SNV:CRNKLLiNM_D1665 CRNKLL | TOLERATED:D.35(2.:89) || Benign:0.009

co 13:28599006:26500006:T:6 | exonic || nons ynanymous SNV:FLT3:NM_004118:e FLTa TOLERATED:0.19(2.33) || Benign:0.001

jsMol Visualization from in-house full length
protein models

Conclusion

As the number of databases and tools become more
abundant, it becomes increasingly difficult for users
with limited bioinformatics knowledge to leverage all of
the available tools and resources. Since very little is
known about many genes and their role in the context
of disease, our approach is to provide users with the
most comprehensive, up-to-date data available.

Together, the extra functionalities detailed here help
AVIA v2.0 mature as a hub for genomics, gene, and
protein annotations by integrating several different
types of databases and applications in a fast,
comprehensive, and significant manner.

Future Work

Our work includes tools that are developed in-house to
support the scientists and help retrieve essential
information to understand biology and aid in discovery
of factors differentiating normal and disease states.

 REST API calls for programmatic annotation of
variants, proteins, or genes

» Integration of comparative tools for comparing 2
different VCF/BAM files

* Continued work on modeling structures without any
available PDB structure

* Release of an AVIA-lite package for easy
installation and integration of custom annotations from
other labs in the NCI community

* Include detailed position based protein annotations
from UniProt and 2D visualization using BioJS
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* Integrate pathway and disease association results
from mining Medline and Pubmed Central using
gene/protein names
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