A. Developing a linked data knowledgebase for organizing information about the gene regulatory apparatus relevant to the 4DN consortium

The past decade has seen a continuous influx of large-scale genomic data becoming readily available providing a rich and fertile medium for the study of gene regulation. In this light the creation of an easily accessible structured framework [[ontology??]] for compiling the information related to the gene regulatory apparatus is particularly valuable.
The Gerstein lab has extensive experience in conducting integrative analysis [[and building knowledgebases??]] of large sets of genomics data through its participation in the ENCODE, modENCODE, BrainSpan and exRNA consortia \cite{22955619,25164755,21177976,22955620,brainsp,exRNA}. We have developed numerous computational tools that enable the linking of heterogeneous data into comprehensive databases. For example we have applied these tools and methodologies to build a knowledgebase of pseudogenes \cite{17099229,18957444} and define the relationships between pseudogenes and segmental duplications \cite{18957444,20529940}. This broad resource integrates genomics data over multiple species offering the user the possibility of comparative analysis. In addition, we used ontologies to interlink and record the structural and functional relationships between various genomic and regulatory elements \cite{20529940,25157146}.  In a different context, we took advantage of the highly organized structure of the semantic web to develop data and text mining tools to aid the integration of proteomics data with information derived from literature \cite{17923450}.
In this project we aim to create a structured database that will integrate all the available information associated with the elements that make a gene regulatory apparatus, e.g. promoters, enhancers, etc. For these we will overlay the genomics data with information extracted from the literature into a comprehensive ontology.

[[one of the best ways of annotating the genome is via assoc bases w paper -- see note in Sci]]

B. Extracting and standardizing information from literature related to the 4D nucleome and associating it with the knowledgebase

Following closely the explosion of genomics data, the number of scientific publications in the biomedical sector has seen an exponential increase \cite{20739925}. This highlighted the necessity for computational tools that would facilitate the mining and processing of information recorded in journal articles while providing a standardized vocabulary concerning biological entities and describing the ontological relationships between these entities through meaningful and homogeneous models   that could lead to the discovery of new biological relevant relationships \cite{17495904,18328823}. In this direction, the Gerstein lab has developed a number of tools to automate the extraction and analysis of information from literature \cite{16168087,20739925,18328823,17495904,17923450}.
We created PubNET \cite{16168087}, a web-based tool used to extract and integrate information from PubMed providing a graphical visualization of complex networks in order to infer functional similarities. We have also made extensive contributions in the area of digitalization of journal articles \cite{20739925} and wrote numerous papers advocating the use of machine-readable content in scientific publishing \cite{18328823,17495904}. To this end we developed a structured digital abstract and table as part of an overall effort in creating a machine-interpretable, structured digital paper \cite{20739925}.[[get refs right here]]
In this project we aim to expand on our data mining knowledge to create a machine-readable regulatory elements literature corpus using automatic extraction of relevant content from journal articles. This corpus will be used to “annotate” the genomic elements with the corresponding literature references. The results will be stored in an online database that can be easily queried and extended.

[[ we will struc the info from the consortia]]


[bookmark: _GoBack]C. Studying trends in the literature from analyzing the knowledgebase, particularly those resulting from consortium publications

Leveraging on our previous knowledge of integrative analysis we are interested in examining trends and patterns in the information recorded by journal articles. In this direction we have already started by looking at the rate at which scientific information is spread online. For this we analyzed the web statistics of PLOS article level metrics \cite{21603617}. We noticed two distinct phases: one corresponding to the short-term fame of a paper and another related to long-term citation statistics. In a similar context, we used PubNET to examine the collaborating and publishing patterns in the field of interference RNA, indicating a “social phase transition” \cite{17465677}.

[[ we will analyze the consortia output from this perpective]]

Thus we aim to build on our experience in large-scale data mining in order to a) characterize and define the relational networks between biological entities such as enhancers, b) provide a standardized terminology in order to create a well-structured digital literature, c) perform extensive semantic analyses in the literature in order to discover novel relationships between these biological entities (e.g. between enhancers and genes, proteins, transcription factors) and d) use statistical data mining methods to reveal publication patterns, trends and potential biases.

 
