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BIOMARKERS FOR REGULATORY
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[0001] This application i1s a continuation of U.S. patent
application Ser. No. 13/592,292 filed Aug. 22, 2012, which
claims priority to U.S. Provisional Application No. 61/526,
242 filed Aug. 22, 2011 and U.S. Provisional Application
No. 61/526,095 filed Aug. 22, 2011, the disclosures of which

are Tully incorporated herein by reference.

GOVERNMENT RIGHTS

[0002] This invention was made with Government support
under contract HG000237 awarded by the National Insti-
tutes of Health. The Government has certain rights 1n this
invention.

BACKGROUND OF THE INVENTION

[0003] There have been eflorts to describe the regulatory
landscape of the human genome using high-throughput or
computational methods. Individual labs as well as the
ENCODE project, for example, have provided a genome-
wide catalogue of DNA elements 1n the human genome.
Shown in FIG. 1 are certain examples of these eflorts.
Regions that have been 1dentified by high-throughput meth-
ods such as ChIP-Seq are sometimes called DNA elements
because these sequences have been shown to bind a protein
but their eflect on gene expression 1s unknown. For example,
as shown 1n FIG. 1, data type A (reference 152 1n FIG. 1) are
regulatory regions 1dentified by low-throughput experiments
and data type B (154) are DNA elements identified by
high-throughput studies.

[0004] Among other things, computational analyses of
these data have 1dentified patterns of chromatin modification
that mark transcriptionally active regions, providing a global
view ol putative regulatory elements in the human genome.
Recent efforts have included the Genotype-Tissue Expres-
sion (GTEx; www.commoniund.nih.gov/GT-TExX/) program
to 1dentity eQTLs, vanations that are associated with
changes in gene expression (see FIG. 1, association 118-12
between data types C (polymorphisms 156) and F (expres-
sion 162)). Although high-throughput experiments provide
broad coverage, the direct mechanism of regulation between
these nucleotides and their target gene may not have been
identified. The availability of genome sequences of other
mammals has i1dentified regions of high conservation in
non-protein coding regions, leading to the identification of
regulatory regions essential for development (See FIG. 1,
data type E (conservation blocks and computational predic-
tions 160). Additionally, computational algorithms can pre-
dict regions that are required for gene regulation, such as
regions 1n the 3' UTR that are essential for regulation by
microRNAs (see FIG. 1, data type E (conservation blocks
and computational predictions 160). These computational
datasets can provide hypotheses of functional nucleotides
but their biological significance must still be evaluated
manually. Shown 1n FIG. 1 are archetypes of biological data
and the current associations between them.

[0005] Sequence information, associations between two
data types, and a catalog of DNA elements 1n the human
genome alone offer little to scientists and clinicians unless 1t

Dec. 27, 2018

1s associated with functional information. Much of the
current knowledge about the role of nucleotides 1n 1ntergenic
and non-coding regions 1n transcriptional and translational
regulation 1s known through directed experimental studies
that are published in peer-reviewed journals. Regions that
have been demonstrated to have an eflect on protein-nucleic
acid interactions, nucleic acid-nucleic acid interactions, or
gene expression using mutagenesis and reporter experiments
will be referred to as regulatory or functional regions even
though their effect on gene function may be limited.

[0006] Problematically, 1t 1s not easy to i1dentily the rel-
evant literature by searching databases such as PubMed. For
example, finding all the papers that identily regulatory
regions for the beta-globin locus that contains several devel-
opmentally regulated hemoglobin genes or the transcription
factor STAT3 1n PubMed 1s not possible with a single query.
In February 2011, a search of “beta-globin (with all symbols,
names, and aliases) and regulation” of all PubMed records
indexed with a “humans” MeSH term retrieved 1334 pub-
lications. Only 13% of these papers (177) contain informa-
tion providing nucleotides or coordinates for regions nec-
essary for repression and activation at the beta-globin locus;
the rest discuss post-translational regulation of the proteins
required for beta-globin expression. A similar search for
STAT3 found 167 out of 1722 papers (9%) that contain
information 1dentifying specific nucleotides in STAT3 bind-
ing sites or regions that regulated STAT3. Finding and
reading these papers on intergenic and non-coding regions 1s
not a feasible task for scientists or clinicians who wish to
identify functional nucleotides 1n hundreds 1f not thousands
of non-coding regions. Even if the papers can be identified,
the data cannot easily be integrated in an analysis pipeline.

[0007] As sequencing costs drop, tull genome sequencing
has become possible. Genome sequencing centers predict
30,000 human genome sequences will be available by the
end of 2011. But non-coding regions represent 99% of the
entire human genome and little 1s known about many
variants already i1dentified in GWAS studies (see FIG. 1,
connection 168-3 between data types D (gene function 158)
and G (diseases and phenotypes 164)). Analysis and under-
standing of variation 1n the human genome has largely
focused on protein-coding regions because existing tools
and databases have annotated the biological function of
genes and their role i biological pathways and disease
processes. The Swiss-Prot records at UniProtKB contain
annotations of amino acids that are located 1n the active site
or are involved 1n interactions with other proteins or ligands
from the experimental literature. PolyPhen, a widely-used
prediction algorithm that identifies deletrious non-synony-
mous SNPs (nsSNPs), uses these literature-curated data to
aid the prediction. Such resources have allowed exome
sequencing to become successiul as a diagnostic tool to
identily genetic causes of rare diseases.

[0008] Increased availability of regulatory nucleotides
from directed experimental investigations can directly anno-
tate variants i1dentified in GWAS studies and provide bio-
logical context to high-throughput and computational data-
sets, but 1t can also provide additional information to
variants that are 1n linkage disequilibrium. Therefore, even
if the specific SNP identified 1n a GWAS study has not been
studied 1n the biomedical literature, annotations for regula-
tory nucleotides in linkage disequilibrium may implicate
genes and pathways that contribute to the pathophysiology
of disease. In order to accomplish this, regulatory elements
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in mtergenic and non-coding regions must be integrated with
high-throughput datasets that describe DNA elements, and
regions of sequence variation throughout the genome as well
as with annotations that provide functional information and
clinical relevance of the genes that are being regulated. In
addition, tools and analysis pipelines will need to be devel-
oped 1n order to facilitate the annotation of affected SNPs as
well as the 1dentification of relevant SNPs, biological pro-
cesses, and diseases for results of GWAS studies and whole-
genome sequencing.

[0009] With the costs of DNA sequencing decreasing, the
number of genomes from both healthy and disease tissues 1s
rapidly increasing from the reference genome in 2003, to 16
in 2009, to 50-300 1n 2010 to an estimated 30,000 1n 2011.
A major challenge ahead 1s to 1nterpret genome sequences
and to 1dentily varnants responsible for normal and disease
phenotypes. At present, most eflorts have focused on the
identification of changes in protein-coding genes and micro-
RNAs (miRNAs) where deleterious alterations can some-
times be deduced. For example, analysis of the QQuake
genome and, more recently, those of ten other healthy
individuals have revealed numerous changes in the protein-
coding genes. But most variations from genome sequences
as well markers from genome wide association studies
(GWAS) 1dentily nucleotide and structural varnants that lie
outside of coding sequences, and generally these vanants are
not interpreted. An analysis of dbSNP in March 2011
revealed that approximately 95% of currently known vari-
ants are located 1n non-protein coding regions but fewer than
0.1% have been associated with a publication.

[0010] In the last several decades a great deal of informa-
tion has been generated to analyze regulatory and non-
coding sequences in the genome. Initially this information
involved analysis of individual genes through mutagenesis,
analysis of elements in reporter and/or biochemical assays
such as “gel shift” or Chromatin Immunoprecipitation
(ChiP). With the advent of genomic approaches, 1n the past
decade, high-throughput studies have been implemented to
map regulatory elements on a global scale. These include
ChiP-chip (Chromatin immunoprecipitation followed by
microarray analyses) or ChiP-Seq (Chromatin immunopre-
cipitation followed by DNA sequencing) to identily targets
throughout the genome and expression quantitative trait loci
(e¢QTL) studies to map potentially regulatory or associated
SNPs using changes in expression m a cell or tissue.
Currently systematic eflorts to collect such information
through the ENCODE project have generated approximately
500 ChiP Seq datasets, and this count does not include the
significantly large number of datasets generated by indi-
vidual laboratories not part of the ENCODE project. Pres-
ently there 1s no single resource that houses all of the
low-throughput data from individual labs as well as the
global data from individual labs as well as consortia. Such
a resource would be valuable for the interpretation of
variants from large-scale projects such as the HapMap
project and Cancer Genome Atlas (www.cancergenome.nih.
ogov/), as well as the personal genome sequencing eflorts
going on all around the world, for example.

[0011] Therefore, there 1s a need 1n the art to associate
functional mformation with non-protein coding variants, so
that variants from personal and disease genome sequences as
well as GWAS studies can be evaluated by researchers for
phenotypic and disease potential.
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SUMMARY OF THE INVENTION

[0012] An embodiment of the present invention provides
biologically meaningtul marker for disease than the genetic
variants discovered by genetic association studies. These
markers more directly test the biological output of a genetic
variant that falls 1n a regulatory (non-protein-coding) region,
which are closer to the disease pathology than the initial
genetic variant.

[0013] Existing methods for disease risk calculations rely
on genetic markers that are separated from the biology
involved 1n disease. For diseases where a single protein
product 1s known to be altered 1n the disease, diagnostics can
be done at the protein level, but these are difficult to develop
in a high-throughput fashion. But transcription factor bind-
ing according to an embodiment of the present invention can
be used as an eflective, biologically-relevant biomarker that
can be rapidly and cost-eflectively developed.

[0014] Most current risk and/or diagnostics profiles mea-
sure genetic or protein variants or levels as the relevant
biomarker associated with disease. But genetic variants are
conventionally measured without context for the biology
they aflect. The present invention uses these binding regions
as more direct measurements of the molecular phenotype of
these variants. Genetic association studies typically identify
genetic markers associated with diseases, without necessar-
1ly assigning function to the mutations. For example, 11 these
mutations are found in transcription factor binding sites and
aflect binding of a transcription factor, the actual binding
event 1s likely to be the contributing factor for the disease.
Measuring of the binding of a transcription factor (using, for
example, chromatin immunoprecipitation) according to the
present invention 1s a better marker for a disease than
measuring the genotype. These markers can then be used in
diagnostics for diseases where a transcription factor binding
event plays a role. Additionally, they can be used to adjust
disease risk profiles for healthy individuals, as with typical
genetic variants.

[0015] Other embodiments of the present mmvention use
other chromatin markers as a biomarker, including modified
histones, as well as silencer or represser elements. Genetic
markers are only the beginming of a line of biomarkers that
confer risk for disease. Typically, these markers can be
related to a downstream molecular and physiological effect,
of which transcription factor binding can be a key next step.
The present invention enables the use of a more biologically
impactiul biomarker. Other embodiments would be obvious
to those of ordinary skill in the art.

[0016] An embodiment of the present invention includes a
Resource for the Human Regulome as a database for the
collection and integration of high-quality experimental
results 1 all nucleotides 1n intergenic and non-coding
regions in the human genome. Among other things, this
resource annotates low-throughput and global data concern-
ing regulatory and non-protein coding elements. Using
controlled vocabularies, in an embodiment, these experi-
mental results are mtegrated with (1) trusted datasets that
describe the cellular role and clinical relevance of protein-
coding and RNA genes, (2) genome-wide association studies
that associate sequence variations with diseases, ftraits,
expression profiles, and other phenotypes, (3) regions of
sequence conservation, and (4) computational datasets that
provide 1nsight 1into regions that lack experimental mvesti-
gation. The integration of these data at a Regulome facilitate
connecting sequence variation to the genes and biological
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processes that are regulated by the regions that have been
dissected experimentally via linkage disequilibrium provide
a resource that can help researchers examine how variations
in the entire human genome, and not just the exome, 1impact
biological processes and pathophysiology of disease. In
describing embodiments of the present invention, particular
reference will be mode to Regulome and RegulomeDB, but
it should be understood that such reference does not limait the
scope of the present invention.

[0017] These and other embodiments can be more fully
appreciated upon an understanding of the detailed descrip-
tion of the invention as disclosed below 1n conjunction with
the attached figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The following drawings will be used to more fully
describe embodiments of the present invention.

[0019] FIG. 1 1s a diagram of archetypes of biological data
and the conventional associations among them.

[0020] FIG. 2 1s a diagram of the various data types that

can be curated and itegrated according to an embodiment
of the present invention.

[0021] FIG. 3 shows the manner 1n which an embodiment
of the present invention provides associations among inter-
genic regulatory regions and other biomedical data types.

[0022] FIG. 4 1s a chart that shows the percentage of
publications that can be curated after the automated litera-
ture pipeline according to an embodiment of the present
invention.

[0023] FIG. 5 15 a block diagram of a literature pipeline
according to an embodiment of the present invention.

[0024] FIG. 6 shows a sample curation of the beta-globin
locus according to an embodiment of the present invention.

[0025] FIGS. 7A and 7B are block diagrams of computer
systems on which embodiments of the present invention can
be practiced.

[0026] FIG. 8 1s a flow diagram of a method according to
an embodiment of the present invention.

DETAILED DESCRIPTION

[0027] Among other things, the present invention relates
to methods, techniques, and algorithms that are intended to
be implemented in digital computer system 100 such as
generally shown i FIG. 7TA. Such a digital computer or
embedded device 1s well-known 1n the art and may 1nclude
the following.

[0028] Computer system 100 may include at least one
central processing unit 102 but may include many proces-
sors or processing cores. Computer system 100 may further
include memory 104 in different forms such as RAM, ROM,
hard disk, optical drives, and removable drives that may
turther include drive controllers and other hardware. Aux-
liary storage 112 may also be include that can be similar to
memory 104 but may be more remotely incorporated such as
in a distributed computer system with distributed memory
capabilities.

[0029] Computer system 100 may further include at least
one output device 108 such as a display unit, video hard-
ware, or other peripherals (e.g., printer). At least one input
device 106 may also be included 1in computer system 100
that may include a pointing device (e.g., mouse), a text input
device (e.g., keyboard), or touch screen.
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[0030] Communications interfaces 114 also form an
important aspect of computer system 100 especially where
computer system 100 1s deployed as a distributed computer
system. Computer mterfaces 114 may include LAN network
adapters, WAN network adapters, wireless interfaces, Blu-
ctooth 1nterfaces, modems and other networking interfaces
as currently available and as may be developed in the future.

[0031] Computer system 100 may further include other
components 116 that may be generally available components
as well as specially developed components for implemen-
tation of the present invention. Importantly, computer sys-
tem 100 incorporates various data buses 118 that are
intended to allow for communication of the various com-
ponents of computer system 100. Data buses 118 include, for
example, mput/output buses and bus controllers.

[0032] Indeed, the present invention 1s not limited to
computer system 100 as known at the time of the invention.
Instead, the present invention 1s intended to be deployed 1n
future computer systems with more advanced technology
that can make use of all aspects of the present invention. It
1s expected that computer technology will continue to
advance but one of ordinary skill in the art will be able to
take the present disclosure and implement the described
teachings on the more advanced computers or other digital
devices such as mobile telephones or “smart” televisions as
they become available.

[0033] Moreover, the present mvention may be imple-
mented on one or more distributed computers. Still further,
the present invention may be implemented 1n various types
of software languages including C, C++, and others. Also,
one of ordinary skill in the art 1s familiar with compiling
soltware source code into executable software that may be
stored 1n various forms and 1n various media (e.g., magnetic,
optical, solid state, etc.). One of ordinary skill in the art 1s
familiar with the use of computers and software languages
and, with an understanding of the present disclosure, will be
able to implement the present teachings for use on a wide
variety ol computers.

[0034] The present disclosure provides a detailed expla-
nation ol the present invention with detailed explanations
that allow one of ordinary skill in the art to implement the
present invention into a computerized method. Certain of
these and other details are not included in the present
disclosure so as not to detract from the teachings presented
herein but it 1s understood that one of ordinary skill in the art
would be familiar with such details.

[0035] In an embodiment of the invention as shown 1n
FIG. 7B, a computer server that implements certain of the
methods of the invention 1s remotely situated from a user.
Computer server 122 1s communicatively coupled so as to
receive information from a user, likewise, computer server
122 1s communicatively coupled so as to send information to
a user. In an embodiment of the invention, the user uses user
computing device 124 so as to access computer server 122
via network 126. Network 126 can be the internet, a local
network, a private network, a public network, or any other
appropriate network as may be approprate to implement the
invention as described herein.

[0036] User computing device 124 can be implemented 1n
various forms such as desktop computer 128, laptop com-
puter 130, smart phone 132, or tablet device 134. Other
devices that may be developed and are capable of the
computing actions described herein are also appropriate for
use 1n conjunction with the present invention.
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[0037] In the present disclosure, computing and other
activities will be described as being conducted on either
computer server 122 or user computing device 124. It should
be understood, however, that many 1f not all of such activi-
ties may be reassigned from one to the other device while
keeping within the present teachings. For example, for
certain steps computations that may be described as being
performed on computer server 122, a diflerent embodiment
may have such computations performed on user computing,

device 124.

[0038] In an embodiment of the invention, computer
server 122 1s implemented as a web server on which Apache
HTTP web server software 1s run. Computer server 122 can
also be implemented 1n other manners such as an Oracle web
server (known as Oracle 1Planet Web Server). In an embodi-
ment computer server 122 1s a UNIX-based machine but can
also be implemented in other forms such as a Windows-
based machine. Configured as a web server, computer server
122 1s configured to serve web pages over network 126 such
as the internet.

[0039] In an embodiment, user computing device 124 is
configured so as to run web browser software. For example,
where user computing device 124 1s implemented as desktop
computer 128 or laptop computer 130, currently available
web browser software includes Internet Explorer, Firefox,
and Chrome. Other browser software 1s available for difler-
ent applications of user computing device 124. Still other
soltware 1s expected to be developed 1n the future that 1s able
to execute certain steps of the present invention.

[0040] In an embodiment, user computing device 124,
through the use of appropriate software, queries computer
server 122. Responsive to such query, computer server 122
provides information so as to display certain graphics and
text on user computing device. In an embodiment, the
information provided by computer server 122 is 1n the form
of HITML that can be interpreted by and properly displayed
on user computing device 124. Computer server 122 may
provide other mmformation that can be interpreted on user
computing device.

[0041] Turning now to a particular discussion of certain
embodiments of the present mnvention, 1t 1s noted that it 1s
now possible to determine the genome sequences of large
numbers of healthy and disease samples. Although the effect
of newly 1dentified variations in protein coding genes may
be deduced, the eflect of such variations within non-coding,
regions in the human genome has traditionally been dithicult
to infer. Embodiments of the present invention, address this
and other 1ssues.

[0042] Biologically Meaningiul Markers:

[0043] In an embodiment of the invention, a more bio-
logically meanmingtul marker for disease than the genetic
variants discovered by genetic association studies 1s used.
These markers more directly test the biological output of a
genetic variant that falls 1n a regulatory (non-protein-coding)
region, which are closer to the disease pathology than the
initial genetic variant. In this embodiment of the mnvention,
transcription factor binding is used as an eflective, biologi-
cally-relevant biomarker that can be rapidly and cost-eflec-
tively developed. The present invention uses these binding
regions as more direct measurements of the molecular
phenotype of these variants. Genetic association studies
typically identily genetic markers associated with diseases,
without necessarily assigning function to the mutations, but
the present imvention does.
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[0044] According to a method of the ivention, 1f 1t 1s
determined that these mutations are found in transcription
factor binding sites and aflect binding of a transcription
factor, the actual binding event 1s determined to be a likely
contributing factor for the disease. Measuring of the binding
ol a transcription factor (using chromatin immunoprecipi-
tation, for example) according to an embodiment of the
present mnvention 1s found to be a good marker for a disease,
for example, when measuring the genotype. These markers
can then be used 1n diagnostics for diseases where a tran-
scription factor binding event plays a role. Additionally, they
can be used to adjust disease risk profiles for healthy
individuals, as with typical genetic varnants.

[0045] Shown i FIG. 8 1s a method according to an
embodiment of the present invention for analyzing genetic
variants associated with diseases. As shown at step 802,
information 1s received regarding whether certain genetic
markers associated with a disease. At step 804, measure-
ments are received regarding the binding of a transcription
factor associated with the genetic markers. In an embodi-
ment, mformation from chromatin immunoprecipitation 1s
used. Whether the genetic markers are found 1n transcription
factor binding sites 1s then determined at step 806. At step
808, the method of the present invention determines whether
the genetic mutation affects a binding of a transcription
factor. I 1t does, at step 810, 1t 1s determined that the binding
1s a contributing factor for the disease.

[0046] The present invention can be expanded to use any
chromatin marks as a biomarker, including modified his-
tones, as well as silencer or represser elements. Genetic
markers are only the beginming of a line of biomarkers that
confer rnisk for disease. Typically, these markers can be
related to a downstream molecular and physiological effect,
of which transcription factor binding can be a key next step.

[0047] Chromatin Immunoprecipitation (ChlP) is a type of
immunoprecipitation experimental technique used to mnves-
tigate the interaction between proteins and DNA 1n the cell.
It aims to determine whether specific proteins are associated
with specific genomic regions, such as transcription factors
on promoters or other DNA binding sites, and possibly
defining cistromes. ChIP also aims to determine the specific
location 1n the genome that various histone modifications are
associated with, indicating the target of the histone modifi-

ers.[1]

[0048] Traditionally, to perform, chromatin immunopre-
cipitation, protein and associated chromatin 1n a cell lysate
are temporarily bonded. The DNA-protein complexes (e.g.,
chromatin-protein) are then sheared and DNA fragments
associated with the proteins of interest are selectively immu-
noprecipitated. The associated DNA fragments are purified
and their sequence 1s determined. These DNA sequences are
generally associated with the protein of interest in vivo.

[0049] In the art, there several types of chromatin 1immu-
noprecipitation, primarily differing 1n the starting chromatin
preparation. For example, XChIP uses reversibly cross-
linked chromatin sheared by sonication called cross-linked
ChIP. Native ChIP (NChIP) uses native chromatin sheared
by micrococcal nuclease digestion. Embodiments of the
present mvention can be practiced with either of these or
other techniques. Indeed, as other chromatin 1immunopre-
cipitation techniques are developed, they can also be used 1n
embodiments of the present invention.
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[0050] Databases:

[0051] An embodiment of the present invention to be
described further below 1s incorporated into a resource for
the Human Regulome, which provides an encyclopedia-like
collection of gene regulatory elements throughout the
human genome. Among other things, the resource provides
annotations describing the dissection of DNA elements from
directed experimental studies as well as high-throughput
datasets, evolutionarily conserved sequence regions, and
computational predictions, and powerful tools for the analy-
s1s and interpretation of sequence variation. The present
invention 1s a valuable resource for the annotation of non-
cxonic sequences and to {facilitate the interpretation of
sequence variations and genetic mutations that contribute to
phenotypic variation and human disease.

[0052] In an embodiment of the invention, peer-reviewed
literature 1s manually curated for all nucleotides in non-
exonic regions that are binding sites or known to regulate
gene expression and function 1 H. sapiens. By developing
a Tull-text literature pipeline, an embodiment of the mnmven-
tion annotates all nucleotides 1n intergenic regions as well as
non-coding regions in the H. sapiens genome that have been
experimentally characterized to regulate transcriptional
activity and RNA levels, as well as potential regulatory
regions such as transcription factor binding sites, chromatin
modifications and DNA methylation sites. This information
can then be used, for example, with the method of FIG. 8
according to an embodiment of the present invention.
Another embodiment of the present invention uses existing,
ontologies in order to annotate the type of regulation, the
experimental evidence supporting the regulation, the cellular
and developmental context used to observe the regulation,
and any known associations with diseases.

[0053] An embodiment incorporates datasets that provide
genomic and cellular context to the regulatory regions that
have been defined through directed experiments. Other
high-throughput datasets that provide data types similar and
complementary to the regulatory elements identified by
low-throughput experimental methods as well as datasets
that describe the biological function and disease phenotypes
ol genes, non-coding RNAs, and sequence variants can be
incorporated in the present invention. Evolutionary con-
served non-coding elements are annotated. Computational
predictions, such as targets of regulatory miRNAs and
transcription factor binding site motifs, are imcorporated to
cover regions not yet probed by experimental methods.

[0054] In an embodiment, the present invention includes a
pipeline method to integrate diverse data types in order to
tacilitate the association of sequence variations with the
regulation of gene expression. The pipeline analyzes all
regulatory elements i1dentified 1n the literature, biochemical
clements i1dentified 1n high-throughput studies, sequence
variants, regions ol sequence conservation, and computa-
tional predictions 1n order to integrate variation data with
biological functions of genes. In an embodiment, these data
are used to idcntily data consistencies in the literature-
curated dataset.

[0055] Among other things, the present invention provides
a resource with tools to annotate variants observed in
personal genomes and GWAS studies. The resource can be
used to view regions of the H. sapiens genome annotated
with the mtegrated results of diverse data types in order to
tacilitate 1dentifying connections between sequence varia-
tion and gene regulation and gene function in H. sapiens.
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The annotation pipeline of an embodiment of the present
invention 1dentifies potential changes 1n gene regulation
when variants determined by personal genomics studies and
GWAS studies are analyzed. In addition, searches can be
performed that allow identification of regulatory sequences
shared by a list of genes 1dentified 1n an experiment or via
a query using a biological process or disease.

[0056] In an embodiment of the invention, a Resource for
the Human Regulome provides a comprehensive, integrated
resource of regulatory elements within intergenic and non-
coding regions from the published literature, high-through-
put datasets, regions of sequence conservation, and compu-
tational datasets as well as providing tools for the rapid
annotation of variants and 1dentification of biological pro-
cesses associated with wvariants 1dentified 1n personal
genome sequences and GWAS studies. In a further embodi-
ment of the present imvention, this resource i1s used to
analyze genetic information, including personal genome
information.

Data Types

[0057] Among other things, the present invention provides
a resource that comprehensively curates all nucleotides 1n
intergenic and non-coding regions 1n the human genome that
have been experimentally characterized in the published
literature to regulate RN A or protein levels or binds potential
regulatory proteins. Shown 1 FIG. 2 are various data types
202-220 that can be curated and integrated according to
embodiments of the present invention. For example, regions
that are considered for curation include intergenic regions,
such as transcription factor binding sites, the promoter and
3'-UTR region of genes, insulators, and enhancers, as well as
part of non-coding regions, such as introns, miRNAs, and
other non-coding RNA genes. Nucleotides 1n these regions
are curated 1f they have been demonstrated to bind or alter
protein-nucleic acid or nucleic acid-nucleic acid interac-
tions, or 1f an ellect on transcription levels of protein-coding
genes and non-coding RNAs, levels of transcript stability,
gene product levels, or gene product function has been
demonstrated.

[0058] The present invention i1dentifies and incorporates
data types from additional sources similar and complemen-
tary to the regulatory elements examined 1n the low-through-
put literature (see. e.g., Table 1). High-throughput studies,
created by consortia such as ENCODE and individual labs,
provide the similar data types as the low-throughput experi-
ment but on a global scale, for example, and 1nclude such
data types as nucleosome positions, histone modifications,
DNAse I hypersensitive sites, and regions of methylation.
Computational datasets can provide insight about transcrip-
tion factor binding sites or predictions of miRNA targets for
regions that have not been probed experimentally. Regions
of evolutionary conserved sequence have been shown to be
associated with developmental regulators. Comparing com-
putational predictions and regions of sequence conservation
against DNA elements studied 1n low-throughput and high-
throughput studies can aid in the interpretation of the
functional role of these elements.

[0059] Table 1 includes sources of data for the data types
available as part of the present invention. The letters refer to

the legend 1n FIG. 1.
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TABLE 1

A B € D E F G H T1

Manual Curation of . . s o & & e e e
Literature

High-throughput datasets . . s o s+ e s e e
(independent labs and

ENCODE)

Computation Predictions . . .

Evolutionarily conserved . . . .

non-coding elements

[0060] Functional Annotations and Clinically Associated
Genes and Sequence Variants:

[0061] RegulomeDB (the Regulome database according to
an embodiment of the present invention) can incorporate the
biological function of the genes regulated by the regions that
have been examined by directed experimental investigation
as well as all associations between these genes and sequence
variants with disease. Their inclusion provides the biological
context in which connections can be made between
sequence variants, gene regulation, and disease phenotypes.
Whereas Regulome and RegulomeDB are used to describe
certain embodiments of the present invention, they are 1n
now way limiting. Indeed, those of ordinary skill in the art
will appreciate that other properly configured databases, for
example, can be used in practicing the present invention.

[0062] Among other things, the Human Genome Project
seeks to understand the biological mechanmisms and cellular
pathways that contribute to human health and disease risks
by sequencing the human genome. An extensive collection
of literature-curated databases and analysis tools are avail-
able m order to evaluate the functional nucleotides 1n
protein-coding genes, but the resources for nucleotides in
intergenic and non-coding regions are limited. In order to
provide a more complete view of the role of the sequences
in the human genome, the function of regions of the genome
must be well annotated. By creating a resource that contains
the comprehensive manual curation of regulatory elements
in intergenic and non-coding regions, an embodiment of the
present mmvention complements resources such as Entrez
Gene, UniProtKB, and locus-specific mutation databases,
that focus on functional annotation of protein-coding and
RINA genes. These data provide a literature-based dataset of
regulatory networks in the human genome and by doing so,
are used to help annotate SNPs that are located in these
regions that are currently 1n the public databases, provide a
training set for computational and bioinformatic tools, facili-
tate the annotation of all variations identified i an individu-
al’s genome, and provide functional information that can be
transierred to conserved non-coding regions from the human
genome to other organisms.

[0063] An embodiment of the present invention compre-
hensively curates nucleotides 1n non-exonic regions that
have been experimentally demonstrated to have an effect on
gene expression or 1ts mnteraction with a protein or a nucleic
acid. Functional elements 1n these regions are often identi-
fied using mutagenesis and reporter constructs to measure
transcription and/or RNA levels of protein-coding and non-
coding genes, using electrophoretic mobility shift assays or
“gel shifts” to measure transcription factor binding, and
measuring the extent of chromatin modification and DNA
methylation events. This information can then be used, for
example, with the method of FIG. 8 according to an embodi-
ment of the present invention.
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[0064] Although the eflect of these regions on gene
expression may not always be measured 1n a single publi-
cation, they will be included for curation because multiple
lines of evidence from different publications may provide
suflicient support for a regulatory role of that region. In
addition to the identification of regulatory nucleotides 1n
intergenic and non-coding regions, the present invention
curates nucleotides in these regions that have been shown to

be mutated 1n disease states.

[0065] By maintaining a comprehensive catalog of these
regions with supporting experimental evidence, the present
invention provides a new connection between experimen-
tally-identified regulatory regions 1n the human genome with
gene expression and disease phenotypes. FIG. 3 shows the
manner 1 which an embodiment of the present invention
provides associations between intergenic regulatory regions
and other biomedical data types. For example, shown 1n
FIG. 3 1s association 302-1 between data types A (152) and
(G (164) and association 302-2 between data types A (152)
and F (162). By connecting experimentally-defined regula-
tory regions to sequence variants via linkage disequilibrium
H (166) as shown 1n FIG. 3, the present invention provides
a valuable resource that allows researchers to 1identify genes
and biological processes for further exploration 1f their
variants map to these genomic regions.

[0066] In an embodiment, the nucleotide or range of
nucleotides are annotated on the most current H. sapiens
genome build. The coordinates or sequence are provided 1n
the publication that can be mapped to the current version of
the human genome. In an embodiment, all experiments are
performed 1in human tissues or cell cultures with sequences
that can be 1dentified 1n the human genome. Each nucleotide
1s associated with a description of 1ts function as a biological
entity including the gene(s) it regulates, how it regulates the
gene(s) or gene product(s), and the experimental evidence
supporting the regulation. In an embodiment, the experi-
mental evidence includes the cell line or tissue used for
expression studies or a description of the population or
cohort studied. If mutational analyses are performed to
measure the impact of the intergenic or non-coding region
on mRNA or protein expression levels, the reference nucleo-
tide and the mutated nucleotide are captured. Similarly, for
variations whose relationship to gene expression or gene
function has been examined, the alleles studied and their
frequency 1n the population are also be captured with their
regulatory role.

[0067] Identification of the Biological Literature:

[0068] The prionty in literature curation can be publica-
tions that contain information about the regulatory role of
intergenic and non-protein coding regions and have been
characterized to a specific nucleotide region in the human
genome. Because biomedical research literature indexed by
PubMed can be the source of the literature, but the challenge
1s to 1dentily a literature search pipeline that will be general
enough to cover all these biological processes but provide
specificity 1n the papers that need to be curated [21]. As
mentioned earlier, 1t 1s diflicult to find all papers describing
the regions regulating beta-globin or STAT3 expression. The
challenges that researchers face in i1dentifying the relevant
papers are the same ones encountered here when trying to
identify publications that fit within the scope of our curation.
As of February 2011, for example, there were 11.5 million
papers indexed with a “human™ MeSH term. By creating a
search that queries each approved HGNC gene symbol,
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name, and alias as well as a set of non-coding regions
(introns OR promoter OR UTR OR miRNA OR insulator
OR enhancer OR silencer), the list of results was reduced to
approximately 113,000 publications for 21,060 genes and
loc1 1 the human genome. Although this search includes
several gene and alias names that are non-specific, such as
Tor PH, or are translated automatically by PubMed into a
larger concept, such as GE which becomes “Genetic”, these
can be removed during the curation process in order to
provide a more restricted set of publications for review.

[0069] Publications were also required to have “human’™ as
a MeSH term. Although this requires a paper to be indexed
by PubMed before 1t will be retrieved by the automated
searches, 1t excludes references that only mention human 1n
the abstract without addressing the biology of a gene. The
list of specific non-coding regions 1s composed of the
regions that will be targeted for curation. These terms may
refer either to the cis-regulatory regions of a gene of interest,
or to regions that are the targets of the gene product. For
example, queries for a transcription factor gene and pro-
moter will identily promoter regions that are targets of the
transcription factor as well as promoter regions for 1ts own
regulation.

[0070] In order to assess the enrichment of relevant pub-
lications 1n the query results, the results for the following
genes were reviewed i an embodiment of the present
invention: (1) beta-globin locus, a region whose expression
has been extensively probed and for which variation in
non-coding regions has been associated with disease, (2)
CFTR, a tissue-specific gene which causes cystic fibrosis
when mutated and whose expression under heterologous
promoters has been studied for therapeutic reasons, (3)
miR-21, a microRNA with a wide range of targets, (4)
PTEN, an oncogene whose regulation has been studied at
multiple molecular stages, including processes that involved
transcription, mRINA stability, and translation, (4) NOS3, a

constitutively expressed gene, and (35) two transcription
factors, STAT3 and FOXP3.

[0071] The abstracts of the 3600 publications retrieved for
these 7 genes were manually screened to identily publica-
tions that would not contain information about the regula-
tory role of nucleotides 1n intergenic and non-coding
regions. Specifically, publications were kept for in-depth
curation 1f the abstract included information that described
the key nucleotides required for STAT3, FOXP3, or miR-21
binding to promoter or 5' UTR regions, description of
mRNA or protein levels, or 1dentified regions 3' or 3' of the
query gene that were essential for its transcription or regu-
lation. This screen suggested approximately 30-65% papers
retrieved by the PubMed search could contain relevant
information for RegulomeDB. Following the abstract
screening, an in-depth review of the full text of these
potentially relevant publications indicated that 20-75% of
these papers did contain coordinate information that could
be mapped to the current human genome build, and con-
tained data from studies performed 1n an . sapiens experi-
mental system. Papers describing experiments performed in
mammalian systems such as mouse or rat, or in multiple
species, were excluded. Papers that did not provide specific
coordinates relative to a start site or to a GenBank accession
ID were also excluded; examples include description such as
‘construct was made with the 1.5 kb promoter region of
STAT3’. Results for the transcription factors STAT3 and
FOXP3 and the microRNA miR-21 were the most success-
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tul, with 30%, percent of total publications retrieved from
the PubMed query containing curatable information. Results
for the constitutively expressed NOS3 were the least pro-
ductive, resulting 1n 10% percent of publications retrieved
from PubMed containing curatable information.

[0072] Full-Test Based Identification of Data to Curate:

[0073] Returning to the PubMed search example, using
STAT3 previously discussed, the results from the PubMed
query that included specific types of genomic regions
improved the retrieval of relevant papers to 35% of all
papers reviewed. Although the use of specific regions results
in almost a 4-fold improvement in 1dentifying relevant
literature compared to “regulation,” it still requires review of
605 papers 1n order to 1dentily the 210 papers that can be
curated for STAT3. In order to further reduce the number of
papers that need to be manually reviewed for curation, the
full texts of these papers were downloaded via PubGet
(pubget.com) and Endnote (www.endnote.com). For the 7
sample genes surveyed 1n this preliminary analysis, approxi-
mately 90% of all publications have full-text available
clectronically but only 60-80% are automatically retriev-
able. In order to achieve a complete corpus of literature for
RegulomeDB. PDFs that cannot be downloaded automati-
cally were downloaded manually.

[0074] As part of identilying publications that contain
experimental information about functional nucleotides, the
PDFs are convened into plain text using pdiZtext (www.
foolabs.com/xpdti/home.html). Of the downloaded PDFs,
95-100% were successiully converted into text, indicating
that the rate-limiting step 1n this process 1s the acquisition of
the PDF. The full text of these articles was searched for word
stems “bind” and “muta” 1n a single paragraph. The pdi2text
conversion software keeps paragraphs together as a single
line. Therefore, both words did not need to exist 1n a single
sentence. The word stem “bind” was chosen because it can
represent DNA binding or RNA binding activities indepen-
dent of an assay while the word stem “muta” (for mutated or
mutant or mutagenesis) indicates that studies were per-
formed to assess whether that nucleotide or region 1s nec-
essary and suflicient for activity.

[0075] Analysis of the results for the 3600 publications
indicates that the use of full-text searching results in up to a
4-fold enrichment in the numbers of papers that can be
curated. The largest enrichment was seen for NOS3; the
tull-text search results 1n 40% of reviewed papers containing
curatable data vs the 10% seen when reviewing without the
automated filtering step. For the STAT3, FOXP3, miR-21,
the addition of the full-text filter resulted 1n a slight increase
in the number of curatable papers compared to the manual
review alone, with 40-60% of the papers identified to have
curatable mformation instead of 20-35%.

[0076] The advantages to incorporating this method are
three-fold. First, the number of publications needing manual
review decreases. After the full-text search, the number of
papers needing manual review dropped to 20-30% of the
initial number of papers pulled in. Second, papers containing
coordinates that could be mapped to the human genome and
experimental evidence on the impact of mutations 1n non-
coding regions represent a higher percentage of the total
number of papers. Thirdly, the automated search greatly
reduces the amount of time needed to screen publications.
For the regulatory genes STAT3, FOXP3, and miR-21, the
search was able to i1dentity 70% of the literature that was
identified during manual screeming alone but 1n half the time.
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[0077] FIG. 4 1s a chart that shows the percentage of
publications that can be curated after the automated litera-
ture pipeline. The graph displays the proportion of papers
that contain curatable information as determined by com-
parison to the set of papers identified from the manual
in-depth review.

[0078] Using Reviews to Ensure Literature Coverage:
[0079] Because the pipeline used to identily literature to
curate at RegulomeDB according to an embodiment of the
present invention 1s based on a set of genomic locations and
involves a full-text search, certain types of papers may be
missed. For example, older papers often do not have
abstracts 1 PubMed and may not be identified by the
PubMed query. The impact of this on a specific PubMed
search was more significant with genes that have been
studied for a long period of time, such as beta-globin.

[0080] In addition, due to the variability of natural lan-
guage, papers that do not contain the phrases used for the
PubMed search in their abstract will be missed. Mutations 1n
an 1intron may be described as “a mutation 1n the first intron™
or “a mutation 1n IVS1” or “the mutation activates a cyptic
splice site.” There 1s also a nomenclature issue 1n that the
scientific community may not use the HGNC approved
symbol, name, or alias. For example, although abstracts
describe the function of the miRNA let-7, there 1s no single
miRNA named let-7; there 1s a let-7 family that contains
multiple members. Therefore, the dependence of the
PubMed query on HGNC names may result in an underes-
timate ol publications returned for a gene. In the case of
let-7, none of the approximately 200 papers describing let-7
were 1dentified by the PubMed query. Additionally, the
automated steps 1n 1dentifying publications to curate will be
dependent on the ease of PDF downloading and on whether
those PDFs can be converted to text.

[0081] To minimize the number of papers that will be
missed during the initial curation, several reviews focusing
on the regulation of the gene can be used to supplement the
PubMed results. Reviews contain a bibliography that has
been curated by the authors to best represent the statements
made 1n the publication. Therefore, these bibliographies can
be used to ensure that the key publications describing the
functional role of intergcnic nucleotides are curated. For
genes that have been well-studied over several decades, a
review can be selected from each decade. This 1s important
because key findings are summarized from the literature
regularly and the newer reviews olten cite older reviews
instead of the primary literature. The integration of these
review-1dentified citations with the automated searching/
filtering and manual screening 1s shown 1 FIG. 5.

[0082] Use of Controlled Vocabularies:

[0083] In an embodiment, annotations in RegulomeDB
can be captured using controlled vocabularies available 1n
existing biological ontologies or cross-referenced with 1den-
tifiers used by existing biomedical resources. The ontologies
being considered are available from the Open Biological and
Biomedical Ontology collaboration (OBO Foundry), which
establishes ontological development principles and fosters
interoperability for ontologies in the biomedical domain, or
the National Center for Biomedical Ontology BioPortal
(NCBO; www.bioontology.org, which 1s a repository of
biomedical ontologies).

[0084] The types of data captured and examples of ontolo-
gies that could be used to capture these entities include:
description of the nucleotides using Sequence Ontology
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(SO); the regulating entity with HGNC or the PRotein
Ontology (PRO); the action of regulation via the Gene
Regulation Ontology (GRO) or Gene Ontology (GO);
experimental methods by the Evidence Code Ontology
(ECO; www.oboloundry.org) or the Ontology for Biomedi-
cal Investigations (OBI); the cell type or tissue used during
experimentation using the Cell Line ontology; diseases and
phenotypes associated with the regulated nucleotides using
the Disease Ontology (DO) or Human Phenotype Ontology.

[0085] In addition to the biological ontologies for basic
curation, the use of the Phenotypic Quality Ontology
(PATO) can also be implemented to increase the expressivity
of the annotations where appropriate. Additional controlled
vocabularies and identifiers that can be used or cross-
referenced are listed 1mn Table 2. Table 2 shows existing
ontologies and classifications that can be used to annotate
data in the database of the present invention.

TABLE 2

Data Types Potential Controlled Vocabularies

Sequence Ontology

HGNC, Entrez Gene, UniProt, Protein
Ontology

Gene Regulation Ontology, Gene Ontology
Evidence Code Ontology, Ontology for
Biomedical Investigations

Cell Type Ontology, Cell Line Ontology
Disease Ontology, Human Phenotype
Ontology, Systematized Nomenclature
of Medicine - Clinical Terms, Unified
Medical Language System

1000 Genomes population codes

OBO Relations Ontology, Phenotypic
Quality Ontology

Sites of Regulation
Regulating Gene Products
and Complexes
Regulatory Process
Experimental Methods

Cell Line/Type
Associated Disease/Trait

Population
Relationships

[0086] FIG. 5 15 a block diagram of a literature pipeline
according to the present invention. At step 502, a search of
the database PubMed 550 i1s performed. As shown, the
search was conducted for “humans [MeSH” with all HGNC
approved names. The search was restricted to papers with
abstracts or MeSH term containing (intron OR promoter OR
utr OR miRNA OR 1nsulator OR enhancer OR silencer). Of
the found items as shown for in summary table 552, they
were automatically downloaded and converted to full text
documents at step 504. Shown 1n summary table 554 are the
results of step 504. At step 506, the papers were filtered with
a full text search for “bind” and “muta™ 1n a single para-
graph. The results of the filtering of step 506 are shown 1n
summary table 556. At step 508, the full text of the docu-
ments was reviewed for experimental assays of human
sequence and proteins. The results of step 508 are shown 1n
summary table 558. At step 560, additional citations were
incorporated as identified by the reviewers. These results
were then incorporated into RegulomeDB 560 according to
an embodiment of the present invention. In an embodiment,
the first three steps (502-506) 1n the pipeline are automated
and performed by scripts. The final two steps (508 and 510)
are performed manually in an embodiment but can also be
automated.

[0087] In addition to using ontologies for literature-based
curation, they can also be used to integrate datasets from
other genomic resources in an embodiment of the present
invention. For example, the diseases listed in the NHGRI
GWAS catalog (www.genome.gov/gwastudies) are fre-text.
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These data are mapped to the Disease Ontology when the
data are incorporated 1nto the database of the present inven-
tion.

[0088] The advantages to using these controlled vocabu-
laries are that they provide a framework that allows rigorous
computing on the data, an existing infrastructure and com-
munity with which to work 1n further developing these
ontologics, and the ability to leverage existing annotations 1n
these resources. For example, by using and linking out on
the GO term “positive regulation of mRNA stability,” users
can see other genes involved 1n this process 1n humans as
well as those homologous genes that are also involved in
mRNA stabilization from the other organisms captured by
GO.

[0089] Preliminary Data Describing the Curation of the
Beta-Globin Locus:

[0090] In an embodiment of the curation pipeline of the
present invention, 25 references 1dentified from reviews and
the PubMed query were curated for 88 regions in the
beta-globin locus (see FIG. 6). Since ‘beta-globin’ 1s an alias
of HBB, the PubMed query retrieved papers that addressed
the genes 1n the beta-globin locus, including HBB, HBGI,
HBG2, HBD, and HBE. As previously stated, the 1310
references that were retrieved from PubMed were automati-
cally screened in order to identify 184 publications that
contained curatable information. An additional 101 papers
were 1dentified from reviews. To prioritize the papers for
review, the 25 papers that were identified in both the
literature pipeline and by reviews were examined first for
in-depth curation.

[0091] FIG. 6 shows a sample curation of the beta-globin
locus. Lines and brackets indicate sites of curated informa-
tion and stars indicate the number of annotations for that
site. Further shown in the upper portion of FIG. 6 1s the
entire beta-globin region on Chromosome 11 spanning from
the 5' to the 3' insulators and 1n the lower portion 1s shown

Gene

Regulator

Chromosome

Coord Min

Coord Max

Reference nteg

Variant nts

Feature

Mutation

Methods
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a zoomed-in view of the hemoglobin gamma G gene and 1ts
upstream regions. The symbols (*, S, E) refer to the evidence
score which represents the lines of evidence that support the
role of this region having a regulatory role.

[0092] During curation, 17 of the 25 publications that
were cited by reviews and 1dentified 1n the literature pipeline
could not be used for curation. These publications also
highlight some of the difficulties of manual curation of the
mammalian literature. Although the sequence examined in
these studies were from the human genome, they were
studied 1n a mouse 1n vivo system, measuring the activity
and role of the mouse proteins that regulate expression of the
human DNA. Although mice and human pathways of globin
regulation are similar, there are key differences, namely that
mice do not have gamma-globin genes. Due to this key
difference, any admixed experiments were not considered
for curation in this embodiment of the present invention.
Other embodiments could, however, make use of such
information 1f properly handled.

[0093] To provide broad representation of the functional
nucleotides 1n the beta-globin locus, additional publications
were reviewed to annotate each functional region with at
least one publication. Another 17 papers were curated 1n
order to annotate 88 sites for the five genes 1n the beta-globin
region. Although this represents comprehensive curation of
the beta-globin locus exclusively using the literature that
investigates the sequences and proteins encoded from the
human genome, 1t does not include regulatory regions such
as the FKLF-2, TR2 and TR4, and Ikaros binding sites
because those experiments were done in transgenic mice.
Examples of these amotations using controlled vocabularies
are listed in Table 3. Table 3 shows a sample curation of
selected data using controlled vocabularies (see Appendix
for more examples).

TABLE 3

Sample sample Sample
Annotation Annotation Annotation
1 2 3
HBG1 HBG2 HEEBE
(HGNC:4831) (HGNC:4832) (HGNC:4827)

BCL11A

(HGNC:1222)

11 11 11
5171112 5276062 5248044
5271117 5276065
ATAALRA CCGG T
CTGCAG FAVAVAVAY G
TATA bos TF binding Cryptic splice
(S0:0001013) site site acceptor

(SO:0000235) (SO:0001570)
substitution substitution point mutation
(SO0:0001013) (SO:00010123) (SO0:1000008)
RT-PCR EMSA RNA protection
transcription (EC0:0000096} assay
analysis (ECO:0000110)

(ECO:0000187)
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TABLE 2-continued

10

Sample Sample Sample
Annotation Annotation Annotation
1 2 3

Cell Line/Type  HEL K562 reticulocyte
(MCC:0000187) (MCC:0000261) (CL:0000558)
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Process mMRNA Transcription mRNA SPLICING
transcription regulatory (go:0000398)
from Pol II region
promoter DNA binding
(GO:0042789) (GO:00442212)
Digsease/Trait Beta-
thalagssemia
(DOID:12241)
Reference PMID:10196210 PMID:19153051 PMID:378067
[45] [46] [47]
[0094] The time spent to review the prioritized literature [0098] Improved Identification of Relevant Literature:
identified via the literature pipeline, identify appropriate [0099] Ciatations 1n a publication are a curated source of

papers, and annotate the 25 papers for 88 sites for five genes
was approximately 20 hours. This example using the litera-
ture pipeline and annotation system demonstrates that the
retrieval of papers from the full-text based literature search
combined with identification of citations from reviews does

provide full coverage of literature in order to comprehen-
sively annotate a very well-studied region of the human
genome.

[0095] These data were compared to existing resources
that could contain regulatory information. The locus-specific
mutation database for beta-globin contains a vast number of
mutations in the protein-coding sequence but very tiew in
the upstream regulatory region (accessible from www.hgvs.
org/dblist/glsdb.html#H). In addition, the literature-curated
regulatory database ORegAnno, contains a limited number
of regulatory regions and none at nucleotide-level resolu-
tion.

10096]

[0097] Since the primary curation effort of the present
invention 1s to review the full-text of the paper to 1dentily
coordinates, accession numbers, and nucleotides that can be
mapped to the human genome, it 1s essential to have a
flexible and functional annotation tool that identifies the
correct coordinates 1n the reference human genome. Identi-
fication of the right sequence to annotate from the experi-
mental literature can nvolve searching the chromosome
with a sequence string that was included in the methods
section or calculating a coordinate relative to the transcrip-
tion start site or translation start site. Once the nucleotide
region has been annotated, controlled vocabulary terms need
to be assigned to that coordinate. Two open-source genome
annotation tools are considered 1n an embodiment: Artemis,
developed by the Sanger Institute, and Apollo, developed
and maintained by Berkeley Bioinformatics Open-source
Projects group. Both tools accept flat files to view sequence
and genome annotation data but can be integrated with the
CHADQO database. In addition, both tools can be configured
to view multiple datasets simultaneously, annotate 1ndi-
vidual and blocks of nucleotides, and enable the use of
multiple ontologies and 1dentifiers when annotating.

Curation Interfaces:

relevant literature from the scientific community. They are
used to help supplement the literature pipeline to identify
curatable papers. But to increase efliciency of curation, tools
are used that take citations from reviews that discuss regu-
lation of gene function and expression and i1dentify highly
cited references that are shared among them. Several online
resources can provide information about a relationship
between two papers. Google Scholar identifies which papers
have cited a single paper while a Mozilla plugin called
“Google Scholar Citation Explorer” (compbio.cs.uic.edu/
~mayank/software/slh/index.html) will 1dentily papers that

have cited a set of selected publications. Web of Science
provides information about how often a publication is cited.
Highwire (highwire.stanford.edu/) provides citation maps
that generates a network of citations from a single paper.
[0100] The vast corpus of literature about human biology
1s a significant challenge. Once a set of literature has been
curated for a wide range of genes, text-mining tools can be
applied 1n order to further automate the i1dentification of
relevant literature to curate. WonnBase has successiully
used support vector machine (SVM), a machine learning
method, for the targeted 1dentification of literature for cura-
tion. SVM creates a classifier from negative and positive
training sets by selecting words from each set of publica-
tions and constructing a model based on their usage 1n each
of the two sets. The words 1n a new publication are then
applied to the model and scored to determine in which
category they fall. The SVM methods developed by Worm-
Base are able to identily similar types of data for C. elegans,
D. melanogaster, and M. musculus with high recall (Worm-
Base, personal communication). Once a significant set of
papers has been curated to create a positive and negative
datasets, text-mining tools such as the SVM methods devel-
oped by WormBase can be applied to the uncurated papers
in order to prioritize the publications for review.

[0101] It has been found that the pipeline can be success-
tul for transcription factors and microRNAs. Even without
full-text filtering, approximately 30% of the literature
retrieved by PubMed was curatable for miR-21 and STAT3.
The automated full-text filter, however, reduced the number
of papers that needed to be screened by up to 50% and
improved the percentage of papers that contained curatable
information (see FIG. 5). In order to get the most breadth of
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coverage across the genome, 1t can be eflicient and eflective
to review the literature for the transcription factors and
microRNAs followed by highly studied genes.

[0102] Based on an analysis performed by Vaquerizas, et
al., there are approximately 1500 putative transcription
factors 1n the human genome. Of these, 162 have more than
100 papers 1dentified 1n the PubMed query using genomic
regions as of February 2011. There are approximately
44,000 papers for these transcription factors. Approximately
half of the papers for 32 miRNAs with more than 10 papers
are already included in the corpus of literature addressing
these transcription factors. Therefore, the addition of 500
more papers can cover a total of 162 transcription factors
and 32 miRNAs.

[0103] The literature can be prioritized so that experiments
that describe the functional role of a nucleotide 1n its ability
to interact with a transcription factor or its effect on the
metabolism of an RNA transcript or regulation of protein
product will be captured first. Although papers that contain
data that cannot be mapped back to the current human
genome build may not considered for in-depth curation,
these publications will remain associated with the regulator,
il appropriate,

[0104] and regulated genes. This will allow researchers
access to publications that discuss the regulation of a gene
but do not 1dentify specific nucleotides. In addition, papers
that 1dentif] mutations 1n intergenic and non-coding regions
and are associated with a disease can be curated. As previ-
ously mentioned, the full-text literature pipeline may not
include certain types of publications. The Amazon Mechani-
cal Turk can be used as a mechanism of community anno-
tation to 1dentify publications that should be curated.
[0105] It should be appreciated by those skilled 1n the art
that the specific embodiments disclosed above may be
readily utilized as a basis for moditying or designing other
techniques for carrying out the same purposes of the present
invention. It should also be appreciated by those skilled 1n
the art that such modifications do not depart from the scope
of the mvention as set forth 1n the appended claims.

1-20. (canceled)

21. A method for treating a person for a genetic disease,
comprising;

obtaining genetic data from an individual, wherein the
genetic data identifies a set of genetic variants from the
individual;

obtaining non-coding region data, wherein the non-coding,
region data includes:
a set of genes,

a set of non-coding regions, wherein each of the
non-coding regions in the set of non-coding regions
1s associated with at least one gene from the set of
genes and forms an interaction with a trans-element,
wherein the trans-element 1s selected from the group
consisting of a protein and a nucleic acid, wherein
the mteraction atlects gene expression of the at least
one gene, and

a set of iteraction altering variants, wherein each of
the mteraction altering variants in the set of interac-
tion altering variants 1s located in a corresponding
non-coding region in the set of non-coding regions,
alters the interaction formed by the non-coding
region, and 1s associated with an altered gene expres-
sion of the at least one gene associated with the
non-coding region;
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obtaining clinical information for the set of non-coding
regions, wherein the clinical information includes a
clinical relevance of the at least one gene associated
with each non-coding region and a disease associated
with the altered gene expression of the at least one gene
associated with each non-coding region;

identifying a candidate gene and an associated altered

gene expression of the candidate gene from the non-
coding region data by matching a particular genetic
variant from the set of genetic variants from the indi-
vidual to an interaction altering variant from the set of
interaction altering variants, wherein the matched par-
ticular variant 1s located in a particular non-coding
region associated with the candidate gene;

identifying a particular clinical relevance of the candidate

gene and a particular disease associated with the asso-
ciated altered gene expression of the associated candi-
date gene for the candidate genetic variant from the
clinical information; and

taking clinical action by ftreating the patient for the

particular disease based on the particular climical rel-
evance of the candidate gene.

22. The method of claim 21, wherein the genetic variant
data 1s obtained by genome sequencing.

23. The method of claim 21, wherein the set of non-
coding regions includes elements selected from the group
consisting of: transcription factor binding sites, promoter
regions, 5'-UTRs, nucleosome positions, DNase I hypersen-
sitive sites, regions of DNA methylation, intronic nucleo-
tides, 3'-UTRs, imntergenic regions, conserved non-coding
elements, insulators, silencers, and enhancers.

24. The method of claim 21, wherein the interaction
formed by each of the non-coding regions in the set of
non-coding regions 1s measured by at least one of the group
consisting of: chromatin-immunoprecipitation and electro-
phoretic mobility shiit.

25. The method of claim 21, wherein the interaction
formed by each of the non-coding regions in the set of
non-coding regions 1s measured by chromatin-immunopre-
cipitation on at least one chromatin sample.

26. The method of claim 25, wherein the chromatin-
immunoprecipitation 1s selected from the group consisting
of: reversibly cross-linked chromatin-immunoprecipitation
and native chromatin-immunoprecipitation.

27. The method of claim 21, wherein the obtaining
non-coding region data step comprises the steps of:

accessing a database of published literature, wherein each

piece of published literature 1s a full-text document and
contains an abstract;

obtaining a set of full-text documents from the database of

published literature, wherein the abstract of each tull-
text document 1n the set of full-text documents contains
at least one gene 1dentifier and at least one type of
regulatory element; and

filtering the set of full-text documents by querying each

document 1n the set of full-text documents for word
stems indicating studies to assess binding activity and
an eflect on gene activity.

28. The method of claiam 27, wherein the obtaining a
tull-text documents comprises the steps of:

querying the abstracts of the published literature in the

database of published literature for the at least one gene
identifier and the at least one type of regulatory ele-
ment:; and
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downloading the set of full-text documents from the

database of published literature.

29. The method of claim 27, further comprising the step
of converting the set of full-text documents into plain text.

30. The method of claim 27, wherein the obtaining genetic
annotations step comprises the step of generating the genetic
annotations by querying the set of full-text documents for
terms relating to at least one disease.

31. A computer-readable medium including instructions
that, when executed by a processing unit, cause the process-
ing unmt to mmplement a method for analyzing genetic
variants, by performing the steps of:

obtaining genetic data from an individual, wherein the

genetic data identifies a set of genetic variants from the

individual;

obtaining non-coding region data, wherein the non-coding,

region data includes:

a set of genes,

a set of non-coding regions, wherein each of the
non-coding regions in the set of non-coding regions
1s associated with at least one gene from the set of
genes and forms an interaction with a trans-element,
wherein the trans-element 1s selected from the group
consisting of a protein and a nucleic acid, wherein
the interaction aflects gene expression of the at least
one gene, and

a set of interaction altering variants, wherein each of
the mteraction altering variants in the set of interac-
tion altering variants 1s located in a corresponding
non-coding region in the set of non-coding regions,
alters the interaction formed by the non-coding
region, and 1s associated with an altered gene expres-
sion of the at least one gene associated with the
non-coding region;

obtaining clinical mformation for the set of non-coding

regions, wherein the clinical information includes a

clinical relevance of the at least one gene associated

with each non-coding region and a disease associated
with the altered gene expression of the at least one gene
associated with each non-coding region;

identifying a candidate gene and an associated altered
gene expression ol the candidate gene from the non-
coding region data by matching a particular genetic
variant from the set of genetic vanants from the indi-
vidual to an 1nteraction altering variant from the set of
interaction altering variants, wherein the matched par-
ticular varniant 1s located in a particular non-coding
region associated with the candidate gene;

identifying a particular clinical relevance of the candidate
gene and a particular disease associated with the asso-
ciated altered gene expression of the associated candi-
date gene for the candidate genetic variant from the
clinical information; and
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taking clinical action by ftreating the patient for the
particular disease based on the particular climical rel-
evance ol the candidate gene.

32. The method of claim 31, wherein the genetic variant
data 1s obtained by genome sequencing.

33. The method of claim 31, wherein the set of non-
coding regions includes elements selected from the group
consisting of: transcription factor binding sites, promoter
regions, 5'-UTRs, nucleosome positions, DNase I hypersen-
sitive sites, regions of DNA methylation, intronic nucleo-
tides, 3'-UTRs, intergenic regions, conserved non-coding
elements, msulators, silencers, and enhancers.

34. The method of claim 31, wherein the interaction
formed by each of the non-coding regions in the set of
non-coding regions 1s measured by at least one of the group
consisting of: chromatin-immunoprecipitation and electro-
phoretic mobility shiit.

35. The method of claim 31, wherein the interaction
formed by each of the non-coding regions in the set of
non-coding regions 1s measured by chromatin-immunopre-
cipitation on at least one chromatin sample.

36. The method of claim 35, wherein the chromatin-
immunoprecipitation 1s selected from the group consisting
of: reversibly cross-linked chromatin-immunoprecipitation
and native chromatin-immunoprecipitation.

37. The method of claim 31, wherein the obtaining
DNA-protein binding data step comprises the steps of:

accessing a database of published literature, wherein each

piece ol published literature 1s a full-text document and
contains an abstract;

obtaining a set of full-text documents from the database of

published literature, wherein the abstract of each full-
text document 1n the set of full-text documents contains
at least one gene identifier and at least one type of
regulatory element; and

filtering the set of full-text documents by querying each

document 1n the set of full-text documents for word
stems indicating studies to assess binding activity and
an eflect on gene activity.

38. The method of claim 37, wherein the obtaining a
full-text documents comprises the steps of:

querying the abstracts of the published literature in the

database of published literature for the at least one gene
identifier and the at least one type of regulatory ele-
ment; and

downloading the set of full-text documents from the

database of published literature.

39. The method of claim 37, further comprising the step
of converting the set of full-text documents into plain text.

40. The method of claim 37, wherein the obtaining genetic
annotations step comprises the step of generating the genetic
annotations by querying the set of full-text documents for
terms relating to at least one disease.
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