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approxi mately 15% of "all wonen undergoi ng | VF therapy are never successful

with their own eggs, even after repeated attenpts. Thus, egg quality is a
primary factor in determ ning whether and,how a woman's own eggs should be
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decline precipitously at 35. However, a number of women are fertile well into their 40's, and

some women experience this decline much earlier in life. Though, generally, advanced maternal

age (35 and above) is associated with poorer fertility outcomes, there is no way of diagnosing

egg quality issues in younger women or knowing when a particular woman will start to

experience decline in her egg quality or reserve.

In vitro fertilization (IVF), a process in which egg cells are fertilized by sperm outside a
woman’s womb and then transfered into the womb, is a common procedure to assist women who
have difficulty conceiving. However, approximately 15% of all women undergoing IVF therapy
are never successful with their own eggs, even after repeated attempts. Thus, egg quality is a
primary factor in determining whether and how a woman’s own eggs should be used in the IVF
process.

From the time a woman seeks medical assitance for difficulty conceiving, she and her
partner are advised to undergo a number of diagnostic procedures to ascertain potential causes

for why the couple is having difficulty conceiving. For the female, such procedures are highly
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O her aspects of the invention provide nethods for assessing infertility in
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Certain aspects of the invention provide methods for assessing infertility in a mammal

that involve conducting an assay to determine presence or absence of a mutation in a plurality of
genes selected from Table 1 in which the presence of a mutation in at least two of those genes is
indicative of poor egg quality or infertility. In particular embodiments, the assay is conducted on
all of the genes from Table 1. Mutations detected according to the invention may be any type of
genetic mutation. Exemplary mutations include a single nucleotide polymorphism, a deletion, an
insertion, an inversion, other rearrangements, a copy number variation, or a combination thereof.
Any method of detecting genetic mutations is useful with methods of the invention, and

numerous methods are known in the art. In certain embodiments, sequencing is used to



Genetic variation is correlated with egg quality and fertility and is used
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A bi omarker generally refers to a nolecule that may act as an indicator of
a biological state. Biomarkers for use with nethods of the invention may be
any mar kewothat13dgsassoci ated with infertility. Exenpl aPgThiSormamnk®ss

i ncl ude genes and gene products (e.g., RNA and protein). In certain

enbodi nents, the biomarker is an infertility-associ ated gene. An
infertility-associated gene is any gene in which variation is associ ated
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NPM2  clustered with each of the three maternal effect genes.

Fig. 2 depicts important mammalian egg structures that infertility-associated genes

localize to and regulate.

Figs. 3-7 depicts the gene expression profile of a number of maternal effect genes in mice

and humans.

Detailed Description

Genetic variation is correlated with egg quality and fertility and is used to assess
infertility in a patient and to select appropriate therapies and methods including in vitro
fertilization and egg preservation. Methods of the invention analyze infertility-associated
biomarkers and use results of that analysis to evaluate and/or quantify factors determinative of

fertility in an individual.

Samples

Methods of the invention involve obtaining a sample, e.g., a tissue or body fluid, that is

suspected to include an infertility-associated gene or gene product, and in certain embodiments,
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at least one gene from Table 1 or a gene product (e.g., RNA or protein) of at least one gene from
table 1. The sample may be collected in any clinically acceptable manner. A tissue is a mass of
connected cells and/or extracellular matrix material, e.g. skin tissue, endometrial tissue, nasal
passage tissue, CNS tissue, neural tissue, eye tissue, liver tissue, kidney tissue, placental tissue,
mammary gland tissue, placental tissue, gastrointestinal tissue, musculoskeletal tissue,
genitourinary tissue, bone marrow, and the like, derived from, for example, a human or other
mammal and includes the connecting material and the liquid material in association with the cells
and/or tissues. A body fluid is a liquid material derived from, for example, a human or other
mammal. Such body fluids include, but are not limited to, mucous, blood, plasma, serum, serum
derivatives, bile, blood, maternal blood, phlegm, saliva, sweat, amniotic fluid, menstrual fluid,
mammary fluid, follicular fluid of the ovary, fallopian tube fluid, peritoneal fluid, urine, and
cerebrospinal fluid (CSF), such as lumbar or ventricular CSF. A sample may also be a fine
needle aspirate or biopsied tissue. A sample also may be media containing cells or biological
material. In certain embodiments, infertility-associated genes or gene products may be found in
reproductive cells or tissues, such as gametic cells, gonadal tissue, fertilized embryos, and
placenta. In certain embodiments, the sample is drawn maternal blood or saliva.

Nucleic acid is extracted from the sample according to methods known in the art. See for
example, Maniatis, et al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor, N.Y .,
pp. 280-281, 1982, the contents of which are incorporated by reference herein in their entirety.
In certain embodiments, a genomic sample is collected from a subject followed by enrichment
for genes or gene fragments of interest, for example by hybridization to a nucleotide array
comprising fertility-related genes or gene fragments of interest. The sample may be enriched for
genes of interest (e.g., infertility-associated genes) using methods known in the art, such as
hybrid capture. See for examples, Lapidus (U.S. patent number 7,666,593), the content of which
is incorporated by reference herein in its entirety.

RNA may be isolated from eukaryotic cells by procedures that involve lysis of the cells
and denaturation of the proteins contained therein. Tissue of interest includes gametic cells,
gonadal tissue, endometrial tissue, fertilized embryos, and placenta. RNA may be isolated from
fluids of interest by procedures that involve denaturation of the proteins contained therein. Fluids
of interest include menstrual fluid, mammary fluid, follicular fluid of the ovary, peritoneal fluid,

or culture medium. Additional steps may be employed to remove DNA. Cell lysis may be
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accomplished with a nonionic detergent, followed by microcentrifugation to remove the nuclei
and hence the bulk of the cellular DNA. In one embodiment, RNA is extracted from cells of the
various types of interest using guanidinium thiocyanate lysis followed by CsCl centrifugation to
separate the RNA from DNA (Chirgwin et al., Biochemistry 18:5294-5299 (1979)). Poly(A)+
RNA is selected by selection with oligo-dT cellulose (see Sambrook et al., MOLECULAR
CLONING--A LABORATORY MANUAL (2ND ED.), Vols. 1-3, Cold Spring Harbor
Laboratory, Cold Spring Harbor, N.Y. (1989). Alternatively, separation of RNA from DNA can
be accomplished by organic extraction, for example, with hot phenol or
phenol/chloroform/isoamyl alcohol. If desired, RNase inhibitors may be added to the lysis
buffer. Likewise, for certain cell types, it may be desirable to add a protein
denaturation/digestion step to the protocol.

For many applications, it is desirable to preferentially enrich mRNA with respect to other
cellular RNAs, such as transfer RNA (tRNA) and ribosomal RNA (rRNA). Most mRNAs
contain a poly(A) tail at their 3' end. This allows them to be enriched by affinity
chromatography, for example, using oligo(dT) or poly(U) coupled to a solid support, such as
cellulose or Sephadex.TM. (see Ausubel et al., CURRENT PROTOCOLS IN MOLECULAR
BIOLOGY, vol. 2, Current Protocols Publishing, New York (1994). Once bound, poly(A)+
mRNA is eluted from the affinity column using 2 mM EDTA/0.1% SDS.

Biomarkers

A biomarker generally refers to a molecule that may act as an indicator of a biological
state. Biomarkers for use with methods of the invention may be any marker that is associated
with infertility. Exemplary biomarkers include genes and gene products (e.g., RNA and protein).
In certain embodiments, the biomarker is an infertility-associated gene. An infertility-associated
gene is any gene in which variation is associated with a change in fertility. Examples of changes
in fertility include, but are not limited to, the following: a homozygous knockout of an
infertility-associated gene leads to a complete loss of fertility; a homozygous knockout of an
infertility-associated gene is incompletely penetrant and leads to reduction in fertility that varies
from individual to individual; a heterozygous knockout is completely recessive, having no effect

on fertility; and the infertility-associated gene is X-linked, such that a potential defect in fertility



CARML (603934) ZARL (607520) DDX20 (606168) SPIN (609936) WO
2011/ 133175PCT/ US2010/ 050063 DPPA3 FI GLA OASL (608408 / Stell a)
WO 2011/133175 PCT/US2010/050063

depends on whether a non-functional allele of the gene is located on an inactive X chromosome
(Barr body) or on an expressed X chromosome.

In particular embodiments, the infertility-associated gene is a maternal effect gene.
Maternal effects genes are genes that have been found to encode key structures and functions in
mammalian oocytes (Yurttas et al., Reproduction 139:809-823, 2010). Maternal effect genes are
described, for example in, Christians et al. (Mol Cell Biol 17:778-88, 1997); Christians et al.,
Nature 407:693-694, 2000); Xiao et al. (EMBO J 18:5943-5952, 1999); Tong et al.
(Endocrinology 145:1427-1434, 2004); Tong et al. (Nat Genet 26:267-268, 2000); Tong et al.
(Endocrinology, 140:3720-3726, 1999); Tong et al. (Hum Reprod 17:903-911, 2002); Ohsugi et
al. (Development 135:259-269, 2008); Borowczyk et al. (Proc Natl Acad Sci U S A., 2009); and
Wu (Hum Reprod 24:415-424, 2009). The content of each of these is incorporated by reference
herein in its entirety.

In particular embodiments, the maternal effect gene is a gene selected from the genes

shown in Table 1 below.

Table 1 — Human Fertility-Related Genes (OMIM ref # / Alternative Designations
PADI6 Pla2g4c PROK1
(610363) (603602) (606233)
NPM2 TACC3 PROKRI1
(608073) (605303) (607122)
NLRP5 C60RF221 PROKR2
(609658 / MATER) (611687 / FILIA) (607123)
SMARCA4 TLE6 _ DPPAS
(607123 / Brgl) (612399) (611111)
OOEP AURKB ACTL6A
(611689 / (604970) (604958)
Floped/MOEP19)
HSF1 AURKA CARM1
(140580) (603072) (603934)
ZAR1 DDX20 SPIN
(607520) (606168) (609936)
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DPPA3 FIGLA OASI1
(608408 / Stella) (608697) (164350)
DNMT1 ZP1 VIL2
(126375) (195000) (123900)
CTCF ZP2 NLRP14
(604167) (182888) (609665)
PMS2 ZP3 CD55
(600259) (182889) (125240)
BNC1 IL-10 IFITM1
(601930) (124092) (604456 / Fragilis)
BUBI1 KDM1B GDEF3
(602452) (613081) (606522)
GDF1 REX1 CDX2
(602880) (609614) (600297)
BMP4 KLF4 EZH2
(112262) (602253) (601573)
SUZ12 SOX17 MYC
(606245) (610928) (190080)
P53 DDX43 C60RF221
(191170) (606286) (611687)
BRCAL1 EEF1Al BRCA2
(113705) (130590) (600185)
FMRI1 DIAPH2 HS6ST1
(309550) (300108) (6048406)
GPC3 FOXL2 GALT
(300037) (605597) (606999)
FMR2 BMP15 FSHR
(300806) (300247) (136435)
LHCGR FSHB UBE3A
(152790) (136530) (601623)
LHB INHA AIRE
(152780) (147380) (607358)
EIF2B2 EIF2B4 EIF2B5
(606454) (606687) (603945)
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NOG BMP7 POLG
(602991) (112267) (174763)

USP9X XPNPEP2 ZFX
(300072) (300145) (314980)
CENPI MADIL1 CENPF
(300065) (602686) (600236)
MADI1L2 XIST CDX4
(601467) (314670) (300025)
WTI ATM ATR
(607102) (607585) (601215)
GDF9 NOBOX RFPL4A
(601918) (610934) (612601)
GREM?2 FOXEI1 BAX
(608832) (602617) (600040)
AHR
(600253)

Additional genes to be used according to the invention are depicted in Fig. 1.
Specifically, Fig. 1 depicts three maternal effect genes (PADI6, NLRP5, and OOEP; see
Table 1) that are highly conserved, both at the protein level and genetic level in humans
(H.s.) and mice (M.m.). Fig. 1 also depicts putative fertility-related genes that are clustered
with each of the three maternal effect genes. These genes are located in genetic loci that are
syntenic or highly conserved, and in most cases are observed to be expressed in murine
and/or human eggs. Accordingly, fertility-related genes clustered with PADI6, NLRPS5,

OOEP, and other maternal effect genes including but not limited to those depicted in Fig. 1, can
also be selected for use according to the invention.

The molecular products of the genes in Table 1 are involved in different aspects of oocyte
and embryo physiology from transcription and chromosome remodeling to RNA processing and
binding. See Figs. 3-7. Fig. 2 depicts important mammalian egg structures: the Cytoplasmic
Lattices, the Subcortical Maternal Complex (SCMC), and the Meiotic Spindle, that infertility-
associated genes localize to and regulate. Fig. 3 depicts the abundant gene expression profile
throughout egg development in mice of the maternal effect genes (MEG) associated with the

SCMC. The relatively lower gene expression pattern of three genes (Oct4, Cdx2, Nanog) not
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associated with this complex are shown as a control. Fig. 4 depicts the relative decline in
expression levels of the maternal effect genes associated with the SCMC during mouse oocyte
maturation. Decline in MEG levels is commonly observed during oocyte maturation. Fig. 5
depicts the enrichment of MEGs associated with the SCMC in the polysomal fraction during the
maternal to zygotic transition in mouse. Presence in this fraction is evidence that these mRNAs
are being translated into protein. Fig. 6 depicts the dynamic RNA levels of MEGs associated
with the SCMC (oocyte factors) relative to embryo factors (Oct4, Cdx2, Nanog) during the
course of pre-implantation development in mice. In general, the levels of maternally inherited
transcripts decline until the embryonic genome is fully activated. Fig. 7 depicts the tissue specific
expression of human maternal effect genes.

Peptidylarginine deiminase 6 (PADI6) PADI6 was originally cloned from a 2D egg
proteome gel based on its relative abundance, and PADI6 expression appears to be almost
entirely limited to the oocyte and pre-implantation embryo. PADIG6 is first being expressed in
primordial oocyte follicles and persists, at the protein level, throughout pre-implantation
development to the blastocyst stage (Wright et al., Dev Biol, 256:73-88, 2003). Inactivation of
PADIG6 leads to female infertility in mice, with the Padi6-null developmental arrest occurring at
the two-cell stage.

Nucleoplasmin 2 (NPM2) Nucleoplasmin is a mammalian maternal effect gene, which is
thought to be phosphorylated during oocyte maturation. NPM2 exhibits a phosphate sensitive
increase in mass during oocyte maturation. Increased phosphorylation is retained through the
pronuclear stage of development. NPM2 then becomes dephosphorylated at the two cell stage
and remains in this form throughout the rest of pre-implantation development. Further, its
expression pattern appears to be restricted to oocytes and early embryos. Immunofluorescence
analysis of NPM2 localization shows that NPM2 primarily localizes to the nucleus in oocytes
and early embryos. In mice, maternally-derived NPM2 is required for
female fertility.

Maternal antigen the embryos require (MATER / NLRP5) MATER is another highly
abundant mouse oocyte protein that is essential for embryonic development beyond the two-cell
stage. MATER was originally identified as an oocyte-specific antigen in a mouse model of
autoimmune premature ovarian failure (Tong et al., Endocrinology, 140:3720-3726, 1999).

MATER demonstrates a similar expression and subcellular expression profile to PADI6. Like
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PADI6 null animals, Mater null females exhibit normal oogenesis, ovarian development, oocyte
maturation, ovulation and fertilization. However, embryos derived from Mater-null females
undergo a developmental block at the two-cell stage and fail to exhibit normal embryonic
genome activation (Tong et al., Nat Genet 26:267-268, 2000; and Tong et al. Mamm

Genome 11:281-287, 2000b).

Brahma-related gene 1 (Brgl) Mammalian SWI/SNF-related chromatin remodeling
complexes regulate transcription and are believed to be involved in zygotic genome activation
(ZGA). Such complexes are composed of approximately nine subunits, which can be variable
depending on cell type and tissue. The BRG1 catalytic subunit exhibits DNA-dependent APTase
activity, and the energy derived from ATP hydrolysis alters the conformation and position of
nucleosomes. Brgl is expressed in oocytes and has been shown to be essential in the mouse
as null homozygotes do not progress beyond the blastocyst stage.

Factor located in oocytes permitting embryonic development (Floped /OOEP) The
subcortical maternal complex (SCMC) is a poorly characterized mammalian oocyte structure to
which several maternal effect gene products localize (Li et al. Dev Cell 15:416-425, 2008).
PADI6, MATER, FILIA, TLE6, and FLOPED have been shown to localize to this complex (Li
et al. Dev Cell 15:416-425, 2008; Yurttas et al. Development 135:2627-2636, 2008). This
complex is not present in the absence of FLOPED and MATER, and similar to embryos resulting
from MATER depleted oocytes, embryos resulting from Floped-null oocytes do not progress
past the two cell stage of development. FLOPED is a small (19kD) RNA binding protein that has
also been characterized under the name of MOEP19 (Herr et al., Dev Biol 314:300-316, 2008).

FILIA FILIA is another small RNA-binding domain containing maternally inherited
protein. FILIA was identified and named for its interaction with MATER (Ohsugi et al.
Development 135:259-269, 2008). Like other components of the SCMC, maternal inheritance of
the Filia gene product is required for early embryonic development. Loss of FILIA results in a
developmental arrest of varying severity with a high incidence of aneuploidy due, in part, to
improper chromosome alignment during early cleavage divisions. Also the spindle assembly
checkpoint is aberrant in these embryos (Zheng et al. Proc Natl Acad Sci USA 106:7473-7478,
2009).

Basonuclin (Bncl) Basonuclin is a zinc finger transcription factor found in keratinocytes

and germ cells (male and female) that regulates rDNA (pol I) and mRNA (pol II) synthesis.
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Depending on the amount by which expression is reduced in oocytes, embryos may not
develop beyond the 8 cell stage. In Bsn/ depleted mice, a normal number of oocytes are
ovulated even though oocyte development is perturbed, but many of these oocytes cannot go
on to yield viable offspring.

Zygote Arrest 1 (Zar1) Zarl is an oocyte-specific maternal effect gene that functions at
the oocyte to embryo transition. High levels of Zarl expression are observed in the cytoplasm of
murine oocytes, and homozygous-null females are infertile: growing oocytes from Zarl-/-
females did not progress past the two-cell stage.

Basonuclin (Bncl) Basonuclin is a zinc finger transcription factor found in keratinocytes
and germ cells (male and female) that regulates IDNA (pol I) and mRNA (pol II) synthesis..
Depending on the amount by which expression is reduced in oocytes, embryos may not
develop beyond the 8 cell stage. In bsnl depleted mice a normal number of oocytes are
ovulated even though oocyte development is perturbed, but many of these oocytes cannot go
on to yield viable offspring.

Cytosolic phospholipase A2y (Pla2gd4c / cPLA2y) Under normal conditions, cPLA2y
expression is restricted to oocytes and early embryos in mice. At the subcellular level, cPLA2y
mainly localizes to the cortical regions, nucleoplasm, and multivesicular aggregates of oocytes. It
is also worth noting that while cPLA2y expression does appear to be mainly limited to oocytes
and pre-implantation embryos in healthy mice, expression is considerably up-regulated within
the intestinal epithelium of mice infected with Trichinella spiralis. This suggests that cPLA2y
may also play a role in the inflammatory response. The human ¢PLA2y orthologue differs in that
rather than being abundantly expressed in the ovary, it is abundantly expressed in the heart
and skeletal muscle. Also, the human protein contains a lipase consensus sequence but lacks
a calcium binding domain found in other PLA2 enzymes. Accordingly, another cytosolic
phospholipase may be a better candidate.

Transforming, Acidic Coiled-Coil Containing Protein 3 (TACC3) In mice,
Maskin/TACC3 is required for microtubule anchoring at the centrosome and for spindle
assembly and cell survival.

In certain embodiments, the gene is a gene that is expressed in an oocyte. Exemplary
genes include CTCF (Wan et al., Development 135:2729-2738, 2009), Zfp57 (Li et al. Dev Cell
15:416-425, 2008), Oct4 (Zuccotti et al., Reprod Biomed Online 19 Suppl 3:57-62, 2009a;
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Zuccotti et al., BMC Dev Biol 8:97, 2008; and Zuccotti et al. Hum Reprod 24:2225-2237,
2009b), SEBOX (Kim et al., Biol Reprod 79:1192-201, 2008), HDAC! (Ma et al. Dev Biol
319:110-120, 2008), and Pms2 (Gurtu et al. Genetics 160:271-277, 2002).

In other embodiments, the gene is a gene that is involved in DNA repair pathways,
including but not limited to, MIh1, Pmsl and Pms2. In other embodiments, the gene is a BRCA
gene.

In other embodiments, the biomarker is a gene product (e.g., RNA or protein) of an
infertility-associated gene. In particular embodiments, the gene product is a gene product of a
maternal effect gene. In other embodiments, the gene product is a product of a gene from Table
1. In certain embodiments, the gene product is a product of a gene that is expressed in an oocyte,
such as a product of CTCF, Zfp57, Oct4, SEBOX, HDACI, or Pms2. In other embodiments, the
gene product is a product of a gene that is involved in DNA repair pathways, such as a product of
Mihl, Pmsl, or Pms2. In other embodiments, gene product is a product of a BRCA.

Finally, the biomarker may be an epigenetic factor, such as methylation patterns (e.g.,

CpG islands), histone proteins, acetylation, ubiquitination, phosphorylation, or others.

Assays
Methods of the invention involve conducting an assay that detects either a mutation in an

infertility-associated gene or abnormal expression (over or under) of an infertility-associated
gene product. In particular embodiments, the assay is conducted on genes from Table 1 or gene
products of genes from Table 1. Detailed descriptions of conventional methods, such as those
employed to make and use nucleic acid arrays, amplification primers, hybridization probes, and
the like can be found in standard laboratory manuals such as: Genome Analysis: A Laboratory
Manual Series (Vols. I-IV), Cold Spring Harbor Laboratory Press; PCR Primer: A Laboratory
Manual, Cold Spring Harbor Laboratory Press; and Sambrook, J et al., (2001) Molecular
Cloning: A Laboratory Manual, 2nd ed. (Vols. 1-3), Cold Spring Harbor Laboratory Press.
Custom nucleic acid arrays are commercially available from, e.g., Affymetrix (Santa Clara,
CA), Applied Biosystems (Foster City, CA), and Agilent Technologies (Santa Clara, CA).
Methods of detecting mutations in genes are known in the art. In certain embodiments, a
mutation in a single gene selected from Table 1 indicates infertility. In other embodiments, the

assay is conducted on more than one gene from Table 1 (e.g., all of the genes from Table 1), and
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a mutation in at least two of the genes from Table 1 indicates infertility. In other embodiments, a
mutation in at least three of the genes from Table 1 indicatés infertility; a mutation in at least
four of the genes from Table 1 indicates infertility; a mutation in at least five of the genes from
Table 1 indicates infertility; a mutation in at least six of the genes from Table 1 indicates
infertility; a mutation in at least seven of the genes from Table 1 indicates infertility; a mutation
in at least eight of the genes from Table 1 indicates infertility; a mutation in at least nine of the
genes from Table 1 indicates infertility; a mutation in at least 10 of the genes from Table 1
indicates infertility; a mutation in at least 15 of the genes from Table 1 indicates infertility; or a
mutation in all of the genes from Table 1 indicates infertility.

In certain embodiments, a known single nucleotide polymorphism at a particular position
can be detected by single base extension for a primer that binds to the sample DNA adjacent to
that position. See for example Shuber et al. (U.S. patent number 6,566,101), the content of
which is incorporated by reference herein in its entirety. In other embodiments, a hybridization
probe might be employed that overlaps the SNP of interest and selectively hybridizes to sample
nucleic acids containing a particular nucleotide at that position. See for example Shuber et al.
(U.S. patent number 6,214,558 and 6,300,077), the content of which is incorporated by reference
herein in its entirety.

In particular embodiments, nucleic acids are sequenced in order to detect variants (i.e.,
mutations) in the nucleic acid compared to wild-type and/or non-mutated forms of the sequence.
The nucleic acid can include a plurality of nucleic acids derived from a plurality of genetic
elements. Methods of detecting sequence variants are known in the art, and sequence variants
can be detected by any sequencing method known in the art e.g., ensemble sequencing or single
molecule sequencing.

One conventional method to perform sequencing is by chain termination and gel
separation, as described by Sanger et al., Proc Natl. Acad. Sci. U S A, 74(12): 5463 67 (1977).
Another conventional sequencing method involves chemical degradation of nucleic acid
fragments. See, Maxam et al., Proc. Natl. Acad. Sci., 74: 560 564 (1977). Finally, methods have
been developed based upon sequencing by hybridization. See, e.g., Harris et al., (U.S. patent
application number 2009/0156412). The content of each reference is incorporated by reference

herein in its entirety.
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In certain embodiments, sequencing is performed by the Sanger sequencing technique.
Classical Sanger sequencing involves a single-stranded DNA template, a DNA primer, a DNA
polymerase, radioactively or fluorescently labeled nucleotides, and modified nucleotides that
terminate DNA strand elongation. If the label is not attached to the dideoxynucleotide
terminator (e.g., labeled primer), or is a monochromatic label (e.g., radioisotope), then the DNA
sample is divided into four separate sequencing reactions, containing four standard
deoxynucleotides (dAATP, dGTP, dCTP and dTTP) and the DNA polymerase. To each reaction is
added only one of the four dideoxynucleotides (ddATP, ddGTP, ddCTP, or ddTTP). These
dideoxynucleotides are the chain-terminating nucleotides, lacking a 3'-OH group required for the
formation of a phosphodiester bond between two nucleotides during DNA strand elongation. If
each of the dideoxynucleotides carries a different label, however, (e.g., 4 different fluorescent
dyes), then all the sequencing reactions can be carried out together without the need for separate
reactions.

Incorporation of a dideoxynucleotide into the nascent, i.e., elongating, DNA strand
terminates DNA strand extension, resulting in a nested set of DNA fragments of varying length.
Newly synthesized and labeled DNA fragments are denatured, and separated by size using gel
electrophoresis on a denaturing polyacrylamide-urea gel capable of resolving single-base
differences in chain length. If each of the four DNA synthesis reactions was labeled with the
same, monochromatic label (e.g., radioisotope), then they are separated in one of four individual,
adjacent lanes in the gel, in which each lane in the gel is designated according to the
dideoxynucleotide used in the respective reaction, i.e., gel lanes A, T, G, C. If four different
labels were utilized, then the reactions can be combined in a single lane on the gel. DNA bands
are then visualized by autoradiography or fluorescence, and the DNA sequence can be directly
read from the X-ray film or gel image.

The terminal nucleotide base is identified according to the dideoxynucleotide that was
added in the reaction resulting in that band or its corresponding direct label. The relative
positions of the different bands in the gel are then used to read (from shortest to longest) the
DNA sequence as indicated. The Sanger sequencing process can be automated using a DNA
sequencer, such as those commercially available from PerkinElmer, Beckman Coulter, Life

Technologies, and others.
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In other embodiments, sequencing of the nucleic acid is accomplished by a single-
molecule sequencing by synthesis technique. Single molecule sequencing is shown for example
in Lapidus et al. (U.S. patent number 7,169,560), Quake et al. (U.S. patent number 6,818,399),
Harris (U.S. patent number 7,282,337), Quake et al. (U.S. patent application number
2002/0164629), and Braslavsky, et al., PNAS (USA), 100: 3960-3964 (2003), the contents of
each of these references is incorporated by reference herein in its entirety. Briefly, a single-
stranded nucleic acid (e.g., DNA or cDNA) is hybridized to oligonucleotides attached to a
surface of a flow cell. The oligonucleotides may be covalently attached to the surface or various
attachments other than covalent linking as known to those of ordinary skill in the art may be
employed. Moreover, the attachment may be indirect, e.g., via a polymerase directly or
indirectly attached to the surface. The surface may be planar or otherwise, and/or may be porous
or non-porous, or any other type of surface known to those of ordinary skill to be suitable for
attachment. The nucleic acid is then sequenced by imaging the polymerase-mediated addition of
fluorescently-labeled nucleotides incorporated into the growing strand surface oligonucleotide, at
single molecule resolution.

Other single molecule sequencing techniques involve detection of pyrophosphate as it is
cleaved from incorporation of a single nucleotide into a nascent strand of DNA, as is shown in
Rothberg et al. (U.S. patent numbers 7,335,762, 7,264,929, 7,244,559, and 7,211,390) and
Leamon et al. (U.S. patent number 7,323,305), the contents of each of which is incorporated by
reference herein in its entirety.

If the nucleic acid from the sample is degraded or only a minimal amount of nucleic acid
can be obtained from the sample, PCR can be performed on the nucleic acid in order to obtain a
sufficient amount of nucleic acid for sequencing (See e.g., Mullis et al. U.S. patent number
4,683,195, the contents of which are incorporated by reference herein in its entirety).

Methods of detecting levels of gene products (e.g., RNA or protein) are known in the art.
Commonly used methods known in the art for the quantification of mRNA expression in a
sample include northern blotting and in situ hybridization (Parker & Barnes, Methods in
Molecular Biology 106:247 283 (1999), the contents of which are incorporated by reference
herein in their entirety); RNAse protection assays (Hod, Biotechniques 13:852 854 (1992), the
contents of which are incorporated by reference herein in their entirety); and PCR-based

methods, such as reverse transcription polymerase chain reaction (RT-PCR) (Weis et al., Trends
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in Genetics 8:263 264 (1992), the contents of which are incorporated by reference herein in their
entirety). Alternatively, antibodies may be employed that can recognize specific duplexes,
including RNA duplexes, DNA-RNA hybrid duplexes, or DNA-protein duplexes. Other
methods known in the art for measuring gene expression (e.g., RNA or protein amounts) are
shown in Yeatman et al. (U.S. patent application number 2006/0195269), the content of which is
hereby incorporated by reference in its entirety.

A differentially expressed gene or differential gene expression refer to a gene whose
expression is activated to a higher or lower level in a subject suffering from a disorder, such as
infertility, relative to its expression in a normal or control subject. The terms also include genes
whose expression is activated to a higher or lower level at different stages of the same disorder.
It is also understood that a differentially expressed gene may be either activated or inhibited at
the nucleic acid level or protein level, or may be subject to alternative splicing to result in a
different polypeptide product. Such differences may be evidenced by a change in mRNA levels,
surface expression, secretion or other partitioning of a polypeptide, for example.

Differential gene expression may include a comparison of expression between two or
more genes or their gene products, or a comparison of the ratios of the expression between two
or more genes or their gene products, or even a comparison of two differently processed products
of the same gene, which differ between normal subjects and subjects suffering from a disorder,
such as infertility, or between various stages of the same disorder. Differential expression
includes both quantitative, as well as qualitative, differences in the temporal or cellular
expression pattern in a gene or its expression products. Differential gene expression (increases
and decreases in expression) is based upon percent or fold changes over expression in normal
cells. Increases may be of 1, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, or
200% relative to expression levels in normal cells. Alternatively, fold increases may be of 1, 1.5,
2,25,3,35,4,45,5,5.5,6,6.5,7,7.5,8,8.5,9,9.5, or 10 fold over expression levels in
normal cells. Decreases may be of 1, 5, 10, 20, 30, 40, 50, 55, 60, 65, 70, 75, 80, 82, 84, 86, 88,
90, 92, 94, 96, 98, 99 or 100% relative to expression levels in normal cells.

In certain embodiments, reverse transcriptase PCR (RT-PCR) is used to measure gene
expression, RT-PCR is a quantitative method that can be used to compare mRNA levels in
different sample populations to characterize patterns of gene expression, to discriminate between

closely related mRNAs, and to analyze RNA structure.
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BAX (600040) AHR (600253) Addi tional genes to be used according to
the invention are depicted in Fig. 1. Specifically, Fig. 1 depicts three
mat er nal wobferi13geaes ( PADI 6, NLRP5, and OOEP; see Tabl ecIjustéaws@ase hi ghly
conserved, both at the protein |level and genetic |level in humans (H s.) and
mce (Mm). Fig. 1 also depicts putative fertility-related genes that are
clustered with each of the three maternal effect genes. These genes are

cases are oneanyugen § TR CaR XA il Rieeiihy. e Rtnggarehalis " "
Accor diypighlyy tofa@ RINA lisoYatécefrérh @emas Bfiors lob Singdredll Wnkd) aﬁd\%@esh)w PnodFP. and

ot her maternal effect genes including but not limted to those depicted in
Fi g. 1tisseesprgpld bn%erewc@cv@lerd Tﬁl@}s RiWecancedselrted fiom a waridtyofprimany. tumors,  The

nol ec f I are involved in different
aspectLi éag?lﬂg%%gttéﬁlél HC%JI;T% yo B ;ps“iﬁlclﬂ %%yﬁ? (}n% PSR P ™ ﬁyrg% S onosone
r enodedviang uteﬂ)usRBi:&J , PF aswe e @iney) cithi pmd}]ddg)Nﬁeﬁ)lrE hesithy3toRorsFifghe s’l)rlllﬁ%ﬂifCt S

i mport mamal i an_egg s ctures: the Cytoplasm c Lattices, the

S or TRAA T TR e BIROIA NS radied T STl m G peArclibig

i nf ertpakafﬁﬁ.em@&edaénaqﬁxaewgg fbﬁﬁﬁld Eﬁe&)%sﬁ@@a&g%‘] ate. Fig. 3 depicts the
abundant gene expression profile throughout devel opnent in mce of the

mat er nal efGeneral gethasls fvEER Ndsetiactaoreate wiel liknbive iSGMart Aifdeare disaltoisachihy | ower

Jon 1/ eRusEe Pl s ol et yalSS, Sebiihn (el A, CURPIEIaras ehown as a
cont r Q¥felekilgr B&ld@?l&h&ﬂl@}eaﬁ@ﬁ&k'(l’@ﬂ eMl:thB@s fop ME%&&I@H ﬁlo%i/ﬁiéffﬁf the

mat er nal effect génes associated with"the SCMC during nouse oocyte
mat ur mbsddediésshssree disclvig, f@%ampheslndhmrﬁmﬂﬁoob@eha’cemww 5§ 60673,

- ¢ na ot/ ey BRITER R 13 PRE TER) nne ol iRt o e et

nouse.is Riceseraeal by‘lrelféiblﬁceﬂreﬁdiﬁ irotheilr Sntet‘étydﬂﬁﬁperticbﬁ} RN‘RSQ)IMH%EG bei ng
translatedl tQ protein. 6 _depicts the dynamic RNA | evel s of MEGs

associPstREmes Yng %E“@éﬁ@@o’(‘ Bgc}%f@r & @ne PEytedsg Ifré’ffl ey BapBlapBErd sych Oct 4
Cdx2, WQ%}I ?ﬂé foltke ﬁﬁﬁﬁﬁ@tufgry S B{s !:tm?}s ?Ek%r%txhl‘ﬁ ledf%Yaq l%@m% &ﬂlsrﬂl Ce.

general s of nat er nal erite ranscripts decline until the
enbr y@nltcregem bﬁrrsoia:;ed wsing/Qmgen Rhfleaﬂy misii-goluihnd epthet @omﬂnerciallsfwellabﬂmRNm c

6 PAorug e e HASTERGIGE EoGhise PRanme BrAdygTG 8%%%5&3@%&? on
its r%@dlé&ﬁ%@?%ﬁ%&fﬁﬁﬂbcﬁ@hﬁ ISR RSt @Qmﬁﬂﬂeﬁfcg ToaPRNA ﬁ@lﬁttlsgd}:lt irely

limited to the oocyte and pre-inplantation enbryo. PADI6 is first ng
expr esgaglep gappg i mdalsmgdﬁyiﬁétiﬁtﬂ()l (Tel-EestlaRiNAppreparst Sronatumdreapbot ei n

e R B LRI ARSI M O 51 00yt ot a0

f emal e inf Gmtalfimttstepl in geheepravsioh prdTdinBasi IOFPOH is deyvelopeahiRlipasd 6the

oceur ng template into cDNA, followed by its exponential amplification in a PCR reaction. The two
most commonly used reverse transcriptases are avilo myeloblastosis virus reverse transcriptase
(AMV-RT) and Moloney murine leukemia virus reverse transcriptase (MMLV-RT). The reverse
transcription step is typically primed using specific primers, random hexamers, or oligo-dT
primers, depending on the circumstances and the goal of expression profiling. For example,
extracted RNA can be reverse-transcribed using a GeneAmp RNA PCR kit (Perkin Elmer, Calif,,
USA), following the manufacturer's instructions. The derived cDNA can then be used as a
template in the subsequent PCR reaction.

Although the PCR step can use a variety of thermostable DNA-dependent DNA

polymerases, it typically employs the Tag DNA polymerase, which has a 5'-3' nuclease activity
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the two-cell stage. Nucl eopl asmn 2 (NPM2) Nucl eoplasmn is a

mammal i an maternal effect gene, which is thought to be phosphoryl ated
during oosptelmmssrsati on. NPM2 exhi bits a phosphat e sen®rcrivseoionsmwense i n
mass during oocyte maturation. Increased phosphorylation is retained

t hrough the pronucl ear stage of devel opnment. NPM2 t hen becones
dephosphoryl ated at the two cell stage and remains in this formthroughout

the r 0 Lezi nplantati on devel opnent .. .Further, & expressi on ttern
ap pearegsl}ttl%ﬁ( g 3r'5esptrn1r’)?f%iagwgt688%1815 %%&éwgy'egquy%@%ﬁ% ol;séR | f“ltlg‘é?iﬁﬁ ence
anal ys§'swoleadsRRvitp ol dZsulyaerasdwousy didiple ANRMRIdRATGRpIobY bb@kPloiiasrgb© t he

nucl eus in oocytes and early enmbryos. In mce, maternally-derived NPM is
r equi r@PlCSR, ik gay engyare with gquivalent 5' nuglgase petivitiean he psadn & werdbiggwsclectidai r e

(MATE TER I i nt.. noyse. eocyte protein that
is es?er{nr{l‘%}%ﬁ%%?&@ r%a?ﬁ %p%ﬁeég{oggﬁ%%lgg?% £ #ﬁaont &ot-ggglorlg%quﬁng%WER was
ori gi rbbey is dsipnid tcedbtes naasiem?mlb@mp?mcﬁﬂed batliktelei o0 tiwg fa:mpﬂfzﬁrsrmﬂel of

aut oi rmune. premat ur.e ovar.i ailure (Tong et al., Endocrinol ogy,

140: 37380585 218{1'6}%9’;.16 ma‘#@%ém}gwm%nzan@s #Rd ig labsledmaigsg smored

subcel fiudr ke E 858 h i | By laisse issi

2011/ 133175PCT Sk AaRhe Aot Ry hasctnd Ry emission from the reporter. 1 i
nor mal dysogeurashed byotha ghenchitevdye operthe twaodyet erertatatedtlbsnogetier ttheyrarand
fertili angti on. blliiiowev% e r%if?s der| vetg tel,ro ter-null femal es undergo a
devel opnERPE" br 6Lk GF AMREIEIICEIN1IO8 1G24 BPIyMERAse SRTIING Cladres e

enbr y qrole Benemplaacddpéaddn® hahd&NUhStesditant pRBE f@8REh!s 2B EinfbR soRBBR; and
Tong et al. Mamm Genone 11:281- 287, 2000b5). Brahna-rel ated gene 1

( Br gl yanfhstewal frem tisyyelegsgd reportar dyle isfresniem the eiencling affect offesscemndr equl at e

transc, i pid } t Jinvolved ibn zygotic, genone actiyvation
(zny gRiAR, TRE oIE P e B RSB 7 ey Rl e SRR el gt
can beleteatiomabf the degesndhaireporter eyt ptovides dtcbdsisFotiQuanfiteiv B Rnydritke

subuni f exhi bits DNA-dependent APTase activity, and the energy derived from
ATP hy3fol ysis alters the conformati on and position of nucleosones. Brg 1

il | homoayadh Ru° SEPER Al Be PRRC R SRR et e dfy BRAARL Bl Wil 22, O

nul | honobzygotes do not progress beyo ocys
| ocat ddr ¢xampbe WRIPRISMTTA0" Gequdncy DetecticeSptaptb(Rerkik Bipet ApPR&EP) The

b A . i | h terjzed [ i
Soovs BibSRlealn e int AR SUoar e Dt Srefs R e S R B e herticla, | oan | ve
(Li etMainhelng\Geehhy)l Th 4d@aidt dmbodidfafils; thEADhEleal¥ifeRedurt és{rﬁ‘g |0Paggal-tﬁ(§?|

. Y,

FLOPED have been shown to localize to this conplex (Li
15; 41 cuantsativeqfeR deyiee sush as theABI PRIBV GFAR Nt Sensenced2te2i98dys2008) Thahi s

conpl i . j sen f F ED TER, and simlar to
by y b sy PEEF Mmadeler T RERRGE el S RO LA rGia PG ieg m

Fl opedheuldternampliéiss sinpled inpr wgwels Sorp@sén & irivs o] buﬁﬁ?ﬂﬁpl@ﬁcaﬁ@ﬂﬁ' oprent .
FLCPEE)%I s.a small (191(D) RNA bhinding protein that has also been

char act&ri EFdLMéSC?WéIth cgtleqieHnTonltingg threughdfiber opsiss cebles fgl:9600- 316,
Soag A ' STl ; e
08) wells, and deldcloft of el Ao S TROQIRR it TRIed oI el Fuihn AP GR0% 364 Fo0

maternal I'y inherited protei namne
i nt er avalyong thetdatdATER (Ohsugi et al . Devel opnent 135:259-269, 2008). Like

th t f the, SCMC, . | inherit f the Filia,
oroduct 19 oF BUEPEdsTS BT il asee e GHerehoblcls Adisasedsul t s
in a dpyw) anoREdeate Mlddre REoNRE MRSy SRYEEYAY atd deBreert ittt S\t g?ﬂﬁ)ﬂu‘ﬁ;

aneupl oi dg due, in part, to inproper chronbsone allgnnment during ear
cl eavag@lifipd tosthatrpointAn she anmpdificptieniteactings hd pgint Week theiflvordsserd bignalan first n

t hese 4 - Prac t] Aca ci USA 106: 7473-7478, 2009).
Basonﬁ%?%eﬁ%%ﬁcﬁgt?%ggg%@ﬁaw P S eathl%skrluocldﬂ"ﬁﬁgb't ranscription factor found in
ker at i nocy Tesniaiimlizgefroiseal ise dfreet ef anpld e@ahple vdakion SRITIPTURS usA (pol 1)
and (pal 11) synthesis, i )

perforimed using an internal standard. The ideal internal standard is expressed at a constant level

among different tissues, and is unaffected by the experimental treatment. RNAs most frequently
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WO 2011/ 133175PCT/ US2010/ 050063 Dependi ng on the anount by whi ch expression
is reduced in oocytes, enbryos may not devel op beyond the 8 cell stage. In
Bsnl deplwoedim3ses a normal nunber of oocytes are ovul atedSemensikough
oocyte devel opnent is perturbed, but many of these oocytes cannot go on to
yield viable offspring. Zygote Arrest 1 (Zarl) Zarl is an
oocyte-specific maternal effect gene that functions at the oocyte to enbryo

transitj | gh | s of Zar 1 expressi are observed jn the cytoplasm
of rrur]itlgr?gq%gg“ly?dgg%’ S%tgeén%%rﬁ??%mgs-s gre F@ﬁ‘ﬁ%é"ré}ﬂ%‘q“ﬁ?l@r‘eﬂng&nﬁr owi ng
oocyt eglyédraldeatel 3-phoshRaTBldesy dib gbnBe! (G PAR] Ra&n. tHYE pbMBALiR lana’fl&ﬁ?@n .
Basonucli.n ggnc,l ) Basonuclin is a zinc finger transcription facto ound in
ker at | PrScippiagtaion cgbryaseaf ogoytemChukiifch genedhas)is vied for mymhtizationr DNA (pol | )
and nmRNA (pgl i 2 A on the anmount b i ch ression

i s reduced ngrﬁn %%%/%éﬁ@ﬁ%?%@%ﬁpﬁgg gcélgbqélféﬁthﬁégﬁgﬁglet‘ﬁ‘@%@aﬁg? fé age. In
bsnl dehickimedsurecBCR preducahcenmubigion tiroagicy tes-afetedoiudrikaid peytNithough

RO A i Bl e i ™ '
PLA2y/hi i i &l ' ' ~ Fched t ocytes
C YWwhieR4REmBO e tifRISH dakR P&%etggchﬁézﬁ ?’&F%d:ﬁ)? ggrg?%légﬁﬁfﬁ‘%ﬁa Gligd to oocy

and early enbryos i'n mce. At the y mainly
| ocal i uastitagve pempasativeddIR nsigg emsrmaliratiengéresontaiared witih theesaimpld, af a

tes of. t s, al th noting that while cPLA27 i
docs SRS R BB B Ry PeRor @it Yoty b e Bresal rammResHeb A os | n
heal t hy94nil9%s), ﬂa&I@b@t%ﬁtis@Bv@h&h%@ﬁfo%%d’b%ﬁr&%lﬁf&giﬂ‘ﬁﬁﬁ lefidefle | Nt esti nal

epitheliumof mce infected with Trichinélla spiralis I's sudggests that
cPLA27 may lalagether epbedimentea Mass ARRAY-basadgewsr sxprassipo peefilinpheethodrizrusedPL A2y

ovary, BiitEs BR il Sk NGRR3R adef Bl b ifr oo, "l oo,
t he hufeselopedbyeSequentinalings(San IDigss @aﬁﬂﬁ@ﬁﬂﬁzﬂ% the HeRMeR oP RINA Acd®varseal ci um
bi ndi ng domajn found. in other PLA2 enzymes. Accordingly, another cytosolic

phos pHATSFRIONHE opingdsDN A is spkedivath &synthetic DNA and ¢arer{ cogipetitord which

Coi | e ' Y r.o:ef ) i € ki n/ TACC3 i s. required
for ngeEEgl%ég g%@}%égh%lﬁé ltglll %hhégl Igoen r OS0! rch) tarynS? %%%’p%nrrycﬁereveggigwti’génd
cel | standandallhe cDNA/cdmpetieortnaixture istRICR amplified 4rtieis gebjectedtora GRALCRRkinips
expressed in, an. ooc - EXenpl ar enes, | ncl ude CF (wan et al.,

Devel @pr?g‘r?? p&%@bﬁ?%@%ﬁ%@}%{m%tp?{gw I'FSuglp iyfhe depRiospherylatign g1 theq o5
2008) refbinthg(fidkoalEd. ABler Rlacti Qi \ 1t 009a;
VIO 2011/ 11331g(75PCT/ US2010/ Qg?)%vg?%%gglgt% HOHEE phitoh e BB O produbid i 00"
and zseewetitor and PNAHuerswaentestitopink2 28teAsi8, witi ol 9tnerat SEBEIMcE Iiass signadd . |,

Bi ol - - 08 C1 | ...Dey Bj.ol 319:110- 120,
2008) 1Ooug CBertoand dONA RPN BCH roghdfs oSt Pusetososse roducts ey of her
enbodidispetsed onhechgemneayi, Svhichge pee-lohddd Wish tAMAINaL ﬂeedéa\ipa aﬁa@ﬁéﬁ wRRLRNRYS

i ncl udi ng &Jt not limted to, Mh 1 , Pnms 1 and Pns2. ot’her enbodi nents,
the géfidste aaerg}q&pa%g)mzatlon time-of-flight mass spectrometry (MALDI-TOF MS)

analysis. The cDNA present in the reaction is then quantified by analyzing the ratios of the peak

areas in the mass spectrum generated. For further details see, e.g. Ding and Cantor, Proc. Natl.
Acad. Sci. USA 100:3059 3064 (2003).

Further PCR-based techniques include, for example, differential display (Liang and
Pardee, Science 257:967 971 (1992)); amplified fragment length polymorphism (1AFLP)
(Kawamoto et al., Genome Res. 12:1305 1312 (1999)); BeadArray™ technology (Illumina, San
Diego, Calif’; Oliphant et al., Discovery of Markers for Disease (Supplement to Biotechniques),
June 2002; Ferguson et al., Analytical Chemistry 72:5618 (2000)); BeadsArray for Detection of
Gene Expression (BADGE), using the commercially available Luminex100 LabMAP system and
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I n other enbodi nents, the biomarker is a gene product (e.g., RNA or
protein) of an infertility-associated gene. In particular enbodi nents, the
gene produot2oiigizai’gene product of a naternal effect geneCTius2anlosnnes
enbodi nents, the gene product is a product of a gene fromTable 1. In
certain enbodi nents, the gene product is a product of a gene that is
expressed in an oocyte, such as a product of CTCF, Zfp57, Cct4, SEBOX,

HDAC1 her .enmbodi nent th en roduct .is a product of a
gene tﬁlél? {ngggﬁﬁﬁ%(#d\%ggﬁlfr SRNGRS, Bﬁ%“}e";‘é‘%‘ﬂmgyg‘}n’gfﬁgﬁ 10, TapIGL ARSAY QL BFRE M 1| |
P 1 expoessfony¥ang 6t 41 GRho@eResli ITEINES 1898 RORY)OsHCHhigh %o@cr@e@r%gfetssigﬁ a BRCA.

Finally, the hiomarker may be an epi g}eneu c factor, such as thylation
pat t erﬂ@ﬁil@g QHECF@)G“?IQ’P@&%‘&‘F,THUM eftabnBlupl dciisnBes. At Oy (2083)). The contents

ubi qui §¢ B2k LPRhichRS ' £S, S aV.s Met hods of the

i nvention invol {/‘er&cﬁﬁgﬁﬁl{%& @r:regegésrggth[g%gfmalﬁ?%%%{tzre%’rt her a mutation in an
infertilityha®son antedimens, differatitizd pored exprgssion sh0hlsq by &lentified) vd esnfirffedan

infertjil.ity-associated. ene roduct. In particular enbodinents, the assay
i s conti} %H“‘Efﬂa@?éfn%@mr@kﬁn *TEIHF ge ogr p‘aéﬁgliﬂnéﬁé?ﬁ@n‘éﬂs of dreresti(nshdmol e 1.
Det ai | goNAesfd bR drﬁ@l%oﬁ’&eg? HRVRAEA, QP Bhray Bl 529 $nicroHEi sﬁﬁstxtaﬂﬁgg? ?%?ylée%yEd to

make and use nucleic acid arrays, anplification priners, ation

pr obessequenses #ig thendiybridived evithopacfic DNA arbas Gomadets at tssyeswiingrst.such as:
Genone l.ysi s: A Laborat or ual. Series ols. 1-1V), Cold Spring

Har bor@gﬁgy gotr SHAIH 13§°§?ar’3éf§2¥‘?¢v?%@?’?‘nl,&gIESB%P”&‘}{B?VXREH%%IP (e-goRYASr i ng _

Har bor progixragé sHoyvnRh ESatmaé aﬁii\]UtB'. Patent a)tbpﬂ%atﬁin- nun(t,%@@é@&b%jﬁ%%jéﬁ{e St No:

A Labor at Qr%,l\,/anual, 2nd ed. (Vols., 1-3), Cold Spring Harbor boratory
Pr ess. ofculueh if incsperied dyirefesanca peretaria its onvinstyci al | y avail able from e.g.,

Affymetrix %ﬁ} . i ste oster Gt and
Agi | ent Tecl%n%gﬁrﬁgglﬁggﬂ% gln a Htg\fggljfl&r(é%rgy %%qu%”?ﬁ:gasm%lfﬁe&e‘%%{sioﬁgﬁmﬁ ations
i n gendencaraes dphiad to msubistratalit a demse @ty Aoneiig0eliabRALSL0,GDOMHCRbEAD I N a

ene sel ected f able 1 indicates infertili té | n ot her

single Sr‘?a r omug . _ .

enbodi YPHHTRSeS §1F @PRIELH) thessubgtraterc Themessosrrred gpres. imtaojbizes dn hamierorleip bt
(e.9.,10000 Qémé n 1) PGT/ US2010/ 050063
a nmutation i nmartwle%gl’s?%ts{/l\%ﬁ{)% %?ﬁgﬁ%&e%aens&% 8%@4 %5)‘1,35#29 ¢a lelgrels?"ﬁngyti lity.
I n ot HebeledhtIdNAmMeolpes may brugeatiated through incegsiratidarefdluofest i ngelbaisdel lb?m Tabl e
1 indi s, infertility: . a mutatjon in at |east four of_the genes from
Tabl e r%%%%‘ir%‘%?fr “‘?fh‘fflé%&?‘uﬁe?‘{%"fte‘iahﬂﬁt%ﬁ‘?eéﬁ’fiﬂﬁef&%t- |Lé§§1?g FPIe pobesapplied tas

fr om Tabtigp hybhdiz€ #/it@SpédHiaityt foleaéty spoR oMDNA biPfhelafradl A hEARMingR i genes
from Tabl eplyi ndi cat espi nfler}{i i ty?p ao'rrut at Ji)tgfnheia;lrragtAfteastn%lgévevgghé é1f6he
genes FP8Ks Teibrecificallybewndarobest hetchipi is yeanaediby eeriforal lasemmidreszepy ei ight  of

the g : i.adi cat infertidity: .a tation.in at |east nine
of t naroiet B g sl &3] CEDAhRH Chphdingh SHhRrtarioholFrehnpesd: 1o
of t helgeenalldwofor Badebencht bNchredp@alindm@NA hbindance. WilR&IPBolop at | east 15
of thgth%enes from Tali)Ie 1 indicates infertility; or a nutation in all of

t he gerRLesEenss seRpfiately labelgd sRN&sProRessganTatadfrom two soyrpescf RN dreenbodi nent s,
a KnowRbslRed 8ai ' j [ : .t on can_ he

et oot o B M R N RARN s Bl B L Bt Ml Bl e oo
adj aceetrespontingtto pasi spedfied Sere if tus drtenpined SmuibenedislyalThe (ihiSuripad sdale

et PR aton MBGHER YR krith i o Ry BRCRPLRE C SRR GRTE e
enpl oyRehbelsadf gen@ baasmbiedsSNReGher M&m%%a%éle%%s‘%&&i%&g%{m{%@rde%géﬁfe to

sanpl e nucleic acids containing a particular nucleoti at i'tion.
See f dFangstiphy Ml expressedpt a ?ew ®pigsareeetll, audriverep®dadiblysdecaadlesst 300, 077) ,

the c I G4 e rponated by refe e hereininjts entirety.

| n parbp Rt T84 A tARRLRR IR Shetioh BvEl T8TRaRELa" Proo Nabr AFEH 06k eni
var i anfSA 08(23:106 i@ ar996Y)she ¢ohtdnboiutGtih@ iAGirsoraRAB 8@ dnBe Wrkfi-ih YiRg: and/ or
non-nutate% roms_of the sequence. The nucleic acid can include a plurality
of nucPBIE ) alfigearget FnphEisiGen e Reyirimes) b sprupergiaH availablecsguinment Nollowidg of
detecting sequence variants are known in the art, and sequence variants can
be detected by any sequenci ng nethod known in the art e.g., ensenble
sequenci ng or single nol ecul e sequenci ng. One conventional nethod to
perform sequencing is by chain term nation and gel separation, as described
by Sanger et al., Proc Natl. Acad. Schpp U S A, 74(12): 5463 67 (1977).

Anot her conventional sequenci ng net hod invol ves chem cal degradati on of

nucl eic acid fragnents. See, Maxamet al., Proc. Natl. Acad. Sci., 74: 560
564 (1977). Finally, nethods have been devel oped based upon sequenci ng by
hybri di zati on. See, e.g., Harris et al., (U S. patent application nunber
2009/ 0156412). The content of each reference is incorporated by reference



WO 2011/ 133175PCT/ US2010/ 050063 In certain enbodi nents, sequencing is
performed by the Sanger sequenci ng techni que. C assical Sanger sequencing

i nvol ves wo2bngi3st7st randed DNA tenplate, a DNA prinmer, acDUA2q@oloyives ase,
radi oactively or fluorescently | abel ed nucl eoti des, and nodified

nucl eotides that term nate DNA strand el ongation. If the |abel is not
attached to the di deoxynucl eotide termnator (e.g., |abeled prinmer), or is

a nono LG . Q.. fadioiso e),.then. th sanpl.e i s divided
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| f eacplucdlity bEprdieitespeyies ehadtd by thearl igersma Patfefabhe ahtibrlgl are PRYGN Br.a

(e.qg., % di f.fffr egt f%tgloresc.ent .d¥es), t hen all the sequencing reactions can

be car YRGB TACHYLPHIEE PEGLEIR, f interest.nMethods forqapdngmenceenal iapiikodies are

| ncor paeRkh®&Wn ekee.di i1ggg | BOSIHRSC ' i ng,

DNA st rand t.er(ngeer:fat%’s W?ﬁ%ﬁ%’égiﬁ%ﬁg{n, rggﬁ t?%Q%AgO%@g’ﬁ%{‘ of

DNA f r agldeSpriag dfarbasy i agwhishds ncomemitad inyitstentissty foal al prirpoaésd) lnchnENA

fragne denat ure nd. separated hy size using .gel electraophoresis on

. Genattediy e FORIOR anBRIR SR tEed GagitiPit G oEE Frgmenia grammsas

di f f erienedsn penontiakequeptdithine 11 GRaNsRh ah RRHORH arfN AL SV N EsHh $he &ﬂ)%é ons
ra e),

was | abeled with the sane, nonochromatic | abel (ae. 9., I ol sotop t hen
they afodtastsdde sheadraynanshibeispinding is assayed with hssapslrovenin thaae Geénerdllyetbgel , i n
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ised i GomeoRald e 18 A EpieRidtt S BRRREORARGIORI T Prdetotfc kit i

di f f erdetectddatbeiugh wamenolistotlzeaticaltshiring betissaaslideddssdefibnde conbined in a
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seque ndg ge ngg|0ﬁ%&?@@ro$%le§§ﬁ§gps?BﬁWEfl?ﬂf "‘E‘PEYG ¢ analysis plempliiplsampdesusi ng
a DNA syaaliieegdly. such as those commercially avail abl e from Perki nEl ner,
Beckman Coulter, Life Technol ogies, and others. WD
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(USA) , 101005 P : . Of f. e.references is
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may be ‘CHVAEHE Pyked oaetedodrm fobesens Aedegilesy it encdeaeaupkpdrewabesite t han
coval qdéntity othe enudSplk BRRinhHahbRSE. The Qibﬁbé’éﬁi Ypain df a'ng pbPfadld of 18 be

enpl oyed. Moreover, the attachnent may be | néll rect, e.g., via a pol ynerase
di r ect12pseipty ¢adlibeguantitativelnevabentedobyt datersuning dtee ablindarsa of ankvidwal t4s, #ldanar
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sur f acelY) TG SHOERoEEY B referencs hegeia inthes@atiesty)esol ut i on. Q her single
nmol ecul e sequenci ng techni ques invol ve detection of pyrophosphate as it is
cl eaved fromincorporation of a single nucleotide into a nascent strand of
DNA, as is shown in Rothberg et al. (U S. patent nunbers 7,335, 762,
7,264,929, 7,244,559, and 7,211,390) and Leanon et al. (U S. patent nunber
7,323,305), the contents of each of wych is incorporated by reference
herein in its entirety. If the nucleic acid fromthe sanple is
degraded or only a mninml anount of nucleic acid can be obtained fromthe
sanpl e, PCR can be perforned on the nucleic acid in order to obtain a
sufficient anmount of nucleic acid for sequencing (See e.g., Millis et al.
U. S. patent nunber 4,683,195, the contents of which are incorporated by
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A differentially expressed gene or differential gene expression refer to a
gene whose expression is activated to a higher or lower |level in a subject
suf f eri ngwbnomva3dssor der, such as infertility, relativeCcrasSeeis/0s00ps essi on
in a normal or control subject. The terns al so include genes whose
expression is activated to a higher or lower |evel at different stages of
the sane disorder. It is also understood that a differentially expressed

gene may be; ei.iher jactivat or .ighihited at the nucl ej i.d | evel or
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5.5, 6, 6. : : 9.5, 0r . fold over expressjon levels in
nor mal cel ﬁgﬂt&é}sﬁdg&%@mﬁg?ﬂ %@ddg@reﬁlsgm%&e fgbige‘%‘é{ngzi@? g%?ss@@?e‘@& olg5, 70,
75, 80he Béhe BdducBbof tBBprefht ifentiG ThAS anBodi&AnRnodiBR0Jr PoBlcional)lof
expressi.on levels in normal cells, In certain enbodi nents, reverse

t r ans APPraSEcesPQlystombrytisers, sresifia for prchignarkerpsn usesikipdetest enpresFipnPOR i s a
quant ighabd t t I level s in different
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) 2011@%#%3175PCT/ US2010/ 050063 The first step is the isolation of
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MRNA i s a [incerediy e@bﬁdﬁﬁl%&%ﬁrtﬁ@iﬂbﬁa@*&%ﬁ@é 8dd td Rleaf¥@BRlcSoxpfds@B.f hozen or
e. g.

archived paraffin-enbedded and fi xed . formalin-fixed) tissue sanples.
Gener RFORUPHEES fothetofriix of the preteinsipreseat Wil sampleoiere. tissuehergamismaorcelr e

di scl ' t ext ho - I i ol . i ncl udi Aysubel et
al o el B e e PSR T R i s in O S B 155
Met hodbarfges ofpiateix expaedsionrin birsampleatiad téfarraoed depretdiss pofeodiies) Wrofbasad,
for exanple, in. Ru ?lnd,Locker Lab I nvest. 56: A67 (1987), and De Andres
et al YP! I‘éﬁ%‘éﬂ‘#ﬁsdﬁ“g@ PHInGHoRs: (1) sepprationnf indinidaplpsoiginsdma karspley@sBs

r ef er @BCAStioPhbrd . r.el 0 dn it hei ' I
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to the. 's.instructions. For exanple, total fromcells in
cul t up TR AES EbfeoPuly TS 4 TRunPTRruE R o iranssbods afagre
comeegpradsion preAlihgahe ciNe isea] Abhsr iKicbmbinaab deh MART BRAMIE, (GaRRels DNA
and RNA Purification Kit (EPICENTRE, Madison, Ws.), and Paraffin Bl ock RNA
| sol aPTHCRiof thegrpgnostic magkeys ofithe Bresqutimviention.t i ssue sanpl es can be i sol at ed
using RNA Stat-60 (Tel-Test). RNA prepared fromtunor can be isolated, for
exanpl e, by cesiumchloride density gradient centrifugation. The
first step in gene expression profiling by RT-PCR is the reverse
transcription of the RNA tenplate into cDNA, followed by its exponenti al
anplification in a PCR reaction. The 4o nost comonly used reverse
transcri ptases are avilo myel oblastosis virus reverse transcriptase
(AMV-RT) and Mol oney murine | eukem a virus reverse transcriptase (MWV-RT).
The reverse transcription step is typically primed using specific primers,
random hexanmers, or oligo-dT prinmers, depending on the circunstances and
the goal of expression profiling. For exanple, extracted RNA can be
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5'-Nucl ease assay data are initially expressed as &, or the threshold
cycle. As discussed above, fluorescence values are recorded during every
cycl e andwoeprigsers t he anount of product anplified to trhatuspaionsoosn t he
anplification reaction. The point when the fluorescent signal is first
recorded as statistically significant is the threshold cycle (C). To
mnimze errors and the effect of sanple-to-sanple variation RT-PCR i s

usual l'y perf.or i st a d. .The i ternal standard
is expr esself:riloS F%ger%{)g)rdlgg {]#gggecéﬂ%ﬁgy Qﬂs Ira@rtits @ §d1§§ 8ﬂ?i°’i‘§‘ unaf f ect ed
by t hecoentirationerittabther methods(e.g., RNAGINGRS by drﬁﬁﬂlﬁﬁﬁéayunﬁégssays) to determine
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sequences of interest (including cDNAs and oligonucleotides) are plated, or
arrayed, on a m crochi p substrate. The arrayed sequences are then

hybri di zed with specific DNA probes fromcells or tissues of interest.

Met hods for making mcroarrays and depgerm ni ng gene product expression
(e.g., RNA or protein) are shown in Yeatman et al. (U S. patent application
nunber 2006/ 0195269), the content of which is incorporated by reference
herein in its entirety. In a specific enbodi mrent of the mcroarray
techni que, PCR anplified inserts of cDNA clones are applied to a substrate
|n a dense array, for exarrpl e, at | east 10, 000 nucl eoti de sequences are
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as a non-continuous variable in a case-control study that includes as the patients infertile females
and as controls fertile females that are age and ethnically matched. Methods including

logistic regression analysis and chi square tests may be used to identify an association

between genetic mutations or abnormal gene expression and infertility. In addition, when using
logistic regression, adjustments for covariates like age, smoking, BMI and other factors that
effect infertility, such as those shown in Table 2, may be included in the analysis.

In addition, haplotype effects can be estimated using programs such as Haploscore.
Alternatively, programs such as Haploview and Phase can be used to estimate haplotype
frequencies and then further analysis such as Chi square test can be performed. Logistic
regression analysis may be used to generate an odds ratio and relative risk for each genetic
variant or variants.

The association between genetic mutations and/or abnormal gene expression and
infertility may be analyzed within cases only or comparing cases and controls using analysis of
variance. Such analysis may include, adjustments for covariates like age, smoking, BMI and
other factors that effect infertility. In addition, haplotype effects can be estimated using programs

such as Haploscore.
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Computational and Graphical Statistics 12:475-512, 2003); Agresti (An Introduction to
Categorical Data Analysis, John Wiley & Sons, Inc., 1996, New York, Chapter 8); and Yeatman
et al. (U.S. patent application number 2006/0195269), the content of each of which is hereby
incorporated by reference in its entirety.

Other algorithms for analyzing associations are known. For example, the stochastic
gradient boosting is used to generate multiple additive regression tree (MART) models to predict
a range of outcome probabilities. Each tree is a recursive graph of decisions the possible
consequences of which partition patient parameters; each node represents a question (e.g., is the
FSH level greater than x?) and the branch taken from that node represents the decision made
(e.g. yes or no). The choice of question corresponding to each node is automated. A MART
model is the weighted sum of iteratively produced regression trees. At each iteration, a
regression tree is fitted according to a criterion in which the samples more involved in the
prediction error are given priority. This tree is added to the existing trees, the prediction error is
recalculated, and the cycle continues, leading to a progressive refinement of the prediction. The
strengths of this method include analysis of many variables without knowledge of their complex
interactions beforehand.

A different approach called the generalized linear model, expresses the outcome as a
weighted sum of functions of the predictor variables. The weights are calculated based on least
squares or Bayesian methods to minimize the prediction error on the training set. A predictor's
weight reveals the effect of changing that predictor, while holding the others constant, on the
outcome. In cases where one or more predictors are highly correlated, in a phenomenon known
as collinearity, the relative values of their weights are less meaningful; steps must be taken to
remove that collinearity, such as by excluding the nearly redundant variables from the model.
Thus, when properly interpreted, the weights express the relative importance of the predictors.
Less general formulations of the generalized linear model include linear regression, multiple
regression, and multifactor logistic regression models, and are highly used in the medical

community as clinical predictors.

Microarrays
In certain aspects, the invention provides a microarray including a plurality of
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al. (U.S. patent application number 2006/0195269), the content of which is hereby incorporated
by reference in its entirety.

Microarrays are prepared by selecting probes that include a polynucleotide sequence, and
then immobilizing such probes to a solid support or surface. For example, the probes may
comprise DNA sequences, RNA sequences, or copolymer sequences of DNA and RNA. The
polynucleotide sequences of the probes may also comprise DNA and/or RNA analogues, or
combinations thereof. For example, the polynucleotide sequences of the probes may be full or
partial fragments of genomic DNA. The polynucleotide sequences of the probes may also be
synthesized nucleotide sequences, such as synthetic oligonucleotide sequences. The probe
sequences can be synthesized either enzymatically in vivo, enzymatically in vitro (e.g., by PCR),
or non-enzymatically in vitro.

The probe or probes used in the methods of the invention are preferably immobilized to a
solid support which may be either porous or non-porous. For example, the probes of the
invention may be polynucleotide sequences which are attaéhed to a nitrocellulose or nylon
membrane or filter covalently at either the 3' or the 5' end of the polynucleotide. Such
hybridization probes are well known in the art (see, e.g., Sambrook et al., MOLECULAR
CLONING--A LABORATORY MANUAL (2ND ED.), Vols. 1-3, Cold Spring Harbor
Laboratory, Cold Spring Harbor, N.Y. (1989). Alternatively, the solid support or surface may be
a glass or plastic surface. In a particularly preferred embodiment, hybridization levels are
measured to microarrays of probes consisting of a solid phase on the surface of which are
immobilized a population of polynucleotides, such as a population of DNA or DNA mimics, or,
alternatively, a population of RNA or RNA mimics. The solid phase may be a nonporous or,
optionally, a porous material such as a gel.

In preferred embodiments, a microarray comprises a support or surface with an ordered
array of binding (e.g., hybridization) sites or "probes" each representing one of the genes
described herein, particularly the genes described in Table 1. Preferably the microarrays are

addressable arrays, and more preferably positionally addressable arrays. More specifically, each
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such that the identity (i.e., the sequence) of each probe can be determined from its position in the
array (i.e., on the support or surface). In preferred embodiments, each probe is covalently
attached to the solid support at a single site.

Microarrays can be made in a number of ways, of which several are described below.
However produced, microarrays share certain characteristics. The arrays are reproducible,
allowing multiple copies of a given array to be produced and easily compared with each other.
Preferably, microarrays are made from materials that are stable under binding (e.g., nucleic acid
hybridization) conditions. The microarrays are preferably small, e.g., between 1 cm? and 25 cm?,
between 12 cm?and 13 cm?, or 3 cm?. However, larger arrays are also contemplated and may be
preferable, e.g., for use in screening arrays. Preferably, a given binding site or unique set of
binding sites in the microarray will specifically bind (e.g., hybridize) to the product of a single
gene in a cell (e.g., to a specific mRNA, or to a specific cDNA derived therefrom). However, in
general, other related or similar sequences will cross hybridize to a given binding site.

The microarrays of the present invention include one or more test probes, each of which
has a polynucleotide sequence that is complementary to a subsequence of RNA or DNA to be
detected. Preferably, the position of each probe on the solid surface is known. Indeed, the
microarrays are preferably positionally addressable arrays. Specifically, each probe of the array
is preferably located at a known, predetermined position on the solid support such that the
identity (i.e., the sequence) of each probe can be determined from its position on the array (i.e.,
on the support or surface).

According to the invention, the microarray is an array (i.e., a matrix) in which each
position represents one of the biomarkers described herein. For example, each position can
contain a DNA or DNA analogue based on genomic DNA to which a particular RNA or cDNA
transcribed from that genetic marker can specifically hybridize. The DNA or DNA analogue can
be, e.g., a synthetic oligomer or a gene fragment. In one embodiment, probes representing each
of the markers is present on the array. In a preferred embodiment, the array comprises probes for
each of the genes listed in Table 1.

As noted above, the probe to which a particular polynucleotide molecule specifically
hybridizes according to the invention contains a complementary genomic polynucleotide

sequence. The probes of the microarray preferably consist of nucleotide sequences of no more
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nucleotides in length, in the range of 40-80 nucleotides in length, in the range of 50-150
nucleotides in length, in the range of 80-120 nucleotides in length, and most preferably are 60
nucleotides in length.

The probes may comprise DNA or DNA "mimics" (e.g., derivatives and analogues)
corresponding to a portion of an organism's genome. In another embodiment, the probes of the
microarray are complementary RNA or RNA mimics. DNA mimics are polymers composed of
subunits capable of specific, Watson-Crick-like hybridization with DNA, or of specific
hybridization with RNA. The nucleic acids can be modified at the base moiety, at the sugar
moiety, or at the phosphate backbone. Exemplary DNA mimics include, e.g., phosphorothioates.

DNA can be obtained, e.g., by polymerase chain reaction (PCR) amplification of
genomic DNA or cloned sequences. PCR primers are preferably chosen based on a known
sequence of the genome that will result in amplification of specific fragments of genomic DNA.
Computer programs that are well known in the art are useful in the design of primers with the
required specificity and optimal amplification properties, such as Oligo version 5.0 (National
Biosciences). Typically each probe on the microarray will be between 10 bases and 50,000
bases, usually between 300 bases and 1,000 bases in length. PCR methods are well known in the
art, and are described, for example, in Innis et al., eds., PCR PROTOCOLS: A GUIDE TO
METHODS AND APPLICATIONS, Academic Press Inc., San Diego, Calif. (1990). It will be
apparent to one skilled in the art that controlled robotic systems are useful for isolating and
amplifying nucleic acids.

An alternative, preferred means for generating the polynucleotide probes of the
microarray is by synthesis of synthetic polynucleotides or oligonucleotides, e.g., using N-
phosphonate or phosphoramidite chemistries (Froehler et al., Nucleic Acid Res. 14:5399-5407
(1986); McBride et al., Tetrahedron Lett. 24:246-248 (1983)). Synthetic sequences are typically
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i.e. the quence ach e can h termned fromits position in
the arPgys P amemE ?}rt? t“f?‘&g EEY}E)% nggo@ﬁpef’gg%fynﬂ?‘ﬁlsp? -85 BFINg thegneibadsaidt s, each
pr obe sygemouescHBd by Bldnakdr@h US. tPhe NoRbiodg I8PMDhAcR] & a3 'P@dee B3dskRs
M croarraas can be nmade in a nunber of vva s, of which several are é’escrl bed

bel owan ropice d Li®8d-694 Blaoehartéy@% harsefnthem BNA Almayaut @eresiti cs. The

A R g e i P L R s e

nmade ftheoohigvatelestidesprotatin alich wicedrmy e QiefbiabHi sY8thesizl in dH4GS, Q;' &, Gifd d

hybri di zat | on?j conditions. The mcroarrays are pr eferably small, e.qg.,

bet we&Hs3 slidep by seriadly denesitingingividyal pucleapidg bases n pierodseplgtst aba htﬂbwetfecre

| ar ger, I e I use in
sor ooy nS SRRl Sicod ropplah EERYBRE TR P b St FauBedisie g0 Rl ng
sites pi[mrtldrss rlmmrpnaﬁeradnj/y 50 pIL osleewiahd asm depax’ateddro@ee@h otllietbttlthh midrodrayt he

d | t t
Cpect (18- criufiaaite B5rmanp fom cratisdiioe ProNerami drime (6 aedions:
sim | gf tlfe%?%fe%%n‘fﬂ (i, e feleHObrbBisT. Q\/ﬂc?ozﬁ‘ra?b ¥RAuRLRAEN, Sisifik- I]et The

m croarrays of the present i nvention include one or nore test probes, each

of whinsihasbare sypiesilly rof bighalensity, peafereblydavingta dess1t,}omﬁﬂt dametritbant 2,600 é1fferent

or obe P R Lt & TR R BEE RS S alf e S et e @eat e 2ol

pOSitk@ﬂﬂbkﬁm&ﬂémﬁaﬁﬁbbebﬂﬁﬂaﬁﬁb Specifically, each probe of the array is
preferably | ocated at known, predeterm ned position on the solid support
such that tlhe pptieﬁtlp@twe(molécule& Yikich arpydseaylysdd matn pp?sebfelnti%mwb@réd]éNér ni ned
fromi n 1 C

rccor o oy SRRl 0 el ROl are Bty SRRATA off ol Hilentides 1y 1
whi ch each position represents one of the bionmarkers descrlbed her ei n. For
exanpl e, each position can contain a DNA or DNA anal ogue based on genomic
DNA to which a particular RNA or cDNAg4ranscribed fromthat genetic marker
can specifically hybridize. The DNA or DNA anal ogue can be, e.g., a
synthetic oligomer or a gene fragment. In one enbodi ment, probes
representing each of the markers is present on the array. In a preferred
enbodi ment, the array conprises probes for each of the genes listed in
Tabl e 1. As not ed above the probe to mhlch a partlcular
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The probes may conprise DNA or DNA "m mcs" (e.g., derivatives and

anal ogues) corresponding to a portion of an organism s genone. |In another
enbodi mrenwp 20hie13prisbes of the m croarray are conpl enment CY/UIBN00500RNA
mmcs. DNA mimcs are polynmers conposed of subunits capable of specific,
Wat son-Crick-1ike hybridization with DNA, or of specific hybridization with
RNA. The nucleic acids can be nodified at the base noiety, at the sugar

noi ety t it osphat e backbane., Exenpl.ary .DNA mi nmi.cs include, e.g.,
oo Y ap gt R RS R BE IS 0 SRV, oYl MR e, o @

r eact i PreferA¥IR)thidalelihy Gitbtponated the eibeMnfifoshy fbng HeNEathtS SAHETRER or RNA,
primers are preferably chosen based on a known sgguence of the genone that

wi |1 rasiunereiprefarebly, thiedakaliag ivsarsgrbeutfat & highalgaesatos efffcigperoni ¢ DNA.  Conput er
prograns t hat I i [ e eful in t esign of priners
with the r 21?11 Ul I?[ é%nlségg}éllbp @2%{9 ﬂgen& %C;S%lén%ﬁélé?r%?‘fr?ﬁng%ctefltolﬁgﬁrlg?)ree?‘%ngge: such as
A i go fhenrescent [5bels, biddtmmmesdenBiabels, cha@iEisinesyent LbklsyarawiorRh@He 14b8lstrisy

mcroarray Wl be between 10 hases and 50, 000 bases, usually between 300
bases alé%‘ff%‘i ,”b%‘@ pbeég%ts‘nYW“PB#&taﬂ!‘g CRIGETstbabodimentethe lahehign flypressentar ¢, and
ar e deigbdli SRH as b ALoRIAHP aShobphok, Y iné! or 1 | DE
TO METHODS AND APPLI CATI &hostho rdfhing ora ﬁ’?ﬁ?"%ﬁ“ﬁ'ﬂﬁf@% , I%I’Iﬁ?p 90) .
It wi |of commegsgially availabledhwreskérnt lablsi includis fardxampi, floorscent plemphabmidites

| far_isolati anpl i fyi | ej.c acjds. A
ot er reh oS P RE e it bhhagan e Gy, ND. Byt B linais. Beoes o
the miNuead; FAM {SBRFostNCHETaifgf andXy3heidyS (BRherEHis] Pﬁ&n‘igilﬁ,[ PiScataw

oligonucl eotides, e.g., using Nphosphonaté or phosphoram e caherﬁ'yétri es
( Fr oehNdy- latangther empedimient, fisidgtextadle lake] 5398diiabelqda8BptiddeBr i de et al .,

2011/ 1331 7ePeTP R FER SR ke BT SR el et el
| engt hare tabeled idyffirewtially flvet vegod pahautleaQUeanslecal@Uif alIRfr&iRs 88mpRNMEhd1OSt
pr ef err%%k%/ngbet ween about 40 and about 70 bases in length. In sone

enbodi © ca RIS LangEirobyriicieetides mplesplgs Eomorrmal tiysue sampless, such as,

but by no neainsc hiifil it Q:onl ' ot ed l.el ¢ _acid anal ogues
may be used as (t:)i nldi kg&%‘?%‘e%n #gyﬁgg?ég%@%ta?%%ﬁ&%g%&hgn%? Zérg?t a suitable
nucl eipphagicitotidraimoltpaeles spepifizallylbindut lspécifiaatly tybsédiee tethy complghentret al .,

Nat ure_363: 5665568 (1993); U.S. Pat. . 5,539, 083) .. _Probes are

pr ef erpggsfrvclggpcée&egaérlfﬁ ﬂ%fhﬁﬁrrﬁY’d’S‘?af%‘EahE&f’ﬁaSPe‘flgké"sraY Pt WACEHURE  bi ndi ng

ener gi@mpldh@difar A foksiBd. sequence conpl exity, cross-hybridization

bi ndi ng gner gi erg, and secondary structure. See Friend et al., International
Pat ent PublAgEasicontanmodoubbogsindpdibiobs BRENA Jituntedthieredn @fe; prefegivdssibijarted, Nat .

Bi ot egh, 342~ skilled artisan will also.appreciate that
posi ¢ 1 ERRiSond RIS repdey e DR hute Shailer PR <t BnE Bl s

hybr i giokalnbleotide melpuelps eardys cofeinigy Geile pRANIRE FRRIDNA (8R!, 8¢atheso and

negat i \f.e ont r.gl@g obes, e.g., probes known to not be conpl enmentary and
hybr i Q'28670%Y1B0 [fefe%@, may nepd i b drpaturd Brinrde eentecimervathetaitarget shoul d be
inclu Blebf I JsaleTol! t Lt t e synt hesi zed
al ongq%%éﬂpgé{%eﬁg{eéﬁf S’teh%é’qg??rgy. I Iﬁlgg{r%ooir qugé%%lgcgll %egﬁtdpgéo%ﬁ ive controls
ar e synmiptesientaty segudneegonal stripes across the array. In still another

enbodi nent , . the .reverse. conpl.ement . for each probe is synthesized next to
the positi (Q’Ptg?altrhwgsmﬁﬁ?ﬂﬁ)él Ctr(r)gd gp%glngepgn p e 1greth £618 » BIIZOmST YPEUS anot her
enbodipsBiucleSEAUABHEShER 000 6488 8% r 3N Live
controls o? eas "_sEj ke-in" _const @&ngw@%’q{ﬁfg’ pr obézbgélg)bgtaﬁg?g%éﬂﬁ%@%
sol i d asidpfene ofgkilkinrthe g wilMappriaciateythdies theddigorudeqtides benogleashorten itasdyi ¢

(e.qg., e, aqn o] yacryl am de, .nitrocel |l ul ose, gel, or other
bor oul B BB B hendlP|gt el AR RGO LR TS mellmERr heETe e Rict ef o
aci ds shiisfacteyriybriéizitorngsyltsi Gehdigl PAfardtas &“oer?@éiﬁ@ i.@,ssnhx%]eﬂfa&@bhbfzgﬁon
general ly. .b cheqa et. al, Science 270;467-4 Ohél 95) . IS nethod is
especCaPFORIOF pycleigacids arsAessripediie Saabroak st o, MO SILENINSeRAS| et

al , t R &gty ‘45 1.2S - 639- 645
1000y AORIITAY SPAROAD N ED RaRY 1-3RC8l Shale ysbor (RREE (8 S35
(1995)). A second preferred nethod for making m croan-ays is by making
hi gh-density oligonucl eotide arrays. Techni ques are known for producing
arrays containing thousands of oligonggl eotides conplenentary to defined
sequences, at defined |ocations on a surface using photolithographic

techni ques for synthesis in situ (see, Fodor et al., 1991, Science
251:767-773; Pease et al., 1994, Proc. Natl. Acad. Sci. U S A

91: 5022-5026; Lockhart et al., 1996, Nature WO

2011/ 133175PCT/ US2010/ 050063 Bi ot echnol ogy 14: 1675; U.S. Pat. Nos.
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O her nethods for nmaking m croan-ays, e.g., by masking (Maskos and

Sout hern, 1992, Nuc. Acids. Res. 20:1679-1684), may also be used. In

pri nci pl evoand/ms1780t ed supra, any type of array, for eramupise)iodsioshbl ots on
a nylon hybridization nenbrane (see Sanbrook et al., MOLECULAR CLONI NG - A
LABORATORY MANUAL (2ND ED.), Vols. 1-3, Cold Spring Harbor Laboratory, Cold
Spring Harbor, N Y. (1989)) could be used. However, as will be recognized

DY Lo ohPy T Bk SRR BROTBoL P ALY Pt T o

arr aysBLoLooey pmeseoamm\Pe@tbthnpwlghmrgenanepbrpn@Antmﬁéath idgdppucl eoti de
probes on a support. In such an enbodi nent, ynucl eoti de probes are

at t ac heWditions fer theeNA micaqasTayh of Schena ef alhase Eylpred@tlo@rm eSS phnd. 286 t he
g]ol ynugh§at 544 for four hohfd 118@7%& 'bg '\’Ja@ﬁés%t pEEE ?ﬁ fo%&istﬁ %ngly n@%} RP{P?{ g(r 1 d{aéﬁgays

the T nvention are nanufacture ans oT an |n
for ol plgs)an% 8DS), dellayait ye minuesgu 25‘l¢$inﬂggﬁdﬂetrﬁgbxﬁt@1d\$ashwfféy€d ERSSC

descri 189; Blanchard et al., 1996,
Bi ose gaéﬁgf)%}ngéﬁ@}?t hH%'QC ﬂat{S@‘FNgﬁﬂ [Iéﬁeﬁ*rc%a]r% 4{593)). Usefay nt heti c DNA
ﬁé;va¥z$ymlggggg%g§1 11 18%%51Is (‘:’i\d:‘a?(i:%l%%/ Tlltersrée%no 32)?1?]? eot | é?lpr es ?rstssuch
m cr oalNH&EIGACIE BROBED| Ijlssvlnlt &Hsncz:d’cdlbhsheesrBa/ysandngcka 09922 gl ass sl i de,

g SPTQTBRAS PR E e ECH RS, Aot o worieao. ol %"L?tér opl et's
have smal | Mplici®S$y pefd@red h %Qﬁd@&tldﬁrco'nﬁﬁﬁns RIRle B&%ﬁ%@t’fﬁnyat %Qetﬁ#gle gtru SS)

and are separat ed fromeach other on the mcroarfray (e.g. obi c
donai n&)negiot FW@W@L& tgmpeigture ebthe grahies (e. g\.ertbm 5Ce rmqiebrerferablly@wttonat i ons

of the@pr bes Mcro

Ut cht E?I)a}% 1 1&#}/{ S lgtﬁfeﬁg%ﬁ gegée(?é a&:osme I{%fwamlde
preferably Whtm ﬂgomsdﬂ:ﬁﬂ}% idb}éledfgeﬂés drgend p@b@c&t& at% Red) thk ﬂﬁ&éﬁ;@ﬁco@rﬁ@ﬁ&s"er 1
cm sup. 2. The Ogolnénucl eoti de probes are attached to the su port covalently

ei tHhERch HE FTORHAY 2y DRcPrgferati dﬁ@PVﬁ@dlS@@tmltﬁeconfocal asemlcroscopy

poI ynu{gl presen enti.on are
ARRe SGITRUE 2 efiRatt e iR (R AR R el bR T YR e

one orOfrﬁlﬁ ovmﬂnmremqrctased Ad@rﬁﬂﬂvﬂylszﬁﬁﬂbbﬁwmﬂwa%gmﬁﬂwnﬁmshOd known
in the mal% be [j ct abtlﬁl aﬁ e target polynucl eoti des.
Pr ef ersgfﬁlg}len lfrgln?té(ﬂ’e? Wf’de eﬁ et eh‘éf"q WEPPhEes A Arlissapns fEem He | engt h
of t hawooesphBh.caR Bé &d@ﬁﬁﬂil%@&l b n "
hi gh degr eg opf ef fcracr eérlrlcﬁzay In asyyp(rse?glrérlgiggdedrlrbg%9 g%ﬁAhqglcd&te tabl e
| abel Sy&ten fpysRahwingeermplapBNA %mplmnm tavo-dalerdiusseseent protimeiybridization,"
bi ol u | cen abel. s, and. col or c | abel s may
be usre%éh?)%fét ee%?}gggﬁ? 6%25‘8}1 C%{(T)inﬂ rROngngHFtyr%pngts 2N W&E LB‘HPOSCF e
| abel Iha meﬁaltred)emb@daﬂﬁenﬂ dleelrrays telc@thed WithUohes CRiofbscéht BERRONOth 2 @
rhodam ne, or agg ry?ime\t hi ne dye derivative. Exanples of comrercially
avai | ZBMBUFE Gopt Y| siags| andjafpicrpseoperabyectixafsiuentiel exsitetioraf the two

hos E I Pi sc way,
RS> PRIoRPHl 3Pachiitis A HAREA i IRI AP S ARE e LG YT
Cal i f vyavehmgth@ylﬁ detected svifhAweroeomPliplieragies, FlRbesehayRyer sbhnhing ddviced ARt her
enbodi |Eb det ect.abl e | al%te a radi ol abel ed nucl eoti de. In a
furt hé{gE Scrbsdl dn ‘éltfn%ﬁbtldr pe argg@"ﬁ -Bt1 (IRde) awt inghergpiseancesscited drein.

pat i enfltesadiRes, ﬁfe%ﬂe@@ﬁﬂl@gurﬁiﬂé é&tﬁt@d B ﬂ’éf%lis'oﬁ T 412 NHebre RAbMEY Cllélel%%'tl 9884

mol ecul es of a reference sanple. The refefence cdn conprise 't

pol ynuéP¥o: maeberpieddo mogitpy mReroabmlldamqeslsw atartpige sumber of sitdic| ei ¢ aci d
hybri d hﬁgﬁ*éﬁk d wash conditions arechosen so that the target

pol ynucl eo e ol ecul es specifically bind or specifically hybridize to the
conpl ement ary pol ynucl eotide sequences of the array, preferably to a
specific array site, wherein its conplenentary DNA is | ocated. Arrays
cont ai ni ng doubl e-stranded pr:8&PoIqn y Gellckher eon are preferably

subj ected t strand prior
Fubl ot od, KArdena U4 B EADE) bt A L BRI PR e GARO  ng
singl e-stranded probe DNA (e.g., synthetic oligodeoxyribonucleic acids) my
need to be denatured prior to contacting with the target pol ynucl eotide

nmol ecul es, e.g., to renove hairpins og5dinmers which formdue to self

conpl enment ary sequences. Optimal hybridization conditions will depend
on the length (e.g., oligoner versus pol ynucl eotide greater than 200 bases)
and type (e.g., RNA, or DNA) of probe and target nucleic acids. One of

skill in the art will appreciate that as the oligonucl eoti des becone
shorter |t may becone necessary to adjust their Iength to achreve a
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Har bor, N. Y. (1989), and in Ausubel et al., CURRENT PROTOCCLS |IN MOLECULAR
Bl OLOGY, vol. 2, Current Protocols Publishing, New York (1994). Typical
hybri di zawoaeniicesst i ons for the cDNA m croarrays of SclremaiSeatoaboocar e
hybridi zation in 5 x SSC plus 0.2% SDS at 65C for four hours, followed by
washes at 25 Cin |low stringency wash buffer (1 x SSC plus 0.2% SDS),
fol | owed by 10 m nutes at 25C in higher stringency wash buffer (0.1 x SSC
pl us Q, al 0614
(1553 BERST0R I STHRS: MhoBbuabir BT Payabaah Supds ot s diclggute

Ti j essgn suc:thb&aml&'ﬁfBB}el:i’le:ﬁv‘z‘?;{}I ik®or¥rdtadd NekelFh &M&eﬁﬁ%nh@t&?&ﬂ £ ué%és%ﬁce
Publishers B.V.; and Kricka, 1992, NON SOTCPI C DNA PROBE TECH (iJ

Academ c Press, San Diego, Calif. Particularly preferred

hybri di zati on condi tions incl ude hEBﬁle gtion at a tenperature at or near
the mean nelting tenperature of th pes (e.g., within 51C., nore
preferably Thetﬂnvamtlaﬂﬁla)/ heremboMeHlaﬁtheBQ)eﬂiﬂcl‘fE&léDthﬁ(ﬁrt d(epehhﬁg fr))m tBe Bpris0di um
sar cosi ne an gO% n fluorescently | abel ed genes or gene

pr oduc¥ £S5kl s %Y&Cte’flﬁécsﬁli‘%%qfegéé rf%rég‘élﬁg suppigents aé%@ﬁr@?rteéo Be considessbifly 1 ay
may bey) RERECTRRNYHvORHRE iR Mtlﬁ% 8R MeBv&iidh ge&lnbkélﬁafemnssg%m ' n one
enbodi nent, a separate scan, using the appropriate excitati

carri davention fsshusmdfratstl b(yhhe app@ncﬂddm:ltlum rathersthars byl theAbtegomgtdemﬂfipylpn,aanldas er

may be.used that allows | t aneous eci ngn umntlo at wael t hs
epoc PR NG o Wi B R EE T o S G EHSAIIRY OhEie i PUJEIS TS es

can beneAddts Be caibaéed anrequs! y (see Shal on et al ., 1996 A DNA m croarray
system for anal yzi ng conpl ex DNA sanpl es using two-col or fluorescent probe
hybri di zati on,"” Genone Research 6:639-645, which is incorporated by
reference in its entirety for a”%@ﬁ@ﬁ' In a preferred enbodi nent, the

arrays are scanned with a |aser f scanner with a conputer
controlled X-Y stage and a mi croscope objective. Sequential excitation of

the two fl orohores is achl eved vvlth a multi-line, mxed gas |laser and the
emtted : 3t e PO and detected with two photomul tiplier
tubes. Fl qu& ggﬁ?ecolna et al.
Cenone Res. 39 645 ?% an |%?gkangpﬁe %%é?g%lgﬁeésr&gﬁ%ﬁd& %g(?%?%

Al ter rpatluqx&ew,re tdmmvfedlbgrtreapmmwlmhmdideTﬂe@:mlwem Dypcyteptpssammenbrahe , Nat ur e
Bi ot eczh.1 14:211 -.1684 Ig m%%/ be E ﬁd to Bi t% 3 und nce | evel s
at a (GG RISHLFAPErG %“ P fEAt4CS fan As Wm&f‘H 56 i%l Sl

Ref er%@%a@a@o@yt&@arb%%hédqn@tmm T MR a%ed WHIE [VsRDuRRE re@@tﬁnt
applications, patent WO 2011/133175PCT/ US2010/ 050063 publications,

j our nahigurep 8k £/ \p arliét-sholemisiopenpyBdinecthyiammobisd pmu@esm{m@l{@HAEm 65

i’ e ndty S GHE O TER  aTbE R BRI ERCED OB RIS B NGy "o

erbedlb?d)nt:J@hrﬁéﬂhﬂfnaB pediof ditehsiond SBI-PAGE. U 2¢1s hredstdihddWisngliZa] dndislieéd.
essentl al characteristics thereof. The foregoing embodi nents are therefore

to be PEQRES duthegel me%warer@gﬁﬁé@@ S| nEsktryRsinga 5p aMammerinm bigarbenade on t he
i nven i t hus i ndicated by the
appengbgﬂc@a?ﬁ? ?Z%n %ﬁdgsc&? %’ét?%c(t)%de\aglgllﬁl\géﬁg%%? f% ion, and all chanées

which come within the rreanl ng and range of equival ency of the clains are
t herefore egde 0 bhe.enpraced therelfq EXA

ample 2. rple Population tor Iden fication o

| dent i OR2EGTE S o g X SIS - om
femal es, f@enshaDia mcsﬁect&yfraﬁwfemﬂe%bje&s (tha Hé‘@e ﬂaﬁl:& hamtgg@m%h&s
renoved %/ treatnment with acid Tyrode sol ution. Oocyte plasma renbrane
(ool ewirbYF pewsvel nwhe wsosswcessful)hdn particalag, atlaof thesudjests arguinddnegde 35. t hi s

e MFREEb} e OBt TS B SRR R e el S o
3- [ ( 3hatwh aliiicko dizppydil of lraﬁiﬂamlammah@] arkd Ve FANRS Hick @i dloe (dub@PSH TVIES M
dithiothreitol (DIT), and 1% (v/v) protease inhibitor at -80C). Cocyte
pr ot ei"ith ng RIgr PEeEnaty - Be yeaeaiarerle naiodese aegs faril VB o haxs a apsndmtazely The

I |
gel s ggfjn%tlrgglgﬁn o, RREL 6l in @l el il 5B elddic! B IBhinRleHf82" ©

di ges uI trypsin in nrum e over n| at
37C), and the peptides are extracted and m crosequenced.
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Example 2 - Sanpl e Popul ation for ldentification of Infertility-Rel ated

Pol ynor phi sns Genomic DNA is collected from30 femal e subjects (15
who have Wweai2badizsurst i pl e rounds of | VF versus 15 who wePeTdise@essdoss ). |1 n
particular, all of the subjects are under age 35. Menbers of the control
group succeeded in conceiving through |IVF. Menbers of the test group have a
clini cal di agnosis of idiopathic infertility, and have failed three of nore

rounds n r The nen_are roduce eggs
For 1 RSkl dbBARE HorRo RS e e DY S e B e SRS

i nf ertthwréd/. resulting from oocyte defects (and elimnate factors WO

2011/ 133175PCT/ US2010/ 050063 such as inplantati on defects) wonen who have
subsequent |y concei ved by egg donation are favored. Exanple 3 - Sanple
o1 dbafibid 21 ShIBRIPbliifbh B 1@ E b ik ffe iRl ity PRVMITRIRORO ™ 1"
fol | owrup study of , genomc DNA TS cortectea rrom 300
femal e SubjIR(athll((\d-luplsﬂEl(jl olfatlarggfcmhpﬁ, gmvmﬁrgDNmklch&ted froha00t 0 t he groups

described above) ﬁ@ sequence ){ phisnms to be jnvestigated are

sel ecti&ga éE@&C%HjW 0 g8 BAYIBgRIORSS oA 0 de P depsrihiegiaBove).  sanpl e
Popul agy f ‘%Ig'ﬁlé I and

Pr emat ure ngl\/é'([% Erdrfg%f&%l?ﬁgﬁ%ﬁ%n@rbﬁ i dfé@ar@éa&té&]b&%[%ﬁ% I(seg)@él) fect ed from
30 f ersudad isitib) shedies.who are experienci ng synptons of premature decline in
egg quality and reserve including abnormal nenstrual cycles or amenorrhea.
In particular, all of the subjects are between the ages of 15-40 and have
fol I'i @xampld AubahplePopPIai® o (Ferklfichdned fPrethat0manvaini FallgfeNROFYAAd UNi ts
(1Y) and a basal antral follicle count of under 5. Menbers of the control
gr oup Peemeeeddatemnal dgingelalymerphismsugh | VF. I\/bnbers of the test group have
no previou I ertili d

treat ment S%}Se{r}cﬂ‘ntl {s c%ﬁﬁdtgd Eéﬁ%%nlglafe%u@ggt who aré e§‘1¥n01§g?}gnopr1ﬁ gf one or

mor e fpeermdterefcaﬁinhmnmggiqeahtyxﬁaﬁd eesaefem&mﬁﬁlg mﬁaluaalshaﬁmyelets lbe age of 40.
Exanple 5 - Sanple Procurerrent and Preg%ratlon ood is drawn from
pat i edf¥naThaae I ppxticylagalligt e subectsiazs, Wéerb'ihé@é‘éﬁﬁfe]ss Qg e &elu@lieng
hor moRgLeYiak fofish [ t [ t future
resear cﬁl pr101 egt S. e@@ﬁ[) ﬁévﬁﬁé’%ﬁﬁ S eggel a§loo t@?t%gg’)%r %ﬁ]b fiﬂ@g@ﬂ foléx@fe
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of DNA_.¢ol ctlo such as sall a using an Oa DNA sel f, col]ection kit
(DNA LB o hate B gfi G sty T 10k Bbomre i Kt FapEh daBPEBE sanpl s
are VveRrasdnys such hetRthtaRshyl Mk ¥ thid gfi’%ﬁi MBY §lsd hi¥CorYrintRadhast and
stored at 4 Cuntil DNA extraction. |l e Saliva - Whole saliva is
col | edtrady msimbgr whe cxpasigaers mppopgeserhefirt dstagewf Pt fol | owi ng t he
manuf acturer's instructions. Participants are asked to rub their tongues
around the inside of their nouths for about 15 sec and then deposit
appr oBxampkl 3/- Sample Procurement and Preparation

Blood is drawn from patients at fertility clinics for standard procedures such as
gauging hormone levels and many clinics bank this material after consent for future research
projects. Although DNA is easily obtained from blood, wider population sampling is
accomplished using home-based, noninvasive methods of DNA collection such as saliva
using an Oragene DNA self collection kit (DNA Genotek).

Blood samples - Three-milliliter whole blood samples are venously collected
and treated with sodium citrate anticoagulant and stored at 4 °C until DNA extraction.

Whole Saliva - Whole saliva is collected using the Oragene DNA selfcollection
kit following the manufacturer’s instructions. Participants are asked to rub their

tongues around the inside of their mouths for about 15 sec and then deposit approximately 2
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WO 2011/ 133175PCT/ US2010/ 050063 m saliva into the collection cup. The
collection cup is designed so that the solution fromthe vial.'s | ower
conpart mewo 208l/1B38176ased and m xes with the saliva when trhe/usa@oiosoosecur el y
fastened. This starts the initial phase of DNA isolation, and stabilizes
the saliva sanple for long-termstorage at roomtenperature or in |ow
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et hanol pr d8ped elatsi-oGloged m\JAd tl{%eﬁeusulallléaduaq;ar@d after extiQidn throﬁg;osedumnd sinpl e

nmet hod _f or ar.at i fro easily. obtainable clotted
bl ood,s'cp%faté) ﬁ‘pﬁé‘mﬁ%‘)ﬁmﬁ/&i 3 i‘t?ﬁz? ‘élg r%%‘rhk?é‘?’ Sbgﬁn‘ﬂ&‘? F\‘:"?%‘rsence in
its emoilé@éd/aﬁdasrto@hlatmor"mﬁm):xtra%ﬁaﬂpl € 6 - Manufacturi ng of a Customi zed

A igonucleotide Library A custom zed oligonucleotide |ibrary i S used to
enri ch sanplaE®ls Bieporiien eherainisdIph ds pieparedfrommpasicahlood\gi saima . ' s eArray (a

web- ba; ust t.enri chrrent
oyst ot S Sesh sbfheink BpitRaon it EhGERS RS B L3 Fiudley o
55, 00@CakgeSostch®HDMNA Blo¢dKitai DINW Sesiotek it Fespebtivel)s GeabmiEDNAroinS
desi gned tgo tar f Tabl e 1. The custom RNA ol i gonucl eoti des, or

ne
bai t s,¢'%l8 1HPTEP rﬁ@b&ﬁ@a&rgrﬂe@m invabying Brofrinase & figptiop; wilrrhiepErad nagneti c
beads eangctibntHdiones Ghirdn RHSEEDRAL ChggAty The
target enrichnment procedhlregﬁ)lljses an 1gxt S-géﬁ\?ﬁ aF f%ll E%Aphyl%%l d se ﬁlmg i on
t echninggileqd fon drepaggtivh of genomic DINA ﬁveseasihyeobmmableahﬂteﬂ boaels's] @i Pathelncy of
the s r.kflaow. Tar uence enrichnment ensures that only the
genomg‘g%?qga@g%f%lﬁl? BBy %ﬁﬁ’é Eﬁﬂ'&?}ﬁ’el entirety frall RH‘B‘&@%S efficiencies
that reduce costs and permt nore sanpl es to be anal yzed per study. The
SureSel ect Target Enri chrrent System workfl ow i s solution-based WO
2011/ ExsmpbrcTMaspfacturios 0fis Custemized Qligonueleetiflei Ibrary:r ocent ri f uge t ubes or

mcrotiter Apl:lf'sEo(':r'ﬁZe(Ff)(ﬁéH?ﬂlgleZtlde I%%Q}y% fto %;I%’rl]% sampli)e’\swfor DNAs

encoding proteins of interest. Agilent.’s eArray (a web-based design tool) is used to created a

customized target enrichment system tailored to infertility related genes. A customized
library of 55,000 oligos (120mers) (which covers a 3.3mb chromosomal region) is designed
to target genes of Table 1. The custom RNA oligonucleotides, or baits, are biotinylated for
easy capture onto streptavidin-labeled magnetic beads and used in Agilent.’s SureSelect
Target Enrichment System.

The target enrichment procedure uses an extremely efficient hybrid selection
technique, and significantly improves the cost- and process efficiency of the sequencing
workflow. Target sequence enrichment ensures that only the genomic areas of interest can be
sequenced, creating process efficiencies that reduce costs and permit more samples to be

analyzed per study. The SureSelect Target Enrichment System workflow is solution-based
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Genom c DNA is sheared and assenbled into a library format specific to the
sequencing instrunent utilized dowstream Size selection is performed on
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Exanple 11 - Correl ati on of Pol ynorphisnms with Premature Maternal Aging

Pol ynmor phi snms anpong t he sequences of target selected DNA fromthe pool of
test subjwotstiasgl7sdenti fi ed, and nmay be classified accecdiusgomwoswber e t hey
occur in pronoters, splice sites, or coding regions of a gene.

Pol ynor phi sns can al so occur in regions that have no apparent function,
such as introns and upstream or downstream non-codi ng regions. WO

2011/ 133175PCT/US2010/ 050063 Al t h h. pol hi t b
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Example 11 — Correlation of Polymorphisms with Premature Maternal Aging

Polymorphisms among the sequences of target selected DNA from the pool of
test subjects are identified, and may be classified according to where they occur in promoters,
splice sites, or coding regions of a gene. Polymorphisms can also occur in regions that have

no apparent function, such as introns and upstream or downstream non-coding regions.
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A library of nucleic acids in an array format is provided for infertility
di agnosis. The library consists of selected nucleic acids for enrichnment of
geneti c twogetigi3sdrer ei n pol ynorphi snms in the targets arectarse@bas®ds Wit h
variations in fertility. A patient nucleic acid sanple (appropriately

cl eaved and size selected) is applied to the array, and patient nucleic
acids that are not imobilized are washed away. The i mmmobilized nucleic

aci ds i nterest ,are then el ut and sequenced t ete | ymor phi sns.
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snoki Exan®le 10 4 D@pnb&ts@hd CRLARIIRe Phenot ypes such as having children at a
younger age i s indicated. Exanple 17- D agnostics and Counseling A
conpl et e DMuliBagUeiIs]eit acids inmompey fermapis rapvided for efegditediagmosiafhe 1 i s

d ' j: : i L .. A ' h
ool ymar oh o e Sel TSR ] ST B bl SR et ol

expos pobsnarpiiems érdthe tdrgetk aret dokretayedswalh Usriadions hefeRBit) e batint ai@bidatRd and/ or

quanti fi el%. According to the polynorphisns detected and_ the phenotype and

envi r SARBISHapprepRsely clsavedyuh sizsseleckd) isappliothto theypmey, sndpaienbhucleie apids i ent

or i [NaTeTele E=To)! r LS .eval uat ed

and! or o ingbiigel eS8 K8, TE Shi3k RO BIAEELIE 8P fierk aft Bt

pr evertuied arel segeenoed tvdetsct polys@eptadno M ccotdivigto 2l palpmofphisis dtdtted, the

envi ronm E;tal exlg sures such as al ¢ohol intake or snoking, or mtigation of
ek

cert ailfft © DaRent Isevalwped gndior s le_gt The RAbGRgE pesdingly adiigpéat ed.
VO 2014 k33 kRS HhSROAN PG WiGHa feftilf) BBt & suitgrbiﬁé‘/ ﬁl{eﬁ%git}fl 8Fa

assessing infertility and/or egg quality 1n a mamal, t
conpr ipeftisylar fovittadentitigation raeesdyret o det er mi ne presence or absence of a

mutation in a plurality of genes selected from Table 1; and

Example 13 — Diagnostics and Counseling

A complete DNA sequence of any number of or all of the genes in Table 1 is determined

using a targeted resequencing protocol. According to the polymorphisms detected and the
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assessing infertility and/or egg quality based on results of the assay,
wherein presence of a nutation in at |least two of the genes fromTable 1 is
i ndi cati weoab1vssestility. 2. The nethod accordi ng to ecaiusedip/osdves ei n t he
mutation is selected fromthe group consisting of: a single nucleotide

pol ynor phism a deletion; an insertion; a rearrangenent; a copy nunber
variation; and a conbination thereof. 3. The nethod according to claiml,

wh [ . ing. 4..Th t hod accarding to claim3,
wnor o1 el SR N % SR aish GRRBT AR5 e hreiet o et SR R Mo BetSr di ng o
cl ai mekaluale@nai/or fietifiss aphe fatiemng awoﬁﬁn%9 adVikedds th e SLABSIH RMKERRbSD 1-
6. The method according to claim1, further conprising obtaining a sanple

from tosusRshTIefia lEeRHIY EeMpIenterssuitakilipy armapessify of a pastiedlar inowrar fstikzation 7. The
nethoqnagﬁg ding to claim6, wherein the sanple is a human tissue or body
fluid. . The nmethod according to claim6, wherein prior to the conducting
step, the nethod further conprises enriching the sanple for the plurality

of genes fromTable 1. 9. The nmethod according to claim1l, wherein
assesgﬁ@EmhﬁﬂLﬁﬁﬁﬁgﬁﬁ#ﬁﬁggg@ggﬁggga;ing results of the assay with at |east
one infertig liBﬁéB%tSIﬁ&'léé scddspilaeaﬂ%éﬁ'f&m&a&?g;Sro%e&i%\f!iﬁfeﬂnﬁyhfégn&f&%ur e. WO
2011/ 133175PCT/ US2010/ 050063 10. The met hod according to cla m9, wherein

t he pHmuyppnusts phselectnd nawleia avidseior edrichripobofl genktic wegetctbeteir om at | east
o iR b T 9 FROEE L bk B i 52,
on at sh@pRi(apptBphiditl§icldahed ¥nPsOelcrtedyistipPI®d #&he array, and patient nucleic acids

that are not immobilized are washed away. The immobilized nucleic acids of interest are then

eluted and sequenced to detect polymorphisms. According to the polymorphisms detected and
the phenotypic traits and environmental exposures reported, the POF status of the patient or
likelihood of future POF occurrence is evaluated and/or quantified. The patient is accordingly

advised as to whether preventative egg or ovary preservation is indicated.

Example 15 — Diagnostics and Counseling

A complete DNA sequence of any number of or all of the genes in Table 1 is determined
using a targeted resequencing protocol. According to the polymorphisms detected and the
phenotype and environmental exposures reported, the fertility status of the patient is evaluated
and/or quantified. According to the polymorphisms detected and the phenotypic traits and
environmental exposures reported, the POF status of the patient or likelihood of future POF
occurrence is evaluated and/or quantified. The patient is accordingly advised as to whether

preventative egg or ovary preservation is indicated.

Example 16 — Diagnostics and Counseling

A library of nucleic acids in an array format is provided for infertility diagnosis. The
library consists of selected nucleic acids for enrichment of genetic targets wherein
polymorphisms in the targets are correlated with variations in fertility. A patient nucleic acid
sample (appropriately cleaved and size selected) is applied to the array, and patient nucleic acids

that are not immobilized are washed away. The immobilized nucleic acids of interest are then

42



b) analyzing at |least one infertility-associated phenotypic trait of the
mammal or environnental exposure; and c) correlating results from
st eps (a)wendii(13}175t her eby assessing infertility and/ or peggSqualosiog3 i n t he
mammal . 12. The nethod according to claim 11, wherein the biomarker is a
gene. 13. The nethod according to claim 12, wherein the gene is a maternal
ef fect gene. 14. The nethod according to claim 13, wherein the maternal

ef fect ;gene s a ge fromTable 1. 15  Th t hod according,to claim12,
wher oi 1R and Sl Rl T pF TP Danoomi A b nd 6 8 PRBRITORODY dFucY il « o
det er nhe @heHoBFRO G &It IndRTROmRemA] ApidkétrepittddNde mhaterRdISREH ]

inferti I,?ty.oe?g., The net hod accordlpng to %P?itdhq i;135,a'z‘t(\)“/{/r1ﬁere| nga%tﬁgs ?r\fut}thgti on is
sel ectRadient gikeeoagr o fptuspremeturnpatsinal agisg peusrenae isevaluaied pod/pror phi sm  a
del eti gQn:.« [ -1 On. r , number variation; and a
conbi rarrancy B8 Bapli i acordly BRAGHRR 0 Wi h Hhs G ok Bhif ol n e

bi omarireservasioa, gieizatiow ofdertaitBenvioememtbh haxgoasensudh agalcohdsllisbke &7, wherein
t he gene product .is, a ?roduct of a maternal effect gene. 19. The net hod
accor diTRf 1% OF MAlgAtieR of Geitatn Phenohwensica s Apviae chuldrey atfeyquager agsri® from
Tabl e jhdicat® 2011/ 133175PCT/ US2010/ 050063 20. The nethod according to
claim17, wherein the gene product is RNA or protein. 21. The nethod
according to claim 17, wherein the assay conprises determ ning an anount of
t he gene product and conparing the determ ned amount to a reference.

Example 17 — Diagnostics and Counseling

A complete DNA sequence of any number of or all of the genes in Table 1 is determined
using a targeted resequencing protocol. According to the polymorphisms detected and the
phenotypic traits and environmental exposures reported, the fertility status of the patient is
evaluated and/or quantified. According to the polymorphisms detected and the phenotype and
environmental exposures reported, the maternal aging status of the patient or likelihood of future
premature maternal aging occurrence is evaluated and/or quantified. The patient is accordingly
advised as to whether preventative egg or ovary preservation, minimization of certain
environmental exposures such as alcohol intake or smoking, or mitigation of certain phenotypes

such as having children at a younger age is indicated.
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22. The nmethod according to claim11l, wherein the phenotypic trait of the
mammal or environnmental exposure is selected fromat |east one trait in
Tabl e 2. wbB2o11Ti3g176et hod according to claim 11, further PCOMS2IIBIONY63
obtaining a sanple fromthe mammal that conprises the
infertility-associated biomarker. 24. The nmet hod according to claim 23,
wherein the sanple is a human tissue or body fluid. 25 The nethod

accor qj .ta cl |m 23, wherein prior to the conducting step, the nethod
furth & nriching the sanple for the biomarker. 26. An array,
the array conprising: a substrate; and a plurality of

ol | GONUGL galHod9s: kLB kel flic) BRYSUAAANE il il AEEe] Sﬁﬂgﬁf?ﬂ?%%‘% o a

posi tions, wherein at ['east one o I"'gonucl eot T
portion of candyeting fin essa &bdaterininhpriesanae buglssnemfiamhertion intaplasbigeofat ed
mut at| g%nes selected from Table 1; and

assessing infertility and/or egg quality based on results of the assay, wherein presence of

a mutation in at least two of the genes from Table 1 is indicative of infertility.

2. The method according to claim 1, wherein the mutation is selected from the group consisting
of: a single nucleotide polymorphism; a deletion; an insertion; a rearrangement; a copy number
variation; and a combination thereof.

3. The method according to claim 1, wherein the assay comprises sequencing.

4. The method according to claim 3, wherein sequencing is sequencing-by-synthesis.

5. The method according to claim 1, wherein the assay is conducted on all of the genes from
Table 1.

6. The method according to claim 1, further comprising obtaining a sample from the mammal

that comprises the plurality of genes from Table 1.
7. The method according to claim 6, wherein the sample is a human tissue or body fluid.

8. The method according to claim 6, wherein prior to the conducting step, the method further

comprises enriching the sample for the plurality of genes from Table 1.

9. The method according to claim 1, wherein assessing further comprises correlating results of

the assay with at least one infertility associated phenotypic trait or environmental exposure.
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10. The method according to claim 9, wherein the phenotypic trait or environmental exposure is

selected from at least one trait in Table 2.
11. A method for assessing infertility and/or egg quality in a mammal, the method comprising:
a) conducting an assay on at least one infertility-associated biomarker;
b) analyzing at least one infertility-associated phenotypic trait of the mammal or
environmental exposure; and
¢) correlating results from steps (a) and (b), thereby assessing infertility and/or egg
quality in the mammal.
12. The method according to claim 11, wherein the biomarker is a gene.
13. The method according to claim 12, wherein the gene is a maternal effect gene.
14. The method according to claim 13, wherein the maternal effect gene is a gene from Table 1.
15. The method according to claim 12, wherein the assay comprises sequencing at least a
portion of the gene to determine presence or absence of a mutation that is associated with
infertility.
16. The method according to claim 15, wherein the mutation is selected from the group
consisting of: a single nucleotide polymorphism; a deletion; an insertion; a rearrangement; a
copy number variation; and a combination thereof.

17. The method according to claim 11, wherein the biomarker is a gene product.

18. The method according to claim 17, wherein the gene product is a product of a maternal

effect gene.

19. The method according to claim 18, wherein the maternal effect gene is a gene from Table 1.
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20. The method according to claim 17, wherein the gene product is RNA or protein.

21. The method according to claim 17, wherein the assay comprises determining an amount of

the gene product and comparing the determined amount to a reference.

22. The method according to claim 11, wherein the phenotypic trait of the mammal or

environmental exposure is selected from at least one trait in Table 2.

23. The method according to claim 11, further comprising obtaining a sample from the mammal

that comprises the infertility-associated biomarker.

24. The method according to claim 23, wherein the sample is a human tissue or body fluid.

25. The method according to claim 23, wherein prior to the conducting step, the method further

comprises enriching the sample for the biomarker.

26. An array, the array comprising:

a substrate; and

a plurality of oligonucleotides attached to the substrate at discrete addressable positions,
wherein at least one of the oligonucleotides hybridizes to a portion of a gene from Table 1 that

includes an infertility-associated mutation.
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