
ROBUST REGRESSION BASED EXON ARRAYPROTOCOL SYSTEM AND
APPLICATIONS CROSS REFERENCE TO RELATEDAPPLICATIONS
[0001] This application claims benefit of priority
from provisional application 60/957,138 filed 2 1
August 2007. [0002] The above referenced documents and
application and all documents referenced therein are
incorporated in by reference for all purposes. [0003]
This application may be related to other patent
applications and issued patents assigned to the
assignee indicated above. These applications and
issued patents are incorporated herein by reference to
the extent allowed under applicable law. PRECAUTIONARY
REQUEST TO FILE AN INTERNATIONALAPPLICATION,
DESIGNATIONOF ALL STATES,AND STATEMENTTHATAT LEAST ONE
APPLICANT ISAUNITED STATESRESIDENT OR ENTITY [0004]
Should this document be filed electronically or in
paper according to any procedure indicating an
international application. Applicant hereby requests
the filing of an international application and
designation of all states. For purposes of this
international filing, all inventors listed on a cover
page or any other document filed herewith are
applicants for purposes of United States National
Stage filing. For purposes of this international
filing, any assignees listed on a cover page or any
other document filed herewith are applicants for
purposes of non-United States national stage filing,
or, if no assignee is listed, all inventors listed are
applicants for purposes of non-United States national
stage filing. For puiposes of any international
filing, applicants state that at least one applicant
is a United States resident or United States
institution. Should this application be filed in as a
national application in the United States, this
paragraph shall be disregarded. COPYRIGHT NOTICE
[0005] Pursuant to 37 C.F.R. 1.71(e), applicant notes
that a portion of this disclosure contains material
that is subject to and for which is claimed copyright
protection (such as, but not limited to, source code
listings, screen shots, user interfaces, or user
instructions, or any other aspects of this submission
for which copyright protection is or may be available
in any jurisdiction.). The copyright owner has no
objection to the facsimile reproduction by anyone of
the patent document or patent disclosure, as it
appears in the Patent and Trademark Office patent file
or records. All other rights are reserved, and all
other reproduction, distribution, creation of
derivative works based on the contents, public
display, and public performance of the application or
any part thereof are prohibited by applicable
copyright law.APPENDIX [0006] This application is
being filed with an appendices listed as TABLE 3.
These 



appendices and all other documents filed herewith,
including documents filed in any attached Information
Disclosure Statement (IDSj, are incoiporated herein by
reference. The appendix contains further examples and
information related to various embodiments of the
invention at various stages of development. In
particular, the appendix sets out selected source code
extracts from a copyrighted software program, owned by
the assignee of this patent document, which provides
examples according to specific embodiments of the
invention. Permission is granted to make copies of the
appendices solely in connection with the making of
facsimile copies of this patent document in accordance
with applicable law; all other rights are reserved,
and all other reproduction, distribution, creation of
derivative works based on the contents, public
display, and public performance of the appendix or any
part thereof are prohibited by the copyright laws.
FIELD OF THE INVENTION [0007] The present invention
relates to biological data, biological data analysis,
diagnostic exons, and diagnostic sequences. BACKGROUND
OF THE INVENTION [0008] The discussion of any work,
publications, sales, or activity anywhere in this
submission, including in any documents submitted with
this application, shall not be taken as an admission
that any such work constitutes prior art. The
discussion of any activity, work, or publication
herein is not an admission that such activity, work,
or publication existed or was known in any particular
jurisdiction. [0009] The human central nervous system
is formed of many different subtypes of cells. Many of
these subtypes originate from neural stem cells that
migrate from a developing neural tube. The complexity
of the neurons may depend on molecular, genetic and
epigenetic mechanisms. Analysis of the processes that
generate this diversity is used for biomedical and
other research. Human embryonic stem cells are
pluripotent cells that can propagate as
undifferentiated cells, but can also differentiate
into a multitude of cell types. Human embryonic stem
cells can theoretically generate ail cell types that
form in an organism, and hence may form an important
model for understanding human embryonic development.
Embryonic stem cells can be used for generating
specialized cells. One such cell line that can be
formed is the neural progenitors. Both neural stem
cells and progenitor cells are present throughout
human development, and persist into adulthood.
Different patterns within these cells have been
analyzed for various purposes. For example, some
studies have explored expression patterns within
neural progenitor cells. Studies thus far have mostly
relied on transcriptional differences between the
cells.[0010] Recent studies have suggested that up to
75% of human genes undergo alternative RNA splicing.
Global analysis so far of such alternative RNA
splicing has focused on comparisons across
differentiated human tissues. 



[0011] The Affymetrix exon array (see, for example,
information on the worldwide web at
affymetrix(.)com(/) products^/) arrays(/)
exon_application.affx) provides a way to analyze
expression of known and predicted exons in genomes.
For example, the Affymetrix(tm) gene chip human exon
array has about 5.4 million features used to
interrogate around one million exon clusters with more
than 1.4 million probe sets and an average of four
probes per Exon. The Affymetrix(tm) exon array
provides a means to capture expression data of a
biological sample from every known and predicted exon
in the human genome. The form of such large data sets
and basic normalizations thereof is becoming well
understood in the art. However, using such exon
expression data to make useful determinations
regarding biologic samples presents substantial
challenges. SUMMARY [0012] According to specific
embodiments, the present invention is involved with
methods and/or systems and/or devices that can be used
together or independently to identify one or more
post-transcriptional events from comparative exon
expression data. According to specific embodiments of
the invention, a method, referred to herein as REAP,
is a general method that takes as input exon array
data or similar exon expression data, generally from
two or more biologic samples, and outputs indications
or identifications of one or more alternative spliced
(ASj exons between the samples predicted from the
arrays. The exon identification method according to
specific embodiments of the invention uses mainly
robust regression combined with outlier detection
techniques. Among the novel aspects of the method are
outlier detection for the identification of
alternative splicing. [0013] Identification of
alternative splicing (AS) is rapidly becoming
important in a number of research settings and will
have clinical applications to human disease
conditions. Thus, the present invention in specific
embodiments provides methods for detecting one or more
AS events or related post-transcription events in
research, diagnostic, manufacturing, and clinical
settings. [0014] In further embodiments, the invention
involves several alternatively spliced exons (such as
the alternative exon in the SLK gene) for use as
molecular diagnostic tool for the piuripotent state of
human embryonic stem cells and/or for other cells.
These molecular markers are better than usual
transcription or immunohistochemical methods as they
are internally controlled: the difference in isoform
ratios distinguish the state of the cell, rather than
having to normalize to an external control such as
GAPDH. Diagnostics based on these markers is less
sensitive or not sensitive to issues such as filtering
and/or image quality that can prove difficult
intechniques such as immunohistochemistry). [001 5] In
further embodiments, the invention involves
identification of conserved candidate binding sites
that are enriched proximal to REAP candidate exons. In
particular, intronic cis-regulatory elements such as
the FOX1/2 binding site GCAUG was identified as being
proximal to candidate AS exons, suggesting that FOX
1/2 may 



participate in the regulation of AS in NP and hElSC.
One or more of these conserved candidate binding sites
may be used to locate candidate AS exons. [0016] A
technique is described that provides a
regression-based exon array protocol based on robust
regression analysis of signal estimates from an exon
array. In a disclosed embodiment, the signal estimates
can be from the Affymetrix(tm) exon array data. This
can be used to identify alternatively spliced exons.
One such technique is described that identifies and
characterizes alternative RNA splicing events that
distinguish pluripotent embryonic stem cells from
multipotent neural progenitors. Thus, in further
embodiments, the present invention may be understood
in the context of methods and systems for biologic
analysis using an appropriately programmed computer or
other logic system. After reading this description it
will become apparent to one of ordinary skill in the
art how to implement the invention in alternative
embodiments and applications. As such, this detailed
description of the preferred and alternative
embodiments should not be construed to limit the scope
or breadth of the present invention. [0017] While the
present invention is described in detail with
reference to data from exon expression arrays, the
invention can be used to identify AS or other events
of interest from any similar exon expression or
presence data. Such data can be derived from RNA
libraries, rev-trans DNA libraries, various sequencing
studies of RNA, mRNA, etc., or other cellular
analysis. [0018] Various embodiments of the present
invention provide methods and/or systems for analyzing
large biologic data sets and/or identifying
alternative splicing and/or post-transcription events
that can be implemented on a general purpose or
special purpose information handling appliance using a
suitable programming language such as Java, C++,
Cobol, C, Pascal, Fortran., PLl, LISP, assembly, etc.,
and any suitable data or formatting specifications,
such as HTML, XML, dHTML, TIFF, JPEG, tab-delimited
text, binary, etc. In the interest of clarity, not all
features of an actual implementation are described in
this specification. It will be understood that in the
development of any such actual implementation (as in
any software development project), numerous
implementation-specific decisions must be made to
achieve the developers' specific goals and subgoals,
such as compliance with system-related and/or
business-related constraints, which will vary from one
implementation to another. Moreover, it will be
appreciated that such a development effort might be
complex and time-consuming, but would nevertheless be
a routine undertaking of software engineering for
those of ordinary skill having the benefit of this
disclosure.[0019] The invention and various specific
aspects and embodiments will be better understood with
reference to the following drawings and detailed
descriptions. For purposes of clarity, this discussion
refers to devices methods, and concepts in terms of
specific examples. However, the invention and aspects
thereof may have applications to a variety of types of
devices and systems. It is therefore intended that the
invention not be limited except as provided in the
attached claims 



and equivalents. [0020] Furthermore, it is well known
in the art that logic systems and methods such as
described herein can include a variety of different
components and different functions in a modular
fashion. Different embodiments of the invention can
include different mixtures of elements and functions
and may group various functions as parts of various
elements. For puiposes of clarity, the invention is
described in terms of systems that include many
different innovative components and innovative
combinations of innovative components and known
components. No inference should be taken to limit the
invention to combinations containing all of the
innovative components listed in any illustrative
embodiment in this specification. [0021] All
references, publications, patents, and patent
applications cited herein are hereby incorporated by
reference in their entirety for all purposes. The
applicant has no intention to give to the public any
disclosed embodiment. Among the disclosed changes and
modifications, those which may not literally fall
within the scope of the patent claims constitute,
therefore, a part of the present invention in the
sense of doctrine of equivalents. [0022] A description
of experiments and methods related to the present
invention is included in: Yeo GW, Xu X, Liang TY,
Muotri AR, Carson CT, et al. (2007) Alternative
splicing events identified in human embryonic stem
cells and neural progenitors. PIoS Comput Biol 3(10):
el 96. doi:10(.)1371/journal(.)pcbi.0030196, which is
incorporated herein by reference including all
supporting tables and figures. Various example exon
expression data has been made available at
www(.)snl.salk.edu(/)~geneyeo/stuff/papers/supplementa
ry/ES-NP/ consisting of the files: GY06091401.CEL
hCNS-SCns GY06091402.CEL hCNS-SCns GY06091403.CEL
hCNS-SCns GY060914A.CEL Cyt-ES GY060914B.CEL Cyt-ES
GY060914C.CEL Cyt-ES GY061 115HFB1.CEL fetal brain
GY061 115HFB2.CEL fetal brain GY070109hnpa.CEL Cyt-NP
GY070109hnpb.CEL Cyt-NPGY070109hnpc.CEL Cyt-NP
GY070109hues6a.CEL HUES6-ES GY070109hues6b.CEL
HUES6-ES GY070109hues6c.CEL HUES6-ES
GY070220Hues6NPa.CEL HUES6-NP GY070220Hues6NPb.CEL
HUES6-NP 



GY070220Hues6NPc.CEL HUES6-NP References [0023] The
following references provide various background and
other information to provide a context for
understanding aspects of the invention. These
references are incorporated herein by reference for
all purposes. 1. Muotri AR, Chu VT, Marchetto MC, Deng
W, Moran JV, et al. (2005) Somatic mosaicism in
neuronal precursor cells mediated by Ll
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Gage FH (2006) Generation of neuronal variability and
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Sons. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1
illustrates a basic flowchart of a method for
identifying AS events according to specific
embodiments of the invention. FlG. 2 is a block
diagram showing a representative example logic device
in which various aspects of the present invention may
be embodied. FIG. 3A-F illustrate a REAP method
comparing exon array signal estimates from hCNS-SCns
and Cyt-ES according to specific embodiments of the
invention. FIG. 4A-C show sources and detection of
false positives. FIG. 5A-C show (B) Nine RT-PCR
validated REAP[+] AS events in hESCs (Cyt-ES and
HUES6-ES), derived NPs (Cyt-NP and HUES -NP), and
hCNS-SCns. Arrows indicate the larger (exon-inciuded)
isoforms and smaller (exon-skipped) isoforms. The nine
are labeled EHBPl, SLK, RAI14, CTTN, SORBSl, UNC84A,
SIRTl, MLLTlO, POTl. 



FIG. 6 illustrates a Correlation between '"Outliers"
according to specific embodiments of the invention.
(A) The number of probesets with N significant
"outliers" was determined for hCNS-SCns versus Cyt-ES,
hCNS-SCns versus HUES6-ES, Cyt-NPs versus Cyt-ES, and
HUES6- NPs versus HUES6-ES (N = 0, 1, 2, 3. 4, 5). For
comparison, points to probeset relationships were
randomly permuted, retaining the same number of
"outliers." Vertical bars represent the ratio between
the number of actual points and the randomly
permutated sets. (B) Similar to (A), except points
were counted as "outliers" only if they were
"outliers" in both hCNS-SCns versus Cyt-ES and
hCNS-SCns versus HUES -ES (combined hCNS-SCns versus
hESC; blue bars); in both HUES6-NP versus HUES6-ES and
Cyt-NP versus Cyt-ES (combined derived NP versus hESC;
red bars); and in all four comparisons (combined NP
versus hESC; yellow bar). Table 1 lists DNA base
sequences that may be predictive of AS regions
according to specific embodiments of the invention.
The table lists conserved 5-mers enriched in
Downstream(DO) or Upstream(UP) Intronic Regions of
REAP[+] Exons Included in ES (NP) and Skipped in NP
(ES). For example, in row 6 ACCTG was enriched in the
downstream intronic regions of exons included in ES
and skipped in NP, relative to REAP[-] exons. Table 2
lists alternative splice exons for detection of stem
cells according to specific embodiments of the
invention.Table 3 lists example computer program code
listing for detection of candidate AS exons according
to specific embodiments of the invention. DESCRIPTION
OF SPECIFIC EMBODIMENTS [0024] Before describing the
present invention in detail, it is to be understood
that this invention is not limited to particular
compositions or systems, which can of course, vary. It
is also to be understood that the terminology used
herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting.
As used in this specification and the appended claims,
the singular forms "a", "an" and "the" include plural
referents unless the content and context clearly
dictates otherwise. Thus, for example, reference to "a
device" includes a combination of two or more such
devices, and the like. Unless defined otherwise
technical and scientific terms used herein have
meanings as commonly understood by one of ordinary
skill in the art to which the invention pertains.
Although any methods and materials similar or
equivalent to those described herein can be used in
practice or for testing of the present invention, the
preferred materials and methods are described herein.
Unless the context requires otherwise, throughout the
specification and claims which follow, the word
"comprise" and variations thereof, such as,
"comprises" and "comprising" are to be construed in an
open, inclusive sense, that is as "including but not
limited to." The headings provided herein are for
convenience only and do not interpret the scope or
meaning of the claimed invention. 1. Overview 



[0025] The ability of embryonic stem cells to generate
all three embryonic germ layers has raised the
exciting possibility that human embryonic stem cells
(hESCs) may become an unlimited source of cells or
tissues for transplantation therapies involving organs
or tissues such as the liver, pancreas, blood and
nervous system and tools to explore the molecular
mechanisms of human development. Despite such interest
relatively little is understood about the molecular
mechanisms defining their pluripotency and the
molecular changes important for hESCs to differentiate
into specific cell types. To understand these events,
protocols have been and are still being developed to
differentiate embryonic stem cells into a variety of
lineages. [0026] Of particular biomedical interest is
in the capacity of hESCs to be differentiated into a
self-renewing population of neuroprogenitor cells
(NPs) that can be then further coaxed into a variety
of neuronal subtypes, such as dopaminergic neurons
that are important in the etiology and treatment of
Parkinson's disease or cholinergic neurons, important
in the etiology and treatment of Amyotrophic Lateral
Sclerosis (ALS). While many microarray studies have
explored molecular differences between hESCs and
derived NPs, most if not all have focused on
transcriptional changes. These studies have largely
ignored intermediate RNA processing events prior to
andduring translation. In recent years, alternative
splicing has gained momentum as being important in
normal development, apoptosis and cancer. [0027] Human
embryonic stem cells (hESCs) and neural progenitor
(NP) cells are excellent models for recapitulating
early neuronal development in vitro, and are key to
establishing strategies for the treatment of
degenerative disorders. While much effort had been
undertaken to analyze transcriptional and epigenetic
differences during the transition of hESC to NP, very
little work has been performed to understand
post-transcriptional changes during neuronal
differentiation. Alternative splicing (AS) of RNA, a
major form of post-transcriptional gene regulation, is
important in mammalian development and neuronal
function. [0028] Deriving neural progenitors (NP) from
human embryonic stem cells (hESC) is an important step
in creating homogeneous populations of cells that will
differentiate into myriad neuronal subtypes necessary
to form a human brain. During RNA alternative splicing
(AS), noncoding sequences (introns) in a pre-mRNA are
differentially removed in different cell types and
tissues, and the remaining sequences (exons) are
joined to form multiple forms of mature RNA, playing
an important role in cellular diversity. [0029] AS is
frequently used to regulate gene expression and to
generate tissue-specific piRNA and protein isoforms
[36-39]. Recent studies using splicing-sensitive
microarrays suggested that up to 75% of human genes
undergo AS, where multiple isoforms are derived from
the same genetic loci [40]. This functional complexity
underscores the challenge and importance of
elucidating AS regulation. AS appears to play a
dominant role in regulating neuronal gene expression
and function [41,42]. Examples of splicing regulators
that are enriched and function 



specifically in neuronal cells include the
brain-specific splicing factor Nova [43,44] and
neuralspecific polypyrimidine tract binding protein
(nPTB), which antagonizes its paralogous PTB to
regulate exon exclusion in neuronal cells [45-47].
Finally, an early report estimating that 15% of point
mutations disrupt splicing underscores the importance
of splicing in human disease [48]. Indeed, the
disruption of specific AS events has been implicated
in several human genetic diseases, such as
frontotemporal dementia and parkinsonism, Frasier
syndrome, and atypical cystic fibrosis [49]. Insights
into the regulation of AS have come predominantly from
the molecular dissection of individual genes [36,49 j.
[0030] Most systematic global analyses on AS have
focused on comparisons across differentiated human
tissues [50-52]. Only one study, utilizing expressed
sequence tag (EST) collections from stem cells, has
attempted to find AS differences between embryonic and
hematopoietic stem cells [53]. However, utilizing ESTs
to identify AS has intrinsic problems, as ESTs tend to
be biased for the 39 ends of genes, and full coverage
of the genome by ESTs is severely limited by
sequencing costs.[0031] According to specific
embodiments of the invention, the present invention is
directed to systems and methods for identifying AS
events and/or related post-transcriptional events,
using exon analysis. The invention has applications to
identifying AS exons for individual genes as well as
for analyzing large exon expression data sets.
Affymetrix(tm) exon arrays provide an approach to
interrogate the expression of every known and
predicted exon in the human genome and generate the
large exon expression data sets analyzed by
embodiments of the current invention. As an example,
the Affymetrix GeneChip Human Exon 1.0 ST array
contains 5.4 million features used to interrogate 1
million exon clusters (collections of overlapping) of
known and predicted exons with more than 1.4 million
probesets, with an average of four probes per exon.
Particular embodiments are directed to identifying AS
events that distinguish pluripotent hESCs from
multipotent NPs, paving the way for future candidate
gene approaches to study the impact of AS in hESCs and
NPs. [0032] According to specific embodiments of the
invention, data from exon arrays with probes targeting
hundreds of thousands of exons is analyzed using a
novel Robust-Regressionbased Exon Array Protocol
(REAPj computational method. REAP AS candidates have
been shown as consistent with other types of methods
for discovering alternative exons. [0033] According to
specific embodiments of the invention, REAP was used
to study AS comparing human ES to NP. According to
specific embodiments of the invention, REAP
predictions have been found to be enriched in genes
encoding serine/threonine kinase and helicase
activities. An example is a REAP-predicted alternative
exon in the SLK (serine/threonine kinase 2) gene that
is differentially included in hESC, but skipped in NP
as well as in other differentiated tissues. Lastly,
comparative sequence analysis revealed conserved
intronic cis-reguSatory elements 



such as the FOX1/2 binding site GCALIG as being
proximal to candidate AS exons, suggesting that FOX1/2
may participate in the regulation of AS in NP and
hESC. By comparing genomic sequences across multiple
mammals, methods according to specific embodiments of
the invention identified dozens of conserved candidate
binding sites that were enriched proximal to REAP
candidate exons. [0034] In further specific example
implementations and experiments, the invention was
applied to discover distinguishing alternative
splicing events in hESCs, their derived NPs, and
hCNS-SCns. REAP predictions in this case were found to
correlate well with transcript-based methods for
identifying alternative exons. Interestingly, this
finding suggested that current databases of transcript
information, albeit not specifically enriched for
embryonic or neural progenitors, in aggregate are
nevertheless predictive of alternative splicing
events. [0035] According to specific embodiments of
the invention, various cell types (e.g., hESCs, NP
derived from hESC, and human central nervous system
stem ceils (hCNS-SC)) werecompared using Affymetrix
exon arrays. REAP outlier detection in one set of
example experiments identified 1,737 internal exons
that are predicted to undergo AS in NP compared to
hESC. Experimental validation of REAP-predicted AS
events indicated a threshold-dependent sensitivity
ranging from 56% to 69%, at a specificity of 77% to
96%. REAP predictions significantly overlapped sets of
alternative events identified using expressed sequence
tags (ESTs) and evolutionarily conserved AS events.
Results also reveal that focusing on differentially
expressed genes between hESC and NP will overlook 14%
of potential AS genes. [0036] In a particular example
experiment, because different hESC lines were
established under different culture conditions from
embryos with unique genetic backgrounds, it was
expected that hESCs and their derived NPs might have
distinct epigenetic and molecular signatures [54]. As
both common and cell-line specific alternatively
spliced exons are likely to be important in
regenerative research, in these experiments two
separate hESC lines were used, with independent
protocols for differentiating the hESCs into NPs
positive for Soxl, an early neuroectodermal marker. As
an endogenously occurring population of NPs, human
central nervous system stem cells grown as
neurospheres (hCNS-SCns) were utilized as a natural
benchmark for derived NPs. [0037] In one example
application of the invention, RNA from two cell
populations, embryonic stem cells and neural
progenitor cells was extracted and processed and
hybridized on to Affymetrix(tm) exon arrays. While
Affymetrix(tm) exon arrays are described in the
embodiments, other embodiments may use other kinds of
array readouts or systems useful for deriving similar
data. As previously noted, however, the invention is
applicable to any type of exon expression or presence
data however derived. [0038] Independent protocols
were used for differentiating the stem cells into
neural progenitors that are positive for Soxl, an
early neuroectodermal marker. In the specific 



experiment, neuroprogenitor cells (Cyt-NP. for
example, or HUES6-NP) were derived from embryonic
cells (ES, for example, Cyt-ES and HUES6-NP,
respectively). An embodiment uses human central
nervous system stem cells grown as neurospheres as a
natural benchmark against which comparisons can be
made. [0039] An example of data-processing hardware
that can perform analysis according to specific
embodiments of the invention is illustrated in FIG. 2.
That hardware is operated according to the flowchart
of FIG. 1 and/or other methods as described herein.
According to this flowchart, a biologic sample is
obtained and analyzed on an Affymetrix(tm) exon array.
An output of such an array is a data set, which can be
stored on a personal computer such as 700 or a
networked server computer such as 720. The output can
be processed on 700 and/or 720 to determine data about
the biologic samples and to output that data, e.g. on
a display screen 705. In an embodiment, the materials
used are undifferentiated embryonic stem cells
(Cyt-ES) andmultipotent neuroprogenitor cells, for
example, central nervous system neurospheres
(hCNSSCns). Example General Method [0040] FTG. 1
illustrates a basic flowchart of a method for
identifying AS events according to specific
embodiments of the invention.. At 100, neural
progenitors are individually derived from these two
lines, processed and hybridized onto the Affy
metrix(tm) exon array 210. Data is obtained at 110. At
120, the data are normalized and signal estimates are
obtained using robust multichip analysis. Data are
selected for analysis if found to be sufficiently
relevant. For example, different characteristics can
be used to determine which probe sets to analyze. An
embodiment analyzes probe sets only if they were
comprised of three or more individual probes, or
localized within the exons of the gene models with
evidence from at least three different gene models
(e.g., mRNA, EST or full length cDNAj and were
detected above background in at least one of the cell
populations. The background detection can be done
using the publicly available Affymetrix IM power
tools, or some other similar program. [0041] In the
embodiment, alternative spliced exons are detected by
finding probe sets that behave unexpectedly in one
cell type compared to another, e.g., in the Cyt-ES
cells, compared with the microspheres benchmark.
Example Experiment Comparing Cyt-ES to hCNS-SCns
[0042] Further details of one example experiment are
provided below. Cyt-ES was compared to hCNS-SCns to
illustrate the invention. Data produced by an
Affeymetrix EXON array was first normalized and signal
estimates were generated using Robust Multichip
Analysis (RMA). The probability that each probeset was
detected above background (DABG) was estimated using
publicly available Affymetrix Power Tools (APT).
[0043] In a particular example experiment, probesets
were selected for further analysis if those probesets
(i) comprised three or more individual probes; (ii)
were localized within the exons 



of selected gene models with evidence from at least
three sources (mRNA, EST, or full-length cDNA); and
(iii) were detected above background in at least one
of the cell lines. In total, 17,430 gene models in
this experiment were represented by probesets that
satisfied these criteria. Next it was determined if
probeset expression within each gene model was
positively correlated for any two cell lines. To do
this in this example, we a Pearson correlation
coefficient was determined between the vectors of
median signal estimates across replicates in Cyt-ES
versus hCNS-SCns. The vast majority of genes (.80%)
was found to have probeset-level Pearson correlation
coefficients of greater than 0.8 (Figure 3A). [0044]
To confirm the approach, we randomly permuted the
association between the median signal estimates and
the probesets for each gene in hESCs (or hCNS-SCns)
and observed that thedistribution of Pearson
correlation coefficients for the permuted sets was
centered at zero, as expected (Figure 3A). This
indicated that the signal estimates for probesets
between hESCs and hCNS-SCns were highly correlated and
suggested that a scatter plot of probeset signal
estimates between hESCs and hCNS-SCns would reveal a
linear relationship for the majority of genes. A
robust linear regression was used to determine if some
probesets behaved unexpectedly in one cell type
compared to the other might in order to identify AS
exons. 2. analyzing the responses from both cell
[0045] FIG. 3A-F illustrate a RFlAP method comparing
exon array signal estimates from hCNS-SCns and Cyt-ES
according to specific embodiments of the invention.
FlG. 3(A) illustrates a histogram of Pearson
correlation coefficients computed from median signal
estimates for probesets between Cyt-ES versus
hCNS-SCns for genes (the bars with a peak at the right
of the graph). In this example embodiment, genes were
required to have more than five probesets localized
within the exons in the gene. The bars with a central
peak represented Pearson correlation coefficients
computed from exons with shuffled signal estimates.
FIG. 3(B) illustrates that each probeset contained
probeset-level estimates from three replicates (e.g.,
from three different exon array data sets) labelled,
in this case, (a, b, c) in Cyt-F S and (d, e, f) in
hCNSSCns. Use of three replicates for each sample was
done for verification and experimental purposes, with
a number of further simplifications as described
below. In typical embodiments of the present
invention, only one replicate of each ceil type may be
used. [0046] For the three replicate experiments, the
five points summarizing the log2 probesetlevel
estimates are indicated by black filled circles in
FIG. 3(C). Scatter plots of signal estimates for
probesets that were present in at least one cell type
(Cyt-ES or hCNS-SCns) for the EHBPl gene. In this
experiment, probesets were considered present if the
DABG p-value was <0.05 for all three replicates in the
cell type. A regression line derived from robust
linear regression according to specific embodiments of
the invention with MM estimation (see, e.g.,
www(.)statsci(.)org/s/mmnl.html) S indicated. Points
above the line represent probesets within 



exons that were enriched in Cyt-ES and points below
represent exons that were enriched in hCNSSCns. Points
close to the regression line are not significantly
different in Cyt-ES versus hCNSSCns. Boxed points
represented the five-point summary of a probeset that
was significantly enriched in Cyt-ES but was skipped
in hCNS-SCns. FIG. 3(D) illustrates a histogram of
studentized residuals for points from the scatter plot
in FIG. 3(C) in EHBPl. FIG. 3(E) illustrates the
histogram of studentized residuals for all points for
all analyzed probesets (100 bins). FIG. 3(F)
illustrates the scatter plot of studentized residuals
generated from comparing Cyt-ES versus hCNS-SCns and
hCNS-SCns versus Cyt-ES of 5,000 randomly chosen
probesets.[0047] In this experiment, a simplification
of the multiple replicate data was explored. If we had
N replicates in one condition (e.g., of one cell type)
and M replicates in the other, we could consider N*M
points if we analyzed every possible pairing. For
instance, three replicate signal estimates for every
probeset per cell line, such as signal estimates a, b,
and c in hESCs and d, e, and f in hCNS-SCns, would
translate to pairing every signal (d,a), (d,b), (d,c)
... (f,a), (f,b), (f,c) for linear regression (Figure
3B). Instead, pairing the signal estimates of all
replicates in one condition to the median of the other
would only require N+M-l points. Using robust
regression, the regression line for Cyt-ESC versus
hCNS-SCns in the EHBPl gene is illustrated in Figure
3C. The boxed points belonged to a probeset that was
enriched in hESCs but depleted in hCNS-SCns, which was
suspected to be due to AS. The difference between the
actual and regression-based predicted value,
normalized by the estimate of its standard deviation
is called the studentized residuals. Studentized
residuals were computed for all probeset pairs in
EHBPl, and the histogram depicting their distribution
is illustrated in Figure 3D. As expected, the mean of
the distribution was close to zero, and the
distribution was approximated by a t-distribution with
n-p-1 degrees of freedom, where n was the number of
points on the scatter plot, and the number of
parameters p was 2. The boxed points had studentized
residuals of 1.829, 3.104, 2.634, 3.012, and 2.125
with pvaiues of 0.034, 0.001 19, 0.00477, 0.00158, and
0.01780, respectively, computed based on the
tdistribution (Figure 3C). At a stringent p-value
cutoff of 0.01, four of the five studentized residuals
were designated as significant "outliers," indicating
that the probeset was ""unusual." RT-PCR confirmed
that the exon, represented by the probeset, was indeed
differentially included in hP SCs and skipped in
hCNS-SCns (Figure 7B). Applying this approach to all
gene models revealed that, as expected, the majority
of studentized residuals are centered at zero (Figure
3E). Thus far in the example our analysis was based on
regression of hESCs (y-axis) versus hCNSSCns (x-axis)
(Figure 3B-3D). However, robust regression as
described was not symmetrical, i.e., parameter
estimation of y as a function of x was not the same as
that of x as a function of y. The negative slope
revealed that probesets enriched in hESCs versus
hCNS-SCns (positive valued), were expectedly depleted
when hCNS-SCns was compared to hESCs (negative valued;
Figure 3F). As our method for predicting candidate
alternative exons was based on identification of 



outliers using robust regression, we named the method
RFlAP. 3. Example REAP Method Pairwise Simplifkaiton
[0048] According to specific embodiments of the
invention, an optional simplification to the pairing
in which the signal estimates of all replicates in one
condition are paired to the median of the other
replicate can be performed. 130 shows the
simplification pairing; instead of requiring N * M
points, this requires only N + M -l points while still
capturing variations in the signalestimates for each
probe set. This simplification can become significant
for larger numbers of replicates. However, this
simplification is optional and will not be present in
all embodiments. The simplification avoids pairing of
every single signal. When applied to the small point
set of Figure 3A, for example, only the (d,b), (e,a),
(e,b). (e,c) and (f.b) are considered after
simplification pairing, where b is the median
intensity for the Cyt-ES replicate, and d is the
median intensity for the hCNS-SCns replicate.
Scatterplot Data [0049] Based on the simplification
pairing, at 140, a scatter plot analysis or data set
of all the probe sets for a particular gene or gene
model is determined. The scatter plot form that is
shown and described with reference to Figures 3 and 4
might not actually be created as such, but is
explained herein as a visualization tool as will be
well understood in the art of statistical analysis.
The techniques described herein can determine the
outliers without actually determining the plot. A
exemplary plot is shown in Figure 3B, using the format
of Figure 3A, with the hCNS-SCns on the x axis and
Cyt-ES on the y axis. Each point on the scatter plot
represents the extent of inclusion of an exon in the
embryonic stem cells and in the hCNS-SCns. In one
example. Figure 3C can represent a scatter plot of all
probesets of the EHBPl (EH domain binding protein,
RefSeq identifier NM_015252) in the format described.
Fach probeset was represented by 5 points of
logtransformed (base 2) values; and each point on the
scatter plot reflected the extent of inclusion of an
exon in hESCs and in hCNS-SCns (Figure 3C). Robust
Regression [0050] The scatter-plot data and further
regression analysis can be further understood as
follows. A response variable y,j is defined which
represents the log 2 expression of probeset i in cell
type j to explanatory variables x which is the log 2
expression of probeset I in cell type k. For example,
j could be Cyt-ES and k could be hCNS-SCns, as
illustrated in FIG. 3. While classic linear regression
by least squares estimation could be used to determine
a linear regression such procedure may be biased
because the least squares prediction may be strongly
influenced by the outliers and this may lead to
masking the outliers. [0051] At 150, instead of using
a least squares based linear regression model, an
Mestimation robust regression technique is used to
estimate the line 300 in Figure 3B. Robust 



regression is a form of regression analysis that is
more statistically oriented than classical regression
analysis. A number of techniques are know for
performing robust linear regression and can be applied
to a dataset such as that illustrated in FIG. 3. The
source code included herein comprises instructions and
scripts for well-known statistical logic packages that
can perform a robust linear regression according to
specific embodiments of the invention. [0052]
Mathematically. M estimation may be carried out as a
minimization ofwhere p is a function. The solutions
are called M-estimators ("M" for "maximum
likelihood-type ") The function p, or its derivative,
y. can be chosen in such a way to bias toward data
from the assumed distribution, and away from data /
model that is, in some sense, close to the assumed
distribution. This minimization of the equation can be
done iteratively in this embodiment. Another
alternative is to differentiate with respect to q and
solve for the root of the derivative. The iteration
can use standard function optimization algorithms,
such as Newton-Raphson. An embodiment uses iteratively
re-weighted least squares algorithm. The iteration
starts from a robust starting point, such as the
median. [0053] While the present embodiment describes
using an M-estimator, other types of robust estimators
could be used, including L-estimators, R-estimators
and S-estimators. In general, any regression technique
that does not hide the outliers can be used for this
purpose. Fitting [0054] Fitting is performed using an
iterated related least squares analysis. The
assumption made is that most of the points are
correct, that is most of the exons are constitutively
spliced. Thus, robust regression finds the line that
is least dependent on the outliers. Finding Outliers
[0055] The outliers are found at 160, and are assumed
to be the alternatively spliced exons. [0056] The
outliers are checked at 170. The techniques described
herein use a t-distribution which analyzes the samples
based on an estimate of standard deviation. A
studentized residual forms the difference between the
actual value and the value correctly predicted by the
regression line 300, normalized by an estimate of the
standard deviation. The studentized residuals are
computed for all the probe set pairs. Figure 3C
depicts the distribution of these studentized
residuals. Since this is in effect a random function,
the mean of the distribution is close to zero, and it
can be approximated by a t-distribution with an n-p-l
of freedom, where n is the number of points on the
scatter plot, and the number of parameters p=2.[0057]
The boxed points 305 in Figure 3B have studentized
residuals respectively of 1.829, 3.104, 2.634, 3.012,
and 2.125, with "p-values" of 0.00119, 0.00477,
0.00158 and 0.01780, respectively based on a
t-distribution. A p value represents the probability
that the signal 



intensity is part of the null distribution. The
p-vaiue measures the statistical significance of any
point to the distribution. For example, the p-value
represents the probability that, given that the null
hypothesis is true, T will assume a value as or more
unfavorable to the null hypothesis as the observed
value. The assumptions made were substantiated by the
inventors through experiment by observing results. A
stringent p-value cut off can be used herein of 0.01,
based on review of actual data sets. This allows
designating four of the five studentized residuals as
being significant outliers, indicating that the probe
set is likely to be unusual. M l i I !. IIi . [0058]
Step 180 genericaily represents removing false
positives, as part of the finding outliers.
Experimental validations of the predictions have
identified three main sources of false positives from
the robust regression. Probeset signal estimates that
are poorly correlated do not work well with this
technique. The correlation can be evaluated using
Pearson correlation coefficients. [0059] The Pearson
coefficient forms a measure of the correlation of two
variables x and y on the same object or organism. This
correlation can be mathematically defined as the sum
of the products of the standard scores of the two
measures divided by the degrees of freedom: [0060]
Note that this formula assumes the Z scores are
calculated using standard deviations which are
calculated using n - 1 in the denominator. [0061] The
result obtained is equivalent to dividing the
covariance between the two variables by the product of
their standard deviations. [0062] Based on
experimental review it was found that more than 80% of
the genes had probe set level Pearson correlation
coefficients of greater than 0.8. Tt was also found
that the distribution of these Pearson correlation
components was centered at zero or close to zero. From
this, it was generalized that a scatter plot of the
estimates would reveal a linear relationship for the
majority of genes. Pearson correlation coefficient cut
off. [0063] A first false positive is avoided by
selecting a Pearson correlation coefficient cut off.
Empirically, an embodiment determines 0.6 as being a
Pearson correlation coefficient, below which, the gene
is not amenable to the REAP protocol. The gene sample
to be removed at 180 if its Pearson correlation
coefficient is less than 0.6.[0064] High leverage
points and high influence points also have tended to
form false positives. These points are determined by
metrics. [0065] According to an embodiment, the
metrics are obtained by determining the influence, and
the leverage, of the point. Figure 4A shows
classifying points as outliers if they have a large
studentized residual (P<0.01) and low leverage, see
boxed point a. The boxed point b is a high leverage
point that has a large studentized residual and a high
leverage. The boxed point c is a 



high influence point that has a high studentized
residual, high leverage, and high influence. [0066]
Figure 4B shows boxed points that are high leverage,
while figure 4C. shows the boxed points that are high
influence. [0067] Four of the five points in Figure 4B
were experimentally verified to be false positives.
Therefore, while not all of these high leverage points
will be false positives, generally points which are
significant outliers and do not meet these criteria
are selected to be putative alternative splicing
events. [0068] For an embodiment, leverage assesses
how far away a value of the independent variable is
from its mean value. When the value is further from
the mean value, it has more leverage. A point in this
embodiment can be considered to have high leverage,
when the leverage h (of the ith point) >3p/n, where p
is the number of variables and n is the number of
points. [0069] The leverage of the ith point can be
expressed as: h, = n ~l + x i - m x f l(s x 2 (n - 1))
, where m x = x 2 1n . [0070] The influence of the
points is related to covariance. A covariance ratio is
formed as a ratio of the determine of the covariance
matrix with the entire sample. A covariance that is
larger than 1 implies the point is closer than typical
to the regression line. Accordingly, a point is
considered to have high influence if COV -1 > 3p/ n
Exon array Analysis [0071] Preparation of biologic
samples and initial data capture and analysis of the
Exon expression data may be done according to any
number of procedures known in the art as well as those
described herein and in the included references. In
one example, the Affymetrix IM Power Tools (APT) suite
of programs was obtained from the worldwide web at
affymetrix.com/support/deveioper/powertools/index.affx
. Exon (probeset) and gene-level signal estimates were
derived from the CEIL files by RMA-sketch
normalization as a method in the aptprobeset-
summaiize program. To determine if the signal
intensity for a given probeset is above the expected
level of background noise, we utilized the DABG
(detection above background) quantification method
available in the apt-probeset-summarize program as
part of theAffymetrix(tm) Power Tools (APTj. Briefly,
DABG compared the signal for each probe to a
background distribution of signals from anti-genomic
probes with the same GC content. The DABG algorithm
generated a p-value representing the probability that
the signal intensity of a given probe i s part of the
background distribution. A probeset with a DABG
p-value lower than 0.05 was considered to b e detected
above background. The statistic thcNs-scns,Esc =
(mhCNs-scns - M-ESC) / sqrt (((nhcNs-scns-
l)CThcNs-scns + (PESC-1)C5 EscXnpNsc+nEsc))/
((nFNSCnEsc) (nhcNs-scns+nssc- 2))), where nhCNs-scns
and nESC were the number of replicates, mncNs-scns nd
mESc were the mean, and CT hCNs-scns and s2 



Esc were the variances of the expression values for
the two datasets was used to represent the
differential enrichment of a gene using gene-level
estimates in hCNS-SCns relative to hESCs. Multiple
hypothesis testing was coi t ected by controlling for
the false discovery rate (e.g., via
Benjamini-Hochberg). 4. Specific Example
Implementation using REAP to identify AS events [0072]
In order to provide further understanding of the
invention, a particular example method i s described
below. It will b e understood that this example i s
illustrative of the general methods of the invention
and that many variations in parameters and steps in
the analysis will b e understood by those of skill in
the art. [0073] In a particular example embodiment,
the log 2 signal estimate X for probeset i in celltype
j was checked to satisfy the following two conditions,
otherwise the probeset was discarded: (i) 2<Xjj< l
0,000 for all conditions/cell-types j ; and (ii) DABG
p-value <0.01 for all replicates in at least one
condition/cell-type j . A gene or gene-model had to
have five probesets that satisfied the two conditions
above in order to b e considered for robust regression
analysis in this example. [0074] After determining the
data points for a gene model to b e analyzed, the
robust regression method rim in R-package "MASS"
(version 6.1-2, see e.g., 11. W . N . Venables and B .
D . Ripley. Modern Applied Statistics with S-PLUS.
Springer, New York, second edition, 1997.) with
M-estimation and a maximum iteration setting o f 30
was used to estimate the linear function V] = OCX] +
b- For ach probeset, the method computed the error
term e , which was the difference between the actual
value y and the estimated value xj, from the estimated
function xj Ax + B , where A and B were estimates of a
and b. The error term variance was estimated b y se 2
= e 1 2V(Hp). which was used to estimate the variance
of the predicted value, s 2 = se (n4 + (x, - mx) 2 /
sx 2(n- I)). Here, n referred to the number of points
(generated for each gene), and p referred to the
number of independent variables (p=2 in our method);
and mx Zx1 n ; S 2 n 1 (xr mx)2. [0075] Following
Belsley e t al. (Belsley et al., Regression
Diagnostics: Identifying Influential Data and Sources
of Collinearity 1980 John Wiley and Sons, New York),
leverage S 1of the th point was determined by h, = n 1
+ (X1 - m 2 / sx 2(n-l). A point was considered to
have high leverage if Ii1> 3p/n. [0076] The covariance
ratio, coV = (s /sr 2)p/ (1-h,), is the ratio of the
determinant of the covariance matrix after deleting
the i observation to the determinant of the covariance
matrix with the entire sample. A point was considered
to have high influence if IcOV1 -1! > 3p/n. 



[0077] The studentized residuals, rstudent =ej (s(
(1-h )0 5), where Sr,/= (n-p)s e 2 / (n-p-1) - e^n-p-
I)(I -Ii1), the error term variance after deleting the
th point. As rstudent was distributed as Student s
t-distribution with n-p-1 degrees of freedom, each
rstudent point was associated with a p-value. A point
was identified as an 'outlier' if p<0.01.
Identification.of .motifs [0078] The enrichment score
of a sequence element of length k (k-mer) in one set
of sequences (set 1) versus another set of sequences
(set 2) was represented by the non-parametric c2
statistic with Yates correction, computed from the two
by two contingency table, T (T1 1 : number of
occurrences of the element in set 1; T12 : number of
occurrences of all other elements of similar length in
set 1; T2 : number of occurrences of element in set 2;
T22: number of occurrences of all other elements of
similar length in set 2. All elements had to be
greater than 5. To correct for multiple hypothesis
testing, p-values were multiplied by the total number
of comparisons. Reap[+] [0079] Experimental validation
of REAP[+] exons suggested a high specificity at the
expense of relatively moderate sensitivity. High
false-positive rates may arise from
cross-hybridization effects that remained unaccounted
for, which is likely a design issue for the arrays.
However, our specificity of 77% at the cutoff of two
significant outliers per probeset allows u s to
estimate that at least 1,336 of 1,737 REAP[+] exons
are true alternative splicing events that distinguish
NPs and hESCs. On average, 7% of all human exons have
been estimated by transcript data to undergo
alternative splicing; thus REAP's validation rate of
60% at the cutoff of two is 73-fold (60/7) higher than
expected. [0080] The methods of the present invention
where further used to determine nine novel alternative
splicing events that distinguish hESCs and NPs. Tn
addition, it was observed that the alternative
splicing patterns in hCNS-SCns were not always similar
to those of the derived NPs. Thus, it is demonstrated
that alternative splicing is able to distinguish
derived NPs and hCNSSCns. A strong exception was the
alternative exon in the SLK gene, encoding a
serine/threonine kinase protein, which was strongly
included in hESCs i.e. the exon-excluded isoform was
not present in hESCs compared to NPs, as well as in a
variety of differentiated tissues. Closer inspection
of the REAP[+] validated alternative splicing exon in
the SLK gene revealed strong conservation in the
intronic region flanking the exon, a hallmark feature
of alternative splicingexons (Sugnet, 2004 Pac Symp
Biocomput: 66-77; Yeo, 2005 #Proc Natl Acad Sci USA
102 (8):2850; Sorek, 2003 Genome Re 13(7): 1631). A
published study analyzing the expression patterns of
the SLK gene suggested a potential functional role
during embryonic development and in the adult central
nervous system (Zhang, 2002 Brain Res Dev Brain REs
139(2): 205); however, to our knowledge, our
identification of the SLK alternative exon is the
first report of a hESCspecific 



alternative splicing pattern. Moreover, Gene Ontology
(GO) analysis suggested that genes containing REAP[+]
exons were enriched in serine/threonine kinase
activity, of which SLK is a family member. [0081] It
was experimentally found that REAP[+] exons were
underrepresented in genes that were transcriptionally
different in expression in hESCs and NPs. [0082] The
studies identified potential c/s-regulatory intronic
elements conserved and enriched proximal to the
REAP[+] exons. In particular, the FOXl binding site,
GCUAG, was conserved and enriched in the flanking
introns of a subset of REAP[+] exons. REAP and the
analysis of alternative splicing has revealed new and
unanticipated insights into human embryonic stem ceil
biology and their transition to neural progenitor
cells. . Example System Maintenance and
differentiatSon of [0083] hESC line Cy203 (Cythera
Inc.) was cultured as previously described ((Muotri et
al, 2005 Proc Natl Acad Sci USA 102 (51):
18644-18648). To differentiate into neuroepithelial
precursor cells, colonies were manually isolated from
mouse embryonic fibroblasts (MEFs) and cut in small
pieces. These pieces were transferred to a T75 flask
with hESCs differentiation media (same hESC medium but
10% KSR and no FGF-2). Medium was changed the next day
by transferring the floating hESC aggregates to a new
flask. After culturing for a week, the hESC cell
aggregates formed mature embroid bodies (EBs; -10 um
round clusters with dark centers). EBs were plated on
a coated 10-cm dish in hESC differentiation media. The
next day, the medium was changed to DMEM/F12
supplemented with ITS and fibronectin. Medium was
changed every other day for a week or until the cells
formed rosette-like columnar structures that were
isolated manually. These structures were then
transferred to coated dishes in neural induction
medium (DMEM/F12 supplemented with N2 and FGF-2) for a
week. Elongated single cells were separated from
leftover aggregates using non-enzymatic dissociation.
After one to two passages, the cells formed a
monolayer of homogeneous NPs (negative for Soxl
immunostaining). Upon confluence, cells will form
neurospheres that can also be isolated from the
neuroepithelial precursor cells (positive for Soxi
immunostaining). At any of these two stages,
pan-neuronal differentiation can be achieved after
three to four weeks. hESC line HUES6 was cultured on
MElF feeders as previously described (see the
worldwide web at mcb.harvard.edu/melton/hues/) or on
GFRmatrigel coated plates. Cells grown on matrigel
were grown in MEF-conditioned medium and FGF-2 was
used at 20 ng/mL instead of 10 ng/mL for cells grown
on MEFs. To differentiate neuroepithelial precursors,
colonies were removed by treatment with collagenase IV
(Sigma) and washed three times in growth media. The
pieces of colonies were resuspended in HUES growth
media without FGF2 in an uncoated bacterial Petri dish
to form EBs. After one week, EBs were plated on
polyornathine/laminin coated plates in DMEM/F12
supplemented with N2 and FGF2. 



Rosette structures were manually collected and
enzymatically dissociated with TryPLE (Invitrogen),
plated on polyornathine/laminin coated plates and
grown in DMEM/F12 supplemented with N2 and B27-RA and
20 ng/mL FGF-2. Cells could be grown as a monolayer
for up to at least ten passages. Cells were Soxl - and
nestin-positive and readily differentiated into
neurons upon withdrawal of FGF-2. Human central
nervous system stem cell line FBRl 664 (StemCells Inc)
which is refered to as hCNS-SCns in the main text was
cultured as previously described (Uchida, 2000 Proc
Natl Acad Sci USA 97(26): 14720-14725). The cells were
cultured in medium consisting of Ex Vivo 15
(BioWhittaker) medium with N2 supplement (GlBCO), FGF2
(20 ng/mL), epidermal growth factor (20 ng/mL),
lymphocyte inhibitory factor (10 ng/mL), 0.2 mg/ml
heparin, and 60 ug/piL N-acetylcysteine. Cultures were
fed weekly and passaged at about two to three weeks
using collagenases (Roche). The following antibodies
and corresponding dilutions were utilized for the
immunohistochemicai analysis of marker genes in Cyt-ES
and HUES6-ES: Sox2 (chemicon, 1:500), Oct4 (Santa
Cruz, 1:500), Soxl (Chemicon, 1:500), Nestin
(Pharmingen, 1:250): hCNS-SCns: Soxl (1:500), Sox2
(Chemicon, 1:200), Nestin (Chemicon, 1:200). RNA
Preparation and Array Hybridization [0084] Total RNA
was extracted, and labeled cDNA targets were generated
from three independent preparations of each of the
five ceil types, namely Cyt-ES, HUES-ES, Cyt-NP,
HUFlS-NP, and hCNS-SCns. To facilitate downstream
analyses, instead of utilizing the metagene sets
available from the manufacturers, we generated our own
gene models by clustering alignments of ESTs and mRNAs
to annotated known genes from the University of
California Santa Cruz (UCSC) Genome Browser Database.
After hybridization, scanning, and extraction of
signal estimates for each probeset on the exon arrays,
gene-level estimates were computed based on our gene
models using available normalization and signal
estimation software from Affymetrix. For every gene, a
t-statistic and corresponding p-value were computed
representing the relative enrichment of the expression
of the gene in IiESC versus NP, such as in Cyt-ES
versus Cyt-NP. After correcting for multiple
hypothesis testing using the Benjamini-Hochberg
method, a p-value cutoff of 0.01 was used to identify
enriched genes. Close inspection of all pairs of
hESC-NP comparisons revealed a generally significant
overlap from 31% to 85% of the smaller of twocompared
sets of enriched genes (see Figure Sl). Thus for the
purpose of identifying overall pluripotent and neural
lineage-specific genes, the collective set of NPs
(Cyt-NP, HUES6-NP, and hCNS-SCns) was compared to the
collective set of hESCs (Cyt-ES and HUES6-ES). To
summarize, firstly immunohistochemical and RT-PCR
reflected expected molecular and biological
differences evidence validated that the cells
exhibited expected charac-between hESCs and NPs, we
sought to identify AS events. [0085] Total RNA from
cells was processed as follows. Cells were lysed in 1
mL of RNAbee 



(Teltest, Friends wood, TX, U.S.A.). The RNA was
isolated by chloroform extraction of the aqueous
phase, followed by isopropanol precipitation as per
the manufacturer's instructions. The precipitated RNA
was washed in 75% ethanol and eluted with DEPC-treated
water. Five ug of RNA was treated with RQl DNAase
(Promega) according to the manufacturer's
instructions. One ug of total RNA for each sample was
processed using the Affymetrix(tm) GeneChip Whole
Transcript Sense Target Labeling Assay (Affymetrix,
Inc., Santa Clara, CA). Ribosoraal RNA was reduced
with the RiboMinus Kit (Invitrogen). Target material
was prepared using commercially available
Affymetrix(tm) GeneChip WT cDNA Synthesis Kit, T cDNA
Amplification Kit, and W Terminal Labeling Kit
(Affymetrix, Inc., Santa Clara, CA) as per
manufacturer's instructions. Hybridization cocktails
containing about 5 ug of fragmented and labeled DNA
target were prepared and applied to GeneChip Human
Exon 1.0 ST arrays. Hybridization was performed for 16
hours using the Fluidics 450 station. Arrays were
scanned using the Affymetrix(tm) 3000 7G scanner and
GeneChip Operating Software v1.4 to produce .CEL
intensity files. Detection of alternative splicing by
RT-PCR [0086] cDNAs were generated from total RNA with
Superscript TII reverse transcriptase (Tnvitrogen
Inc.). PCR reactions were performed with primer pairs
designed for alternative splicing targets (annealing
at 580C and amplification for 30 or 35 cycles). PCR
products were resolved on either 1.5% or 3% agarose
gel in TBE. The Ethidium Bromide-stained gels were
scanned with Typhoon 8600 scanner (Molecular Dynamics
Inc.) for quantitation. The number of true positives
(TP; false negatives, FN) was computed as the number
of REAP[+J (REAP[-]) exons that were validated by
RT-PCR as alternative splicing. The number of true
negatives, TN (or false positives. FP) was computed as
the number of REAP[-] (REAPf+]) exons that were
validated by RT-PCR as constitutively spliced. The
true (false) positive rate was computed as TP (FP)
divided by the total number of REAP[+] exons in the
experimentally validated set. The true (false)
negative rate was computed as the TN (FN) divided by
the total number of REAP[-] exons in the
experimentally validated set. Sensitivity was computed
as TP/(TP+FN) and specificity was computed as
TN/(FP+TN).Seauence Databases [0087] Genome sequences
of human (hgl7), dog (canFaml), rat (rn3) and mouse
(mm5) were obtained from the University of California
Santa Cruz (UCSC), as were the whole-genome MULTIZ
alignments (Karolchik, 2003 Nucleic Acids REs
31(l):51-54). The lists of known human genes
(knownGene containing 43,401 entries) and known
isoforms (knownlsoforms containing 43,286 entries in
21,397 unique isoform clusters) with annotated exon
alignments to human hgl7 genomic sequence were
processed as follows. Known genes that were mapped to
different isoform clusters were discarded. All inRNAs
aligned to hg!7 that were greater than 300 bases long
were 



clustered together with the known isoforms. Genes
containing less than three exons were removed from
further consideration. A total of 2.7 million spliced
expressed sequence tags (ESTs) were mapped onto the
17,478 high-quality genes to infer alternative
splicing. Exons with canonical splice signals (GT-AG,
AT-AC, GC-AG) were retained, resulting in a total of
213,736 exons. Of these, 197,262 (92% of all exons)
were constitutive exons, 13,934 exons (7%) had
evidence of exon-skipping, 1615 (1%) exons were
mutually-exclusive alternative events, 5,930 (3%)
exons had alternative 3' splice sites, 5,181 (2%)
exons had alternative 5' splice sites, and 175 (<1%)
exons overlapped another exon, but did not fall into
the above classifications. A total of 324,139
probesets from the Affymetrix(tm) Human Exon 1.0 ST
array were mapped to 208,422 human exons, representing
17,431 genes. These probesets were used to derive gene
and exonlevel signal estimates from the CEL files. The
four-way mammalian (four-mammal) wholegenome alignment
(hgl7, canFaml, mm5, rn3) was extracted from the
eight-way vertebrate MULTIZ alignments (hgl7,
panTroll, mm5, rn3, canFaml, galGal2, frl, danRerl)
obtained from the UCSC genome browser. Four-way mammal
alignments were extracted for all internal exons, and
400 bases of flanking intronic sequence, resulting in
a total of 161,731 conserved internal exons. A total
of 145,613 (90% of total) conserved internal exons
were constitutive exons, 13,653 exons (8%) had
evidence of exon-skipping, 1576 exons were mutually
exclusive alternative events, 5,818 exons had
alternative 3' splice sites, 5,046 exons had
alternative 5 splice sites, and 168 exons overlapped
another exon. [0088] The general structure and
techniques, and more specific embodiments which can be
used to effect different ways of carrying out the more
general goals are described herein. Although only a
few embodiments have been disclosed in detail above,
other embodiments are possible and the inventor (s)
intend these to be encompassed within this
specification. The specification describes specific
examples to accomplish a more general goal that may be
accomplished in another way. This disclosure is
intended to be exemplary, and the claims are intended
to cover any modification or alternative which might
be predictable to a person having ordinary skill in
the art. For example while Affymetrix(tm) exon arrays
are described in theembodiments, other embodiments may
use other kinds of readout. For example, a
highthroughput sequencing technique like Solexa can be
used to identify sequence tags that are later mapped
to exons. The techniques can be applied directly to
the Solexa sequenced tags; using the REAP after
converting digital counts to a sort of score for each
exon. Then the scores can be plotted on a scatter plot
and the techniques described herein are used for
analysis. Moreover, as described herein, the scatter
plot is a visualization tool, and the computer
techniques described herein need not actually make any
kind of scatter plot. [0089] Also, the inventors
intend that only those claims which use the words
"means for"' are intended to be interpreted under 35
USC 112, sixth paragraph. Moreover, no limitations
from the 



specification are intended to be read into any claims,
unless those limitations are expressly included in the
claims. The computers described herein may be any kind
of computer, either general purpose, or some specific
purpose computer such as a workstation. The computer
may be an Intel (e.g., Pentium or Core 2 duo) or AMD
based computer, running Windows XP or Linux, or may be
a Macintosh computer. The computer may also be a
handheld computer, such as a PDA, cellphone, or
laptop. [0090] The programs may be written in C or
Python, or Java, Brew or any other programming
laneuage. The programs mav be resident on a storage
medium, e.g., magnetic or optical e.g. the computer
hard drive, a removable disk or media such as a memory
stick or SD media, wired or wireless network based or
Bluetooth based Network Attached Storage (NAS), or
other removable medium, or other removable medium. The
programs may also be run over a network, for example,
with a server or other machine sending signals to the
local machine, which allows the local machine to carry
out the operations described herein. [0091] Where a
specific numerical value is mentioned herein, it
should be considered that the value may be increased
or decreased by 20%, while still staying within the
teachings of the present application, unless some
different range is specifically mentioned. Where a
specified logical sense is used, the opposite logical
sense is also intended to be encompassed. 6. EXQN
Detection [0092] Exons of the invention can be
detected by any available nucleic acid detection
method, including Southern or northern hybridization,
hybridization to a probe or array, amplification, or
the like. For example, in one embodiment, an alternate
splicing isoform is detected by hybridization of a
probe comprising an exon sequence, or exon sequences,
e.g.. those noted herein of interest to a nucleic acid
(e.g., mRNA or cDNA). For example, the nucleic acid
can be from a ceil type of interest, e.g., an
embryonic stem ceil, a neuroprogenitor ceil, or the
like. Typical hybridization formats can include
Southern analysis, northern analysis, or the like.
Probes can correspond to the exon sequences noted
herein (e.g., probes can include sequences that are
atleast partially complimentary to a given exon or
splice site). Details regarding hybridization formats
can be found in Sambrook et al., Molecular Cloning - A
Laboratory Manual (3rd Ed.), Vol. 1-3, Cold Spring
Harbor Laboratory, Cold Spring Harbor, New York, 2000
(' Sambrook"); Current Protocols in Molecular Biology,
P.M. Ausubel et al., eds.. Current Protocols a joint
venture between Greene Publishing Associates, Inc. and
John Wiley & Sons, Inc. [0093] Array based
hybridization provides one convenient hybridization
format to detect splicing isoforms of interest, e.g.,
using probes corresponding to the exons noted herein.
Array formats and technology is reviewed in, e.g.,
Kimmel and Oliver (eds) (2006) DNA Microarrays Part A:
Array Platforms & Wet-Bench Protocols, Volume 410
(Methods in Enzymology) Academic Press; 1st edition
ISBN-10: 0121828158; Kimmel and Oliver (2006) DNA
Microarrays, 



Part B: Databases and Statistics, Volume 411 (Methods
in Enzymology) Academic Press: 1st edition ISBN- 10:
0121828166; Primrose and Twyman (2006) Principles of
Gene Manipulation and Genomics Wiley-Blackwell, 7th
edition ISBN-10: 1405135441; Gibson and Muse (2004) A
Primer of Genome Science, 2nd Edition Sinauer
Associates; 2nd edition ISBN-10: 0878932321; Lausted
et al. (2004) POSaM: a fast flexible, open-source
inkjet oligonucleotide synthesizer and microarrayer
Genome Biol. 5(8): R58.Published online 2004 July 27.
doi: 10.1 186/gb-2004-5-8- r58; Draghici (2003) Data
Analysis Tools for DNA Microarrays Chapman & Hall/CRC;
ISBN-10: 1584883154; Stekel (2003) Microarray Bioinf
ormatics Cambridge University Press; 1st edition #
ISBN-10: 052152587X; Baldi et al. (2002) DNA
Microarrays and Gene Expression: From Experiments to
Data Analysis and Modeling Cambridge University Press;
1st edition TSBN-IO: 0521800226; and DNA Microarrays:
Gene Expression Applications (2001) B.R. Jordan
(Editor) Springer; 1st edition ISBN-10: 3540415076.
[0094] In one class of embodiments, detection includes
amplifying the exon, or a sequence associated
therewith (e.g., an mRNA, cDNA, an exon flanking
sequence, or the like) and detecting the resulting
amplicon. For example, amplifying can include a)
admixing an amplification primer or amplification
primer pair with a nucleic acid alternative splicing
isoform, isolated from the organism or biological
sample. The primer or primer pair can be complementary
or partially complementary to a region proximal to or
including a splice junction, capable of initiating
nucleic acid polymerization by a polymerase on the
nucleic acid template. The primer or primer pair is
extended in a DNA polymerization reaction comprising a
polymerase and the template nucleic acid to generate
the amplicon. Tn certain aspects, the amplicon is
optionally detected by a process that includes
hybridizing the amplicon to an array, digesting the
amplicon with a restriction enzyme, or real-time PCR
analysis. Optionally, the amplicon can be fully or
partially sequenced, e.g., by hybridization. Typically
amplification can include performing a polymerase
chain reaction (PCR), reverse transcriptase PCR
(RT-PCR), or ligase chain reaction (LCR) using
nucleicacid isolated from the organism or biological
sample as a template in the PCR, RT-PCR, or LCR. Other
technologies can be substituted for amplification,
e.g., use of branched DNA (bDNA) probes. Techniques
for amplification can be found in Sambrook et al,
Ausubel et al and, e.g., in PCR Protocols A Guide to
Methods and Applications (Innis et al. eds) Academic
Press Inc. San Diego, CA (199Oj (Innis), Chen et al.
(edj PCR Cloning Protocols, Second Edition (Methods in
Molecular Biology, volume 192) Humana Press; and in
Viijoen et al. (2005) Molecular Diagnostic PCR
Handbook Springer, ISBN 1402034032. [0095] Any isoform
can also be sequenced, using standard techniques such
as those noted in Sambrook or Ausubel, by using
high-throughput DNA sequencing systems (reviewed in,
e.g., Chan, et al. (2005) ' Advances in Sequencing
Technology" (Review) Mutation Research 573: 13- 4Oj.
See, also, e.g., Hodges, et al. (2007) "Genome-wide in
situ exon capture for selective 



resequencing." Nat Genet 39: 1522-1527; Olson M (2007)
"Enrichment of super-sized resequencing targets from
the human genome." Na ? Methods 4: 891-892; and
Porreca, et al. (2007) "Multiplex amplification of
large sets of human exons." Nat Methods 4: 931-936.
[0096] In general, a wide variety of nucleic acids can
be analyzed for the presence of particular exons in
the methods and compositions herein. These include
RNA, cDNA, cloned nucleic acids (DNA or RNA),
expressed nucleic acids, genomic nucleic acids,
amplified nucleic acids, and the like. Details
regarding nucleic acids, including detection of
nucleic acids isolation, cloning and amplification can
be found, e.g., in Berger and Kimmel, Guide to
Molecular Cloning Techniques, Methods in Enzymology
volume 152 Academic Press, Inc., San Diego, CA
(Berger); Sambrook et al., Molecular Cloning - A
Laboratory Manual (3rd Ed.), Vol. 1-3, Cold Spring
Harbor Laboratory, Cold Spring Harbor, New York, 2000
("Sambrook"); Current Protocols in Molecular Biology ,
P.M. Ausubel et al., eds., Current Protocols, a joint
venture between Greene Publishing Associates, Inc. and
John Wiley & Sons, Inc; Kaufman et al. (2003) Handbook
of Molecular and Cellular Methods in Biology and
Medicine Second Edition Ceske (ed) CRC Press
(Kaufman); and The Nucleic Acid Protocols Handbook
Ralph Rapley (ed) (2000) Cold Spring Harbor, Humana
Press Inc (Rapley). [0097] Cell culture media
appropriate for growing cells that comprise splicing
isoforms are set forth in the previous references and.
additionally, in Atlas and Parks (eds) The Handbook of
Microbiological Media (1993) CRC Press, Boca Raton,
FL. Additional information for cell culture is found
in available commercial literature such as the Life
Science Research Cell Culture Catalogue (1998) from
Sigma- Aldrich, Inc (St Louis, MO) ("Sigma-LSRCCC")
and, e.g., the Plant Culture Catalogue and supplement
(e.g., 1997 or later) also from Sigma-Aldrich, Inc (St
Louis, MO) ("Sigma-PCCS"). The culture of animal cells
is described, e.g., by Freshney (2000) Culture of
Animal Cells: A Manual Qf Basic Techniques John Wiley
and Sons, NY.[0098] In addition to other references
noted herein, a variety of purification/protein
purification methods are well known in the art and can
be applied to analysis and purification of proteins
corresponding to splicing isoforms. isolation of
antibodies that are isoform specific, and the like.
Relevant protein purification and antibody isolation
methods are taught in R. Scopes, Protein Purification,
Springer-Verlag, N.Y. (1982); Deutscher, Methods in
Enzymology Vol. 182: Guide to Protein Purification.
Academic Press, Inc. N.Y. (1990): Sandana (1997)
Bioseparation of Proteins, Academic Press, Inc.;
Bollag et al. (1996) Protein Methods, 2nd Edition
Wiley-Liss, NY; Walker (1996) The Protein Protocols
Handbook Humana Press, NJ; Harris and Angal (1990)
Protein Purification Applications: A Practical
Approach TRL Press at Oxford, Oxford, England; Harris
and Angal Protein Purification Methods: A Practical
Approach IRL Press at Oxford, Oxford, England; Scopes
(1993) Protein Purification: Principles and Practice
3rd Edition Springer VerSag, NY; Janson and Ryden
(1998) Protein Purification: Principles, High
Resolution Methods 



and Applications, Second Edition Wiley-VCH, NY; and
Walker (1998) Protein Protocols on CDROM Humana Press,
NJ; and the references cited therein. 7. Embo [0099]
FIG. 2 As will be understood to practitioners in the
art from the teachings provided herein, the invention
can be implemented in hardware and/or software. In
some embodiments of the invention, different aspects
of the invention can be implemented in either
client-side logic or server-side logic. As will be
understood in the art, the invention or components
thereof may be embodied in a fixed media program
component containing logic instructions and/or data
that when loaded into an appropriately configured
computing device cause that device to perform
according to the invention. As will be understood in
the art, a fixed media containing logic instructions
may be delivered to a user on a fixed media for
physically loading into a user's computer or a fixed
media containing logic instructions may reside on a
remote server that a user accesses through a
communication medium in order to download a program
component. [0100] FlG. 2 shows an information
appliance (or digital device) 700 that may be
understood as a logical apparatus that can read
instructions from media 717 and/or network port 719,
which can optionally be connected to server 720 having
fixed media 722. Apparatus 700 can thereafter use
those instructions to direct server or client logic,
as understood in the art, to embody aspects of the
invention. One type of logical apparatus that may
embody the invention is a computer system as
illustrated in 700, containing CPU 707, optional input
devices 709 and 711. disk drives 715 and optional
monitor 705. Fixed media 717, or fixed media 722 over
port 719, may be used to program such a system and may
represent a disk-type optical or magnetic media,
magnetic tape, solid state dynamic or static memory,
etc.. In specific embodiments, the invention may be
embodied in whole or in part as software recorded on
this fixed media. Communication port 719may also be
used to initially receive instructions that are used
to program such a system and may represent any type of
communication connection. [0101] The invention also
may be embodied in whole or in part within the
circuitry of an application specific integrated
circuit (ASIC) or a programmable logic device (PLD).
In such a case, the invention may be embodied in a
computer understandable descriptor language, which may
be used to create an ASIC, or PLD that operates as
herein described. 8. Other Emb dimen [0102] The
invention has now been described with reference to
specific embodiments. Other embodiments will be
apparent to those of skill in the art. In particular,
a user digital information appliance has generally
been illustrated as a personal computer. However, the
digital computing device is meant to be any
information appliance for interacting with a remote
data application, and could include such devices as a
digitally enabled television, cell phone, personal
digital assistant, laboratory or manufacturing
equipment, etc. It is understood that the examples and
embodiments 



described herein are for illustrative purposes and
that various modifications or changes in light thereof
will be suggested by the teachings herein to persons
skilled in the art and are to be included within the
spirit and purview of this application and scope of
the claims. [0103] All publications, patents, and
patent applications cited herein or filed with this
application, including any references filed as part of
an Information Disclosure Statement, are incorporated
by reference in their entirety. [0104] The general
structure and techniques, and more specific
embodiments which can be used to effect different ways
of carrying out the more general goals are described
herein. [0105] Although only a few embodiments have
been disclosed in detail above, other embodiments are
possible and the inventor (s) intend these to be
encompassed within this specification. The
specification describes specific examples to
accomplish a more general goal that may be
accomplished in another way. This disclosure is
intended to be exemplary, and the claims are intended
to cover any modification or alternative which might
be predictable to a person having ordinary skill in
the art. For example. While Affymetrix(tm) exon arrays
are described in the embodiments, other embodiments
may use other kinds of readout. For example, a
high-throughput sequencing technique like Solexa can
be used to identify sequence tags that are later
mapped to exons. The techniques can be applied
directly to the Solexa sequenced tags; using the REAP
after converting digital counts to a sort of score for
each exon. Then the scores can be plotted on a scatter
plot and the techniques described herein are used for
analysis. Moreover, as described herein, the scatter
plot is a visualization tool, and the computer
techniques described herein need not actually make any
land of scatter plot.[0106] Also, the inventors intend
that only those claims which use the words "means
for"' are intended to be interpreted under 35 USC 112,
sixth paragraph. Moreover, no limitations from the
specification are intended to be read into any claims,
unless those limitations are expressly included in the
claims. The computers described herein may be any kind
of computer, either general purpose, or some specific
purpose computer such as a workstation. The computer
may be an Intel (e.g., Pentium or Core 2 duo) or AMD
based computer, running Windows XP or Linux, or may be
a Macintosh computer. The computer may also be a
handheld computer, such as a PDA, cellphone, or
laptop. [0107] The programs may be written in C or
Python, or Java, Brew or any other programming
language. The programs may be resident on a storage
medium, e.g., magnetic or optical, e.g. the computer
hard drive, a removable disk or media such as a memory
stick or SD media, wired or wireless network based or
Bluetooth based Network Attached Storage (NAS), or
other removable medium, or other removable medium. The
programs may also be run over a network, for example,
with a server or other machine sending signals to the
local machine, which allows the local machine to carry
out the operations described herein. 



[0108] Where a specific numerical value is mentioned
herein, it should be considered that the value may be
increased or decreased by 20%, while still staying
within the teachings of the present application,
unless some different range is specifically mentioned.
Where a specified logical sense is used, the opposite
logical sense is also intended to be
encompassed.WHATIS CLAIMED: 1. A method of detecting
alternative splice (AS) exons between two biologic
samples, the method comprising: receiving exon
expression data from two different sample materials of
at least one exon set of interest; said exon
expression data comprising expression values of at
least three different exons; performing robust
regression analysis of said exon expression data;
wherein said robust regression analysis determines a
linearized regression while reducing an impact of any
outliers to said linearized regression; detecting said
outliers; analyzing said outliers to detect
false-positive outliers; and outputting indications of
said outliers that are not false positive outliers,
said indications identifying one or more exons that
are alternatively spliced between said two samples. 2.
The method according to claim 1 wherein said samples
are from different cellular developmental stages 3.
The method according to claim 1 wherein said samples
include undifferentiated cells and differentiated
cells. 4. The method according to claim 1 wherein said
exon expression data is data captured from exon
expression arrays. 5. The method according to claim 1
wherein said exon expression data is data read from
one more sequence libraries. 6. The method according
to claim 1 wherein said exon expression data is data
determined by sequencing and/or hybridization of DNA
and/or RNA. 7. The method according to claim 1 further
comprising: normalizing said exon expression data
prior said robust regression. 8. The method according
to claim 1 further comprising: using multiply
replicates of data sets for each sample; simplifying a
pairing between exon expression data from two sets of
multiple replicates separate materials, to avoid
requiring pairing between each value from each of the
two separate sample materials by pairing between exon
expression data of one sample material, and a median
of exon expression data from the other sample
material.9. The method according to claim 1 wherein
said analyzing said outliers to detect falsepositive
outliers comprises one or more selected from the group
consisting of: 



removing values whose Pearson correlation coefficient
is less than a predetermined amount; removing values
that have a studentized residual greater than a
specified amount: and removing values that have a
leverage that is greater than a specified amount. 10.
The method according to claim 1 further wherein: said
two biologic samples comprise pluripotent human
embryonic stem cells (hESCs) and multipotent neural
progenitor cells (NPs); and said outliers that are not
false positive outliers identify exon expressions that
are able to predictively distinguish between
pluripotent human embryonic stem cells (hESCs) and
multipotent neural progenitor cells (NPs). 11. A
method of detecting post RNA-transcription events
(e.g., alternative splicing (AS) events or RNA
degradation) that are different between first and
second biologic samples, the method comprising:
receiving extracted exon signal estimates from at
least two biologic samples indicating exon presence
and/or expression for a very large exon data set;
determining one or more gene models; computing
gene-level estimates from said extracted exon signal
estimates for said gene models; for a gene,
determining a t-statistic and a corresponding p-value
representing relative enrichment of expression of said
gene between said first sample versus said second
sample; applying ap-value cutoff to identify enriched
genes; for enriched genes, selecting probesets that
(i) comprised three or more individual probes; (ii)
were localized within the exons of said gene models;
and (iii) were detected above background in at least
one of the samples lines; performing a robust
regression analysis of said selected probesets to
determine if some probesets behaved unexpectedly
between said first sample and said second sample to
identify AS exons; wherein said robust regression
analysis determines a linearized regression while
reducing an impact of any outliers to said linearized
regression; detecting said outliers; analyzing said
outliers to detect false-positive outliers; and
outputting indications of said outliers that are not
false positive outliers said indications identifying
one or more probesets OR exons) that are alternatively
spliced between said two samples.12. The method
according to claim 11 further wherein said extracted
exon signal estimates are obtained by a method
comprising: extracting total RNA from said samples;
generating labeled cDNA targets from preparations of
said samples; 



performing hybridization, scanning, and extraction of
exon signal estimates on two or more exon arrays for
said first and second biologic samples; and estimating
the probability that each probeset was detected above
background. 13. The method according to claim 12
further wherein: said extraction of exon signals
comprises normalizing data and generated signal
estimates using Robust Multichip Analysis (RMA). 14.
The method according to claim 11 further comprising:
correcting for multiple hypothesis testing using
Benjamini-Hochberg method to reject falsely
significant results. 15. The method according to claim
11 further comprising: for the purpose of identifying
overall diagnostic exon alternative splicing,
comparing a set of differently prepared first samples
to a set of differently prepared second samples. 16.
The method according to claim 15 further comprising:
for the purpose of identifying overall diagnostic exon
alternative splicing, comparing a set of differently
prepared first samples comprising pluripotent
embryonic stem cell (ESC), such as Cyt-ES and
HUES6-ES, to a set of differently prepared second
samples of neural progenitor (NP) cells, such as
Cyt-NP, HUES6-NP, and hCNS-SCns. 17. The method
according to claim 11 wherein each of said extracted
exon signal estimates comprise expression estimates of
at least 1 million features, used to interrogate
expression of at least 250,000 exon clusters. 18. The
method according to claim I l wherein each of said
extracted exon signal estimates comprise expression
estimates of at least 1 million exon clusters. 19. The
method according to claim 11 wherein said sample
materials include undifferentiated cells and
differentiated cells. 20. The method according to
claim 11 wherein said at least one technique to detect
falsepositive outliers comprises one or more selected
from the group consisting of: removing values whose
Pearson correlation coefficient is less than a
predetermined amount;removing values that have a
studentized residual greater than a specified amount
removing values that have a leverage that is greater
than a specified amount. 21. The method according to
claim 11 further comprising: selecting probesets
wherein the log2 signal estimate X1 for probeset i in
cell-type j satisfies two conditions: (i) 2 < X 1J
<10,000 for all conditions/cell-types j ; and (ii)
detection above background (DABG) p-value < 0.05 for
all replicates in at least one condition/celltype j .
selecting for robust regression analysis genes with
five probesets that satisfy the two conditions 



above in order to be considered. 22. The method
according to claim 11 further comprising: perform
robust regression method rim with M-estimation and a
maximum iteration setting of 30 to estimate the linear
function y = aX + b; for each probeset, compute an
term e , which is the difference between the actual
value y and the estimated value x from the estimated
function x = Ax1+ B, where A and B are estimates of
aand b; estimate error term variance by se 2= S e 2
/(n-p), to estimate the variance of the predicted
value, 2 S = se 2 (n4 + (X1 - mx) / Sx 2 (n-1)), where
n referred to the number of points generated for each
gene and p referred to the number of independent
variables (e.g., p = 2 in an example method); and mx S
X1 2 /n; Sx 2 n~' (X1 - mx) 23. The method according
to claim 20 further comprising: perform robust
regression method rim with M-estimation and a maximum
iteration setting of 30 to estimate the linear
function y = ax, + b; for each probeset, compute an
term e , which is the difference between the actual
value y and the estimated value xi from the estimated
function x = Ax1+ B, where A and B are estimates of a
and b; estimate error term variance by se 2 S 1 2
/(n-p), to estimate the variance of the predicted
value, S 2 = se (n 1 + (X - mx) / Sx (n-1)), where n
referred to the number of points generated for each
gene and p referred to the number of independent
variables (e.g., p = 2 in an example method); and mx S
X1 2 /n; Sx 2 = n ' (X1 - mx) ; define the leverage h
of the i h point as h = n + (X - mx) / Sx 2 (n-1)),
where a point has a high leverage if h; > 3p/n.
calculate the covariance ratio, COV1= (S1 



2/ s )p /(I - hi), which is the ratio of the
determinant of the covariance matrix after deleting
the i 1observation to the determinant of the
covariancematrix with the entire sample and considered
a point to have high influence if lcovg -11 > 3p/n.
compute the studentized residuals, rstudent; = e 2
/(s(i) 2 ( 1 - h )0 5), where s(i)2= (n-p) se 2
/(n-p-l) - e I (n-p-1) ( 1 - hi), the error term
variance after deleting the 1th point. As rstudent was
distributed as Student ' s t-distribution with n-p-1
degrees of freedom, each rstudent value was associated
with ap-value; label a point to be an ' 'outlier' ' if
p < 0.01 . 24. A method of determining whether a
cellular sample is a pluripotent stem cell or
multipotent neural progenitor cell, the method
comprising one or more of: detecting the presence or
relative isoform ratio of an alternative splicing
isoform for EHBPlSLK; RAIl 4; CTTN; SORBSi; UNC84A;
SIRT1; MLLTlO; or POTl. 25. The method according to
claim 24 further comprising: for one or more of said
genes, detecting the presence of a larger
(exon-included) isoform or a smaller (exon-skipped)
isoform. 26. A method of determining the
differentiation state of a cell, the method
comprising: detecting the relative ratios of
alternative splicing isoforms of one or more genes or
exon sets, and correlating isoform ratios to
differentiation. 27. The method according to claim 26
further wherein said isoform ratios are internally
controlled. 28. The method according to claim 26
further wherein said isoform ratios are not sensitive,
during isoform detection, to filtering and image
quality. 29. The method according to claim 26 further
wherein said alternative exons comprise one or more
exons from one or more genes selected from the group
consisting of: EHBPl; SLK; RAT14; 



CTTN; SORBSi; UNC84A; SIRTi; MLLTlO;POTl. 30. A method
of locating an AS region be detecting a sequence motif
associated with AS regions. 3 1. The method according
to claim 30 wherein said motif is selected from the
group listed on Table 1. 32. A computer readable
medium containing computer interpretable instructions
that when loaded into an appropriately configured
information processing device will cause the device to
operate in accordance with the method of claim 1. 33.
A system for analyzing and detecting alternative
splice (AS) exons between two biologic samples
comprising: an interface for receiving exon expression
data from two different sample materials of at least
one exon set of interest; said exon expression data
comprising expression values of at least three
different exons; a logic processor performing robust
regression analysis of said exon expression data;
wherein said robust regression analysis determines a
linearized regression while reducing an impact of any
outliers to said linearized regression; said processor
detecting said outliers; said processor analyzing said
outliers to detect false-positive outliers; and said
processor outputting indications of said outliers that
are not false positive outliers, said indications
identifying one or more exons that are alternatively
spliced between said two samples. 34. The system of
claim 33 wherein said samples are from different
cellular developmental stages. 35. The system of claim
33 wherein said samples include undifferentiated cells
and differentiated cells. 36. The system of claim 33
wherein said exon expression data is data captured
from exon expression arrays. 37. The system of claim
33 wherein said exon expression data is data read from
one more sequence libraries. 38. The system of claim
33 wherein said exon expression data is data
determined by sequencing and/or hybridization of DNA
and/or RNA.39. The system of claim 33 further
comprising: 



said processor normalizing said exon expression data
prior said robust regression. 40. The system of claim
33 wherein said analyzing said outliers to detect
false-positive outliers comprises one or more selected
from the group consisting of: removing values whose
Pearson correlation coefficient is less than a
predetermined amount; removing values that have a
studentized residual greater than a specified amount;
and removing values that have a leverage that is
greater than a specified amount. 4 1. The system of
claim 33 wherein: said two biologic samples comprise
pluripotent human embryonic stem cells (hESCs) and
multipotent neural progenitor cells (NPs); and said
outliers that are not false positive outliers identify
exon expressions that are able to predictively
distinguish between pluripotent human embryonic stem
cells (hESCs) and multipotent neural progenitor cells
(NPs). 42. A system able to determine post
RNA-transcription events (e.g., alternative splicing
(AS) events or RNA degradation) that are different
between first and second biologic samples comprising:
a logic processor with one or more logic modules
comprising: a data receiving module receiving
extracted exon signal estimates from at least two
biologic samples indicating exon presence and/or
expression for a very large exon data set; one or more
gene models; an estimator module computing gene-level
estimates from said extracted exon signal estimates
for said gene models and for a gene, determining a
t-statistic and a corresponding p-value representing
relative enrichment of expression of said gene between
said first sample versus said second sample; a
selector module applying ap-value cutoff to identify
enriched genes and for enriched genes, selecting
probesets that (D comprised three or more individual
probes; (ii) were localized within the exons of said
gene models: and (iii) were detected above background
in at least one of the samples lines; an analysis
module performing a robust regression analysis of said
selected probesets to determine if some probesets
behaved unexpectedly between said first sample and
said second sample to identify AS exons; wherein said
robust regression analysis determines a linearized
regression while reducing an impact of any outliers to
said linearized regression; an outlier detecting
module;a false-positive detection module; and an
interface module for outputting indications of said
outliers that are not false positive outliers, said
indications identifying one or more probesets (OR
exons) that are alternatively 



spliced between said two samples. 


