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METHODS FOR ANALYZING GENOTYPES 

CROSS-REFERENCE 

This application is a continuation application of U.S. 
patent application Ser. No. 15/929,318, filed Apr. 24, 2020, 
which is a continuation application of U.S. patent applica­
tion Ser. No. 16/570,219, filed Sep. 13, 2019, which is a 
continuation application of U.S. patent application Ser. No. 
16/255,762, filed Jan. 23, 2019, which is a continuation 10 

application of U.S. patent application Ser. No. 15/083,058, 
filed Mar. 28, 2016, now U.S. Pat. No. 10,255,330, which is 

of genes of the one or more genotypes using an inheritance 
pattern score that is based on allowed genotypes with respect 
to the one or more affected statuses, and generating a 
numeric or graphical output with at least a subset of the 
plurality of genes ranked based on the inheritance pattern 
score. The affected status can be one or more phenotypes of 
the subject or family members of the subject. Alternatively, 
the affected status can be the lack of one or more phenotypes 
of the subject or family members of the subject. 

In another aspect, the disclosure provides a computer-
implemented method comprising receiving data relating to 
one or more phenotypes of a subject or family members of 
the subject, receiving data relating to one or more genotypes 
of a subject or family members of the subject, using a 

a continuation application of International Patent Applica­
tion No. PCT/US2014/059103, filed Oct. 3, 2014, which 
claims priority to U.S. Provisional Patent Application No. 
61/886,555, filed Oct. 3, 2013, each of which are entirely 
incorporated herein by reference. 

BACKGROUND 

Genomic sequencing may generate vast troves of infor­
mation that may be utilized for diagnosing a disease, or 
determining the genotypic causation of a diseases and/or 
trait. However, the shear amount of sequencing data may be 
difficult to navigate without reliance on certain assumptions 
and/or filters to minimize the amount of data to be searched. 
Assumptions and/or filters may prevent accurate assessment 
of sequencing data by either excluding important informa­
tion that does not conform to expected assumptions and/or 
including too much information that impedes parsing the 
data. 

SUMMARY 

Provided herein are methods of ranking genotypes to 
allow consideration of variants with genotypes that do not 
conform to an expected or predetermined inheritance pat­
tern, yet still facilitate prioritization of those that do. Such 
methods can be useful for facilitating causative variant 
discovery, diagnosis, and determining inheritance patterns 
of the genotypes. 

In an aspect, the disclosure provides a computer-imple­
mented method comprising receiving data relating to one or 
more phenotypes of a subject or family members, using a 
programmed computer processor, ranking a plurality of 
genes based at least in part on their association score with 
one or more phenotypes, and generating a numeric or 
graphical output with at least a subset of the plurality of 
genes ranked based on their association score with the one 
or more phenotypes. 

15 programmed computer processor, ranking a plurality of 
genes based at least in part on their association score with 
one or more phenotypes, using the programmed computer 
processor, ranking the plurality of genes of the one or more 
genotypes using an inheritance pattern score that is based on 

20 allowed genotypes, and generating an output with at least a 
subset of the plurality of genes ranked based on the asso­
ciation score and inheritance pattern score. 

In some embodiments, the one or more phenotypes com­
prise one or more diseases, traits, symptoms, laboratory 

25 values, diagnoses, behaviors, conditions, or a combination 
thereof. In some embodiments, the association score com­
prises the association of one or more genes with one or more 
of: genes, proteins, RNAs, pathognomonic features, clinical 
features, diseases, traits, symptoms, laboratory values, diag-

30 noses, behaviors, conditions, differential diagnoses, progno­
ses, genetic history, familial information, hereditary infor­
mation, human phenotypes, non-human phenotypes, 
genotypes, genomes, exomes, pathways, disease ontology, 
phenotype ontology, and gene ontology, or any combination 

35 thereof. In some embodiments, the association score repre­
sents a positive association. In some embodiments, the 
association score represents a neutral association. In some 
embodiments, the association score represents a negative 
association. In some embodiments, the association score is 

40 comprised of the combination ofranks of two or more genes. 
In some embodiments, ranking the data comprises ranking 
two or more genes. In some embodiments, the plurality of 
genes is ranked in computer memory. In some embodiments, 
ranking the two or more genes is based at least in part on the 

45 association score. In some embodiments, the plurality of 
genes are ranked substantially or entirely based on the 
association score. In some embodiments, the association 
score is related to the number of clinical features and/or 
diagnoses associated with the plurality of genes. In some 

50 embodiments, the association score is related to the number 
of clinical features and/or diagnoses associated with the two 
or more genes. In some embodiments, the association score 
is a weighted score. In some embodiments, the weighted 

In another aspect, the disclosure provides a computer­
implemented method comprising receiving data relating to 
one or more genotypes of a subject or family members of the 
subject, receiving data relating to one or more phenotypes of 
the subject or family members of the subject, using a 55 

programmed computer processor ranking a plurality of 
genes of the one or more genotypes using an inheritance 
pattern score that is based on allowed genotypes with respect 

score is based on (i) familial and/or hereditary information; 
(ii) specificity of a clinical feature-to-gene relationship; 
and/or (iii) reciprocity of clinical features and/or diseases 
associated with the genes. In some embodiments, the famil­
ial and/or hereditary information comprises the number of 
affected individuals in a family that is exhibiting a clinical 
feature and/or diagnosis. In some embodiments, the speci­
ficity of the clinical feature-to-gene relationship comprises 
pathognomonic features. In some embodiments, the output 
comprises a comparison of the data based on the association 
score that identifies the likelihood of one or more of: 

to the one or more phenotypes, and generating a numeric or 
graphical output with at least a subset of the plurality of 60 

genes ranked based on the inheritance pattern score. In 
another example, the disclosure provides a computer-imple­
mented method comprising receiving data relating to one or 
more genotypes of a subject or family members of the 
subject, receiving data relating to one or more affected 
statuses of the subject or family members of the subject, 
using a programmed computer processor ranking a plurality 

65 causative genes, neutral genes and non-causative genes. In 
some embodiments, the data comprises two or more geno­
types. In some embodiments, the ranking comprises ranking 
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the two or more genotypes. In some embodiments, the two 
or more genotypes are ranked based on the inheritance 
pattern score. In some embodiments, the inheritance pattern 
score is at least partially based on a likelihood of the 
genotype to explain a particular inheritance pattern, a seg­
regation pattern, or a combination thereof. In some embodi­
ments, the output is based on data from one or more 
databases that comprise one or more medical records, clini­
cal notes, genomic databases, biomedical databases, clinical 
databases, scientific databases, disease databases, pathway 
and network databases, regulatory region databases, and 
biomarker databases, or any combination thereof. In some 
embodiments, the output is based on data from one or more 
databases or sources that comprise proprietary databases. In 
some embodiments, the output is based on data from one or 
more databases or sources that comprise publicly-available 
databases. In some embodiments, the publicly-available 
databases are selected from the group consisting of 
Orphanet, Human Phenotype Ontology (HPO), Online Men­
delian Inheritance in Man (OMIM), Model Organism Gene 
Knock-Out databases, Kegg Disease Database, Reactome, 
BioCyc, WikiPathways, PID, Gene Ontology, ClinVar, 
COSMIC, Cancer Gene Census, RegulomeDB, miRbase, 
GAD, and GWAS Catalog, or any combination thereof. In 
some embodiments, the ranking is indicative of the likeli­
hood of a genotype variant to be associated with a disease. 
In some embodiments, the data is first ranked by the 
inheritance pattern and then ranked by the association score. 
In some embodiments, the data is first ranked by the 
association score and then by the inheritance pattern. In 
some embodiments, the output is provided on an electronic 
display and/or stored in computer memory. 

In some embodiments, the association score is generated 
by: generating, with the aid of a computer processor, a 
correlation between (i) one or more genes and (ii) a given 
phenotype or associated clinical feature among the one or 
more phenotypes or associated clinical features, to provide 
one or more sets of genes stored in a memory location, and 
designating each of the one or more sets of genes as (i) likely 
to be a causative of a given phenotype or associated clinical 
feature among the one or more phenotypes or associated 
clinical features if the given set of genes is associated with 

4 
cessor, one or more expected genotypes for all members of 
a family of the subject, wherein the one or more expected 
genotypes are generated for potential inheritance patterns of 
the family. In some embodiments, the method further com­
prises ranking the one or more expected genotypes based on 
a likelihood of an individual genotype among the one or 
more expected genotypes to provide a given inheritance 
pattern among the potential inheritance patterns. In some 
embodiments, the method further comprises analyzing a 

10 segregation pattern of a phenotype among the one or more 
phenotypes in the family. In some embodiments, the method 
further comprises determining a most likely inheritance 
pattern based on the segregation pattern of the phenotype. In 

15 
some embodiments, the method further comprises ranking 
the one or more expected genotypes based on the most likely 
inheritance pattern. In some embodiments, the method fur­
ther comprises identifying, with the aid of a genetic sequenc­
ing system, one or more genotypes of variants for one or 

20 more members of the family. In some embodiments, the 
method further comprises assigning a rank to each genotype 
of a given variant based on the rank of the corresponding 
genotype in the one or more expected genotypes. In some 
embodiments, the method further comprises using a pro-

25 grammed computer processor to correlate the genotype of a 
given variant that has a highest rank with at least a subset of 
the one or more phenotypes of the subject. In some embodi­
ments, the method further comprises correlating the geno­
type of a given variant that has a highest rank with at least 

30 a subset of the one or more phenotypes of the subject. 
In some embodiments, the data is related to the subject 

and one or more family members of the subject. In some 
embodiments, the data is related to the subject and two or 
more family members of the subject. In some embodiments, 

35 the output is in numeric or graphical form. 
In some embodiments, the genetic sequencing system 

employs untargeted sequencing, a target-specific sequenc­
ing, or a combination thereof. In some embodiments, the 
genetic sequencing system is an untargeted sequencing, a 

40 target-specific sequencing or a combination thereof. In some 
embodiments, the genetic sequencing system is an untar­
geted sequencing, for example, a whole-genome sequenc­
ing. In some embodiments, the genetic sequencing system is a plurality of search criteria (e.g., search terms) correlated 

with the given phenotype or associated clinical feature, (ii) 
neutral if the given set of genes is not associated with any 45 

phenotype or clinical feature, or (iii) unlikely to be causative 

a target-specific sequencing. 
In another aspect, the present disclosure provides a com-

puter system comprising computer memory storing data 
relating to one or more phenotypes of a subject or family 
members of the subject, and a computer processor that is 
programmed to (i) receive the data relating to the one or 

of the given phenotype or clinical feature if the set of genes 
is associated with a plurality of phenotypes or associated 
clinical features that do not include the given phenotype or 
associated clinical feature. In some embodiments, the 
method further comprises ranking the one or more sets of 
genes based on the designating. In some embodiments, the 
method further comprises intersecting the one or more sets 
of genes with one or more variants of an individual or a 
family of the individual having a phenotype or associated 
clinical feature that is caused by, or is suspected to be caused 
by, one or more genetic variants. In some embodiments, the 
one or more variants are identified using a genetic sequenc­
ing system (e.g., Illumina®, Ion Torrent® or Pacific Bio­
sciences® sequencer). In some embodiments, the data com­
prises clinical features. In some embodiments, the methods 
further comprise providing a diagnosis and/or treatment for 
the subject based on the output. In some embodiments, the 
methods further comprise diagnosing and/or treating the 
subject based on the output. 

In some embodiments, the inheritance pattern score is 
generated by: generating, with the aid of a computer pro-

50 more phenotypes of the subject or family members of the 
subject, (ii) rank a plurality of genes based at least in part on 
their association score with the one or more phenotypes, and 
(iii) generate an output with at least a subset of the plurality 
of genes ranked based on their association score with the one 

55 or more phenotypes. 
In another aspect, the present disclosure provides a com­

puter system comprising computer memory storing data 
relating to one or more genotypes of a subject or family 
members of the subject and data relating to one or more 

60 phenotypes of the subject or family members of the subject, 
and a computer processor that is programmed to (i) receive 
the data relating to one or more genotypes of a subject or 
family members of the subject, (ii) receive the data relating 
to the one or more phenotypes of the subject or family 

65 members of the subject, (iii) rank a plurality of genes of the 
one or more genotypes using an inheritance pattern score 
that is based on allowed genotypes with respect to the one 
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or more phenotypes, and (iv) generate an output with at least 
a subset of the plurality of genes ranked based on the 
inheritance pattern score. 

In another aspect, the present disclosure provides a com­
puter system comprising computer memory storing data 
relating to one or more phenotypes of a subject or family 
members of the subject and data relating to one or more 
genotypes of the subject or family members of the subject, 
and a computer processor that is programmed to (i) receive 
the data relating to one or more phenotypes of a subject or 10 

family members of the subject, (ii) receive the data relating 
to one or more genotypes of the subject or family members 
of the subject, (iii) rank a plurality of genes based at least in 
part on their association score with the one or more pheno­
types, (iv) rank the plurality of genes of the one or more 15 

genotypes using an inheritance pattern score that is based on 
allowed genotypes, and (v) generate an output with at least 
a subset of the plurality of genes ranked based on the 
association score and inheritance pattern score. 

In another aspect, the present disclosure provides a com- 20 

puter-readable medium comprising machine executable 
code that, upon execution by one or more computer proces­
sors, implements a method, wherein the method comprises 
receiving data relating to one or more phenotypes of a 
subject or family members of the subject, ranking a plurality 25 

of genes based at least in part on their association score with 
the one or more phenotypes, and generating an output with 
at least a subset of the plurality of genes ranked based on 
their association score with the one or more phenotypes. 

In another aspect, the present disclosure provides a com- 30 

puter-readable medium comprising machine executable 
code that, upon execution by one or more computer proces­
sors, implements a method, wherein the method comprises 
receiving data relating to one or more genotypes of a subject 
or family members of the subject, receiving data relating to 35 

one or more phenotypes of the subject or family members of 
the subject, ranking a plurality of genes of the one or more 
genotypes using an inheritance pattern score that is based on 
allowed genotypes with respect to the one or more pheno­
types, and generating an output with at least a subset of the 40 

plurality of genes ranked based on the inheritance pattern 
score. 

6 
Additional aspects and advantages of the present disclo­

sure will become readily apparent to those skilled in this art 
from the following detailed description, wherein only illus­
trative embodiments of the present disclosure are shown and 
described. As will be realized, the present disclosure is 
capable of other and different embodiments, and its several 
details are capable of modifications in various obvious 
respects, all without departing from the disclosure. Accord­
ingly, the drawings and description are to be regarded as 
illustrative in nature, and not as restrictive. 

INCORPORATION BY REFERENCE 

All publications, patents, and patent applications men­
tioned in this specification are herein incorporated by ref­
erence to the same extent as if each individual publication, 
patent, or patent application was specifically and individu­
ally indicated to be incorporated by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features of the invention are set forth with 
particularity in the appended claims. A better understanding 
of the features and advantages of the present invention will 
be obtained by reference to the following detailed descrip­
tion that sets forth illustrative embodiments, in which the 
principles of the invention are utilized, and the accompany­
ing drawings (also "Figure" and "FIG." herein), of which: 

FIG. 1 illustrates an example of the feature-based ranking 
of genes (FROG) method of genotype analysis; 

FIG. 2 illustrates an example of the variant inheritance 
pattern ranking (VIPR) method of genotype analysis; 

FIG. 3 illustrates an example of the combined FROG and 
VIPR methods of genotype analysis; and 

FIG. 4 schematically illustrates an example control sys­
tem implementing methods of the present disclosure. 

DETAILED DESCRIPTION 

While various embodiments of the invention have been 
shown and described herein, it will be obvious to those 
skilled in the art that such embodiments are provided by way 
of example only. Numerous variations, changes, and substi­
tutions may occur to those skilled in the art without depart-

In another aspect, the present disclosure provides a com­
puter-readable medium comprising machine executable 
code that, upon execution by one or more computer proces­
sors, implements a method, wherein the method comprises 
receiving data relating to one or more phenotypes of a 
subject or family members of the subject, receiving data 
relating to one or more genotypes of the subject or family 
members of the subject, ranking a plurality of genes based 
at least in part on their association score with the one or more 
phenotypes, ranking the plurality of genes of the one or more 
genotypes using an inheritance pattern score that is based on 
allowed genotypes, and generating an output with at least a 
subset of the plurality of genes ranked based on the asso­
ciation score and inheritance pattern score. 

45 ing from the invention. It should be understood that various 
alternatives to the embodiments of the invention described 
herein may be employed. 

In another aspect, the present disclosure provides a com­
puter-readable medium comprising machine executable 
code that, upon execution by one or more computer proces­
sors, implements any of the methods above or elsewhere 
herein. 

In another aspect, the present disclosure provides a com­
puter system comprising one or more computer processors 
and computer memory coupled thereto. The computer 
memory comprises machine executable code that, upon 
execution by the one or more computer processors, imple­
ments any of the methods above or elsewhere herein. 

The term "nucleic acid," as used herein, generally refers 
to a polymeric form of nucleotides of any length, either 

50 ribonucleotides, deoxyribonucleotides or peptide nucleic 
acids (PNAs), that comprise purine and pyrimidine bases, or 
other natural, chemically or biochemically modified, non­
natural, or derivatized nucleotide bases. A nucleic acid can 
refer to a polynucleotide. The backbone of the polynucle-

55 otide can comprise sugars and phosphate groups, as may 
typically be found in ribonucleic acid (RNA) or deoxyribo­
nucleic acid (DNA), or modified or substituted sugar or 
phosphate groups. A polynucleotide may comprise modified 
nucleotides, such as methylated nucleotides and nucleotide 

60 analogs. The sequence of nucleotides may be interrupted by 
non-nucleotide components. Thus the terms nucleoside, 
nucleotide, deoxynucleoside and deoxynucleotide can gen­
erally include analogs such as those described herein. These 
analogs are those molecules having some structural features 

65 in common with a naturally occurring nucleoside or nucleo­
tide such that when incorporated into a nucleic acid or 
oligonucleoside sequence, they allow hybridization with a 
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naturally occurring nucleic acid sequence in solution. Typi­
cally, these analogs can be derived from naturally occurring 
nucleosides and nucleotides by replacing and/or modifying 
the base, the ribose or the phosphodiester moiety. The 
changes can be tailor made to stabilize or destabilize hybrid 
formation or enhance the specificity of hybridization with a 
complementary nucleic acid sequence as desired. The 
nucleic acid molecule may be a DNA molecule. The nucleic 
acid molecule may be an RNA molecule. 

The terms "variant" and "derivative," as used herein in the 
context of a nucleic acid molecule, generally refer to a 
nucleic acid molecule comprising a polymorphism. Such 
terms can also refer to a nucleic acid product that is 
produced from one or more assays conducted on the nucleic 
acid molecule. For example, a fragmented nucleic acid 
molecule, hybridized nucleic acid molecule (e.g., capture 
probe hybridized nucleic acid molecule, bead bound nucleic 
acid molecule), amplified nucleic acid molecule, isolated 
nucleic acid molecule, eluted nucleic acid molecule, and 
enriched nucleic acid molecule are variants or derivatives of 
the nucleic acid molecule. 

The term "subject," as used herein, generally refers to any 
organism that is used in the methods of the disclosure. In 
some examples, a subject is a human, mammal, vertebrate, 
invertebrate, eukaryote, archaea, fungus, or prokaryote. In 
some instances, a subject can be a human. A subject can be 
living or dead. A subject can be a patient. For example, a 
subject may be suffering from a disease ( or suspected of 
suffering from a disease) and/or in the care of a medical 
practitioner. A subject can be an individual that is undergo­
ing treatment and/or diagnosis for a health or medical 
condition. A subject and/or family member can be related to 
another subject used in the methods of the disclosure ( e.g., 
a sister, a brother, a mother, a father, a nephew, a niece, an 
aunt, an uncle, a grandparent, a great-grandparent, a cousin). 

The term "phenotype," as used herein, generally refers to 
a composite of characteristics or traits of a subject or family 
member of the subject, such as its morphology, develop­
ment, biochemical or physiological properties, phenology, 
behavior and products of behavior. The characteristics or 
traits may be observable. 

The term "affected status," as used herein, generally refers 
to the presence of or lack of one or more phenotypes in a 
subject and/or one or more family members of the subject. 
In an example, the affected status of a subject is depicted by 
way of a family tree that shows which family member(s) of 
the subject has a given phenotype (e.g., disease). 

The term "rank" or "ranking" as used herein, generally 
refers to a method of listing data according to a classifica­
tion. The classification may comprise comparing between 
different data points. The classification may comprise com­
paring between association scores and/or inheritance pattern 
genotype scores. 

General Overview 

The disclosure provides methods for analyzing genotype 
data that can originate from sequencing. Analyzing a geno­
type can include determining the likelihood of inheritance of 
the genotype, determining if the genotype is causative of a 
disease, and/or diagnosing a disease. In some instances, the 
methods of the disclosure provide for developing a subject­
specific ontology profile. An ontology profile can comprise 
ontology for features (e.g., diseases, traits, phenotypes). The 
ontology profile can comprise ontology used to describe 
symptoms, diseases, phenotypes, hereditary information, 
genetic information, traits, prognoses, familial information, 

8 
pathognomonic features and clinical features. The subject­
specific ontology profile can be compared to database ontol­
ogy profiles. Ontology profiles that match between the 
subject and the database can signify a similar genotype 
between the subject and the database. The matching data­
base genotype can be retrieved and ranked according to an 
association score, wherein the ranking ranks the genotypes 
most likely to cause a disease as described by the subject­
specific ontology profile. The association score can weight 

10 clinical features and diagnoses of the subject-specific ontol­
ogy profile with diagnoses and/or clinical features of the 
same diseases in family members. The association score 
ranking can be equal to the sum of the weighted scores for 

15 
each feature in the subject-specific ontology profile. In some 
instances, the ranking can account for reciprocity between 
the database profile and the subject-specific profile. For 
example, in some instances, the database ontology profile 
can retrieve an ontology feature which is not included in the 

20 subject-specific ontology profile. This can lead to changing 
the ranking of the genotype retrieved for the subject for that 
feature. In some instances, the weighting of genes in the 
ranking can take into account how specific the ontology 
features are. For example, if the ontology features are 

25 pathognomonic features, those genotypes can be ranked 
higher than if the features are merely correlative. 

In some embodiments, the disclosure provides a method 
for analyzing genotype data that comprises generating an 
expected ( or allowed) genotype of one or more subjects. The 

30 one or more subjects can be related to each other. Expected 
genotypes can be generated using clinical judgment and/or 
using Mendelian pattern expectations combined with known 
or presumed disease/phenotype penetrance values. For 

35 
example, expected genotypes can be generated for a variety 
of inheritance patterns such as autosomal dominant, auto­
somal recessive, de nova dominant, inherited plus de nova 
recessive, inherited X-linked dominant, inherited X-linked 
recessive, de nova X-linked dominant, inherited plus de 

40 nova X-linked, inherited Y-linked, de nova Y-linked, inher­
ited mitochondrial, de nova mitochondrial, and uniparental 
disomy. The expected genotypes can be ranked according to 
the likelihood of the inheritance patterns to be causative of 
the expected genotype. A phenotype within the one or more 

45 subjects can be identified and characterized according to a 
segregation pattern of the phenotype. The segregation pat­
tern can determine which inheritance pattern is the most 
likely to explain the segregation of the phenotype. The 
expected genotypes can be ranked according to the most 

50 likely inheritance pattern. The ranked expected genotypes 
can be compared to real genotype data originating from 
sequencing. Genotypes that rank high against expected 
genotypes can be considered likely to be inherited according 
to the most likely inheritance pattern. 

55 In some instances, the disclosure provides a method in 
which genotype data can be analyzed both by an association 
score and an inheritance pattern score. In some instances, the 
genotype data can be first analyzed by an association score 
and then analyzed by an inheritance pattern score. In some 

60 instances, the genotype data can first be analyzed by an 
inheritance pattern score and then by an association score. In 
some instances, the analysis ( e.g., ranking can be displayed). 
The display can comprise a graphical form and/or a numeri­
cal form. The graphical form can comprise any graphical 

65 way to display data such as a bar graph and/or a pie chart. 
A numerical form can comprise any numerical way to 
display data such as a list. 
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Sequencing 
In some instances, data to be analyzed by the methods of 

the disclosure can comprise sequencing data. Sequencing 
data can be obtained by a variety of techniques and/or 
sequencing platforms. Sequencing techniques and/or plat­
forms broadly fall into at least two assay categories (i.e., for 
example, polymerase and/or ligase based) and/or at least two 
detection categories (i.e., for example, asynchronous single 
molecule and/or synchronous multi-molecule readouts). 

In some instances massively parallel high throughput 
sequencing techniques can avoid molecular cloning in a 
microbial host (i.e., for example, transformed bacteria, such 
as E. coli) to propagate the DNA inserts. Massively parallel 
high throughput sequencing techniques can use in vitro 
clonal PCR amplification strategies to meet the molecular 
detection sensitivities of the current molecule sequencing 
technologies. Some sequencing platforms ( e.g., Helicos Bio­
sciences) can avoid amplification altogether and sequence 
single, unamplified DNA molecules. With or without clonal 
amplification, the available yield of unique sequencing 
templates can have a significant impact on the total effi­
ciency of the sequencing process. 

Sequencing can be performed by sequencing-by-synthesis 
(SBS) technologies. SBS can refer to methods for determin­
ing the identity of one or more nucleotides in a polynucle­
otide or in a population of polynucleotides, wherein the 
methods comprise the stepwise synthesis of a single strand 

10 
blocks the nanopore, it can alter the pore's electrical prop­
erties. This change in electrical properties can be dependent 
upon the nucleotide sequence, and can be measured. The 
nanopore can comprise a protein molecule, or it can be 
solid-state. Very long read lengths can be achieved, e.g. 
thousands, tens of thousands or hundreds of thousands of 
consecutive nucleotides can be read from a single molecule, 
using nanopore-based sequencing. 

Another method of sequencing suitable for use in the 
10 methods of the disclosure is pyrophosphate-based sequenc­

ing. In pyrophosphate-based sequencing, sample DNA can 
be sequenced and the extension primer subjected to a 
polymerase reaction in the presence of a nucleotide triphos­
phate whereby the nucleotide triphosphate can become 

15 incorporated and release pyrophosphate (PPi) if it is comple­
mentary to the base in the target position, the nucleotide 
triphosphate being added either to separate aliquots of 
sample-primer mixture or successively to the same sample­
primer mixture. The release of PPi can be detected to 

20 indicate which nucleotide is incorporated. In some embodi­
ments, a region of the sequence product can be determined 
by annealing a sequencing primer to a region of the template 
nucleic acid, and contacting the sequencing primer with a 
DNA polymerase and a known nucleotide triphosphate, (i.e., 

25 dATP, dCTP, dGTP, dTTP), or an analog of one of these 
nucleotides. The sequence can be determined by detecting a 
sequence reaction byproduct. The sequence primer can be 
any length or base composition, as long as it is capable of 
specifically annealing to a region of the amplified nucleic 

of polynucleotide complementary to the template polynucle­
otide whose nucleotide sequence is to be determined. An 
oligonucleotide primer can be designed to anneal to a 
predetermined, complementary position of the sample tem­
plate molecule. The primer/template complex can be pre­
sented with a nucleotide in the presence of a nucleic acid 
polymerase enzyme. If the nucleotide is complementary to 
the position on the sample template molecule that is directly 
adjacent to the 3' end of the oligonucleotide primer, then the 
polymerase can extend the primer with the nucleotide. 
Alternatively, the primer/template complex can be presented 
with all nucleotides of interest (typically adenine (A), gua­
nine (G), cytosine (C), and thymine (T)) at once, and the 40 

nucleotide that is complementary to the position on the 
sample template molecule directly adjacent to the 3' end of 
the oligonucleotide primer can be incorporated. In either 
scenario, the nucleotides may be chemically blocked (such 

30 acid template. No particular structure for the sequencing 
primer is required so long as it can specifically prime a 
region on the amplified template nucleic acid. The sequenc­
ing primer can be complementary to a region of the template 
that is between the sequence to be characterized and the 

35 sequence hybridizable to the anchor primer. The sequencing 
primer can be extended with the DNA polymerase to form 
a sequence product. The extension can be performed in the 
presence of one or more types of nucleotide triphosphates, 
and if desired, auxiliary binding proteins. 

Incorporation of the dNTP can be determined by assaying 
for the presence of a sequencing byproduct. The nucleotide 
sequence of the sequencing product can be determined by 
measuring inorganic pyrophosphate (PPi) liberated from a 
nucleotide triphosphate ( dNTP) as the dNMP is incorporated 

as at the 3'-0 position) to prevent further extension, and may 
be deblocked prior to the next round of synthesis. Incorpo­
ration of the nucleotide can be detected by detecting the 
release of pyrophosphate (PPi), via chemiluminescence, or 
by use of detectable labels bound to the nucleotides. Detect­
able labels can include mass tags and fluorescent or chemi­
luminescent labels. The detectable label can be bound 
directly or indirectly to the nucleotides. In the case of 
fluorescent labels, the label may be excited directly by an 
external light stimulus, or indirectly by emission from a 
fluorescent (FRET) or luminescent (LRET) donor. After 
detection of the detectable label, the label can be inactivated, 
or separated from the reaction, so that it may not interfere or 
mix with the signal from a subsequent label. Label separa­
tion can be achieved, for example, by chemical cleavage or 
photocleavage. Label inactivation can be achieved, for 
example, by photobleaching. 

Sequencing data can be generated by sequencing by a 
nanopore-based method. In nanopore sequencing, a single­
stranded DNA or RNA molecule can be electrophoretically 
driven through a nano-scale pore in such a way that the 
molecule traverses the pore in a strict linear fashion. 
Because a translocating molecule can partially obstruct or 

45 into an extended sequence primer. This method of sequenc­
ing can be performed in solution (liquid phase) or as a solid 
phase technique. 

Sequencing can be performed by SOLiD sequencing. The 
SOLiD platform can use an adapter-ligated fragment library 

50 similar to those of the other next-generation platforms, and 
can use an emulsion PCR approach with small magnetic 
beads to amplify the fragments for sequencing. Unlike the 
other platforms, SOLiD can use DNA ligase and a unique 
approach to sequence the amplified fragments. Two flow 

55 cells can be processed per instrument run, each of which can 
be divided to comprise different libraries in up to four 
quadrants. Read lengths for SOLiD can be user defined 
between 25-50 bp, and each sequencing run can yield up to 
-100 Gb of DNA sequence data. Once the reads are base 

60 called, have quality values, and low-quality sequences have 
been removed, the reads can be aligned to a reference 
genome to enable a second tier of quality evaluation called 
two-base encoding. 

Sequencing can be performed by polony sequencing 
65 methods. A polony ( or PCR colony) can refer to a colony of 

DNA that is amplified from a single nucleic acid molecule 
within an acrylamide gel such that diffusion of amplicons is 
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spatially restricted. A library of DNA molecules can be 
diluted into a mixture that comprises PCR reagents and 
acrylamide monomer. A thin acrylamide gel (approximately 
30 microns (µm)) can be poured on a microscope slide, and 
amplification can be performed using standard PCR cycling 
conditions. A library of nucleic acids such that a variable 
region is flanked by constant regions common to all mol­
ecules in the library can be used such that a single set of 
primers complementary to the constant regions can be used 
to universally amplify a diverse library. Amplification of a 
dilute mixture of single template molecules can lead to the 
formation of distinct, spherical polonies. Thus, all molecules 
within a given polony can be amplicons of the same single 
molecule, but molecules in two distinct polonies can be 
amplicons of different single molecules. Over a million 
distinguishable polonies, each arising from a distinct single 
molecule, can be farmed and visualized on a single micro­
scope slide. 

An amplification primer can include a 5'-acrydite-modi­
fication. This primer can be present when the acrylamide gel 
is first cast, such that it physically participates in polymer­
ization and is covalently linked to the gel matrix. Conse­
quently, after PCR, the same strand of every double-stranded 
amplicon can be physically linked to the gel. Exposing the 
gel to denaturing conditions can permit efficient removal of 
the unattached strand. Copies of the remaining strand can be 
physically attached to the gel matrix, such that a variety of 
biochemical reactions on the full set of amplified polonies in 
a highly parallel reaction can be performed. A polony can 
refer to a DNA-coated bead rather than in situ amplified 
DNA and 26-30 bases can be sequence from 1.6xl 09 beads 
simultaneously. It may be possible to scale-up the sequenc­
ing to 36 continuous bases (and up to 90 bases) from 2.8xl09 

beads simultaneously and maybe as many at 1010
• 

BEAMing (e.g., Emulsion PCR or ePCR) 
High density polony bead arrays can be made using 

DNA-coated magnetic beads. BEAMing (also referred to 
herein as ePCR) can refer to a method for clonal implication 
of individual DNA molecules onto beads. BEAMing can 
permit amplification of single DNA molecules and simulta­
neous attachment of the PCR products to beads. BEAMing/ 
ePCR can allow coating of a bead with identical DNA 
molecules. In some instances, greater than 107 beads can be 
coated with DNA. 

Shotgun Sequencing 
In genetics, shotgun sequencing, ( e.g., shotgun cloning), 

can generally be referred to as a method used for sequencing 
long DNA strands. In shotgun sequencing, multiple over­
lapping reads for the target DNA can be obtained by 
performing several rounds of fragmentation and sequencing. 
Computer programs can use the overlapping ends of differ­
ent reads to assemble them into a continuous sequence. For 
example, a single nucleic acid sequence may be sequenced 
as two separate fragments, wherein each fragment comprises 
two reads, the respective 3'-5' strand and the 5'-3' strand. 
None of the four different reads may cover the full length of 
the original sequence. However, the four reads can be 
assembled into the original sequence using nucleic acid 
sequence overlap of their ends, that both to align and order 
the respective reads. 

Another sequencing technology related to shotgun 
sequencing is pair wise end sequencing. Pair wise end 
sequencing can perform sequencing from both ends of a read 
simultaneously, instead of a linear left-right process. 
Sequencing both ends of the same fragment can be valuable 
in reconstructing the sequence of the original target frag­
ment. Pair wise sequencing can be performed using frag-

12 
ments of varying sizes, which allows pair-wise end-sequenc­
ing oflarge genomic targets. To apply pair wise sequencing 
to high-molecular-weight DNA, the DNA can be sheared 
into random fragments, size-selected (i.e., for example, 2, 
10, 50, and/or 150 kb), and cloned into an appropriate vector. 
The clones can be sequenced from both ends yielding two 
short sequences. Each sequence can be called an end-read, 
or read, wherein two reads from the same clone can be 
referred to as mate pairs. Since the chain termination method 

10 can produce reads between 500 and 1000 bases long, in all 
but the smallest clones, mate pairs may not overlap. The 
original DNA sequence can be reconstructed from the 
numerous reads using sequence assembly software. Over­
lapping reads can be collected into longer composite 

15 sequences known as contigs. Contigs can be linked together 
into scaffolds by following connections between mate pairs. 
The distance between contigs can be inferred from the mate 
pair positions if the average fragment length of the library is 
known and has a narrow window of deviation. 

20 Ion Semiconductor Sequencing 
Ion Semiconductor Sequencing is a method of DNA 

sequencing based on the detection of hydrogen ions that are 
released during DNA amplification. Ion Semiconductor 
Sequencing can be referred to as ion torrent sequencing, 

25 pH-mediated sequencing, silicon sequencing, and/or semi­
conductor sequencing. In Ion Semiconductor Sequencing, a 
complementary strand can be built based on the sequence of 
a template stand. For example, a microwell containing a 
template DNA strand to be sequenced can be flooded with a 

30 single species of deoxyribonucleotide ( dNTP). If the intro­
duced dNTP is complementary to the leading template 
nucleotide it can be incorporated into the growing comple­
mentary strand. This can cause the release of a hydrogen ion 
that triggers a hypersensitive ion sensor, which indicates that 

35 a reaction has occurred. Ifhomopolymer repeats are present 
in the template sequence multiple dNTP molecules will be 
incorporated in a single cycle. This can lead to a correspond­
ing number of released hydrogens and a proportionally 
higher electronic signal. 

40 Solexa Sequencing 
Solexa sequencing can be used as a method for generating 

sequencing data. The method can use adapter-ligated frag­
ments of genomic DNA. The adapter ligated DNA can be 
randomly attached to a dense lawn of primers that can be 

45 attached to a solid surface, typically in a flow cell. The other 
end of the adapter ligated fragment can hybridize to a 
complementary primer on the surface. The primers can be 
extended in the presence of nucleotides and polymerases in 
a so-called solid-phase bridge amplification to provide 

50 double stranded fragments. Denaturation and repetition of 
the solid-phase bridge amplification can result in dense 
clusters of amplified fragments distributed over the surface. 
The sequencing can be initiated by adding four differently 
labelled reversible terminator nucleotides, primers and poly-

55 merase to the flow cell. After the first round of primer 
extension, the labels can be detected, the identity of the first 
incorporated bases can be recorded and the blocked 3' 
terminus and the fluorophore can be removed from the 
incorporated base. The identity of the second base can be 

60 determined in the same way and so sequencing continues. 
The ligated probes or the amplicons can be bound to the 
surface via the primer binding sequence, the primer 
sequence or in some embodiments, the clamp section or a 
combination thereof. In some embodiments, the probes or 

65 the primers used in the amplification may contain specific 
sections that can be used in the subsequent sequencing step 
to bind the ligated probes/amplicons to the surface. 
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Untargeted Sequencing 
Untargeted sequencing can be used as a method for 

generating sequencing data. The methods can provide 
sequence information regarding one or more polymor­
phisms, sets of genes, sets of regulatory elements, micro­
deletions, homopolymers, simple tandem repeats, regions of 
high GC content, regions of low GC content, paralogous 
regions, or a combination thereof. In some cases, the untar­
geted sequencing can be whole genome sequencing. In some 
cases, the untargeted sequencing data can be the untargeted 10 

portion of the data generated from a target-specific sequenc­
ing assay. The methods can generate an output comprising a 
combined data set comprising target-specific sequencing 
data and a low coverage untargeted sequencing data as 
supplement to target-specific sequencing data. Non-limiting 15 

examples of the low coverage untargeted sequencing data 
include low coverage whole genome sequencing data or the 
untargeted portion of the target-specific sequencing data. 
This low coverage genome data can be analyzed to assess 
copy number variation or other types of polymorphism of 20 

the sequence in the sample. The low coverage untargeted 
sequencing (i.e., single run whole genome sequencing data) 
can be fast and economical, and can deliver genome-wide 
polymorphism sensitivity in addition to the target-specific 
sequencing data. In addition, variants detected in the low 25 

coverage untargeted sequencing data can be used to identify 
known haplotype blocks and impute variants over the whole 
genome with or without targeted data. 

Untargeted sequencing (i.e., whole genome sequencing) 
can determine the complete DNA sequence of the genome at 30 

one time. Untargeted sequencing (i.e., whole genome 
sequencing or the non-exonic portion of whole exome 
sequencing) can cover sequences of almost about 100 per­
cent, or about 95%, of the sample's genome. In some cases, 
the untargeted sequencing (i.e., whole genome sequencing 35 

or non-exonic portion of the whole exome sequencing) can 
cover sequences of the whole genome of the nucleic acid 
sample of about or at least about 99.999%, 99.5%, 99%, 
98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 
88%, 87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%, 79%, 40 

78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, 70%, 69%, 
68%, 67%, 66%, 65%, 64%, 63%, 62%, 61%, 60%, 59%, 
58%, 57%, 56%, 55%, 54%, 53%, 52%, 51%, or 50%. 
Target-Specific Sequencing 

Target-specific sequencing can be used as a method for 45 

generating sequencing data. Target-specific sequencing is 
selective sequencing of specific genomic regions, specific 
genes, or whole exome sequencing. Non-limiting examples 
of the genomic regions include one or more polymorphisms, 
sets of genes, sets of regulatory elements, micro-deletions, 50 

homopolymers, simple tandem repeats, regions of high GC 
content, regions of low GC content, paralogous regions, 
degenerate-mapping regions, or a combination thereof. The 
sets of genes or regulatory elements can be related to one or 
more specific genetic disorders of interest. The one or more 55 

polymorphisms can comprise one or more single nucleotide 
variations (SNVs), copy number variations (CNVs), inser­
tions, deletions, structural variant junctions, variable length 
tandem repeats, or a combination thereof. 

In some cases, the target-specific sequencing data can 60 

comprise sequencing data of some untargeted regions. One 
example of the target-specific sequencing is the whole 
exome sequencing. Whole exome sequencing is target­
specific or selective sequencing of coding regions of the 
DNA genome. The targeted exome is usually the portion of 65 

the DNA that translates into proteins, or namely exonic 
sequence. However, regions of the exome that do not 

14 
translate into proteins may also be included within the 
sequence, namely non-exonic sequences. Non-exonic 
sequences are usually not included in exome studies. In the 
human genome there can be about 180,000 exons: these can 
constitute about 1 % of the human genome, which can 
translate to about 30 mega bases (Mb) in length. It can be 
estimated that the protein coding regions of the human 
genome can constitute about 85% of the disease-causing 
mutations. The robust approach to sequencing the complete 
coding region ( exome) can be clinically relevant in genetic 
diagnosis due to the current understanding of functional 
consequences in sequence variation, by identifying the func­
tional variation that is responsible for both mendelian and 
common diseases without the high costs associated with a 
high coverage whole-genome sequencing while maintaining 
high coverage in sequence depth. Other aspect of the exome 
sequencing can be found in Ng S B et al., "Targeted capture 
and massively parallel sequencing of 12 human exomes," 
Nature 461 (7261): 272-276 and Choi M et al., "Genetic 
diagnosis by whole exome capture and massively parallel 
DNA sequencing," Proc Natl Acad Sci USA 106 (45): 
19096-19101. 
Ontology Data 

Data to be used in the methods of the disclosure can 
comprise ontology data (e.g., gene ontology). Ontology data 
can correlate between the keywords used for the classifica­
tion of genotypes. Ontology can refer to a classification 
system for biological terms and vocabularies. Features clas­
sified according to gene ontology can be referred to as 
"ontology terms". Ontology terms can be constructed in a 
tree structure together, in which they are related vertically. 
These terms can be divided into three categories, which can 
be molecular function, biological process and cellular com­
ponent. If a gene is multifunctional, multiple gene ontology 
terms can be allocated to the gene and/or genotype. Gene 
ontology (GO) can be obtained from the Gene Ontology 
Consortium. Gene ontology can be applied to describe the 
roles of genes and gene products in all organisms. Gene 
Ontology can characterize the relationships between genes 
and the keywords assigned for each gene. Phenotype ontol­
ogy can be obtained from the Human Phenotype Ontology. 
Phenotype Ontology can be applied to describe observed 
phenotypes in all organisms. Phenotype Ontology can char­
acterize the relationships between phenotypes, diseases, and 
clinical features. 

Gene or phenotype ontologies in an ontology tree can 
comprise stretching branches of gene or phenotype ontology 
terms which can be connected with one another by coordi­
nates (nodes) corresponding to ontology terms and the 
coordinates (nodes) themselves. In some instances, the top­
most level of the tree can comprise the whole gene or 
phenotype ontology and the second highest level can com­
prise molecular functions, biological process, cellular com­
ponents, and/or body systems, and levels 3, 4 and 5 are lower 
levels each forming a tree. As the levels go lower, ontology 
terms for genes or phenotypes having detailed functions can 
be provided. In some instances, the ontology tree comprises 
one of molecular functions, biological processes and cellular 
components as the topmost level or takes its lower concept 
as the topmost level. 

Ontology data can be obtained from any source that 
describes a phenotype. Suitable sources can include medical 
records, doctor's notes, clinical records, disease, traits, phe­
notypes, pathognomonic features, symptoms, laboratory 
values, behaviors, conditions, diagnoses, prognoses, genetic 
history, familial information, and hereditary information. 
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Genotypes 
In some instances, the data of the disclosure can comprise 

genotype data. Genotype data can be determined from 
sequencing data. Genotype data can indicate the presence of 
genetic abnormalities and polymorphisms. Such genotype 
data can comprise for example, variants, indels, single 
nucleotide polymorphisms (SNPs), deletions, duplications, 
insertions, tautomerisms, depurinations, deaminations, rep­
lication errors, mutations from non-homologous end joining, 
mutations from oxidative damage, pyrimidine dimerization, 
silent mutations, missense mutations, nonsense mutations, 
transpositions, amplifications, interstitial deletions, loss of 
heterozygosity mutations, loss of function mutations, gain of 
function mutations, dominant negative mutations, lethal 
mutations, reversions, frameshift mutations, neutral muta­
tions, and translocations, or any combination thereof. 
Inheritances 

The methods of the disclosure can provide for determin­
ing the likelihood of inheritance and inheritance patterns of 

16 
marriage to another subject. A subject can be distantly 
related to another subject. For example, a subject can be an 
ancestor, related by 2nd

, 3rd
, 4th

, 5th
, 6th

, 7th generation or 
more removed. A subject can be a living subject related to 
a non-living subject. 

In some instances, a subject of the disclosure can have a 
disease. In some instances, the subject may show symptoms 
of a disease but not be diagnosed with a disease. In some 
instances, the subject may have a disease but not know it. 

10 Diseases can include, cancers (e.g., lung, skin, breast, pan­
creas, liver, colon), cutaneous disease (e.g., acne, glandular 
rosacea, rhinophyma, otophyma, metophyma, lupus, peri­
orificial dermatitis, dermatitis, psoriasis, Blau syndrome, 
familial cold urticaria, Majeed syndrome, Muckle-Wells 

15 syndrome), endocrine diseases (e.g., adrenal disorders, adre­
nal hormone excess, diabetes, hypoglycemia, glucagonoma, 
goiter, hyperthyroidism, hypothyroidism, parathyroid disor­
ders, pituitary gland disorders, sex hormone disorders, her­
maphroditism), eye diseases (e.g., disorders of the eyelid, 

20 hordeolum, chalazion, disorders of the conjunctiva, conjunc­
tivitis, disorders of the sclera, cornea, iris and ciliary body, 
scleritis, keratitis, Fuch's dystrophy, disorders of the lens, 
cataract, disorders of the choroid and retina, chorioretinal 
inflammation, retinitis, choroidal degeneration, retinal 

a phenotype. Genetic inheritance can follow a variety of 
inheritance patterns, which can be traced through lineages 
and/or be predicted. Inheritance patterns can be classified as 
Mendelian or non-Mendelian. Mendelian inheritance pat­
terns can refer to the contribution of one allele from each 
parent for a given trait. Mendelian inheritance patterns can 
refer to segregation of alleles, single gene inheritance, and 
dominant-recessive inheritance/phenotypes. Dominant-re­
cessive inheritance patterns can refer to autosomal dominant 
(i.e., subject has one copy of mutant allele, e.g., Huntington 
Disease, polycystic kidney disease), autosomal recessive 
(i.e., subject has two copies of mutant allele, e.g., Cystic 
fibrosis, Tay-Sachs disease, hemochromatosis ), X-linked 
recessive (i.e., the gene is located on the X chromosome but 
one normal copy can rescue so that females are typically not 
affected e.g., Duchenne muscular dystrophy, Hemophilia A), 35 

and X-linked dominant (i.e., the gene is located on the X 
chromosome and one mutant allele is sufficient for pheno­
type, e.g., incontinentia pigmenti, hypophosphatemic rick­
ets) inheritance patterns. In some instances, an inheritance 
pattern can be caused by a number of genetic factors, which 
can be referred to as multifactorial inheritance pattern. 

25 detachments, retinal vascular occlusions, glaucoma, disor­
ders of the vitreous body and globe, disorders of the optic 
nerve and visual pathways, optic disc drusen, blindness), 
intestinal diseases, infectious diseases. In some instances, a 
subject can have a disorder. Disorders can include commu-

30 nication disorders, genetic disorders, neurological disorders, 
voice disorders, vulvovaginal disorders, mental illness, 
autism disorders, eating disorders, mood disorders, and 
personality disorders. 
Feature-based Ranking of Genes (FROG) 

The disclosure provides methods for analyzing genotype 
data. FIG. 1 depicts an example method of feature-based 
ranking of genes. The method for analyzing genotype data 
can comprise developing a subject-specific ontology profile 
105 by collecting attributes attributed to the subject, com-

40 paring 110 the ontology profile to public and/or proprietary 
databases, ranking 115 genes by the similar attributes 
between the ontology profile and the databases, and anno­
tating 120 variants detected in the sequenced genotype of the 
subject. A subject-specific ontology profile can comprise 

Inheritance patterns can be non-mendelian inheritance 
patterns. Non-Mendelian inheritance patterns can refer to 
any inheritance pattern which does not follow Mendelian 
laws of inheritance ( e.g., segregation of alleles). Non-Men­
delian inheritance patterns can include extranuclear inheri­
tance (e.g., cytoplasmic inheritance, e.g., maternal inheri­
tance), mitochondrial inheritance, gene conversion, 
infectious heredity (e.g., viral infection that can transmit a 
phenotype to progeny), genomic imprinting (e.g., epigenetic 
marking of an allele), mosaicism (e.g., genetic differences 
between same cell types within a body, e.g., X-inactivation), 
and trinucleotide repeat disorders ( e.g., expansion of micro­
satellite tandem repeats), or any combination thereof. Inheri­
tance patterns can also comprise epigenetic inheritance 
patterns (e.g., methylation state). 
Subjects 

A subject can be an organism subjected to the methods of 
the disclosure. In some instances, a subject can be a patient. 

45 words that describe the clinical features ( e.g., phenotype) of 
the subject. A subject-specific ontology profile can be gen­
erated from subject-specific ontology data as described 
above. 

A subject-specific ontology profile can be compared to 
50 ontology profiles in databases. Databases can comprise gene 

ontology data for specific genotypes. Public databases can 
be public or proprietary databases. Examples of databases 
can include Orphanet, Human Phenotype Ontology (HPO), 
Online Mendelian Inheritance in Man (OMIM), Model 

55 Organism Gene-Knock Out databases, Kegg Disease Data­
base, Reactome, Biocyc, WikiPathways, PID, Gene Ontol­
ogy, ClinVar, COSMIC, Cancer Gene Census, Regulom­
eDB, miRbase, GAD, and GWAS Catalog, or any 
combination thereof. 

When a subject-specific ontology profile is compared to 
ontology profiles in databases, genotypes can be retrieved 
from the databases that match the ontology profile of the 
subject. The matched genotype can be used to further 
populate the subject-specific ontology profile. Some geno-

A patient can be an organism ( e.g., a human, dog, cat, 60 

companion animal, mouse, rat) that is suffering from a 
disease and/or in the care of a medical practitioner. A subject 
can be a mother, father, brother, sister, aunt, uncle, cousin, 
grandparent, great-grandparent, great-great grandparent, 
niece, and/or nephew. A subject can be a family member 
and/or have family members. A subject can be a family 
member of another subject. A subject can be related by 

65 types can have multiple ontology profiles ( e.g., phenotypes) 
associate with them in the database. When a match is found, 
other ontology profiles of the same genotype can be added 

Foresight EX1214 
Foresight v Personalis 

IPR2023-00224



US 11,640,405 B2 
17 

to subject-specific ontology profile. This process can be 
reiterated multiple times to further populate the subject­
specific ontology profile. 

18 
be causative of a feature ( e.g., clinical feature, diagnosis, 
and/or Mendelian-inherited disease and/or trait). Ranked 
genotypes can be compared to the sequencing data of the 
subject and/or family of the subject. The sequencing data of 
the subject and/or family of the subject can generate infor­
mation about the genotype variants of the subject. The 
ranked genotypes ( e.g., genotypes from databases), can be 
compared to the genotypes of the subjects to determine if 
variants of the subject can be causative of a clinical feature 
of the subject. For example, an association score can rank 
gene 1 as highly likely to be causative for disease 1 of the 
subject and sequenced gene 1 from the subject shows a 
single nucleotide polymorphism; therefore, the single 
nucleotide polymorphism may be considered causative of 

The genotypes can be ranked by an association score. An 
association score can indicate how well the retrieved geno­
types associate with the subject-specific ontology data. For 
example, an association score can indicate how well the 
retrieved genotypes associate with genes, proteins, RNAs, 
pathognomonic features, clinical features, diseases, traits, 
symptoms, laboratory values, diagnoses, behaviors, condi- 10 

tions, differential diagnoses, prognoses, genetic history, 
familial information, hereditary information, human pheno­
types, non-human phenotypes, genotypes, genomes, 
exomes, pathways, disease ontology, phenotype ontology, 
and gene ontology, or any combination thereof. 

An association score can be a positive, neutral, or nega­
tive score. A positive association score can indicate a large 
amount of correlation between the genotypes of the database 
and the ontology data of the subject. A neutral association 
score can indicate a neutral amount of correlation between 20 

the genotypes of the database and the ontology data of the 
subject. A negative association score can indicate a low 
amount of correlation between the genotypes of the database 
and the ontology data of the subject. 

15 disease 1. In this way, comparing the ranked genotypes to 
the subject-sequenced genotypes can facilitate causative 
variant discovery. 

An association score can be a weighted score. The weight- 25 

ing can take into account the number of clinical features 
present in the subject and the genotype, the number of 
diagnoses present in the subject and the genotype, and the 
number of affected individuals in a family that have the 
clinical feature and/or diagnosis. A genotype can be corre- 30 

lated to one or more ontology categories. An association 
score for each genotype can be equal to the sum of the 
weighted association scores for each clinical feature and/or 
diagnosis that the genotype is associated with. For example, 
a genotype can be weakly associated with a first clinical 35 

feature (e.g., ontology category), and strongly associated 
with a second clinical feature (e.g., ontology category). The 
association score of the genotype can comprise the sum of 
the weak association score and the strong association score. 
In some instances, the association score can be an average, 40 

a median, a mode, or any other statistical measurement of a 
plurality of association scores. 

The weighting of genotype scores can be related to the 
strength of association between a genotype and an ontology 
category. Genotypes that are strongly related to a clinical 45 

feature and/or diagnosis (e.g., ontology category) can be 
weighted more than genotypes that are weakly related to a 
clinical feature and/or diagnosis. For example, genotypes 
that are correlated to pathognomonic features can be 
weighted more than if the genotype was correlated to a less 50 

specific clinical feature. 

Variant Inheritance Pattern Ranking (VIPR) 
The disclosure provides methods for analysis of genotype 

data comprising determining inheritance patterns of geno­
types. FIG. 2 depicts an example method of variant inheri­
tance pattern ranking. For example, variant inheritance 
pattern ranking can comprise determination 205 of most 
likely inheritance patterns based on an ontology profile of 
the family, generation 210 of expected genotypes for all 
inheritance patterns, ranking 215 of expected genotypes 
against the likelihood of following a particular inheritance 
pattern, and armotation of genotypes observed in the 
sequenced subject. In some instances, the methods provide 
for generating expected genotypes of a subject and members 
of a subject's family. Expected genotypes can be generated 
based on inheritance patterns. Expected genotypes can be 
created for every possible inheritance pattern. 

The expected genotypes can be ranked according to an 
inheritance pattern score that represents the likelihood of 
each inheritance pattern to explain the pattern of disease 
observed in the family and the ontology profile of the family. 
For example, vertical transmission of disease from genera­
tion to generation is most likely to be explained by geno-
types consistent with a dominant mode of inheritance. The 
expected genotypes can be ranked according to the overall 
likelihood of the expected genotype to explain an inheri­
tance pattern. The ranking can take into account genetic 
events like penetrance, new mutations, and recurrent muta­
tions that may be needed to match an expected inheritance 
pattern. An inheritance pattern score can also take into 
account segregation of a phenotype in the subject and/or 
subject's family. Segregation can refer to separation of two 
alleles of a gene to each of the progeny. In some instances, 
a segregation pattern can refer to the pattern of the segre­
gation of a genotype. A segregation pattern can take into 
account genetic linkage and pseudolinkage. Exemplary seg­
regation patterns can include, for example, alternate segre­
gation patterns, alternate-I segregation patterns, alternate-2 
segregation patterns. Ranking can be based on a statistical 
calculation of fit. Ranking can be based on rank categories 
determined by clinical judgment. 

Observed genotypes from sequencing data generated 
from sequencing a subject and/or a subject's family mem­
bers can be ranked according to the corresponding expected 
genotype. This type of ranking of observed genotypes in 
comparison to expected genotypes can facilitate causative 
variant disclosure and indicate which observed genotypes 
are more likely to be inherited. 

In some instances, the association score can be a lower 
score than expected because the retrieved genotypes asso­
ciated with the subject-specific ontology data can retrieve a 
new ontology feature not accounted for in the subject- 55 

specific ontology profile. For example, a subject-specific 
ontology profile comprising ontology for obesity but not 
cancer may retrieve a number of genes related to obesity, 
wherein a subset of those genes may also have ontology for 
cancer. In some instances, the new ontology feature 60 

retrieved by the genotype in the database may be added to 
the subject-specific ontology profile and the process may be 
iteratively repeated. In some instances, the new feature 
retrieved by the genotype in the database may be used as a 
diagnosis and/or to inform a medical treatment plant. 65 Combined Methods 

Genotypes can be ranked according to their association 
score. Rankings can be indicative of likelihood of a gene to 

In some instances, the analysis of genotype data can 
proceed first by ranking according to an association score 
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(FROG) and then ranking according to an inheritance pat­
tern score (VIPR). In some instances, the analysis of geno­
type data can proceed first by ranking according to an 
inheritance pattern score (VIPR) and then an association 
score (FROG). 

FIG. 3 depicts an example combined method of the 
disclosure. For example, an annotated list of the genotypes 

20 
programs. The computer system 401 in some cases can 
include one or more additional data storage units that are 
external to the computer system 401, such as located on a 
remote server that is in communication with the computer 
system 401 through an intranet or the Internet. 

of the subject (e.g., sequencing data) can be ranked 305 
according to an association score and an inheritance pattern 
score. The genotypes in the list can be sorted 310 according 10 

to an inheritance pattern score and then by an association 

The computer system 401 can communicate with one or 
more remote computer systems through the network 430. 
For instance, the computer system 401 can communicate 
with a remote computer system of a user (e.g., operator). 
Examples of remote computer systems include personal 
computers (e.g., portable PC), slate or tablet PC's (e.g., 

score. 
Control Systems 
The present disclosure provides computer control systems 

that are progranmied to implement methods of the disclo­
sure. FIG. 4 shows a computer system 401 that is pro­
grammed or otherwise configured to analyze genotype data 
according to methods of the disclosure. The computer sys­
tem 401 can regulate various aspects of genotype analysis of 
the present disclosure, such as, for example, analysis by 
inheritance pattern scores, and/or analysis by association 
pattern scores. 

The computer system 401 includes a central processing 
unit (CPU, also "processor" and "computer processor" 
herein) 405, which can be a single core or multi core 
processor, or a plurality of processors for parallel process­
ing. The computer system 401 also includes memory or 
memory location 410 (e.g., random-access memory, read­
only memory, flash memory), electronic storage unit 415 

Apple® iPad, Samsung® Galaxy Tab), telephones, Smart 
phones (e.g., Apple® iPhone, Android-enabled device, 
Blackberry®), or personal digital assistants. The user can 

15 access the computer system 401 via the network 430. 
Methods as described herein can be implemented by way 

of machine (e.g., computer processor) executable code 
stored on an electronic storage location of the computer 
system 401, such as, for example, on the memory 410 or 

20 electronic storage unit 415. The machine executable or 
machine readable code can be provided in the form of 
software. During use, the code can be executed by the 
processor 405. In some cases, the code can be retrieved from 
the storage unit 415 and stored on the memory 410 for ready 

25 access by the processor 405. In some situations, the elec­
tronic storage unit 415 can be precluded, and machine­
executable instructions are stored on memory 410. 

The code can be pre-compiled and configured for use with 
a machine have a processer adapted to execute the code, or 

30 can be compiled during runtime. The code can be supplied 
in a programming language that can be selected to enable the 
code to execute in a pre-compiled or as-compiled fashion. 

( e.g., hard disk), communication interface 420 ( e.g., network 
adapter) for communicating with one or more other systems, 
and peripheral devices 425, such as cache, other memory, 
data storage and/or electronic display adapters. The memory 
410, storage unit 415, interface 420 and peripheral devices 
425 are in communication with the CPU 405 through a 
communication bus ( solid lines), such as a motherboard. The 
storage unit 415 can be a data storage unit (or data reposi­
tory) for storing data. The computer system 401 can be 
operatively coupled to a computer network ("network") 430 
with the aid of the communication interface 420. The 40 

Aspects of the systems and methods provided herein, such 
as the computer system 401, can be embodied in program-

35 ming. Various aspects of the technology may be thought of 
as "products" or "articles of manufacture" typically in the 
form of machine (or processor) executable code and/or 
associated data that is carried on or embodied in a type of 
machine readable medium. Machine-executable code can be 
stored on an electronic storage unit, such memory (e.g., 
read-only memory, random-access memory, flash memory) 
or a hard disk. "Storage" type media can include any or all 
of the tangible memory of the computers, processors or the 
like, or associated modules thereof, such as various semi-

network 430 can be the Internet, an internet and/or extranet, 
or an intranet and/or extranet that is in communication with 
the Internet. The network 430 in some cases is a telecom­
munication and/or data network. The network 430 can 
include one or more computer servers, which can enable 
distributed computing, such as cloud computing. The net­
work 430, in some cases with the aid of the computer system 
401, can implement a peer-to-peer network, which may 
enable devices coupled to the computer system 401 to 
behave as a client or a server. 

The CPU 405 can execute a sequence of machine-read­
able instructions, which can be embodied in a program or 
software. The instructions may be stored in a memory 
location, such as the memory 410. Examples of operations 
performed by the CPU 405 can include fetch, decode, 
execute, and writeback. The CPU 405 can be processor that 
is programmed for performing the methods of feature-based 
ranking of genes (FROG), variant inheritance pattern rank­
ing (VIPR), determining segregation patterns, determining 
inheritance patterns, determining association scores, and 
ranking phenotypes, genotypes and any data associated with 
the methods of the disclosure. 

45 conductor memories, tape drives, disk drives and the like, 
which may provide non-transitory storage at any time for the 
software progranmiing. All or portions of the software may 
at times be communicated through the Internet or various 
other telecommunication networks. Such communications, 

50 for example, may enable loading of the software from one 
computer or processor into another, for example, from a 
management server or host computer into the computer 
platform of an application server. Thus, another type of 
media that may bear the software elements includes optical, 

55 electrical and electromagnetic waves, such as used across 
physical interfaces between local devices, through wired and 
optical landline networks and over various air-links. The 
physical elements that carry such waves, such as wired or 
wireless links, optical links or the like, also may be consid-

60 ered as media bearing the software. As used herein, unless 
restricted to non-transitory, tangible "storage" media, terms 
such as computer or machine "readable medium" refer to 
any medium that participates in providing instructions to a The storage unit 415 can store files, such as drivers, 

libraries and saved programs. The storage unit 415 can store 
programs generated by users and recorded sessions, as well 65 

as output(s) associated with the programs. The storage unit 
415 can store user data, e.g., user preferences and user 

processor for execution. 
Hence, a machine readable medium, such as computer­

executable code, may take many forms, including but not 
limited to, a tangible storage medium, a carrier wave 
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medium or physical transmission medium. Non-volatile 
storage media include, for example, optical or magnetic 
disks, such as any of the storage devices in any computer(s) 
or the like, such as may be used to implement the databases, 
etc. shown in the drawings. Volatile storage media include 
dynamic memory, such as main memory of such a computer 
platform. Tangible transmission media include coaxial 
cables; copper wire and fiber optics, including the wires that 
comprise a bus within a computer system. Carrier-wave 
transmission media may take the form of electric or elec- 10 

tromagnetic signals, or acoustic or light waves such as those 
generated during radio frequency (RF) and infrared (IR) data 
communications. Common forms of computer-readable 
media therefore include for example: a floppy disk, a flexible 

15 
disk, hard disk, magnetic tape, any other magnetic medium, 
a CD-ROM, DVD or DVD-ROM, any other optical 
medium, punch cards paper tape, any other physical storage 
medium with patterns of holes, a RAM, a ROM, a PROM 
and EPROM, a FLASH-EPROM, any other memory chip or 20 

cartridge, a carrier wave transporting data or instructions, 
cables or links transporting such a carrier wave, or any other 
medium from which a computer may read progranmiing 
code and/or data. Many of these forms of computer readable 
media may be involved in carrying one or more sequences 25 

of one or more instructions to a processor for execution. 

22 
EXAMPLES 

Example 1: Feature-Based Ranking of Genes 
(FROG) 

Methods and systems of the present disclosure provide for 
ranking genes based on features developed in a subject­
specific ontology profile. In some instances, a subject has a 
phenotype (e.g., a disease, trait, characteristic). The pheno­
type has several attributes ( e.g., features, ontology features, 
clinical terms) associated with the phenotype. A subject­
specific ontology profile is developed in which the ontology 
profile comprises a list of attributes ( e.g., clinical terms) 
associated with the phenotype. The attributes are obtained 
from clinical terms observed in the sequenced subject and/or 
the family members of the subject such as clinical features, 
diagnoses, laboratory values, pertinent negatives, and per­
tinent positives. The attributes comprise clinical terms that 
represent that same underlying feature ( e.g., failure to thrive, 
poor weight gain). Clinical terms are excluded that are likely 
unrelated to clinical presentation of query ( e.g., heart attacks 
in older family members). Clinical terms are also obtained 
from the generation of alternate clinical feature search terms 
that represent synonyms of the observed attributes (e.g., 
"hypertelorism" and "widely spaced eyes") 

A rank is applied to each feature based on its specificity, 
the number of times it was observed in the family, and/or its 
being the "cardinal feature" of the presenting clinical pic­
ture. Candidate loci (e.g., genes, genomic regions) that have 
been previously described to be associated with clinical 
features are searched. The search is conducted one clinical 

The computer system 401 can include or be in commu­
nication with an electronic display that comprises a user 
interface (UI) for providing, for example, a display, graph, 
chart and/or list in graphical and/or numerical form of the 30 

genotype analysis according to the methods of the disclo­
sure, which may include inheritance analysis, causative 
variant discovery analysis, and diagnosis. Examples ofUI's 
include, without limitation, a graphical user interface (GUI) 
and web-based user interface. 

term at a time using public and proprietary databases linking 

35 
clinical terms to candidate loci. Databases that are searched 
include, without limitation: HGMD, OMIM, HPO, the Per-

The data generated by the ranking can be displayed (e.g., 
on a computer). The data can be displayed in a numerical 
and/or graphical form. For example, data can be displayed as 

sonalis Disease Variant Database, primary literature, Clin­
Var, DGV, dbSNP, Genetic Test Registry, GWASCatalog, 
GAD, COSMIC, Cancer Gene Census. 

a list, as statistics ( e.g., p-values, standard deviations), as a 40 

chart ( e.g., pie chart), as a graph ( e.g., line graph, bar graph), 
Candidate loci (e.g., genes, genomic features) that are 

related to candidate loci that have been previously described 
to be associated with clinical features (e.g., ontology) are 
searched. These candidate loci include for example, binding 
partners and/or genes involved in the same pathway. The 

as a histogram, as a map, as a heat map, as a timeline, as a 
tree chart, as a flowchart, as a cartogram, as a bubble chart, 
a polar area diagram, as a diagram, as a stream graph, as a 
Gantt chart, as a Nolan chart, as a smith chart, as a chevron 
plot, as a plot, as a box plot, as a dot plot, as a probability 
plot, as a scatter plot, and as a biplot, or any combination 
thereof. 

It should be understood from the foregoing that, while 
particular implementations have been illustrated and 
described, various modifications can be made thereto and 
are contemplated herein. It is also not intended that the 
invention be limited by the specific examples provided 
within the specification. While the invention has been 
described with reference to the aforementioned specifica­
tion, the descriptions and illustrations of the preferable 
embodiments herein are not meant to be construed in a 
limiting sense. Furthermore, it shall be understood that all 
aspects of the invention are not limited to the specific 
depictions, configurations or relative proportions set forth 
herein which may depend upon a variety of conditions and 
variables. Various modifications in form and detail of the 
embodiments of the invention will be apparent to a person 
skilled in the art. It is therefore contemplated that the 
invention shall also cover any such modifications, variations 
and equivalents. 

45 search is conducted one clinical term at a time using public 
and proprietary databases linking clinical terms to candidate 
loci. 

For all identified candidate loci, a reciprocal overlap is 
calculated based on the attributes observed in the subject and 

50 the clinical features that have been described for that gene. 
Genes with many attributes armotated to them receive higher 
ranks depending on their assigned rank, and on the reci­
procity of the overlap, taking into consideration pathogno­
monic features, and/or specificity of features for genes. 

55 Genes not directly linked to attributes that are deemed 
candidates by virtue of their interaction with, or included in 
the pathway of, genes known to be directly linked to 
attributes are assigned fraction ranks that are additive over 
the number of clinical terms that they can be secondarily 

60 linked to. Genes with attributes annotated to them that do not 
match any of the observed attributes are assigned a final 
negative rank. Final ranks are armotated onto the variant 
genotype files generated during sequencing. 

The ranking indicates how likely a candidate loci and/or 
65 observed genotype is to contribute to an observed pheno­

type. The ranking also indicates new variants that can be 
causative of the phenotype of the subject. 
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Example 2: Variant Inheritance Pattern Ranker 
(VIPR) 

Methods and systems of the present disclosure provide for 
ranking genotypes based on inheritance patterns. In some 
instances, a subject has a phenotype ( e.g., disease, polymor­
phism, etc). A subject's genomic material is sequenced. 
Clinical information about the subject and the family mem­
bers of the subject are obtained (e.g., phenotypes, attributes). 
The clinical information, the sequenced samples, and clini- 10 

cal judgment is used to determine the most likely mode( s) of 
inheritance (e.g., inheritance pattern) for a subject and 
members of the family of the subject. A pedigree structure 
and the most likely mode( s) of inheritance are specified to a 
tool that queries a computer file to retrieve the most likely 15 

genotypes to be explanatory of the phenotypes. The file 
ranks genotypes based on a tiering system constructed from 
clinical judgment regarding the most likely genotypes to be 
observed under each family structure. The file ranks geno­
types based on a statistical calculation of the most likely 20 

inheritance pattern given the family structure, the pattern of 
phenotypes in the family, and modeling for various pen­
etrance values. The final VIPR rank for each genotype is 
annotated onto the variant genotype files generated during 
sequencing. The ranking of observed genotypes determines 25 

which observed genotypes are most likely to be inherited to 
contribute to an observed phenotype of the subject and/or 
family members of the subject. 

Example 3: Feature-Based Ranking of Genes and 
Variant Inheritance Pattern Ranker 

30 

24 
What is claimed is: 
1. A computer-implemented method, comprising: 
a. receiving data relating to one or more phenotypes of a 

subject or family members of the subject; 
b. receiving data relating to one or more genotypes of the 

subject or family members of the subject; 
c. using a progranimed computer processor, ranking a 

plurality of genes based at least in part on their asso­
ciation score with the one or more phenotypes, wherein 
the association score is a weighted score, wherein the 
weighted score is based on (i) familial and/or hereditary 
information; (ii) specificity of a clinical feature-to-gene 
relationship; and/or (iii) reciprocity of clinical features 
and/or diseases associated with the genes; 

d. using the programmed computer processor, ranking the 
plurality of genes of the one or more genotypes using 
an inheritance pattern score that is based on allowed 
genotypes, and wherein the inheritance pattern score is 
at least partially based on a likelihood of the genotype 
to explain a particular inheritance pattern, a segregation 
pattern, or a combination thereof; and 

e. generating an output with at least a subset of the 
plurality of genes ranked based on the association score 
and inheritance pattern score. 

2. The method of claim 1, wherein the one or more 
phenotypes comprise one or more diseases, traits, symp­
toms, laboratory values, diagnoses, behaviors, conditions, or 
a combination thereof. 

3. The method of claim 1, wherein the association score 
comprises the association of one or more genes with one or 
more of: genes, proteins, RNAs, pathognomonic features, 
clinical features, diseases, traits, symptoms, laboratory val­
ues, diagnoses, behaviors, conditions, differential diagnoses, 

The FROG and VIPR ranks obtained as described in 
Examples 1 and 2 are used to prioritize manual review of 
genotype variants according to the American College of 
Medical Genetics (ACMG) Guidelines for variant interpre­
tation. The variants are sorted first by their FROG rank and 
then by their VIPR rank. In some instances, the variants are 
sorted first by their VIPR rank and then by their FROG rank. 

35 prognoses, genetic history, familial information, hereditary 
information, human phenotypes, non-human phenotypes, 
genotypes, genomes, exomes, pathways, disease ontology, 
phenotype ontology, and gene ontology, or any combination 
thereof. 

4. The method of claim 3, wherein the association score 
represents a positive association. 

5. The method of claim 3, wherein the association score 
represents a neutral association. 

6. The method of claim 3, wherein the association score 

Methods and systems of the present disclosure can be 40 

combined with and/or modified by other methods and sys­
tems, such as those described in, for example, U.S. Pat. No. 
6,754,655, U.S. Patent Pub. No. 2014/0200147, U.S. Patent 
Pub. No. 2009/0183268, U.S. Patent Pub. No. 2013/ 
0073217 and PCT/US14/53295, each of which is entirely 
incorporated herein by reference. 

45 represents a negative association. 

It should be understood from the foregoing that, while 
particular implementations have been illustrated and 
described, various modifications can be made thereto and 
are contemplated herein. It is also not intended that the 50 

invention be limited by the specific examples provided 
within the specification. While the invention has been 
described with reference to the aforementioned specifica­
tion, the descriptions and illustrations of the preferable 
embodiments herein are not meant to be construed in a 55 

limiting sense. Furthermore, it shall be understood that all 
aspects of the invention are not limited to the specific 
depictions, configurations or relative proportions set forth 
herein which depend upon a variety of conditions and 
variables. Various modifications in form and detail of the 60 

7. The method of claim 3, wherein the association score 
is comprised of the combination of ranks of two or more 
genes. 

8. The method of claim 3, wherein the plurality of genes 
are ranked in computer memory. 

9. The method of claim 4, wherein the plurality of genes 
is ranked substantially or entirely based on the association 
score. 

10. The method of claim 1, wherein the association score 
is related to the number of clinical features and/or diagnoses 
associated with the plurality of genes. 

11. The method of claim 1, wherein the familial and/or 
hereditary information comprises the number of affected 
individuals in a family that is exhibiting a clinical feature 
and/or diagnosis. 

12. The method of claim 1, wherein the specificity of the 
clinical feature-to-gene relationship comprises pathogno­
monic features. 

embodiments of the invention will be apparent to a person 
skilled in the art. It is therefore contemplated that the 
invention shall also cover any such modifications, variations 
and equivalents. It is intended that the following claims 
define the scope of the invention and that methods and 
structures within the scope of these claims and their equiva­
lents be covered thereby. 

13. The method of claim 1, wherein the output comprises 
65 a comparison of the data based on the association score that 

identifies the likelihood of one or more of: causative genes, 
neutral genes and non-causative genes. 
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14. The method of claim 1, wherein the data comprises 
two or more genotypes. 

15. The method of claim 14, wherein the ranking com­
prises ranking the two or more genotypes. 

16. The method of claim 15, wherein the two or more 5 

genotypes are ranked based on the inheritance pattern score. 

* * * * * 

26 
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