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ABSTRACT
Goals of this dissertation were to 1) use custom-made cDNA microarrays to
identify genes in the bovine pituitary gland that are differentially expressed during the
estrous cycle and 2) characterize their patterns of gene expression. The estrous cycle is a
dynamic process that requires coordination between the hypothalamus, pituitary gland,
and ovaries. The anterior pituitary gland synthesizes and secretes the gonadotropins,
luteinizing hormone (LH) and follicle stimulating hormone (FSH), which regulate
steroidogenesis and follicular development. Currently, intrapituitary factors that
modulate gonadotropin synthesis, storage, and release are not well described, thus,
requiring investigation.
To investigate the validity of the microarray results, we performed real-time PCR
on 35 genes identified by cDNA microarray as being differentially regulated. Overall,
microarray and real-time PCR results were consistent among our experiments suggesting
that cDNA microarray is an efficacious tool for profiling gene expression in the bovine
pituitary gland.
Our first experiment was designed to identify genes that were regulated during the
early luteal phase. This period is characterized by steadily increasing concentrations of
progesterone (P4) from nadir to maximum. Samples from three different time points, d 2,
d 6, and d 10 following initiation of the first follicular wave, were compared. One
hundred and sixty nine genes were determined to be differentially expressed. Ten of
these genes were validated using real-time PCR.
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The other two studies were designed to identify genes that were regulated during
the preovulatory period as induced by the administration of prostaglandin F2α (PGF2α).
This period is characterized by a decrease in circulating concentrations of P4 coincident
with an increase in circulating concentrations of estradiol. Prior to the surge, FSH and
LH are disconcordinately released but the underlying mechanisms regulating their release
is unknown. The second study identified 1406 genes to be differentially regulated during
the 72 h following administration of PGF2α. Twenty-seven of these transcripts were
validated by real-time PCR. The third study identified 503 genes to be differentially
regulated during the 48 h following administration of PGF2α. Twenty two of these
transcripts were validated by real-time PCR.
Together these experiments have identified several genes as potential
intrapituitary factors that may function to regulate the reproductive axis.
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CHAPTER 1
INTRODUCTION
Endocrine regulation of reproduction
The hypothalamus is the neural control center of reproduction; it synthesizes and
releases gonadotropin releasing hormone (GnRH). GnRH, also termed luteinizing
hormone releasing hormone, is a decapeptide that triggers the synthesis and secretion of
the gonadotropins, luteinizing hormone (LH) and follicle stimulating hormone (FSH), by
the anterior pituitary gland. GnRH is synthesized in the arcuate and preoptic areas of the
hypothalamus, stored in membrane bound granules of the median eminence, and
delivered to the anterior pituitary gland via the hypothalamic-hypophyseal portal system.
The hypothalamic-hypophyseal portal system (Figure 1.1) is a unique vascular transport
system for seven hormones, including GnRH, which enables these hormones to travel
directly from the hypothalamus to the anterior pituitary gland without entering the
general circulatory system. Blood containing hypothalamic hormones is drained from
capillary loops in the median eminence through the hypophyseal stalk and into the
adenohypophyseal sinusoids. Since the anterior pituitary gland is the target organ of
these hormones and their pathway is direct, the half-life of these hormones is short and
endogenous concentrations are low.
GnRH stimulates the synthesis and release of LH and FSH from the gonadotropes
in the anterior pituitary. Action of GnRH is mediated by phosphatidylinositol and
calcium-calmodulin second messenger systems (148). In the female, estradiol-17β (E2),
progesterone (P4), and GnRH are the primary regulators of GnRH synthesis and
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secretion. In addition, GnRH is modulated by other endocrine factors including IGF-I,
dopamine, endorphins, melatonin, norepinephrine, glutamine, gamma-aminobutyric acid,
neuropeptide Y, leptin, galanin, neurotensin, angiotensin II, and endogenous opioids
(148).
The gonadotropins act on the ovaries and testes to regulate folliculogenesis,
ovulation, spermatogenesis, and steroidogenesis. In the ovary, LH and FSH stimulate the
production of E2 and P4 by binding to their distinct receptors and induce the production
of ovarian steroids via the adenylate cyclase/cAMP pathway (63). LH and FSH are
heterodimeric glycoproteins and like other glycoprotein hormones, LH and FSH can
undergo variable glycosylation that results in various isoforms of the gonadotropins
reaching the gonads. The various isoforms differ in their isoelectric points, receptor
binding, and biological potencies (19); (95). In rodents and primates the degree of
glycosylation can alter the biological activity and half-life of the hormone (201). The
gonadotropins are composed of two subunits termed the α- and β-subunits (146). The α –
subunit (α-GSU) is identical for LH, FSH, thyroid-stimulating hormone, and placental
chorionic gonadotropins whereas the β-subunit are unique thus conferring the biological
specificity of these hormones. Biosynthesis of the gonadotropins is tightly controlled and
is highly dependent on regulation of the subunits at the level of gene transcription (94).
Tonic levels of LH control follicular maturation and corpus luteum (CL)
development and maintenance; and, at surge levels, LH induces ovulation. LH and FSH
act on granulosa cells and theca cells in the ovarian follicle to produce E2 via “the 2-cell,
2-gonadotropin model”. In this model LH binds to its receptors on theca cells and
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stimulates the conversion of testosterone from cholesterol. FSH binds to its receptors on
granulosa cells and causes the production of testosterone (from the theca cells) to E2 via
aromatase enzyme (Figure 1.2). The acquisition of LH receptors on theca cells is
required for E2 production and growth of the dominant follicle (DF). In cows, LH
receptors are required for a DF to grow larger than 7-9mm in diameter (56). In addition,
LH governs the process of luteinization, whereby granulosa cells and theca cells form the
CL, which synthesizes and secretes P4.
In addition to promoting steroidogenesis, FSH induces growth of small follicles,
prevents follicular atresia, causes proliferation of granulosa cells, and upregulates FSH
and LH receptors on granulosa cells (153); (42).
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Figure 1.1 Hypophysiotropic hormones are secreted into hypophyseal portal circulation
and transported to the anterior pituitary gland. (50)
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Figure 1.2 2-cell, 2-gonadotropin model depicting the synthesis of E2 by cooperation
between the granulosa and theca cells of the ovary. In this figure cAMP is cyclic AMP
and PKA is protein kinase A (140).
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Bovine Model
The cow as an animal model for investigating the regulation of reproduction by
the hypothalamic-pituitary-ovarian axis has several distinct advantages compared to other
animal models including: the bovine reproductive cycle is well-described and can be
experimentally manipulated in a predictable manner (i.e. estrus can be synchronized);
cows have a relatively large hypothalamus, anterior pituitary gland, and reproductive
tract allowing for surgical manipulation of the axis including surgical disconnection of
the hypothalamus from the pituitary gland (HPD) and ovariectomy (OVX) to investigate
endocrine factors in vivo in the absence of endogenous hormonal feedback; the bovine
reproductive tract can be monitored daily using ultrasonography without requiring
anesthesia; serial serologic samples can be collected without affecting animal welfare or
the accuracy of hormone measurements; and, the cow’s hypothalamic-pituitary-ovarian
axis and many aspects of the estrous cycle are analogous to the menstrual cycle of the
human female.
Historically, results based on data collected using the bovine model have proven
valuable when applied to human reproduction and infertility. Many techniques including
in vitro fertilization and artificial insemination were utilized first in cows and later
successfully applied to human infertility. Additionally, much of our understanding of
reproductive endocrinology has been derived from research utilizing cattle and sheep.
This literature review will primarily focus on research conducted in domestic ruminants
and will provide findings from research conducted in rodents when appropriate.

20

The Estrous Cycle
Synthesis and secretion of gonadotropins are regulated by endocrine feedback
mechanisms that result in the dynamic milieu of hormones that characterizes the estrous
cycle (Figure 1.3). This feedback system is critical for maintaining estrous cyclicity
(Figure 1.4). The estrous cycle of a cow lasts approximately 21 days and normally
ranges from 17 to 24 d (206) and is characterized by a long luteal phase (18 d) followed
by a short follicular phase (3 d).

Follicular development
The ovarian follicle protects and provides nutrients to the oocyte, and secretes E2
and P4 in response to the gonadotropins. Folliculogenesis is the progression to an antral
(preovulatory/Graafian) follicle from a pool of primordial follicles. Follicular
development in cattle can be described as periodic waves of follicular growth and demise,
characterized by the recruitment of follicles, selection of a particular follicle, and
ovulation or regression of that selected follicle. In cattle and women, multiple follicular
waves occur during each estrous cycle (168); (7). Recruitment is triggered by FSH (185)
and is characterized by the appearance of a cohort of antral follicles that continue to
grow. Selection is characterized by one follicle distinguishing itself as the dominant
follicle (DF) by continuing to grow and secrete ovarian steroids as the other follicles of
the cohort undergo atresia (Figure 1.5). Atresia is a degenerative process of apoptosis,
which occurs in over 99.9% of all ovarian follicles (82). The DF will either be ovulated
or become atretic following a period of dominance. Typically cattle have either 2 or 3
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follicular waves per estrous cycle. In 2-wave cycles; wave 1 starts on day 2, wave 2
starts on day 11, and it is the DF of the second wave that ovulates. In 3-wave cycles;
wave 1 starts on day 2, becomes static on days 8-12, and declines on days 12-16; wave 2
starts day 9 and ends day 17; and wave 3 starts on day 16 and eventually becomes
ovulatory follicle (168).

Luteal phase
During the luteal phase, the dominant structure on the ovaries is the CL. The CL
is formed after ovulation from the residual follicular granulosa cells and theca cells that
under the influence of growth hormone (GH) and LH will develop into a transient
endocrine structure that synthesizes and secretes progesterone (P4). The luteal phase of
the estrous cycle consists of the development of a CL, production of P4, and luteolysis.
In the cow the luteal phase begins after ovulation and lasts approximately 18 days. . The
small luteal cells, originating from theca cells, secrete P4 in response to LH via the
protein kinase A second messenger pathway. The principle targets of P4 are the
hypothalamic-pituitary axis and the reproductive tract. P4 is necessary for maintenance
of pregnancy in domestic ruminants (84). P4 acts by directly regulating transcription of
genes through specific nuclear receptors, P4 receptors (PR) A and B, which act as ligandinducible transcription factors. In cattle, serum levels of P4 are low immediately after
ovulation, increase rapidly by d 3-4 (142), plateau at approximately d 7 and remain
elevated until luteolysis on d 18-19 (41). Serum concentrations of E2 remain relatively
low during the luteal phase but fluctuate coincident with the growth of the DF during the
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follicular waves of the luteal phase (152). The negative feedback from the ovarian
steroids decreases the frequency of GnRH and LH pulses thus permitting tonic secretion
of LH while preventing surge levels. At basal concentrations, LH acts on growing
follicles to promote E2 production and is required for P4 production by the CL from d2 to
d 12 (143). If pregnancy does not occur, the CL must regress to permit follicular growth
and ovulation; thus, the reproductive cycle can begin again. CL regression is termed
luteolysis and is characterized by the cellular decomposition of the CL and an abrupt
decline in P4 production. Luteolysis marks the end of the luteal phase of the estrous
cycle.
Follicular Phase
The folliular phase of the bovine estrous cycle last approximately 3-4 days and
consists of several major events including follicular growth and steroidogenesis, sexual
receptivity (estrus), a preovulatory surge of gonadotropins and ovulation. Following
luteolysis the inhibitory feedback of P4 at the hypothalamic and pituitary levels is
removed. Also during this time the DF undergoes a rapid period of growth and secretes
E2 at maximal levels that positively feed back to the hypothalamus to stimulate a GnRH
surge and subsequently a LH and FSH surge. Surge levels of LH initiate ovarian
changes, including the degradation of the follicular wall with a concurrent increase in
follicular pressure, that result in ovulation. In cattle, the duration of the LH surge is
approximately 10 h and occurs at or near the onset of estrus (20). Estrus lasts 12 to 18 h
(203) and ovulation occurs approximately 25 to 30 h following the onset of estrus (22).
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Estrogen targets the brain and the uterus to regulate reproductive processes. E2
acts through nuclear receptors, which are essentially ligand-activated transcription
factors. Two different E2 receptors (ER), ERα and ERβ, are present in mammals (57),
(106). The estrogen-ER complex binds directly to estrogen response elements (ERE) on
target genes and regulates gene transcription. This form of E2 action is termed
genotropic regulation (104). However, E2 can also affect cellular function by mediating
intracellular second messengers or signal-transduction cascades through non-genotropic
actions.
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Figure 1.3 Circulating concentrations of LH, FSH, E2 and P4 during the bovine estrous
cycle. (50)
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Figure 1.4 Feedback loops of the hypothalamic-pituitary-ovarian axis (50)
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Figure 1.5 Pattern of follicular waves in cattle. Shown is a 3-wave per estrous cycle
pattern {50}
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LH and FSH secretion
Gonadotropes are specialized cells in the anterior pituitary that synthesize, store
and secrete the gonadotropins. In cattle, and all species examined, LH and FSH
colocalized in the same gonadotropes, and gonadotropes expressing only LH or FSH are
rare (120), yet the gonadotropes release the gonadotropins in distinctly different secretory
patterns. Serum concentrations of the gonadotropins plotted over time demonstrate
infradian patterns during the bovine estrous cycle. Throughout the estrous cycle LH is
secreted in a pulsatile manner in response to pulsatile GnRH secretion; thus, the pattern
of LH secretion mimics GnRH secretory patterns (25) while FSH pulses are virtually
random (23). When secretion of both gonadotropins was monitored in the cavernous
sinus of the ewe, only 13% of the FSH pulses coincided with LH pulses (23). These
findings suggest that there are distinct mechanisms regulating differential FSH and LH
secretion.
During the luteal phase of the estrous cycle circulating concentrations of LH are
at basal/tonic levels due to negative feedback from P4 and E2 (Figure 1.6). Tonic
secretion of LH is characterized by small pulses of hormone released at varying intervals
by the anterior pituitary gland (116). LH pulses during the luteal phase are described as
low frequency and high amplitude, and circulating concentrations of LH remain low
through the early and midluteal phase (d 0 thru d 10) then decline during the late luteal
phase (d 11 thru d 18) (102). The patterns of LH and FSH secretion during the luteal
phase are not coupled. Following the preovulatory surge of LH and FSH, circulating
concentrations of LH are at nadir while FSH pulse amplitude and circulating
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concentrations increase resulting in a secondary surge of FSH that occurs about 12 h after
the preovulatory surge of LH and FSH (81). It has been suggested that the secondary
surge of FSH plays a role in the recruitment of the first follicular wave of the estrous
cycle (185); (3). A temporal relationship between FSH secretion and the emergence of a
new wave of follicles exists during the luteal phase, when a surge of FSH can be detected
approximately 1-2 d prior to the emergence of a new wave of follicles (3); (172).
During the follicular phase, concentrations of LH and FSH are distinctly different
suggesting this is a critical time of divergent gonadotropin regulation. Following
luteolysis, basal LH secretion and LH pulse frequency are increased while basal secretion
of FSH is decreased (135); (150); (17).

During the follicular phase the combination of

diminished negative feedback by P4 and the positive feedback by E2 (Figure 1.7) results
in a surge release of LH and FSH. The mechanisms that transition the sensitivity of
gonadotropes from E2-mediated negative feedback (during the luteal phase) to E2mediated positive feedback (during the follicular phase) remain unclear.
It has been suggested that the majority of synthesized LH is shunted into storage
in the gonadotropes from where it is released upon extracellular stimulation. In order to
sufficiently maintain the LH surge and supply enough LH to maintain the CL following
the surge, storage of LH may be necessary. LH and FSH are packaged into secretory
granules and sequestered inside the gonadotrope until stimulated by a GnRH pulse.
Considering 80% of the LH contained in the pituitary gland of ewes is released during the
surge (13), a coordinated effort to release the majority of the intracellular granules is
required. It has been suggested that the granules are essential for the regulated release of
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LH in response to tonic and surge levels of GnRH; however, the regulatory mechanisms
that influence the packaging, sorting, and exocytosis of the granules are unclear, and the
intrapituitary factors that sensitize gonadotropes to transition from tonic LH release to
surge release are unknown.
In contrast to LH, FSH secretion is primarily constitutive so the majority of FSH
is released shortly after synthesis rather then sequestered into storage (31). As indicated
by the constitutive secretory pattern of FSH, GnRH is necessary for FSH synthesis but it
may play a minor role in its release (149); (66).
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Figure 1.6 Negative feedback of the ovarian steroids on the hypothalamus and pituitary
gland during the follicular phase of the estrous cycle (140)
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Figure 1.7 Positive feedback of E2 on the hypothalamus and pituitary gland during the
follicular phase of the estrous cycle (140)
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Regulation of gonadotropin secretion
Although several endocrine factors regulate the release of LH and FSH by the
anterior pituitary gland indirectly via effects on the GnRH neurons residing in the
hypothalamus, and the effects of gonadotropins are augmented at the level of the ovaries
by modulation of LH and FSH receptors and/or other endocrine, paracrine, and autocrine
factors, these mechanisms will not be discussed in detail.
In females, GnRH, ovarian steroids and other endocrine factors regulate the
synthesis and secretion of LH and FSH. The pulses of GnRH, LH and FSH change in
both amplitude and frequency depending on the type of agonist that initiated the
response, agonist concentration, and in females, the stage of the estrous cycle. In females
the ovarian steroids, E2 and P4, are the most potent regulators of gonadotropins; they
affect gonadotropins indirectly by modifying the synthesis and secretion of GnRH and
directly at the anterior pituitary gland to regulate the synthesis and secretion of FSH and
LH. In all mammalian females a rise in plasma FSH and LH is observed following
ovariectomy (OVX). The increase in gonadotropin secretion following OVX is caused
by an increase in GnRH pulse frequency and amplitude that is induced by the loss of
negative feedback on the hypothalamus by the ovarian steroids (113). The role of E2
and P4 in the control of GnRH pulsatile secretion and the generation of the preovulatory
surge of LH and FSH has been fully investigated, but the intracellular mechanisms of
ovarian steroids on gonadotropin synthesis and release are still under investigation.
GnRH receptors
The amount of LH and FSH released in response to GnRH is related to the
sensitivity of the gonadotropes at the time of stimulation based on the number of GnRH
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receptors (GnRHR) on their cell surfaces (205); thus, GnRHR numbers influence
reproductive efficiency. GnRHR is a G protein-coupled receptor that is highly conserved
between species and is expressed in the anterior pituitary gland, ovary, and placenta (21).
The number of GnRHR on the plasma membrane of gonadotropes is altered by gonadal
steroids and GnRH, and varies throughout the estrous cycle. GnRHR numbers are tightly
correlated with the rate of GnRHR gene transcription during the estrous cycle in rats and
sheep (9); (182). During the luteal phase in ewes, both GnRHR mRNA levels and the
number of GnRHR are down-regulated during the follicular phase (123); (34). This trend
was also observed during the rat estrous cycle, where the number of GnRHR is maximal
(27). Thus, the sensitivity of gonadotropes to GnRH is heightened in preparation for the
LH surge.
E2 induces the preovulatory surge of gonadotropins byincreasing the sensitivity of
gonadotropes to GnRH, a priming effect that functions to amplify the GnRH signal, and
subsequently stimulating maximal GnRH secretion (123). The mechanism by which E2
primes the anterior pituitary to maximally respond to GnRH is by increasing GnRHR
numbers on gonadotropes and GnRHR mRNA levels. This mechanism has been
documented in vivo (182); (186); (184), and in vitro (58); (208). In culture, E2 enhances
GnRH-stimulated LH release from anterior pituitary cells (124); (139) by increasing the
number GnRHR (109). This increase in GnRHR by E2 is by direct action on the
gonadotrope rather then indirectly through the hypothalamus (133). Turzillo and
coworkers confirmed this finding using OVX ewes and ewes that had undergone
hypothalamic-pituitary disconnection (HPD) (182). HPD is a valuable surgical tool that
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reveals the extent to which steroids can act directly on the pituitary because the inputs of
GnRH are removed while the vital blood supply via the hypophyseal arteries remain
intact. Using HPD ewes Turzillo and coworkers (186) demonstrated that E2 upregulates
levels of GnRHR mRNA and increased GnRHR numbers in the absence of GnRH pulses.
Taken together these studies indicate that E2 upregulates GnRHR transcription and de
novo synthesis of GnRHR. The mechanism in which GnRHR is upregulated by E2 is
still unknown but most likely it is working through a nongenotropic mechanism that may
involve transcription factors since the GnRHR gene lacks an ERE (134).
P4 primarily inhibits gonadotropin release by inhibiting GnRH pulses (93) but can
also regulate the expression of the GnRHR gene and alter GnRHR numbers on the
plasma membrane of gonadotropes. In culture, P4 administration reduced mRNA for
GnRHR in ovine pituitaries cells (208). In vivo, decreasing concentrations of P4 during
luteolysis led to an increase in GnRHR mRNA levels (182). This increase in GnRHR
gene expression occurred in the absence of E2 (prior to the endogenous increase in E2
serum levels) suggesting that the upregulation of GnRHR may be initiated by the removal
of the negative effect associated with elevated P4 concentrations. During the luteal phase
the actions of P4 on GnRHR may be more efficacious than those of E2 because the
stimulatory effects of E2 on GnRHR expression and number can be abolished by P4 (14);
(183).
In addition to ovarian steroids, GnRH can both up- and down-regulate its own
receptor (115); (119). It has been well documented that responsiveness to GnRH by the
gonadotropes is modulated by GnRH concentration and frequency of its administration.
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In OVX ewes, HPD resulted in a decrease in GnRHR numbers and GnRHR mRNA
levels (59); (184). This decrease could be overcome by administering exogenous
pulsatile GnRH (26); (66) suggesting that GnRH pulses are required to maintain
transcription of GnRHR and GnRHR numbers on gonadotropes. GnRH regulates
GnRHR mRNA levels in pituitary cells of rats (88), sheep (184), and cattle (192). In
vivo, GnRH administered in pulses increases GnRHR numbers and GnRHR mRNA
levels in ewes (67); (186).
When gonadotropes are exposed to continuous high concentrations of GnRH,
GnRHR numbers significantly decrease (118), resulting in the pituitary gland becoming
refractory to further stimulation (33); (107), and release of LH decreases despite the
presence of GnRH. This phenomenon is called homologous desensitization (21), occurs
with most G-coupled receptors and can be described as the decrease in responsiveness of
a cell to a constant level of hormone or factor upon prolonged exposure. In ewes
desensitization of gonadotropes to GnRH occurred following 5 days of continuous
treatment with GnRH (10µg/h) and was characterized by a reduction in the number of
GnRHR and GnRHR mRNA levels (183). It has been suggested that the termination of
the LH surge is caused by pituitary desensitization because the number of GnRHR and
GnRHR gene expression decrease in the presence of high GnRH concentrations that
persist for several h after the LH surge (123).
Estrogen receptors
Gonadotrope sensitivity to E2 via changes in ER can also modulate gonadotropin
secretion. Like GnRHR, changes in ER numbers and de novo synthesis can alter
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gonadotropin release. Although both ERα and ERβ have been reported in the pituitary
gland, only ERα has been implicated in reproductive functions of domestic ruminants
(29). ERα is differentially expressed during the estrous cycle and can be regulated by
GnRH and ovarian steroids. In anestrous ewes, treatment with GnRH increased more
than 10-fold the content of ER and progesterone receptors (PR) in the pituitary gland
(176). Using immunocytochemistry, Tobin and coworkers demonstrated that the number
of gonadotropes expressing ERα increased in the follicular phase of the ovine estrous
cycle. In vitro data from perfused pituitary cells indicate that GnRH increases levels of
ERα mRNA (39). In the rat, endogenous E2 differentially regulates pituitary expression
of the mRNA encoding ERα and ERβ (178). There appears to be considerable cross-talk
between the GnRHR and ERα in pituitary gonadotropes since GnRH upregulates ERα
and E2 upregulates GnRHR (24).
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Gonadotropin subunit transcription
Gonadotropins are tightly regulated at the transcriptional level by endocrine
factors including ovarian steroids, GnRH, growth factors, and nutritional factors.
Gonadotropin subunit mRNA levels change during the estrous cycle under the influence
of several endogenous signals including ovarian steroids and GnRH. During the
follicular phase of the estrous cycle in ewes, levels of mRNA encoding LHβ-subunit and
α-GSU increased (30) while FSHβ mRNA content decreased during the follicular phase
(110). Kawate and colleagues documented LH content of the anterior pituitary gland
and expression of the gonadotropin subunits throughout the bovine estrous cycle. They
relied on a classification scheme for the stage of the estrous cycle developed by Ireland
(80) where stage I is early-luteal (days 1-4; day 1 = day of ovulation), stage II is earlymid-luteal (days 5-10), stage III is late-mid-luteal (days 11-17) and stage IV is follicular
(days 18-20). This classification system is based on the morphological features on the
ovaries. The highest levels of α-GSU mRNA occurred during the stage I, decreased
significantly by stage II, slowly increased from stage II to III, and increased significantly
between III and IV (94). In this study, LHβ-subunit mRNA did not change during the
estrous cycle. LH content is greatest during stage IV in preparation for the preovulatory
LH surge. The upregulation during stage I of α-GSU mRNA may function to replenish
the LH stores following the LH surge
GnRH stimulates the release of both gonadotropins, but the gonadotropes
differentially secrete FSH and LH depending on the pattern of the GnRH pulses received.
The dynamics of GnRH pulses directly affect the synthesis and release of gonadotropins,
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and ovarian steroids and other endocrine factors influence GnRH pulse dynamics. For
example, just prior to the preovulatory LH surge, rising concentrations of E2 (in the
absence of P4) act on the hypothalamus to stimulate low-amplitude, high-frequency
pulses of GnRH, and during the luteal phase, dominated by relatively high circulating
concentrations of P4, GnRH pulses are low-frequency and high-amplitude (26). Studies
conducted in vitro and in vivo have demonstrated that GnRH pulse frequency and
amplitude affect mRNA levels encoding gonadotropin subunits. In rats, low frequency
pulses selectively upregulate FSHβ (137); (37); (100) while high frequency pulses
upregulate α-GSU and LHβ (112).
It has been suggested that E2 primarily suppresses gonadotropins indirectly by
inhibiting GnRH release but E2 also exerts direct action on the pituitary gland to alter the
synthesis of the gonadotropin subunits. Treatment with E2 consistently decreases
expression of FSHβ subunit in cultured ovine pituitary cells (144); (8) and in ewes (66);
(183), but the effects of E2 on α-GSU or LHβ subunit mRNA levels are more variable
and may depend on stage of the estrous cycle or which other endocrine factors are
influencing the gonadotropes at the time of E2 administration. E2 did not affect α-GSU
or LHβ subunit expression in OVX ewes that were treated with a continuous infusion of
GnRH (183). In OVX ewes, acute E2 administration decreased α-GSU and LHβ subunit
expression (72), while chronic E2 administration suppressed the expression of LHβ and
FSHβ (121).
The molecular mechanism for the control of pituitary responsiveness to E2
remains unclear. However, the variation in gonadotropin subunit transcription by E2 may
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be induced by transcription factors induced by E2 rather than direct action through its
receptor because an ERE has not been identified in the promoter regions of the
gonadotropin subunits. In the rat an imperfect ERE was reported on the LHβ subunit
promoter (166) and an estrogen-responsive region, but not an ERE, was identified in the
FSHβ promoter (61). The human promoter for α-GSU does not contain an ERE (96).
Because FSHβ subunit gene transcription is highly sensitive to the negative
feedback of ovarian steroids, the effect of P4 on the transcription of FSHβ is fairly
defined while the effect of P4 on α-GSU and LHβ transcription are less clear. In ovine
pituitary cell culture P4 suppressed FSHβ expression levels (195), and FSHβ mRNA
levels were significantly decreased in ewes treated with bovine follicular fluid (bFF)
during the luteal phase (13). The action of P4 on FSHβ subunit transcription appears to
be modulated in the classical manner since the FSHβ promoter contains six P4 responsive
element-like sequences (109). In rats P4 administration prevents the E2 induced
upregulation of α-GSU mRNA levels (167) In OVX ewes that had undergone HPD, P4
(+ E2) reduced α-GSU mRNA levels (184).
Alterations in GnRH pulse frequency selectively stimulate gonadotropin subunit
gene transcription whereby faster frequencies augment α-GSU and LHβ mRNA and
slower frequencies upregulate FSH β mRNA (64). In cows administered GnRH
continuously, LHβ and FSHβ subunit mRNA were reduced (192).
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Other factors that regulate gonadotropins
Activin, Inhibin, and Follistatin
Originally classified as gonadal endocrine hormones, activin, inhibin, and
follistatin can differentially regulate gonadotropin synthesis and secretion. Inhibin
selectively inhibits FSH secretion without affecting LH secretion (211) and promotes
androgen production by thecal cells TC (74), while activin stimulates FSH secretion and
inhibits androgen production. Follistatin, a binding protein of activin neutralizes the
stimulatory effects of activin (130); (101). Activin and inhibin are growth and
differentiating factors that are members of the TGF-β superfamily and are structurally
related disulfide-linked dimers; activin is a homodimer of inhibin β-subunits and inhibin
is a heterodimer of an inhibin α and β-subunit. One inhibin α-subunit and several βsubunits have been reported so the naming scheme of activin and inhibin isoforms relies
on the identity of the β-subunit(s). Only βA and βB have been shown to dimerize so there
are three activins, activin A, B, and AB, and two inhibins, termed inhibin A and inhibin
B. Transcription of inhibin subunit genes is regulated directly and indirectly by
gonadotropins, GnRH, and gonadal steroids (5); (202). Genes for activin, inhibin, and
follistatin are expressed in the gonads and various tissues. Several tissues secrete activin,
inhibin, and follistatin but circulating inhibin is secreted primarily by the ovaries and
testes (10).
Activin can directly stimulate FSH biosynthesis and release from the gonadotrope
(60), upregulate GnRHR gene expression, stimulate GnRH release from GnRH neurons
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(10) and upregulate FSH receptor number and mRNA on granulosa cells (40); (68). At
the transcriptional level, activin increases FSHβ mRNA in vitro and in vivo (18);(197).
Indirectly activin can modulate the effects of inhibin and follistatin on the gonadotrope
(60). Circulating concentrations of activin and follistatin are low suggesting that these
hormones regulate gonadotropins in an autocrine and/or paracrine fashion.
Inhibin is primarily secreted by antral follicles and potently inhibits FSH
synthesis and secretion at the anterior pituitary level without affecting LH (196). During
the estrous cycle circulating levels of inhibin are relatively high, peak after FSH surges
are detected, and coincide with the wave like patterns of follicular growth and E2
production (141). Circulating concentrations of inhibin increase during the follicular
phase in both ewes and cows (138); (46). In rats and primates (including humans) inhibin
B and FSH are negatively correlated during the follicular phase and LH surge (207).
Increases in FSH are followed by an increase in inhibin B within 1-2 days (163). Inhibin
can quickly decrease serum concentrations of FSH, decrease levels of FSHβ mRNA
(215), and accelerate the degradation of FSHβ mRNA (87). Inhibin modulates GnRH
receptors in vitro but not in vivo (187). In ovine pituitary cells, inhibin increased GnRHR
numbers (109), increased mRNA levels for GnRHR (208), and enhanced GnRHstimulated LH release (128).
Prostaglandin F2-alpha
In the cow and ewe PGF2α is the physiological initiator of luteolysis. It is
produced by the uterine endometrium in response to oxytocin and P4 secreted by the CL
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and E2 produced by the DF. PGF2α induces both the structural regression of the CL by
inducing irreversible cellular degradation and the functional regression of the CL as
indicated by the reduction of P4 secretion. The process of luteolysis is critical for the
events that lead to ovulation. As P4 levels decrease, the inhibitory feedback at the
hypothalamus is removed thus secretion of GnRH is stimulated. The increased levels of
GnRH stimulate the pituitary to secrete LH and FSH. The increased levels of LH
promote steroidogenesis and growth of the DF. The resulting increase in serum E2
stimulates further production of GnRH and LH that promotes further E2 production by
the follicle; thus, creating a positive feedback loop that results in a preovulatory LH surge
and ovulation of the DF.
Exogenous PGF2α, or its analogs, will cause luteolysis in ewes and cows with a
functional CL. The beef and dairy industries rely on this mechanism as a management
tool for synchronization of the estrous cycle prior to artificial insemination. The action of
PGF2α is mediated by a plasma membrane receptor termed the FP receptor (FR). It is a
G-protein coupled receptor that is predominately expressed in the CL. FR expression has
also been documented in the eye, placenta, uterus, ovarian stroma, adrenal medulla, lung,
and kidney (4). Activation of the FR by PGF2α initiates a cascade of intracellular events
that result in luteolysis. Thus, the expression of FR by the CL is critical for maintaining
reproductive cyclicity and for normal parturition. FR expression parallels circulating P4
levels during functional regression in the ewe (79). The process of luteolysis is most
likely regulated by altered gene expression at the CL. In the bovine CL, there is a
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decrease in FR, LH receptor, steroidogenic regulatory protein (StAR) mRNA and an
increase in prostaglandin G/H synthase-2 and c-fos following PGF2α injection (181).
Besides the direct action of PGF2α on the CL there is also evidence that PGF2α
modulates gonadotropin synthesis and secretion by the pituitary gland. It has been well
documented that exogenous PGF2α induces LH release in cows and bulls (70) even when
administered at non-luteolytic doses (62). In cows, the preovulatory surge of LH occurs
50-70 h following PGF2α administration (103). The mechanism of LH release is believed
to include an increased sensitivity of the gonadotropes to GnRH as levels of mRNA for
GnRHR were increased as early as 12 h following PGF2α administration in ewes (182).
Additionally, levels of α-GSU, LHβ, and FSHβ mRNA were increased 16 h after PGF2α
administration in ewes treated with bFF during the luteal phase of the estrous cycle (13).
However, whether PGF2α acts directly at the level of the pituitary gland to upregulate
gonadotropin synthesis, and/or acts at the level of the hypothalamus to stimulate GnRH
release, and/or alters the steroidal feedback profile (i.e. reduction in P4 with a coincident
increase in E2) to indirectly increase LH production is still under investigation.

Insulin-like Growth Factor
The somatotropic axis, like all neuroendocrine systems, functions through
interactions among the hypothalamus, pituitary gland, and target tissues. This axis
includes: a releasing factor, growth hormone releasing hormone (GHRH), and a
inhibitory factor, somatostatin, which are secreted by the hypothalamus and alter the
production of growth hormone (GH) by the somatotrophs of the anterior pituitary gland;
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and, the production of insulin-like growth factors (IGF-I and IGF-II) in response to GH.
IGFs are multifunctional polypeptides that act in an autocrine and/or paracrine manner.
IGF-I is primary secreted by the liver in response to GH, however many extrahepatic
tissues including the brain also express and secrete IGF-I. IGF-II is thought primarily to
have an embryonic-fetal role because it is produced in abundance during development
(171). It has been well established that the somatotropic axis regulates growth and
metabolism, but it has also been shown to affect reproduction. It has been suggested that
IGF-I may link somatic growth, nutrition, and reproduction in that it may function as a
signal indicating that an animal is receiving an adequate plane of nutrition and/or has
sufficient reserves to support pregnancy, and may be involved in initiation of puberty. In
cattle, as well as humans, under-nutrition has been identified as a cause of infertility.
In addition to GH, circulating levels of IGF-I are modified by IGF binding
proteins (IGFBPs). Currently, six IGFBPs (IGFBP-1 to -6) have been identified; they
vary in molecular weight, tissue distribution, and affinity for IGF-I. The IGFBPs
influence the amount of bioavailable IGF-I by modulating the interaction of IGFs with
their receptors and prolonging the half-life of the IGFs. Additionally, it has been
demonstrated that IGFBPs transport IGFs out of vascular compartments and into the
circulation and localize IGFs to specific cells (83).
It has been demonstrated in vitro and in vivo that IGF-I stimulates the synthesis
and release of LH and enhances the sensitivity of the gonads to gonadotropins. IGF-I
elicits these affects by acting through it receptor (IGF-IR), a tyrosine kinase receptor, on
various target tissues. In most species, the entire IGF-I system including IGF-I, the

45

IGFBPs, and IGF-IR are expressed in the anterior pituitary gland (6) suggesting that IGFI may modulate somatotrophs and gonadotropes in an autocrine or paracrine fashion; this
is in addition to the endocrine regulation whereby hepatic IGF-I inhibits GH.
Additionally, IGF-IR has been identified in the rat hypothalamus (156) and on GnRH
neurons (35) suggesting that IGF-I acts directly on these neurons to promote GnRH
release. Previous work completed in GnRH cell lines and hypothalamic culture systems
show that IGF-I upregulates GnRH mRNA indicating that the regulatory effect if IGF-I is
at the transcriptional level (36). Physiological concentrations of IGF-I stimulated LH
release from cultured ovine anterior pituitary cells (in the presence and absence of
GnRH) and bovine anterior pituitary cells (in the presence of GnRH ) (2); (69). In
cultured bovine pituitary cells exposed to both E2 and IGF-I, GnRH-stimulated LH
release was amplified suggesting a synergistic interaction between E2 and IGF-I on LH
release. In rats, IGF-I increases both basal and GnRH-stimulated LH release (90); (170).
In addition to the effects of IGF-I on the hypothalamus and anterior pituitary
gland, IGF-I directly and in coordination with the gonadotropins promotes reproduction.
The enhancement of gonadotropin action by IGF-I was demonstrated in rat granulosa
cells in culture where cotreatment of FSH and increasing concentrations of IGF-I
resulted in a dose-dependent increase in LH receptor mRNA (122). In the dairy cow,
IGF-I directly causes the proliferation of granulosa cells, promotes FSH and LH
stimulated steroidogenesis on theca cells, stimulates aromatase activity, increases LH
receptor numbers, stimulates inhibin synthesis, enhances sensitivity of granulosa cells to
FSH and LH, and is necessary for the formation and function of the CL (216).
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Secretory granules
The differential regulation of LH and FSH may involve intracellular factors that
modulate how LH and FSH are sequestered within the gonadotropes. One of these
factors, the granins, may play a role in the aggregation, sorting and trafficking of the
gonadotropins. Granins (chromogranins and/or secretogranins) are a family of acidic
proteins that are co-stored with neuropeptides and peptide hormones in secretory granules
of a wide variety of cells (204). The exact functions of these proteins have not been
determined, but evidence suggests they act as helper proteins in the packaging of peptide
hormones and neuropeptides and are precursors of biologically active peptides. Both
chromogranin A (CgA) and secretogranin II (SgII) are expressed in gonadotropes (136);
{Cohn, 1984), and are differentially regulated by gonadal steroids and stage of the estrous
cycle in mice (194). These findings suggest the granins play a role in the regulation of
gonadotropin secretion. Crawford and coworkers (32) demonstrated that in mice SgII is
usually associated in granules with LH and that granules containing both LH and SgII
(LH+/SgII+) are responsive to GnRH, while LH+/SgII- granules do not respond to GnRH.
This difference supports the hypothesis that separate LH pools exist in the anterior
pituitary gland, one that is maximally secreted during the LH surge, and another that is
responsible for tonic/basal LH release. In rats and sheep CgA is usually associated with
FSH in granules and FSH and CgA are localized to the periphery of granules while LH
and SgII are situated throughout the granules (31);(32).
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The role of granins was also investigated in sheep and it was determined that the
intracellular mechanisms involved in LH storage in sheep are different from those in
mice. There was an overall increase in the number of LH+ granules during the late
follicular phase however this was not accompanied with an increase in intracellular SgII
suggesting that the LH is being stored in vesicles not expressing SgII (LH+/SgII-) (31).
However, regardless of vesicle type this finding is in agreement that there is an active
accumulation of LH stores following ovulation. There was sparse labeling of FSH and
CgA in this experiment suggesting that only small amounts of FSH are stored within the
gonadotropes of ewes (31) supporting the hypothesis that FSH is released upon synthesis
rather then stored. In addition, there was no difference in expression levels of SgII or
CgA during the estrous cycle in ewes.
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Microarray
Many molecular techniques have been effectively utilized in the past to
investigate genes that regulate reproduction; however, these techniques are somewhat
limiting in that they rely on a targeted approach (i.e. the investigation of known pathways
and/or a pre-selected small number of transcripts). In the mid 1990’s cDNA microarray
technology was developed (162) which enabled the measurement of RNA expression
levels for hundreds or thousands of gene transcripts in a single assay. Microarray
analysis is based on the hybridization of fluorescently labeled cDNA that is
representative of experimental RNA populations to sequences of nucleic acids fixed to a
solid matrix (43).
The application of cDNA microarray technology has provided scientists with the
ability to rapidly screen differentially expressed genes on a broad, genomic-wide scale
using a non-targeted approach. This approach can elucidate the identity of novel genes
and provide a wealth of information that can be used to develop a more complete
understanding of gene function, regulation and interaction. Using cDNA microarrays,
researchers have identified genes and/or gene networks that respond to external stimuli
including: infection, cancer, drug administration, nutrient flux, and stress, as well as
endogenous processes including growth and apoptosis. To date, these studies have been
limited to human and rodent systems, and only recently have these methods been used in
domestic animals. By applying microarray technology to domestic animals, animal
scientists may gain insight into the genetic processes which are crucial to animal welfare
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and producers’ profitability, including growth, lactation, infertility, heat stress, and
mastitis.
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Significance
The overall goal of this project was to characterize genes that are differentially
expressed in the bovine pituitary gland during the luteal phase and preovulatory phase of
the estrous cycle using cDNA microarray technology. Previous research has defined the
endocrine feedback mechanisms that regulate the hypothalamic-pituitary-ovarian axis
during the bovine estrous cycle; however, the underlying intrapituitary genetic
mechanisms that respond to ovarian steroids, GnRH, and other endocrine factors and thus
influence gonadotropin synthesis and secretion are largely unknown. Using a nontargeted approach, cDNA microarray, we generated gene expression patterns of several
thousand genes from pituitary glands of heifers during various stages of the estrous cycle.
Using the same samples as those hybridized to the arrays, we quantified the expression
profiles of known modulators of gonadotropin synthesis (anchor genes) using real-time
PCR and compared these patterns to those generated by microarray. A subpopulation of
genes that were classified as differentially regulated by microarray analyses with
expression patterns that resembled those of anchor genes was validated by real-time PCR.
This work has identified genes including secretogranin II, chromogranin A, clusterin,
decorin, and three transcripts without identities as potential modulators of reproductive
processes. Additionally, our custom bovine cDNA microarray proved to be a reliable
indicator of mRNA levels as indicated by real-time PCR validation.
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Specific Aim 1. Characterize expression patterns of genes in the bovine pituitary
gland during the luteal phase of the estrous cycle.
Gene expression on d 2, d 6, and d 10 of the estrous cycle in the bovine pituitary
gland were compared using a custom bovine cDNA microarray. During the luteal phase,
progesterone (P4) is a major source of negative feedback on gonadotropin secretion.
Following ovulation circulating concentrations of P4 are almost undetectable. By d 2
serum levels of P4 are detectable and steadily increase until they reach maximal levels by
d 10 of the estrous cycle. Although the feedback effects of P4 are well described,
molecular mechanisms within the pituitary gland that mediate the inhibitory effects of P4
and down-regulate gonadotropin synthesis are not fully understood. The goal of this
comparison was to identify potential candidate molecules in the pituitary gland that are
responsive to P4 during the luteal phase.

Specific Aim 2. Characterize expression patterns of genes in the bovine pituitary
gland during the preovulatory period in response to exogenous PGF2α.
Gene expression in the bovine pituitary gland at 0 h, 24 h, 48 h, and 72 h after
administration of PGF2α on d 18 of the estrous cycle were compared using a custom
bovine cDNA microarray. PGF2α induces luteolysis in domestic ruminants and leads to
dynamic changes in the endocrine milieu including a precipitous decrease in circulating
P4 concentrations with a coincident increase in circulating levels of E2, an upregulation
of gonadotropin synthesis, an increase in gonadotropin release, and ultimately, ovulation.
Although the luteolytic effects of PGF2α are well documented, the underlying
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mechanisms that modulate gonadotropin gene expression in preparation for the LH surge
are unclear. The goal of this comparison was to identify potential candidate genes in the
pituitary gland that may be regulated by PGF2α or the endocrine changes it induces (i.e.
increased E2 or decreased P4) during the preovulatory period.

Specific Aim 3. Characterize expression patterns of genes in the bovine pituitary
gland during the preovulatory period induced by PGF2α on day 7 of the estrous
cycle.
Gene expression of the bovine pituitary gland at 0 h, 12 h, 24 h, 36 h and 48 h
after administration of PGF2α on d 7 of the estrous cycle were compared using a custom
bovine cDNA microarray. The goals of this experiment were similar to those explained
in Specific Aim 2 except this study was designed to reduce variation among animals in
the same treatment group. PGF2α was administered on d 7 of the estrous cycle because on
this day of the luteal phase there is little variance in circulating concentrations of ovarian
steroids compared to d 18, the time of PGF2α administration for Specific Aim 2. On d 7,
circulating concentrations of E2 are low and P4 is relatively high, and the CL is
competent so it will respond to PGF2α in a predictable manner. Samples were collected
every 12 h rather than every 24 h for this study in an attempt to detect genes that may be
modulated quickly by PGF2α. Additionally, this study was concluded after 48 h to
eliminate the variation caused by the LH surge (i.e. by 72 h post- PGF2α administration
some heifers will ovulate which completely alters the endocrine profile). The goal of this
comparison was to identify potential candidate genes in the pituitary gland that may be
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regulated by PGF2α or the endocrine changes it induces (i.e. increased E2 or decreased
P4) during the preovulatory period.
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CHAPTER 2
DIFFERENTIAL EXPRESSION OF GENES IN THE PITUITARY GLAND
DURING THE EARLY LUTEAL PHASE OF THE BOVINE ESTROUS CYCLE
Introduction
In the female, the gonadotropins luteinizing hormone (LH) and follicle
stimulating hormone (FSH) promote ovarian steroidogenesis and induce ovulation. LH
and FSH are secreted from the gonadotropes of the anterior pituitary gland in response to
gonadotropin releasing hormone (GnRH) which is secreted in a pulsatile manner from the
hypothalamus. Although both LH and FSH are manufactured and stored in the
gonadotropes their patterns of synthesis and secretion are distinctly different. Synthesis
and secretion of gonadotropins are regulated by endocrine feedback mechanisms that
result in the dynamic milieu of hormones that characterize the estrous cycle.
The luteal phase of the bovine estrous cycle lasts approximately 18 days and
spans the time period from ovulation to luteolysis. Following ovulation, the remaining
granulosa calls and theca interna cells undergo luteinization whereby they are
transformed into luteal cells that form a corpus luteum (CL), a transient endocrine
structure on the ovary that synthesizes and secretes progesterone (P4). At the time of
ovulation (d 0) circulating concentrations of P4 are at nadir. Following ovulation the
newly formed CL will grow and will begin secreting P4, by d 3-4 the circulating
concentrations of P4 steadily increase until they plateau at maximal levels by d 10 of the
estrous cycle, and will remain elevated until luteolysis (d 18). The ovarian steroids, P4
and estradiol (E2), negatively feedback on the hypothalamus and pituitary to inhibit
gonadotropin release at surge levels. To maintain relatively low but constant levels of
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LH, tropic to the CL and developing follicles, the anterior pituitary secretes infrequent
pulses of LH throughout the luteal phase; this pattern of secretion is characterized as
basal or tonic. The circulating concentrations of FSH are wave-like during the luteal
period and are correlated to the patterns of follicular development. Approximately 12 h
after the preovulatory surge of gonadotropins there is a secondary surge of FSH (81).
Progesterone and E2 inhibit GnRH release by the hypothalamus. Classical
actions of P4 and E2 are mediated through specific nuclear receptors, progesterone
receptors (PR-A and PR-B) and estrogen receptors (ERα and ERβ), which act as ligandinducible transcription factors by binding to progesterone responsive elements (PRE) or
estrogen responsive elements (ERE) on target genes to drive transcription. However, P4
and E2 can also mediate intracellular second messengers or signaling cascades without
working through this classical pathway. This method of action is termed nongenotropic
regulation and is typically faster then classical steroid action (104).
Previous research has demonstrated that P4 primarily inhibits LH and FSH release
by inhibiting the frequency of GnRH pulses at the level of the hypothalamus (45).
However, it has also been demonstrated that P4 may affect the pituitary gland by
reducing the sensitivity of gonadotropes to GnRH by reducing the number of GnRH
receptor (GnRHR) and mRNA expression levels for GnRHR (208); (182).

The

intracellular mechanisms that regulate gonadotrope sensitivity remain to be elucidated.
However, it has been proposed that there is a synergistic relationship between P4 and E2
during the luteal phase, and together they inhibit GnRH and gonadotropin release. In
ewes, it has been proposed that P4 directly inhibits the release of LH by the pituitary
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gland if it has been exposed to E2 (54). Additionally, there is evidence that P4, alone or
in combination with E2, may directly modulate the transcription of the gonadotropins. It
appears that the effect of P4 is most pronounced on the FSHβ-subunit whereby P4
administration inhibits FSHβ-subunit mRNA expression levels (136). In ewes that had
been OVX and underwent HPD (OVX-HPD), P4 in the presence of E2 reduced α-GSU
mRNA levels in one study (184) but in a second study E2 alone or in combination with
P4 decreased LHβ-subunit expression by 40% (53).
Although the feedback effects of P4 and E2 during the luteal phase are well
described, molecular mechanisms within the pituitary gland that mediate the effects of
the ovarian steroids to down-regulate gonadotropin synthesis and/or inhibit gonadotropin
release have not fully been investigated.
To identify potential candidate genes that may regulate gonadotropin synthesis
and/or secretion, gene expression in the bovine pituitary gland on d 2, d 6, and d 10 after
initiation of the first follicular wave was profiled using cDNA microarray technology.
Microarray technology provides a means by which thousands of genes can be measured
within the same assay. Prior to large-scale genomic screening techniques, like cDNA
microarray, researchers examining gene regulation were limited to targeted techniques
that measured gene expression of a few pre-selected genes or a known signaling pathway.
By using a non-targeted approach to profile the bovine pituitary gland as it responds to
endogenous endocrine factors of the luteal phase, we hope to identify candidate
intrapituitary gland factors that may modulate reproductive processes.
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Materials and Methods
Animals
The University of Arizona’s Animal Care and Use and Committee approved all
animal protocols. Sexually mature Hereford and crossbred heifers were housed in dry
lots at the University of Arizona’s West Campus Agricultural Center, fed a finishing
ration twice daily and allowed ad libitum access to water. Heifers from these studies
were designated as “market calves”; thus, they were raised to a desired carcass weight
and fat content, and slaughtered at the University of Arizona Meat Laboratory. All work
involving animals was completed from October 2001 through October 2002. Eighteen
heifers were randomly assigned to one of three treatment groups that were slaughtered on
specific days of the luteal phase of the estrous cycle: day 2 (n=6), d 6 (n=6), or d 10
(n=6).
Synchronization, Ultrasonography, and Serologic Sampling
Estrus was detected twice daily (morning and evening) by analyzing data
provided by The Heat Watch Detection System (CowChips, LLC, Denver, CO). Heat
Watch software compiles estrus activity data transmitted by pressure sensors worn by
each heifer. The pressure sensor is contained in a disposable cloth pouch that is
temporarily glued to the tail head of each heifer. Estrous behavior was monitored over a
30-day period in all heifers prior to the initiation of the study. Heifers not displaying
standing estrus were not included in this study. To facilitate animal handling and data
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collection, heifers were randomly assigned to small groups (n = 6-8) for synchronization,
and ultrasonic and serologic sampling. Estrus was synchronized by administering two
injections of prostaglandin F2α (25mg i.m., Lutalyse®, Pfizer, Cambridge, MA) 10-13
days apart. Lutalyse is approved by the US Food and Drug Administration for use in
beef heifers for synchronization of the estrous cycle and the dose administered in this
study was according to the label provided by the manufacturer. Beginning on the day of
the second prostaglandin injection, blood samples and ultrasonographic images of the
ovaries were collected daily. Blood samples (7ml) were collected by coccygeal
venipuncture and cooled on ice. Serum was decanted following centrifugation and stored
at -20ºC until radioimmunoassays were completed.
Ultrasonographic imaging of the ovaries was performed as previously described
(185) using a real-time B-mode linear array ultrasound scanner equipped with a 7.5 MHz
intrarectal probe (Aloka SSD-550V, Zug, Switzerland). Examinations were recorded on
videotape (digital Handycam, Hi8™ Recording Tape, Sony Electronics Inc., Park Ridge,
NJ). Videotapes were reviewed daily and all ovarian features ≥ 4mm were measured and
diagramed. Ovulation was identified by the disappearance of the largest follicle(s). Day
1 of the follicular wave was defined as the day 2 or more follicles ≥ 4 mm in diameter
were first observed. These follicles continued to grow until 1 follicle deviated from the
cohort to become dominant while other follicles in the wave regressed.
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Tissue Collection
Pituitary glands and ovaries were harvested at the University of Arizona’s Meat
Laboratory. Pituitary glands were excised from the sphenoid bone, divided mid-sagitally,
placed into separate 2.0 ml microcentrifuge tubes, snap-frozen in liquid nitrogen, and
transported to the laboratory. Pituitary tissue samples were stored at -80°C until RNA
was isolated. The ovaries were placed in dissection medium (1X MEM with Earle’s salts
and 25 mM HEPES, without L-glutamine; Life Technologies, Rockville, MD), and
transported immediately on ice to the laboratory. The dominant follicle was dissected
from the ovarian stroma. Follicular diameter was measured using calipers and follicular
fluid was aspirated and stored at –20°C.

Radioimmunoassays
Concentrations of progesterone were measured in serum using the Coat-A-Count
Progesterone Radioimmunoassay (Diagnostic Products Corp., Los Angeles, CA)
according to the manufacturer’s recommendations following validation in our laboratory
(160). The progesterone antiserum exhibits extremely low cross-reactivity with related
steroids (androstenedione and estradiol, not detectable; pregnenolone and testosterone,
0.1%). Serum was not extracted prior to assay. Sensitivity of the assay, calculated as 2
standard deviations below the mean cpm at maximum binding, is 0.02 ng/ml. The intraassay CV was 12.3% and interassay CV was 14.2%.
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Concentrations of estradiol-17β were measured in follicular fluid using the
Double Antibody Estradiol radioimmunoassay (Diagnostic Products Corp., Los Angeles,
CA) according to the manufacturer's recommendations and validated for use in our
laboratory (160). The estradiol antiserum exhibits extremely low cross-reactivity with
related steroids (androstenedione, 0.004%; estriol, 0.235%; progesterone and
testosterone, not detectable). Sensitivity of the assay, calculated as two standard
deviations below the mean CPM at maximum binding, is 1.5 pg/ml. The intra-assay CV
was 6.4%.
RNA Isolation
RNA isolation was completed according to the manufacturer’s protocol using
Trizol reagent (Invitrogen, Carlsbad, CA) and phase-lock gel tubes (utilized to separate
the organic and nucleic-acid aqueous phases, Eppendorf, Hamburg, Germany). Briefly,
half of each pituitary gland was added to a sterile 14 ml polypropylene round-bottom
culture tube containing Trizol reagent (1 ml per 100 mg of tissue) and was thoroughly
homogenized using a power homogenizer (Polytron, Norcross, GA). The homogenized
mixture was added to a 15 ml Phase Lock Gel tube (that had been pre-spun so that the gel
fraction was on the tube bottom) and incubated at room temperature for 5 min.
Chloroform (0.2 ml per 1 ml Trizol) was added to gel tube containing the homogenized
mixture, the tube was mixed well for 15 seconds, and was centrifuged at 2000 X g for 10
min at 4°C. After centrifugation, the aqueous layer was decanted into a sterile 14 ml
polypropylene tube. RNA was precipitated by adding isopropyl alcohol (0.5 ml per 1 ml
Trizol) to the aqueous layer, throughly mixed, incubated at room temperature for 10 min,
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and centrifuged at 12,000 X g for 10 min at 4°C. After centrifugation the RNA pellet
could be visualized and the supernatant was decanted. The pellet was washed with 75%
ethanol (1ml per 1ml of Trizol), mixed by vortexing, and centrifuged at 7,500 X g for 5
min at 4°C. The pellet was air- dried to remove residual EtOH and resuspended in 300500ul of nuclease-free water (Invitrogen, Carslbad, CA). Concentration and quality of
total RNA of each individual sample was evaluated with an Agilent 2100 Bioanalyzer
(Agilent Technologies, Palo Alto, CA). Total RNA samples from individual animals
were pooled with samples from 2 or 3 other animals from the same treatment group.
Pool assignments were random and each sample in the pool contributed identical amounts
of RNA. Each pool was reevaluated for RNA concentration and quality using an Agilent
2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA). The pooled RNA samples
were stored at –80°C.

Experimental Design
The experimental design for microarray hybridizations was based on the
incomplete block designs of Kerr and coworkers (97). Each pooled sample was
hybridized to microarrays according to the scheme presented in Figure 2.1. This design
ensured that each sample was labeled twice with each dye and compared to 4 samples
from different treatment groups. Day 2, pool 2 was designated as the reference sample;
all other samples were expressed relative to the reference for statistical purposes.
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cDNA microarrays
A bovine cDNA microarray containing 4608 expressed sequence tags (ESTs)
derived from mammary, pituitary and gastrointestinal tissues was created by Robert
Collier and coworkers at the University of Arizona to evaluate gene expression in dairy
and beef cattle. Of the 4608 sequences, 1920 were mammary-derived, 1824 were derived
from the digestive tract (esophagus to colon), and 864 were derived from the pituitary
gland. The cDNA library that provided the digestive tract clones was compiled in the
Collier lab, and the pituitary gland and mammary clones were provided by Monsanto Co.
(St. Louis, MO). Two subtracted cDNA libraries (lactating and involuted tissues)
compromised the set of mammary clones. Both the pituitary gland and digestive tract
clones made up unsubtracted cDNA libraries. DNA products printed onto the microarray
slides consisted of PCR-amplified inserts utilizing custom primers from Monsanto Co.
for the pituitary gland and T7/SP6 primer pairs for the GI tract and mammary gland
(Table 2.1). DNA inserts were suspended in 50% DMSO at approximately 300 ng/ml in
384-well plates The Genomics Research Laboratory at the University of Arizona’s
Children’s Research Center coated (2% solution of 3-aminoporopyltirmethoxysilane in
95% Et OH) and spotted the microarrays. Each clone was printed in triplicate by a Virtek
ChipWriter™ (Virek Vision, Waterloo, Ontario) printing robot using a 48-pin print head
in an environmentally controlled workstation. Printed microarray slides were stored in a
desiccator at room temperature until hybridizations were completed.
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RNA Amplification
Pools were amplified using the MessageAmp aRNA kit (Ambion, Austin, TX)
according to the manufacturer’s protocol. All reagents for this procedure were included
in the Message Amp aRNA kit. The first strand of cDNA was synthesized by denaturing
5 μg of total RNA in nuclease-free water and T7 Oligo dT primer (1 μl) for 10 min at
70°C; adding 10X First Strand Buffer (2 μl), ribonuclease inhibitor (1 μl), and dNTP mix
(4 μl), and reverse transcriptase (1 μl ) to the denatured RNA; and, then incubating the
reaction at 42°C for 2 h. The second strand of cDNA was synthesized by combining the
reaction described above with nuclease-free water (63 μl), 10X Second Strand Buffer (10
μl), dNTP mix (4 μl), DNA polymerase (2 μl), and RNase H (1 μl) and incubating this
reaction for 2 h at 16°C. Purification of cDNA was completed by combining the cDNA
with cDNA binding buffer (250 μl) and then centrifuging this mixture so that the solution
was forced through a provided cDNA filter column that had been previously incubated
with cDNA binding buffer (50 μl). The bound fraction was washed with cDNA wash
buffer (650 μl), and eluted in nuclease-free water (20 μl). The purified cDNA was
transcribed into amplified RNA by combining the cDNA with T7 ATP solution (4 μl), T7
CTP solution (4 ul) , T7 GTP solution (4 μl) , T7 UTP solution (4 μl), T7 10X reaction
buffer (4 μl), and T7 enzyme mix (4 μl); and, incubating this reaction for 14 h at 37°C.
To eliminate any excess DNA template from the reaction, DNase I (2 μl) was added to
the reaction and incubated for an additional 30 min. The amplified RNA was combined
with aRNA binding buffer (350 μl) and 100% EtOH (250 μl) and then centrifuged so that
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the solution was forced through the provided aRNA columns that had been previously
incubated with aRNA binding buffer (100 μl). The bound fraction was washed twice
with aRNA wash solution (650 μl per wash) and eluted in nuclease-free water (100 μl).
The amplified RNA was stored at -80°C.

cDNA Synthesis, Labeling, and Hybridization
Amplified RNA (aRNA) from each pool (3.5 μg) was reverse transcribed in
duplicate using the EndoFree RT Kit (Ambion, Austin, TX). All reagents were included
in the EndoFree RT kit unless noted. The aRNA in 6 μl of nuclease-free water was
combined with 1 μl of random hexamers (10 μg/μl, Integrated DNA Technologies (IDT)
Coralville, IA) and incubated at 70ºC for 5 min; 2 μl of 10XRT buffer, 2 μl 5-(3aminoallyl)-2’-deoxyuridine 5’-triphosphate, trisodium salt (amino-allyl modified dUTP,
2mM in TE, Molecular Probes, Eugene, OR), 1 μl RNase inhibitor, 1μl dNTP mix
(custom made so that the final concentrations of dATP, dCTP, dGTP, dTTP were 10mM,
10mM, 10mM, and 3mM, respectively), and 1μl RT enzyme were added to the reaction
and incubated at 42ºC for 2 h.
Base hydrolysis of the cDNA product was completed by denaturing the samples at
95ºC for 5 min, adding 8.6μl of 1M NaOH and 8.6ul 0.5M EDTA pH 8.0 (Ambion,
Austin, TX) to each reaction, incubating the reactions at 65ºC for 15 min, and then
adding 8.6μl 1M HCl. The products were purified using Qiaquick PCR purification spin
columns (Qiagen, Valencia, CA). The volume of each reaction was brought up to 100μl
with nuclease free water and combined with 500μl of PB buffer (Qiagen, Valencia, CA).
This mixture was added to the spin column and centrifuged at 14,000 Xg for 1 minute to
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bind the DNA The filter was washed with 750μl 75%EtOH and the sample was eluted
in 60 µl of nuclease-free water.
After purification, samples were concentrated to 1-2 µl by vacuum centrifugation.
The samples were labeled with either AlexaFluor Cy 555 (green) or 647 (red) dyes
(Molecular Probes, Eugene, OR) by incubating 3 μl sodium bicarbonate (25mg/ml) and 1
μl of dye with the purified cDNA in the dark for 1 h at room temperature. The samples
were purified for hybridization by bringing the volume of each sample up to 50μl with
nuclease free water, combining the specific sample pairs (one red and green sample per
hybridization), adding 500μl PB buffer (Qiagen, Valencia, CA) to the samples, and
centifuging this mixture for 1 min at 14,000Xg through Qiaquick spin columns (Qiagen,
Valencia, CA) to bind the labeled product to the filter for washing. The cDNA products
were washed twice with 750μl 75% EtOH and eluted in 50 ul of nuclease free water
using centrifugation. The purified product was combined with 10ul Mouse Cot-1 DNA
(Invitrogen, Carlsbad, CA), 1 ul poly-dA (10ug/ul; IDT), and 61 ul of 2X Hybridization
Buffer. A separate hybridization buffer was made for each set of four hybridiztions and
contained of 112 μl 20 X SSC, 168 μl formamide (Sigma-Aldrich, St. Louis, MO), and
5.6 μl 10% SDS (Ambion, Valencia, CA). Each sample (124 μl) was hybridized to the
printed slides overnight at 47ºC using a GeneTac hybridization station (Genomic
Solution, Inc., Ann Arbor, MI). Following hybridization, slides were washed twice with
1 X SSC/0.1% SDS, and 0.1 X SSC/0.1%SSC in the hybridization chamber, rinsed in 0.1
X SSC before being dried, and coated with Dye Saver (Genisphere, Hatfield, PA) to
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preserve the fluorescence. All slides were scanned within 12 to 24 h following dye
preservation.

Scanning the Microarrays
Hybridized arrays were scanned using an epifluorescence/CCD-based scanner
(ArrayWorX, Applied Precision, Issaquah, WA). The printed region area and exposure
times for both channels were optimized prior to scanning. The printed region of each
microarray slide was scanned and data were collected. Using the spot finding analysis
software (MolecularWare, Inc., Irvine, CA), signal intensity for each spot was calculated.
This calculation includes a correction for background. A representative image of a
hybridized array is displayed in Figure 2.2.

Data Analysis
A multivariate statistical approach was used to analyze the microarray data. This
approach enables analysis of known variables while accounting for experimental variance
caused by array variation and dye performance. This approach is based on an analysis of
variance (ANOVA) statistical model developed by Churchill and coworkers with custom
modifications to the best-fit algorithm (98); (97). The model provides the following
functions: allows normalization of the array data, estimates relative changes in gene
expression, corrects for confounding effects, allows statistical evaluation of the array data
and provides a framework for the overall experimental design. The selection criteria for
a gene to be differentially expressed by the ANOVA model required that the gene be
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detected on a sufficient number of arrays, that at least a 1.5-fold change in intensity was
required between at least two of the samples, and the difference had to pass a statistical
threshold (95% confidence interval).
Due to the high variability between pools of the same time point, the array data
were reanalyzed to eliminate genes that were classified as differentially regulated due to
error within pools from the same time point. Therefore, the second analysis only
included genes significantly regulated by time (day after initiation of the first follicular
wave) as the treatment. All fold changes derived from this analysis are averages between
pools within the same time point. Gene expression levels from d 6 and d 10 were
compared to d 2, the reference sample. For illustrative purposes, all fold changes were
log transformed so that negative changes are graphed as values less than one and positive
changes are graphed as values greater than one.
Once genes were determined to be differentially expressed they were clustered
using the QT clustering application of GeneSpring®7 (Silicon Genetics, Redwood City,
CA). The minimum number of genes per cluster was defined as 8 and the correlation
value was set at 0.90. Gene identities were obtained from the bovine EST and microarray
web resource (http://amadeus.biosci.arizona.edu/bovine/) maintained by the
Biotechnology Computing Facility at the University of Arizona.

Selection of Candidate Genes
To limit the number of candidate genes validated by real-time PCR we compared
expression patterns from candidate molecules (transcripts that were differentially
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regulated according to the microarray analysis) to expression patterns of genes known to
be regulated during the estrous cycle (anchor genes). Seven candidate molecules, having
gene expression patterns that resembled expression patterns of anchor genes, were
considered for real-time validation. Anchor genes included: estrogen receptor alpha
(ERα) and beta (ERβ), the subunits of the gonadotropins (FSHβ, LHβ, and α-GSU),
GnRH receptor (GnRHR), progesterone receptor (PR), and prostaglandin F2α receptor
(FR).

Real-time PCR
Fluorescent real-time PCR was used to quantify the expression profiles of the
anchor genes and validate the results of the microarray analysis. Primer sequences were
designed using Primer 3 software (Whitehead Institute for Biomedical Research,
Cambridge, MA) using bovine sequences in GenBank (for anchor genes) or sequences
from the cDNA microarray (for β-actin and candidate genes) and were checked for
specificity using BLAST (National Center for Biotechnology Information, Bethesda,
MD). Primer sequences for the anchor genes and candidate genes are presented in Tables
2.2 and 3.1, respectively. Primers were purchased from Integrated DNA Technologies,
Inc. (Coralville, IA).
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Amplified RNA (aRNA) from each pool (4 μg) was reverse transcribed using the
manufacturer’s protocol for SuperScript™ III Reverse Transcriptase (Invitrogen,
Carlsbad, CA) using Oligo(dT)20 (50μM) as primer.
Total PCR reaction volume per tube was 10 μl and included: 1.0 μl RNase-free
water, 2 μl of cDNA (8.0 ng/ μl), 2 μl of forward and reverse primers (5pmol), and 5 μl
of SYBR Master Mix from the Quantitect SYBR Green PCR Kit (Qiagen, Valencia, CA).
Samples were run in triplicate, parallel to an endogenous control, β-actin, in a single run
per gene. β-actin was chosen as the control because its expression did not change across
treatments according to the microarray analysis. Thermal cycling conditions were as
follows: 15 min at 95°C to activate Hotstart Taq, 40 cycles of 15 secs at 95°C for
denaturing, 15 secs at 58 °C for annealing, and 20 secs at 72 °C for extension, followed
by a melt cycle from 72 °C to 99 °C over 15 min. Real-time detection of PCR was
performed using a Rotor-Gene RG-3000 (Corbett Research, Sydney, Australia).
The Genomic Analysis and Technology core at the University of Arizona
completed DNA sequencing for all anchor genes and a random sample of candidate genes
to validate sequence identities. Briefly, real-time PCR products were run out on a 1%
agarose gel, excised from the gel based on their SYBR green dye staining, and PCR
products were purified using QIAquick® Gel Extraction Kit (Qiagen, Valencia, CA)
according to the manufacturer’s instructions. Integrity and concentration of the purified
PCR products was evaluated using NanoDrop®ND-3300 Fluorospectrometer
(Wilmington, DE).
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RT-PCR Data Analysis
A single peak was observed in the dissociation curve of each gene suggesting that
the PCR was optimized to yield the specific desired product. Threshold values (CT) were
defined within the exponential phase of the PCR and were used to calculate relative
expression levels utilizing the comparative cycle threshold (Ct) method (114). Fold
changes and standard errors were calculated for d 6 and d 10 compared to d 2. For
illustrative purposes, all fold changes were log transformed so that negative changes are
graphed as values less then one and positive changes are graphed as values greater then
one.
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Figure 2.1 Hybridization scheme
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Table 2.1 Primer sequences used to amplify clones that were spotted on the microarray
Name

Primer Sequences

Tissues

Monsanto

F: CGT AAG CTT GGA TCC TCT AGA G
R: TGC AGG TAC CGG TCC GGA ATT C
F: TAA TAC GAC TCA CTA TAG GG
R: GATTT-AGG-TGA-CAC-TAT-AG

pituitary gland

T7/SP6

GI tract and
mammary gland
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Add picture
Figure 2.2 Representative hybridized microarray
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Table 2.2 Primer sequences of anchor genes used for real-time PCR
GENBANK ID

Accession

Bos taurus mRNA for
estrogen receptor beta
Bos taurus mRNA for
steroidogenic acute
regulatory protein
Bos taurus estrogen receptor
1 alpha (ESR1) mRNA,
partial sequence
Bos taurus partial mRNA for
progesterone receptor (pr
gene)
Bovine luteinizing hormone
beta subunit gene, complete
cds
Bovine mRNA for alphasubunit of pituitary
hormones. (glycoprotein
hormones)
Bos taurus follicule
stimulating hormone, beta
polypeptide (FSHB), Mrna
Bos taurus gene for
prostaglandin F2alpha
receptor, complete cds
Bos taurus gonadotropin
releasing hormone receptor
mRNA, complete cds.

Y18017
Y17259

Primer Sequences

Product
Size
F: TCA GCC TGT ACG ACC AAG TG 114
R: GGT CTG GAG CAA AGA TGA GC
F: CAG CAA CAC ATG CTC TGG TT 108
R: GGC CCC TCA AAG ACA CAG TA

AY656813 F: TGG GTG AAC TCC CTG AAA AC 122
R: TCC AAA TGG AAA GGA ACT GC
AJ557823

F: TGT GCT GGA AGA AAC GAT TG 112
R: TAA ACT TTC GGC CTC CAA GA

M11506

F: CTG TGC CAG CCC ATC AAC
R: TCA TGC TGG GGC AGT AGC

X00050

F: GCA TTT ACC AAG GCC ACA GT 131
R: TGA GCA AGT CAG CCA TCA TC
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NM_174060 F: CAG TTC TGT TTC GCC TCT CC 107
R: GCT TGG AAA TCC TGA GCT TG
D89039

F: GGC ACC TCA TCA ATG GAA CT 125
R: GCA CAG ACC AGA GAA CAC CA

U00934

F: CTT TAG CCA ACC TGC TGG AG 199
R: TTC ACT GCT AGA GGC CTG GT
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Table 2.3 Primer sequences of candidate genes used for real-time PCR
GENBANK ID

Accession

B.taurus mRNA for JSP.1 X92870
protein
Bos taurus decorin (DCN), BT021076
mRNA, complete cds
Homo sapiens transducer of BC070493
ERBB2, 1, mRNA (cDNA
clone MGC:87780
IMAGE:6470511), complete
cds
Homo sapiens
AF533988
BCRE3/ABL1A11 fusion
protein (BCR/ABL1 fusion)
mRNA, partial cds
Bovine mRNA for
X55027
chromogranin B
Bos taurus secretogranin II NM_174176
(chromogranin C) (SCG2),
mRNA
PREDICTED: Bos taurus XM_612648
RAN binding protein 2
(RANBP2), mRNA
Bos taurus glycoprotein
NM_173901
hormones, alpha polypeptide
(CGA), mRNA
Ovis aries Gastrin-releasing NM_001009321
peptide (GRP), mRNA
Bovine mRNA encoding
V00107
corticotropin-beta-lipotropin
precursor
Bos taurus beta-actin
AY141970
(ACTB) mRNA, complete
cds

Primer Sequences

Product
Size
121

F: CCT GGT GGT GCC TTC TGG AG
R: GAT GCC CAT GGT GAG GAA
F: CTT CAG GAG CTG CGT GTC CA 112
R: AGC TCT TCA GCG GGT TGG TG
F: TGA AGG GCA CTG GTA TCC
138
TGAA
R: GAT TGC CAC GGC ACA TCA TC
F: ACA GCG CCT CAC CTC TTT GC 140
R: ACC TCA GAA ACG GGC AGT GG
F: AAC GGG CTG ACC TTG AAT GA 151
R: CCA CTC GGT CAT ACT GCC TT
F: GAA TCT GTC TTC CAA GAG CTG 140
R: CCA CGT CTT CAT AGG CAA TG
F: TTT GTT TGC CAA GGG GGA GA 146
R: TTG GTG TCC TGG CCT CGA TT
F: CAC TCC AGC GAG GTC TAA GA 134
R: TGG CAC TCG GTG TGG TTC TC
F: ACT TCA TCA GCT GCT CCT TCA 101
R: CGG CAA CAA CTG GGC TGT
F: CGA GGA CAA GCG TTC TTA CT 140
R: GCT CCC TCT TGA ATT CGA T
F: GGT ACG ATG AGT CCG GCC CCT 101
R: TCT GCG CAA GTT AGG TTT TGT
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Results
Hormone Concentrations
Circulating concentrations of progesterone were 0.7 ± 0.1, 3.3 ± 1.0, and 7.3 ± 3.5
ng/ml and concentrations of estradiol in follicular fluid were 92.9 ± 18.3, 86.3 ± 17.4, and
34.8 ± 8.1 ng/ml on days 2, 6, and 10, respectively (Figure 2.3)

Microarray Analysis
Of the 4608 genes represented on the custom bovine array, the ANOVA analysis
determined that 169 transcripts were differentially expressed between at least two of the
time points. These 169 genes were grouped based on expression patterns. The clustering
algorithm generated 4 clusters whereby 153 genes were fitted into these clusters and the
remaining 16 genes were categorized as unclassified by the clustering software. Figure
2.4 depicts the expression pattern for each cluster. One hundred and one, 56, 22, and 21
genes are included in cluster 1, 2, 3, and 4, respectively. Gene names are listed for
Clusters 1-4 in Tables 2.4-2.7, respectively. If the gene identity is unknown, the clone
number from the library is provided.
In cluster 1, the levels of expression are reduced on d 10 compared to d 6, and the
change in expression on both d 6 and d 10 relative to d 2 are small compared to clusters
2-4. In cluster 2, expression levels on d 6 or d 10 are down-regulated relative to d 2. In
cluster 3, the expression levels on d 10 samples are upregulated relative to d 2. In cluster
4, expression levels on d 6 or d 10 are upregulated compared to d 2.
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Anchor Gene Expression Profiles
Fold changes for the anchor genes are presented in Table 2.8. Levels of mRNA
for all three subunits of the gonadotropins were not significantly different among
timepoints (Figure 2.4). Expression of FSHβ is upregulated on d 6 (fold change 6.57,
p=0.11) and α-GSU is down-regulated on d 10 (fold change –2.87, p=0.09), however
these trends are not significant due to the high standard error of pools within the same
time point. On d 6 expression levels of ERα and ERβ were upregulated compared to d 2
(p<0.01 and p<0.04). Levels of mRNA for ERβ were extremely high on d 10 (fold
change 26.89) but this was not statistically significant due to considerable variation
between the two d 10 pools (p=0.18; Figure 2.4). FR was significantly upregulated on d
10 (p<0.01; Figure 2.4). Genes encoding the receptors for GnRH and PGF2α were
significantly down-regulated on d 6 and d 10 (p<0.01, all; Figure 2.4).
Based on the expression profiles of the anchor genes, we limited candidate genes
to transcripts on the microarray that were down-regulated on d 6 and d 10, similar
profiles as GnRHR and PR (cluster 2), and those that were upregulated on d 6 and/or d
10, similar to ERα, ERβ, and FR (cluster 4). Genes from cluster 2 included: Jun Nterminal kinase (JNK) stimulatory phophastase-1 (JSP-1), secretogranin II (Sg II),
glycoprotein hormones, alpha polypeptide (α-GSU), and corticotropin-beta-lipoprotein
precursor; genes from cluster 4 included: decorin (DCN), Ran binding protein 2
(RanBP2), and gastrin-releasing peptide (GRP). We also performed real-time PCR on
chromogranin B because its expression may be related to SgII, and it was categorized as
differentially regulated in experiments described in Chapters 3 and 4.
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Candidate Gene Expression Profiles
Changes in gene expression detected by microarray and real-time PCR for all
candidate genes on d 6 and d 10 relative to d 2 are presented in Table 2.9. Microarray
analysis indicated that mRNA levels encoding: JSP-1, α-GSU, and corticotropin-βlipoprotein precursor were downregulated on d 6 and d10 compared to d 2 (p<0.05, all);
DCN, and RanBP2 were upregulated on d 6 (p<0.01, both) and unchanged on d 10
compared to d 2; SgII were down-regulated on d 6 (p<0.01) and unchanged on d 10; GRP
was upregulated on d 6 (p<0.01) and displayed a trend for upregulation on d 10
(p=0.055); and, CgB were not significantly different on either d 6 or d 10 compared to d
2. Using real-time PCR levels of mRNA encoding: JSP-1 are upregulated on d 6
(p<0.01) and down-regulated on d 10 (p<0.01) compared to d 2; DCN are upregulated on
d 6 (p<0.05) and unchanged on d 10; RanBP2 and corticotropin-β-lipoprotein precursor
are unchanged on d 6 and down-regulated on d 10 (p<0.05, both); and, CgB, SgII, αGSU, and GRP are not significantly different on either d 6 or d 10 then d 2. Fold changes
measured by microarray analysis and real-time PCR for each gene are presented in
Figures 2.5 and 2.6.
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Figure 2.3 Serum concentrations of P4 and follicular fluid concentrations of E2 of the DF
during the luteal phase of the estrous cycle
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Figure 2.4 Cluster analysis of the 153 genes identified by ANOVA analysis. Individual
gene names or accession numbers are shown in corresponding tables. Samples from day
6 and day 10 are compared to d 2 (fold changes for all genes on d 2 are equal to 1).
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Figure 2.5 Relative changes in gene expression for anchor genes determined by real-time
PCR. Samples from d 6 and d 10 are compared to d 2 (fold changes for all genes on d 2
are equal to 1). The asterisk indicates significant difference (p<0.05) compared to d 2;
double asterisks indicates significant difference (p<0.01) compared to d 2.
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Figure 2.6 Relative changes in gene expression for candidate genes as measured by
cDNA microarray and RT-PCR. Samples from day 6 and day 10 are compared to d 2
(fold changes for all genes on d 2 are equal to 1). The asterisk indicates significant
difference (p<0.05) compared to d 2; double asterisks indicate significant difference
(p<0.01) compared to d 2.
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Figure 2.6 Continued Relative changes in gene expression for candidate genes as
measured by cDNA microarray and RT-PCR. Samples from day 6 and day 10 are
compared to d 2 (fold changes for all genes on d 2 are equal to 1). The asterisk indicates
significant difference (p<0.05) compared to d 2; double asterisks indicate significant
difference (p<0.01) compared to d 2.
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Discusssion
This experiment identified candidate genes as potential intrapituitary factors that
respond to the endocrine feedback of the luteal phase of the estrous cycle. Expression
levels of genes encoding SgII, DCN, JSP-1, and corticotrophin beta-lipoprotein
significantly changed during the luteal phase of the estrous cycle. Levels of mRNA
encoding GRP, RanBP2, and α-GSU were also detected by cDNA microarray to be
significantly regulated during this period. Further investigation is necessary to decipher
whether these alterations in mRNA levels are occurring in response to P4, E2 or other
endocrine factors.
The differential regulation of LH and FSH may involve intracellular factors that
modulate how LH and FSH are sequestered within the gonadotropes.
Chromogranins/secretogranins are a family of acidic proteins that are co-stored with
neuropeptides and peptide hormones in secretory granules of a wide variety of cells
(204). This family of secretory proteins includes chromogranin A (CgA), chromogranin
B (also termed secretogranin I), chromogranin C (also termed secretogranin II (SgII)),
and secretogranins III thru VI. Chromogranins/secretogranins are co-released with
neurotransmitters from neurons and endocrine cells. The exact functions of these
proteins have not been determined, but evidence suggests they act as helper proteins in
the packaging of peptide hormones and neuropeptides, are precursors of biologically
active peptides, and may play a role in the aggregation, sorting and trafficking of the
gonadotropins. Both CgA and SgII are expressed in gonadotropes (136); (28), and are
differentially regulated by gonadal steroids and stage of the estrous cycle in mice (194).
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Crawford and coworkers demonstrated that in mice granular SgII is associated with LH
and granules containing both LH and SgII (LH+/SgII+) are responsive to GnRH, while
LH+/SgII- granules do not respond to GnRH (32). This difference supports the
hypothesis that separate LH pools exist in the anterior pituitary gland; one that is
maximally secreted during the LH surge, and another that is responsible for tonic/basal
LH release. It was also observed that in rats and sheep CgA is usually associated with
FSH in the periphery of granules while LH and SgII are situated throughout the granules
(32); (31). It was also determined that the intracellular mechanisms involved in LH
storage in sheep are different then those in mice and there was no difference in
expression levels of SgII or CgA during the estrous cycle in ewes (31). Our findings
provide evidence that SgII is modulated by the bovine estrous cycle and suggest the
increasing concentrations of P4, the decreased concentrations of E2, or some other
endocrine factor during the luteal phase of the cycle is decreasing SgII expression.
Chromogranin B (CgB) is expressed primarily in the brain, anterior pituitary
gland and adrenal gland (48), and is thought to play a role in sorting of secretory proteins
(92), but has not been shown to play a role in the storage or release of LH or FSH. In the
cow, CgB inhibits parathyroid hormone secretion from chief cells (177). Expression of
CgB was not modulated by the luteal phase of the bovine estrous cycle in this
experiment.
Decorin is a ubiquitously expressed interstitial proteoglycan that modifies
extracellular matrixes and affects cell proliferation (158). Specifically it is involved in
cervical ripening via its interactions with collagen and growth factors (158) in preparation
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for parturition. It is expressed in most endocrine tissues and is responsive to E2. In the
myometrium of pregnant and nonpregnant sheep DCN was upregulated by E2 (209). In
contrast, in the OVX mouse uterus exposed to E2, DCN message was significantly downregulated as measured by cDNA microarray (78). Our findings indicate that levels of
mRNA encoding DCN were increased during the luteal phase of the estrous cycle (d 6
following initiation of the first follicular wave) suggesting that the decreased levels of E2
and/or increasing concentrations of circulating P4 may trigger its transcription.
Corticotropin beta-lipoprotein is the prohormone for the peptides beta-MSH,
gamma-lipoprotein, methionine-enkephalin, and beta-endorphin. Corticotropin betalipoprotein is derived from a larger precursor molecule, pro-opio-melano-cortin (POMC)
synthesized by the corticotropes of anterior pituitary gland. There is no evidence in the
literature suggesting corticotropin beta-lipoprotein alters reproductive processes or is
affected by reproductive endocrine factors, however, because the magnitude of change in
gene expression of corticotrophin beta-lipoprotein as detected by microarray analysis and
real-time PCR was so dramatic in this experiment, we suggest that its expression may be
altered by the endocrine milieu of the luteal phase of the bovine estrous cycle.
Jun N-terminal stimulatory phosphatase 1 (JSP-1) is a selective activator of the
mitogen-activated protein kinase (MAPK) JNK. The activation of JNK has been
implicated in several physiological processes including apoptosis, cell survival,
embryonic morphogenesis (165), and GnRH signaling (131); (105). JSP-1 is broadly
expressed in most tissues (165).
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GnRHR is a G-protein coupled receptor that primarily uses the Gq protein for its
downstream signaling. GnRH activates all four MAPK cascades (ERK, JNK,
p38MAPK, and BMK) by a PKC-dependent mechanism in α-T3-1 cells (151);(111).
However, the JNK signaling cascade seems to be the main MAPK pathway involved in
GnRH signaling in these cells as JNKs were activated 20-50 fold in the presence of
GnRH (111). The activation of the JNK cascade can activate nuclear transcription factors
including c-Jun, ATF2, Elk1 and p53 that may modulate the transcription of the
gonadotropins (105). Recent findings have indicated the MAPK cascades affect the
transcription of the gonadotropins. Work completed in cell lines (α-T3-1 and LβT2)
indicate that c-jun promotes transcription of LHβ (212), c-jun and ATF2 promote
transcription of α-GSU (155); (71), and c-jun in coordination with c-fos (activated via the
ERK cascade) activates activator protein-1 (AP1) which drives transcription of both LHβ
and FSHβ(75).
There is little information available in the literature suggesting how JSP-1 is
activated but it is possible that the activation of JSP-1 may modulate the transcription of
the gonadotropin subunits independent of the GnRHR cascade involving the Gq protein.
The results from our experiment suggest that JSP-1 is modulated by the endocrine factors
of the luteal phase and its expression is specifically down-regulated at the time of
elevated circulating levels of P4 (d 10). However, on d 6 following initiation of the first
follicular wave, our methods of detection, RT-PCR and microarray analysis, indicate that
JSP-1 mRNA levels were altered in opposite directions.
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Gastrin-releasing peptide (GRP) is traditionally known for its ability to stimulate
gastrin and other gastrointestinal hormones. However it is expressed in the brain (200)
and the uterus (199). In sheep, expression of the gene encoding GRP in the uterus is
modulated throughout gestation and by the estrous cycle (200). While investigating GRP
expression throughout the estrous cycle, Whitley and coworkers observed that GRP
mRNA levels are maximal during the preovulatory period when levels of P4 are
significantly decreased, but were unable to conclude if this upregulation was caused by
P4 and/or E2. They investigated this relationship by supplementing OVX ewes with E2,
P4, or both (doses were equivalent to the physiological levels of E2 and P4 during the
luteal phase (159) and measured steady-state levels of mRNA encoding GRP, ERα, ERβ,
and PR using RT-PCR. They concluded that GRP mRNA levels were dramatically
reduced by the combined treatment but were unaffected by either hormone individually,
and that the expression of GRP mRNA did not correlate with changes in expression of
ERα, ERβ, or PR (198). This suggests that the inhibition of de novo synthesis of GRP by
the ovarian steroids is probably occurring through an indirect mechanism that does not
involve their steroid receptors. In this experiment, cDNA microarray analysis indicated
that GRP was significantly upregulated on d 6 after initiation of the first follicular wave,
and using real-time PCR we determined GRP was upregulated 2.4 ± 0.6 fold on d 6 (p =
0.08) and 6.6 ± 1.8 fold on d 10 (p = 0.13). These findings suggest that the regulation of
GRP synthesis by the ovarian hormones may be different in the anterior pituitary gland
than the uterus.
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Molecular trafficking between the nucleus and the cytoplasm of cells occurs via
nuclear pore complexes (NPCs), which allow the diffusion of ions and small molecules,
and mediate the selective transport of RNAs. RanBP2, also termed Nup 538, is a large
scaffold protein of the NPC that works in coordination with several other proteins to
regulate nuclear export, cytoplasmic transport and protein biogenesis. As part of the
nucleoplasmic transport machinery, RanBP2 acts as a docking factor (213). Recently it
was suggested that RanBP2 is not just a passive docking factor but can stimulate small
ubiquitin-related modifiers (SUMO-1) modification of complexes on their way into the
nucleus by acting as an E3 ligase (145). It has been demonstrated that SUMO-1 can
modify the hormone-induced transactivation of nuclear receptors, including P4 (1) and
ERα (164). The molecular mechanism underlying PR and ERα sumolylation and its
regulation are unknown, and how it affects the physiological response to ovarian
hormones unknown, but these findings suggest SUMO modification may play a role in
the regulation of nuclear receptor function. Our study suggests that RanBP2 may be
affected by endocrine changes of the luteal phase of the bovine estrous cycle.
Levels of mRNA encoding the α-subunit of LH and FSH (α-GSU) were
significantly down-regulated by d 6 and declined even more by d 10 as detected by
microarray analysis in this experiment. The real-time data conducted on α-GSU as an
anchor gene and α-GSU as a candidate gene also show this trend, although the
differences were not significant. When the sequence from the microarray for α-GSU was
blasted against the anchor gene α-GSU sequence obtained from GenBank (accession
number X00050), they were 99% homologous (the sequence spotted on the array
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contained a GC substitution at bp 253). Taken together these data suggest that de novo
synthesis of α-GSU is inhibited by the endocrine factors of the luteal phase, specifically
the elevated levels of P4. This finding is in agreement with in vivo data published by
Mori and coworkers who observed levels of α-GSU mRNA decrease significantly on
days 5-10 of the bovine estrous cycle (94).
In addition to identifying potential regulators of reproductive processes within the
pituitary gland, this experiment illustrated the use of cDNA microarray to probe the
bovine pituitary gland. The real-time PCR performed for this study and those described
in chapters 3 and 4 validated the custom-made cDNA as an efficacious tool for measuring
gene expression levels in the cow.

91

CHAPTER 3
DIFFERENTIAL EXPRESSION OF GENES IN THE BOVINE PITUIATRY
GLAND DURING THE PREOVULATORY PERIOD AS INDUCED BY
ADMINISTRATION OF PGF2α ON DAY 18 OF THE ESTROUS CYCLE
Introduction
In domestic ruminants changes in pituitary and ovarian hormones during the
preovulatory period have been well described in a number of studies (20); (161);
{Walters and Schallenberger, 1984). Following luteolysis of the corpus luteum (CL),
circulating concentrations of progesterone (P4) rapidly decline. The decline in P4
coincides with an increase in estradiol (E2) secretion by the growing dominant follicle
(DF); this combination of ovarian steroids (high levels of E2 coupled with low levels of
P4) stimulates the release of gonadotropin releasing hormone (GnRH). The elevated
circulating levels of GnRH and E2 act on the anterior pituitary gland to induce the
preovulatory surge of gonadotropins, luteinizing hormone (LH) and follicle stimulating
hormone (FSH). The LH surge initiates a cascade of events within the ovary that
culiminates in ovulation of the DF.
The intrapituitary mechanisms responsible for generating the preovulatory surge
of gonadotropins remain to be elicuidated but alterations in gonadotrope sensitivity to
GnRH is believed to play a central role. Gonadotrope sensitivity to GnRH is increased
just prior to the preovulatory surge of LH and FSH, an effect termed priming which is
caused by E2 and GnRH. E2 increases the sensitivity of the gonadotropes to GnRH by
increasing the levels of GnRH receptor (GnRHR) mRNA and the number of GnRHR on
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the plasma membrane {Turzillo et al, 1994}; (186); (184); (58); (208). In addition, E2
stimulates the release of pulsatile secretion of GnRH, and GnRH further primes the
gonadotrope by increasing levels of mRNA encoding its receptor as well as upregulating
the number of GnRHR on the plasma membrane (67); (186).
Although LH and FSH are synthesized and secreted by the same cell, the
gonadotrope, and are stimulated by GnRH, the secretion of LH and FSH is not coupled
throughout the preovulatory period. Following luteolysis, both basal LH secretion and
LH pulse frequency are increased while basal secretion of FSH is decreased (135);(150);
(38). Additionally, just after the preovulatory gonadotropin surge, basal levels of LH
decline rapidly while basal levels of FSH and FSH pulse amplitude increase resulting in a
secondary surge of FSH (81); (193). The intrapituitary regulation responsible for the
discordant release of the gonadotropins during this time period remains unclear.
Although the endocrine mileu, the feedback mechanisms which regulate
gonadototropin secretion, and the alteration of gonadotrope sensitivity during the
preovulatory period have been well described the underlying intrapituitary mechanisms
that mediate the response to the ovarian steroids and culiminate in the preovulatory surge
of gonadotropins are relatively unclear and require further investigation.
To identify potential genes that may be involved in the regulation of gonadotropin
synthesis and/or release during the preovulatory period, gene expression of the bovine
pituitary gland following luteolysis was profiled using cDNA microarray technology.
PGF2α, an endogenous hormone that initiates luteolysis in domestic ruminants, was
administered on d 18 of the estrous cycle to induce the preovulatory changes described
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above. Microarray technology provides a means by which thousands of genes can be
measured within the same assay. By utilizing cDNA microarrays to profile the bovine
pituitary gland as it responds to the endocrine changes following luteolysis induced by
the administration of PGF2α, we hope to identify candidate intrapituitary gland factors
that may modulate reproductive processes.
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Materials and Methods
Animals
Blood and pituitary tissue samples from MARC III composite cows (¼ Pinzgauer,
¼ Red Poll, ¼ Angus, and ¼ Hereford) were collected by Dr. Andy Roberts and coworkers at the USDA, ARS, Hruska U.S. Meat Animal Research Center in Clay City,
NE. Cows were randomly assigned to be slaughtered at 0 h (n = 6), 24 h (n = 6), 48 h (n
= 6), and 72 h (n = 6) after a single injection of prostaglandin F2α (PGF2α, 30mg i.m.,
Lutalyse®, Pfizer, Cambridge, MA) on d 18 of the estrous cycle.

Serologic Sampling and Tissue Collection
A blood sample was collected by jugular venipuncture just prior to the PGF2α
injection and at 24-h intervals thereafter. Plasma was stored at -20° until hormone levels
were measured by RIA. Ovaries were collected immediately after slaughter, stored on
ice, and transported to the laboratory. Follicular fluid from all follicles > 5 mm in
diameter was collected and stored at -20°C until hormone concentrations were
determined by RIA. Anterior pituitaries were collected immediately after slaughter,
hemisected midsagittally, frozen on dry ice, and stored at -80°C until RNA was isolated.

Radioimmunoassays
Follicular fluid was assayed for E2 and plasma was assayed for FSH, LH, IGF-1,
E2 and P4 by RIA as described by Echternkamp et al. (44). The intraassay CV for
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plasma FSH, LH, and IGF-1 were < 10%, < 10%, and 7.3% respectively. The intraassay
CV for E2 and P4 in plasma and follicular fluid were 12.4% and 9.5%, respectively.
RNA isolation
Aliquots of total RNA were generously provided by Dr. Andy Roberts at USDA
MARC. Upon arrival, concentration and quality of total RNA for each individual sample
was evaluated with an Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA).
One sample from the 0 h time point was determined to be degraded and was disposed of.
Each remaining RNA sample from individual animals was pooled with samples from 2 or
3 other animals from the same treatment group. Pool assignments were random and each
sample in the pool contributed identical amounts of RNA. Each pool was reevaluated for
RNA concentration and quality using an Agilent 2100 Bioanalyzer (Agilent
Technologies, Palo Alto, CA). The pooled RNA samples were stored at –80°C.

Experimental Design
The experimental design for microarray hybridizations based on the incomplete
block designs of Kerr and coworkers (97). Each pooled sample was hybridized to
microarrays according to the scheme presented in Figure 3.1. This design ensured that
each sample was labeled twice with each dye and was compared to 4 samples from
different treatment groups. Zero h, pool 2 was designated as the reference sample to
which all other samples were compared for statistical purposes.
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cDNA microarrays
A bovine cDNA microarray containing 4607 expressed sequence tags (ESTs)
derived from mammary, pituitary and gastrointestinal tissues was created by Robert
Collier and coworkers at the Univerisity of Arizona to evaluate gene expression in dairy
and beef cattle. Of the 4608 sequences, 1920 were mammary-derived, 1824 were derived
from the digestive tract (esophagus to colon), and 864 were derived from the pituitary
gland. The cDNA library that provided the digestive tract clones was compiled in the
Collier lab, and the pituitary gland and mammary clones were provided by Monsanto Co.
(St. Louis, MO). Two subtracted cDNA libraries (lactating and involuted tissues)
compromised the set of mammary clones. Both the pituitary gland and digestive tract
clones made up unsubtracted cDNA libraries. DNA products to be printed onto the
microarray slides consisted of PCR-amplified inserts utilizing custom primers from
Monsanto Co. for the pituitary gland and T7/SP6 primer pairs for the GI tract and
mammary gland (Table 2.1). DNA inserts were suspended in 50% DMSO at
approximately 300 ng/ml in 384-well plates The Genomics Research Laboratory at the
University of Arizona’s Children’s Research Center coated (2% solution of 3aminoporopyltirmethoxysilane in 95% Et OH) and spotted the microarrays. Each clone
was printed in triplicate by a Virtek ChipWriter™ (Virek Vision, Waterloo, Ontario)
printing robot using a 48-pin print head in an environmentally controlled workstation.
Printed microarray slides were stored in a desiccator at room temperature until
hybridizations were completed.
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RNA Amplification
Pools were amplified using the MessageAmp aRNA kit (Ambion, Austin, TX)
according to the manufacturer’s protocol. All reagents for this procedure were included
in the Message Amp aRNA kit. Briefly, the first strand of cDNA was synthesized by
denaturing 5ug of total RNA in nuclease-free water and T7 Oligo dT primer (1 μl) for 10
min at 70°C; adding 10X First Strand Buffer (2 μl), ribonuclease inhibitor (1 μl), and
dNTP mix (4 μl), and reverse transcriptase (1 μl) to the denatured RNA; and, then
incubating the reaction at 42°C for 2 h. The second strand of cDNA was synthesized by
combining the reaction described above with nuclease-free water (63 μl), 10X 2nd Strand
Buffer (10 μl), dNTP mix (4 μl), DNA polymerase (2 μl), and RNase H (1 μl) and
incubating this reaction for 2 h at 16°C. Purification of cDNA was completed by
combining the cDNA with cDNA binding buffer (250 μl) and then centrifuging this
mixture so that the solution was forced through a provided cDNA filter column that had
been previously incubated with cDNA binding buffer (50 μl). The bound fraction was
washed with cDNA wash buffer (650 μl), and eluted in nuclease-free water (20 μl). The
purified cDNA was transcribed into amplified RNA by combining the cDNA with T7
ATP solution (4 μl), T7 CTP solution (4 ul) , T7 GTP solution (4 μl) , T7 UTP solution (4
μl), T7 10X reaction buffer (4 μl), and T7 enzyme mix (4 μl); and, incubating this
reaction for 14 h at 37°C. To eliminate any excess DNA template from the reaction,
DNase I (2 μl) was added to the reaction and was incubated for an additional 30 min.
The amplified RNA was combined with aRNA binding buffer (350 μl) and 100% EtOH
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(250 μl) and then centrifuged so that the solution was forced through the provided aRNA
columns that had been previously incubated with aRNA binding buffer (100 μl). The
bound fraction was washed twice with aRNA wash solution (650 μl per wash) and eluted
in nuclease-free water (100 μl). The amplified RNA was stored at -80°C.

cDNA Synthesis, Labeling, and Hybridization
Amplified RNA (aRNA) from each pool (3.5 μg) was reverse transcribed in
duplicate using the EndoFree RT Kit (Ambion, Austin, TX). All reagents were included
in the EndoFree RT kit unless noted. The aRNA in 6 μl of nuclease-free water was
combined with 1 μl of random hexamers (10 μg/μl, Integrated DNA Technologies (IDT)
Coralville, IA) and incubated at 70ºC for 5 min; 2 μl of 10XRT buffer, 2 μl 5-(3aminoallyl)-2’-deoxyuridine 5’-triphosphate, trisodium salt (amino-allyl modified dUTP,
2mM in TE, Molecular Probes, Eugene, OR), 1 μl RNase inhibitor, 1μl dNTP mix
(custom made so that the final concentrations of dATP, dCTP, dGTP, dTTP were 10mM,
10mM, 10mM, and 3mM, respectively), and 1μl RT enzyme were added to the reaction
and incubated at 42ºC for 2 h.
Base hydrolysis of the cDNA product was completed by denaturing the samples at
95ºC for 5 min, adding 8.6μl of 1M NaOH and 8.6ul 0.5M EDTA pH 8.0 (Ambion,
Austin, TX) to each reaction, incubating the reactions at 65ºC for 15 min, and then
adding 8.6μl 1M HCl. The products were purified using Qiaquick PCR purification spin
columns (Qiagen, Valencia, CA). The volume of each reaction was brought up to 100μl
with nuclease free water and combined with 500μl of PB buffer (Qiagen, Valencia, CA).
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This mixture was added to the spin column and centrifuged at 14,000 Xg for 1 minute to
bind the DNA The filter was washed with 750μl 75%EtOH and the sample was eluted
in 60 µl of nuclease-free water.
After purification, samples were concentrated to 1-2 µl by vacuum centrifugation.
The samples were labeled with either AlexaFluor Cy 555 (green) or 647 (red) dyes
(Molecular Probes, Eugene, OR) by incubating 3 μl sodium bicarbonate (25mg/ml) and 1
μl of dye with the purified cDNA in the dark for 1 h at room temperature. The samples
were purified for hybridization by bringing the volume of each sample up to 50μl with
nuclease free water, combining the specific sample pairs (one red and green sample per
hybridization), adding 500μl PB buffer (Qiagen, Valencia, CA) to the samples, and
centifuging this mixture for 1 min at 14,000Xg through Qiaquick spin columns (Qiagen,
Valencia, CA) to bind the labeled product to the filter for washing. The cDNA products
were washed twice with 750μl 75% EtOH and eluted in 50 ul of nuclease free water
using centrifugation. The purified product was combined with 10ul Mouse Cot-1 DNA
(Invitrogen, Carlsbad, CA), 1 ul poly-dA (10ug/ul; IDT), and 61ul or 2X Hybridization
Buffer. A separate hybridization buffer was made for each set of four hybridiztions and
contained of 112 μl 20 X SSC, 168 μl formamide (Sigma-Aldrich, St. Louis, MO), and
5.6 μl 10% SDS (Ambion, Valencia, CA). Each sample (124 μl) was hybridized
overnight to the printed slides at 47ºC using a GeneTac hybridization station (Genomic
Solution, Inc., Ann Arbor, MI). Following hybridization, slides were washed twice with
1 X SSC/0.1% SDS, and 0.1 X SSC/0.1%SSC in the hybridization chamber, rinsed in 0.1
X SSC before being dried, and coated with Dye Saver (Genisphere, Hatfield, PA) to
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preserve the fluorescence. All slides were scanned within 12 to 24 h following dye
preservation.

Scanning the Microarrays
Hybridized arrays were scanned using an epifluorescence/CCD-based scanner
(ArrayWorX, Applied Precision, Issaquah, WA). The printed region area and exposure
times for both channels were optimized prior to scanning. The printed region of each
microarray slide was scanned and data were collected. Using the spot finding analysis
software (MolecularWare, Inc., Irvine, CA), signal intensity for each spot was calculated.
This calculation includes a correction for background.

Data Analysis
A multivariate statistical approach was used to analyze the microarray data. This
approach enables analysis of known variables while accounting for experimental variance
caused by array variation and dye performance. This approach is based on an analysis of
variance (ANOVA) statistical model developed by Churchill and coworkers with custom
modifications to the best-fit algorithm (98); (97). The model provides the following
functions: allows normalization of the array data, estimates relative changes in gene
expression, corrects for confounding effects, allows statistical evaluation of the array data
and provides a framework for the overall experimental design. The selection criteria for
a gene to be differentially expressed by the ANOVA model required that the gene be
detected on a sufficient number of arrays, that at least a 1.5-fold change in intensity was
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required between at least two of the samples, and the difference had to pass a statistical
threshold (95% confidence interval).
Due to the high variability between pools of the same time point, the array data
were reanalyzed to eliminate genes that were classified as differentially regulated due to
error within pools from the same time point. Therefore, the second analysis only
included genes significantly regulated by time (day after initiation of the first follicular
wave) as the treatment. All fold changes derived from this analysis are averages between
pools within the same time point. Gene expression levels from d 6 and d 10 were
compared to d 2, the reference sample. For illustrative purposes, all fold changes were
log transformed so that negative changes are graphed as values less than one and positive
changes are graphed as values greater than one.
Once genes were determined to be differentially expressed they were clustered
using the QT clustering application of GeneSpring®7 (Silicon Genetics, Redwood City,
CA). The minimum number of genes per cluster was defined as 8 and the correlation
value was set at 0.90. Gene identities were obtained from the bovine EST and microarray
web resource (http://amadeus.biosci.arizona.edu/bovine/) maintained by the
Biotechnology Computing Facility at the University of Arizona.

Selection of Candidate Genes
To limit the number of candidate genes validated by real-time PCR we compared
expression patterns from candidate molecules (transcripts that were differentially
regulated according to the microarray analysis) to expression patterns of genes known to
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be regulated by the estrous cycle (anchor genes). Twenty seven candidate molecules,
having gene expression patterns that resembled expression patterns of anchor genes, were
considered for real-time validation. Anchor genes included: estrogen receptor alpha
(ERα) and beta (ERβ), the subunits of the gonadotropins (FSHβ, LHβ, and α-GSU),
GnRH receptor (GnRHR), progesterone receptor (PR), and prostaglandin F2α receptor
(FR).

Real-time PCR
Fluorescent real-time PCR was used to quantify the expression profiles of the
anchor genes and validate the results of the microarray analysis. Primer sequences were
designed using Primer 3 software (Whitehead Institute for Biomedical Research,
Cambridge, MA) using bovine sequences in GenBank (for anchor genes) or sequences
from the cDNA microarray (for β-actin and candidate genes) and were checked for
specificity using BLAST (National Center for Biotechnology Information, Bethesda,
MD). Primer sequences for the anchor genes and candidate genes are presented in Tables
2.2 and 3.1, respectively. Primers were purchased from Integrated DNA Technologies,
Inc. (Coralville, IA).
Amplified RNA (aRNA) from each pool (4 μg) was reverse transcribed using the
manufacturer’s protocol for SuperScript™ III Reverse Transcriptase (Invitrogen,
Carlsbad, CA) using Oligo(dT)20 (50μM) as primer.
Total PCR reaction volume per tube was 10 μl and included: 1.0 μl RNase-free
water, 2 μl of cDNA (8.0 ng/ μl), 2 μl of forward and reverse primers (5pmol), and 5 μl
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of SYBR Master Mix from the Quantitect SYBR Green PCR Kit (Qiagen, Valencia, CA).
Samples were run in triplicate, parallel to an endogenous control, β-actin, in a single run
per gene. β-actin was chosen as the control because its expression did not change across
treatments according to the microarray analysis. Thermal cycling conditions were as
follows: 15 min at 95°C to activate Hotstart Taq, 40 cycles of 15 secs at 95°C for
denaturing, 15 secs at 58 °C for annealing, and 20 secs at 72 °C for extension, followed
by a melt cycle from 72 °C to 99 °C over 15 min. Real-time detection of PCR was
performed using a Rotor-Gene RG-3000 (Corbett Research, Sydney, Australia).
The Genomic Analysis and Technology core at the University of Arizona
completed DNA sequencing for all anchor genes and a random sample of candidate genes
to validate sequence identities. Briefly, real-time PCR products were run out on a 1%
agarose gel, excised from the gel based on their SYBR green dye staining, and PCR
products were purified using QIAquick® Gel Extraction Kit (Qiagen, Valencia, CA)
according to the manufacturer’s instructions. Integrity and concentration of the purified
PCR products was evaluated using NanoDrop®ND-3300 Fluorospectrometer
(Wilmington, DE).

RT-PCR Data Analysis
A single peak was observed in the dissociation curve of each gene suggesting that
the PCR was optimized to yield the specific desired product. Threshold values (CT) were
defined within the exponential phase of the PCR and were used to calculate relative
expression levels utilizing the comparative cycle threshold (Ct) method (114). Fold
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changes and standard errors were calculated for 24 h, 48 h, and 72 h compared to 0 h.
For illustrative purposes, all fold changes underwent logarithmic transformations (base 2)
so that negative changes are graphed as values less then one and positive changes are
graphed as values greater then one. Using this transformation, fold changes for all genes
at 0 h are equal to 1, and fold changes farthest away from 1 represent the greatest fold
change differences. For example, a -2 and -4 fold change equals 0.50 and 0.25,
respectively using this transformation and on a graph displaying a logarithmic axis y-axis
0.25 is farther away from 1 then 0.50.
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0 h pool

24 h pool 1

72 h pool 2

48 h pool 1

48 h pool 2

72 h pool 1

24 h pool 2
Figure 3.1 Hybridization Scheme

0 h pool 2
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Table 3.1 Primer sequences for candidate genes
Gene Name

Accession

Primer Sequences

Product
Size
121

B.taurus mRNA for JSP.1
protein
Bos taurus neurexin I-alpha
mRNA, complete cds
Homo sapiens, clone
IMAGE:4214654, mRNA
Homo sapiens ABI gene
family, member 3 (NESH)
binding protein, mRNA
(cDNA clone MGC:34158
IMAGE:5205716), complete
cds
Homo sapiens insulin-like
growth factor binding
protein 5 (IGFBP5) gene,
complete cds
Bos taurus succinate
dehydrogenase complex,
subunit C, integral
membrane protein, 15kDa
(SDHC), mRNA
Bos taurus mRNA for
elongation factor 1 alpha
Homo sapiens cDNA clone
IMAGE:4513453, partial
cds
Bos taurus decorin (DCN),
mRNA, complete cds
Bos taurus clusterin (CLU),
mRNA
PREDICTED: Bos taurus
similar to 26S proteasome
non-ATPase regulatory
subunit 6 (26S proteasome
regulatory subunit S10)
(p42A) (Proteasome
regulatory particle subunit
p44S10) (Phosphonoformate
immuno-associated protein
4) (Breast cancer associated
protein SGA-113M)...
(LOC538625), partial
mRNA
Bos taurus proteolipid
protein 2 mRNA, complete
cds.

X92870

F: CCT GGT GGT GCC TTC TGG AG
R: GAT GCC CAT GGT GAG GAA

L14855

F: CTG AGG CCA TGT GCA AGG AA
R: TCC TCC AGG TGC AGT GTC CA

137

BC035518

F: AAT ACA CAC ATC CTG CCA GT
R: AGT ATA ATG AAG CGC TAC AGT

167

BC030221

F: GAA TGA ATG TAT CAG AGG CTG TT
R: GAA TGA GGG CAC CAA TGC AG

135

AY534685

F: ATT CTG ACC AGG TCA GAC TCG
R: TGG AAT GCC TGC AAG CAA GTC

144

NM_175814

F: TGG CTC TTG GAG CAG GTC TTG
R: TGT CAC GTG ATT CTG GAT TAG

162

AJ238405

F: CAG CAC TGA TTT GGC CTG GA
R: GGC AAT GTG GCT GGT GAC AG

100

BC039469

F: TGA AGT CTG AAA GAT GAA TC
R: TAC CAA GAA CAT GTT GCA GCA

134

BT021076

F: CTT CAG GAG CTG CGT GTC CA
R: AGC TCT TCA GCG GGT TGG TG

112

NM_173902

F: CGT CGC TCT GCG TGA GGT T
R: ACG ACC AGC TGC TCC AGT CC

117

XM_581589

F: CCG GAT CTC AGG GAA AAG GTG
R: TGA GGT GCA AAA AGC CAG TCC

125

AY192437

F: TCA CCT ACA CCG GGC CAT CT
R: CTA TGC GCT GCA GGC CTC TT

109

107

Bos taurus heparin/heparan
sulfate Nacetylglucosaminyl Ndeacetylase/Nsulfotransferase
PREDICTED: Bos taurus
similar to Epididymal
secretory protein E4
(LOC518398), partial Mrna
Homo sapiens transducer of
ERBB2, 1, mRNA (cDNA
clone MGC:87780
IMAGE:6470511), complete
cds
Homo sapiens
BCRE3/ABL1A11 fusion
protein (BCR/ABL1 fusion)
mRNA, partial cds
Bovine mRNA for
chromogranin B
Bos taurus secretogranin II
(chromogranin C) (SCG2),
mRNA
Bos taurus glycoprotein
hormones, alpha polypeptide
(CGA), mRNA
Bos taurus stearoyl-CoA
desaturase variant A (SCD)
mRNA, complete cds
PREDICTED: Bos taurus
similar to ephrin A1 isoform
a precursor (LOC507319),
mRNA
Bos taurus isolate F NADH
dehydrogenase subunit 1
(ND1), NADH
dehydrogenase subunit 2
(ND2), cytochrome oxidase
subunit I (COI), cytochrome
oxidase subunit II (COII),
ATPase 8, ATPase 6,
cytochrome oxidase subunit
III (COIII), NADH
dehydrogenase subunit
subunit 4 (ND4), NADH
dehydrogenase subunit 5
(ND5), NADH
dehydrogenase subunit 6
(ND6), and cytochrome b
(cytoB) genes, complete
cds; mitochondrial genes for
mitochondrial products

AF064825

F: GCA TTC CAG TTC GGG CTG AT
R: CAG GCC TGA AGG CCA CTG AG

121

XM_596589

F: CCT GAC GCG TTG AAA TGC TG
R: AGA CAG GGC CAG GCA GAC AC

115

BC070493

F: TGA AGG GCA CTG GTA TCC TGA A
R: GAT TGC CAC GGC ACA TCA TC

138

AF533988

F: ACA GCG CCT CAC CTC TTT GC
R: ACC TCA GAA ACG GGC AGT GG

140

X55027

F: AAC GGG CTG ACC TTG AAT GA
R: CCA CTC GGT CAT ACT GCC TT

151

NM_174176

F: GAA TCT GTC TTC CAA GAG CTG
R: CCA CGT CTT CAT AGG CAA TG

140

NM_173901

F: CAC TCC AGC GAG GTC TAA GA
R: TGG CAC TCG GTG TGG TTC TC

134

AY241933

F: ACA CGT GGC TCG TGG TGA AC
R:AAG GGC AGT TTT GAG GCA TGA

120

XM_583912

F: AAG ACT GGA ACC AGG CTG AG
R: CTG ACC TCC TTA GGG TTG AA

161

AF493542

F: ACC CGA TTC TTC GCT TTC CA
R: TGT CTA CGT CTG AGG AAA TTC

101

108

Bos taurus prostaglandin D2
synthase 21kDa (brain)
(PTGDS), mRNA

NM_174791

F: CGA GAC CTA CGC CCT GCT CT
R: GGC TCT TGG CAA AGG TGG TG

134

Bos taurus clone
IMAGE:7961463 ribosomal
protein L27a-like mRNA,
complete cds
Bos taurus 2',3'-cyclic
nucleotide 3'
phosphodiesterase (CNP),
mRNA
Bos taurus beta-actin
(ACTB) mRNA, complete
cds
Bos taurus heat shock 90kD
protein 1, alpha (HSPCA),
mRNA
Homo sapiens CTD
(carboxy-terminal domain,
RNA polymerase II,
polypeptide A) small
phosphatase 1 (CTDSP1),
mRNA

AY911324

F: AGC TCC CAA AGC AGC CTG TC
R: TTC CCA GCA TGT GGC TTC AA

117

NM_180993

F: CCC ACC CCC TTG TGT TGA AA
R: GGG AGC ATC CCT CTG CTT GA

149

AY141970

F: GGT ACG ATG AGT CCG GCC CCT
R: TCT GCG CAA GTT AGG TTT TGT

101

NM_001012
670

F: AGC CCT TCC TCT GGC TTG CT
R: GCT GGG TCC ATG ACC ACC TC

100

NM_021198

F: GTC AGC AGC CTC TCC GAA GC
R: GAC GGC ACC ATT CTC CTC CA

133
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Results
Hormone Concentrations
Circulating concentrations of P4, E2, LH, FSH and IGF-1 are presented in Figure
3.2. P4 concentrations in plasma decreased precipitously at all time points (p<0.01)
following administration of PGF2α. Plasma concentrations of E2 increased at all time
points following administration of PGF2α (p<0.05). Circulating concentrations of LH
increased to 1.72±0.16, 2.34±0.66, and 3.47±0.08 ng/ml at 24, 48, and 72 h, respectively,
indicative of a LH surge, however only the 24 h sample was significantly different then 0
h (p<0.05). Plasma concentrations of FSH and IGF-1 were not different than 0 h at any
of the time points examined.

Microarray Analysis
Of the 4607 genes represented on the custom bovine array, the ANOVA analysis
determined 1406 transcripts to be differentially expressed between at least two of the
time points. The 1406 genes were grouped based on expression patterns. The clustering
algorithm generated 7 clusters whereby 1376 genes were fitted into these clusters and the
remaining 30 genes were categorized as unclassified by the clustering software. Figure
3.3 shows the expression pattern for each cluster. Six hundred and twenty eight, 310,
210, 180, 28, 11, and 9 genes are included in cluster 1 thru 7, respectively. Gene names
for each cluster are provided on Tables 3.2 thru 3.8 for clusters 1 thru 7, respectively. If
the gene identity is unknown, the clone number from the library is provided.
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Anchor gene expression profiles
Relative changes in gene expression for all anchor genes are presented in Figure
3.4. Levels of mRNA encoding PR were significantly upregulated, over 10 fold
compared to 0 h, at 24, 48 and 72 h (p<0.01). Levels of mRNA encoding FR were
significantly down-regulated at the 48 and 72 h time points (p<0.01). At 24 h levels of
FR mRNA were down-regulated by -7.24 fold but this was not significant (p= 0.10) due
to the variation between pool 1 and 2 for this time point. Levels of mRNA encoding ERα
and ERβ changed in opposite directions, where ERα was significantly upregulated at 24
and 48 h (p<0.01) while ERβ was down-regulated at 24 h (p<0.05) and 72 h (p<0.01).
Levels of mRNA encoding α-GSU were upregulated at 48 h (p<0.01), LHβ were
upregulated at 24 h (p<0.01), 48 h (p<0.05) and 72 h (p<0.05), and FSHβ were downregulated at 24 (p<0.05) and 72 (p<0.05) h. Levels of mRNA encoding α-GSU were
elevated 1.86 fold at 24 h and 2.75 fold at 72 h compared to 0 h, but neither change was
significant (p=0.09 and p=0.11, respectively) due to the high degree of variance between
the pools within the same time point. Levels of mRNA encoding GnRHR were
significantly upregulated at 24 h (p<0.05) and 48 h (p<0.01) and at 72 h levels were
elevated 3.27 fold compared to 0 h, but this was not significant (p = 0.14) due to the high
standard error between the pools.
Based on the expression profiles of the anchor genes, we limited candidate genes
to transcripts on the microarray that were upregulated following administration of PGF2α,
similar to GnRHR, LHβ, α-GSU, and ERα (cluster 2); down-regulated following
administration of PGF2α similar to FSHβ and ERβ (cluster 4). Genes from cluster 2
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included: neurexin I-alpha, insulin-like growth factor binding protein 5 (IGFBP5),
elongation factor alpha, clusterin, a transcript similar to 26S proteasome non-ATPase
regulatory subunit 6, proteolipid protein 2, chrmomogranin B (CgB), stearoyl-CoA
desaturase variant A (SCD), a transcript similar to ephrin A1 isoform precursor, isolate F
NADH dehydrogenase subunit 1, 2’,3’-cyclic nucleotide 3’ phosphodiesterase (CNP),
heat shock 90kD protein 1, and a sequence identified as Homo sapiens cDNA clone
IMAGE:4513453 by GenBank. Genes from cluster 4 included: member 3 (NESH)
binding protein, succinate dehydrogenase complex, subunit C (SDHC), heparin sulfate Nacetylglucosaminyl N-deacetylase, epididymal secretory protein E4, BCR/ABL 1 fusion
protein, prostaglandin D2 synthase, carboxy-terminal domain (CTD) small phosphatase
1, and two sequences identified as Homo sapiens cDNA clones IMAGE:4214654 and
IMAGE:7961463 by GenBank. We also performed real-time PCR on Jun N-terminal
kinase (JNK) stimulatory phophastase-1 (JSP-1), transducer of ERBB2, 1 (cluster 5 of
this experiment), secretogranin II (SgII), α-GSU, and decorin (DCN) to further validate
the microarray, and investigate changes in genes that were classified as differentially
regulated in experiments detailed in Chapters 2 and 4.
Candidate Gene Expression Profiles
Changes in gene expression detected by microarray and real-time PCR for all
candidate genes at 24, 48 and 72 relative to 0 h are presented in Table 3.9. Comparisons
between microarray and real-time PCR for each gene are presented in Figure 3.5.
Using RT-PCR levels of mRNA encoding JSP-1 were significantly upregulated at
72 h (p < 0.05) and showed a trend of upregulation at 24 and 48 h (5.44 and 6.59 fold
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increase when compared to 0 h) but this was not significant due to the variance between
pools within these samples ( p = 0.07 and 0.11, respectively); neurexin 1 alpha was
upregulated at 24 and 48 h (p < 0.01); clone IMAGE:4214654 was down-regulated at 48
h (p < 0.01) and 72 h (p < 0.05) and appears to be down-regulated at 24 h (-17.12 fold
decrease when compared to 0 h) but this was not significant (p = 0.07) due to the high
standard error between the pools of this time point; member 3 (NESH) binding protein
was upregulated at 24 and 72 h (p <0.01); IGFBP-5 was down-regulated at 24 and 48 h (0
<0.01); SDHC was upregulated at 24 h (p < 0.01); elongation factor 1 alpha was
upregulated at 24 and 48 h (p < 0.01) and displayed a trend for being upregulated at 72 h
(4.4 fold greater then 0 h, p = 0.12) but this was not significant due to the high standard
error between the pools of the 72 h sample; elongation factor 1 alpha was upregulated at
24 and 48 h (p < 0.05) and the trend seems to continue for the 72 h time point (4.44
greater then 0 h) but this was not significant (p = 0.12); clone IMAGE:4513453 was
upregulated at 24 and 48 (p < 0.01); DCN, clusterin, proteolipid protein 2, heparin sulfate
N-acetylglucosaminly N-decatylase, ERRBB2, NADH dehyrogenase subunit 1 and the
transcript that is similar to ephrin A1 isoform precursor were upregulated for all time
points examined (p < 0.05); 26S proteoasome non-ATPase subunit 6 was upregulated at
48 and 72 h (p < 0.01) and displayed a trend for being upregulated at 24 h (p = 0.06);
epididymal secretory protein E4 was upregulated at 48 h (p < 0.05); BRC/ABL 1 fusion
was down-regulated at 24 h (p < 0.05); chromogranin B was upregulated at 24 h (p <
0.05) and 48 (p < 0.01) and shows a trend for being upregulated (7.16 fold increase
compared to 0 h, p = 0.06) at 72 h; secretogranin II and CTD small phosphatase were
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down-regulated at all time points examined ( p < 0.05); α-GSU was upregulated at 24 h (
p < 0.05); SCD variant A was down regulated at 24 and 48 h (p < 0.01); prostaglandin D2
synthase was upregulate at 24 h (p < 0.05) and 48 h (p < 0.01); clone IMAGE 7961463
was down-regulated at 72 h ( p < 0.05), heat shock protein 90kD protein 1 alpha was
upregulated at 48 h (p < 0.01); and, CNP did not change during the course of this
experiment.
Microarray analysis indicated that levels of mRNA encoding JSP-1, ERRBB2,
secretogranin II, and α-GSU did not change during the course of this experiment,
neurexin 1 alpha, member 3 (NESH) binding protein were upregulated at 24 and 72 h (p
< 0.01); clone IMAGE:4214654, clone IMAGE: 7961463, and CTD small phosphatase
were down-regulated at 72 h (p < 0.05); IGFBP-5 was upregulated at 24 h ( p < 0.01) and
72 h ( p < 0.05); SDHC was down-regulated at 24 h and 72 h (p < 0.05); elongation factor
1 alpha was upregulated at 24 (p < 0.05) and 72 h (p < 0.01) and displayed a trend for
being upregulated at 48 h (2.74 fold greater then 0 h, p = 0.10); clone IMAGE:4513453
and the transcript similar to ephrin A1 isoform were upregulated at 24 h (p < 0.05) and 72
h (p < 0.01); DCN was upregulated at 24 h (p < 0.05); clusterin, 26S proteoasome nonATPase subunit 6, proteolipid protein 2, and SCD variant A were upregulated at 72 h (p
< 0.01); heparin sulfate N-acetylglucosaminly N-decatylase and BCR/ABL fusion were
down-regulated at 24 h (p < 0.05) and 72 h (p < 0.01); epididymal secretory protein E4,
chromogranin B, NADH dehyrogenase subunit 1, CNP, and heat shock 90kD protein 1
alpha were upregulated at 72 h (p < 0.05); and, prostaglandin D2 synthase was downregulated at 24 h ( p < 0.05).
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Figure 3.2 Plasma LH, FSH, E2, P4, and IGF-I concentrations (means ± SEM) after a
single injection of PGF2α on d 18 of the estrous cycle. The asterisk indicates significant
difference (p<0.05) compared to 0 h; double asterisks indicates significant difference
(p<0.01) compared to 0 h.
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Figure 3.3 Cluster analyses of the 1406 genes identified by ANOVA analysis. Individual
gene names are shown in corresponding tables. Samples from 24, 48 and 72 h are
compared to 0 h. The fold change for all genes on 0 h is equal to 1.
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Figure 3.3 Cont. Cluster analyses of the 1406 genes identified by ANOVA analysis.
Individual gene names are shown in corresponding tables. Samples from 24, 48 and 72 h
are compared to 0 h. The fold change for all genes on 0 h is equal to 1.
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Figure 3.4 Relative changes in expression of anchor genes. Samples from 24, 48, and 72
h are compared to 0 h (fold changes for all genes at 0 h are equal to 1). The asterisk
indicates significant difference (p<0.05) compared to 0 h; double asterisks indicate
significant difference (p<0.01) compared to 0 h.
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Figure 3.5 Relative changes in gene expression for candidate genes. Samples from 24,
48, and 72 h are compared to 0 h. Data have been transformed based on logarithmic
(base 2) formula such that fold changes for all genes at 0 h are equal to 1. Fold changes
less then 1 are negative, fold changes that are greater then 1 are positive. A -4 fold
change equals 0.25 using this transformation.
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Figure 3.5 Cont Relative changes in gene expression for candidate genes. Samples from
24, 48, and 72 h are compared to 0 h. Data have been transformed based on logarithmic
(base 2) formula such that fold changes for all genes at 0 h are equal to 1. Fold changes
less then 1 are negative, fold changes that are greater then 1 are positive. A -4 fold
change equals 0.25 using this transformation.
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Figure 3.5 Cont Relative changes in gene expression for candidate genes. Samples from
24, 48, and 72 h are compared to 0 h. Data have been transformed based on logarithmic
(base 2) formula such that fold changes for all genes at 0 h are equal to 1. Fold changes
less then 1 are negative, fold changes that are greater then 1 are positive. A -4 fold
change equals 0.25 using this transformation.
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Figure 3.5 Cont Relative changes in gene expression for candidate genes. Samples from
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(base 2) formula such that fold changes for all genes at 0 h are equal to 1. Fold changes
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Discussion
This experiment has identified numerous candidate genes as potential
intrapituitary factors that respond to the endocrine feedback during the preovulatory
phase of the estrous cycle as measured by cDNA microarray and real-time PCR.
Expression of genes encoding neurexin-1 alpha, elongation factor 1 alpha, decorin
(DCN), chromogranin B (CgB), clusterin, 26 S proteasome non-ATPase regulatory
subunit 6, epididymal secretory protein E4, a transcript similar to ephrin A1 isoform a
precursor, F NADH dehydrogenase subunit 1, heat shock 90kD protein 1 alpha, and a
transcript identified as Homo sapiens cDNA clone IMAGE:4513453 were significantly
upregulated. Carboxy-terminal domain (CTD) small phosphatase 1, Brc/Abl 1 fusion
protein, and a two transcripts identified as Homo sapiens cDNA clone IMAGE:4214654
and IMAGE:7961463 were down-regulated during the 72 h following administration of
PGF2α. Although further investigation is necessary to decipher whether these alterations
in synthesis are occurring in response to P4, E2, GnRH, PGF2α, or other endocrine
factors, this discussion will briefly explain what is known about each of these genes and
speculate on their potential role in pituitary function.
Neurexins are neuron-specific proteins with hundreds of differentially spliced
isoforms that may function in synaptogenesis and axon guidance (189). Using knock-out
and transgenically rescued mice, neurexin 1 alpha was determined to trigger exocytosis
of endocrine factors and neurotransmitters by affecting voltage-depedent Ca2+ channels
(214). Alpha-neurexins also act as receptors for neuroxophilins, a family of neuropeptidelike structures (51) and α-latrotoxin, the potent neurotoxin contained in venom of the
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black widow spider which triggers synaptic exocytosis of several neurotranmitters (189).
Prior examination of the rodent hypothalamus revealed that the synaptic organization and
glia-neuronal adhesions are dynamic and are under control of gonadal steroids during
puberty (117) and the estrous cycle (129). In the median eminence the spatial
relationship between glial cells and GnRH nerve terminals change during the estrous
cycle in response to gonadal steroids. For example, during periods of low GnRH
secretion, glial end-feet prevent the GnRH nerve terminals from contacting the
endothelial wall of the portal vessels. At the time of increased GnRH ouput (i.e. during
the preovulatory surge) the glial end-feet are retracted providing the GnRH nerve
terminals acess to the portal system (99), thus permitting GnRH release to be delivered to
the anterior pituitary gland. Recently it has been hypothesized that the neurexins may
play a role in specifying, establishing, and maintaining cell-cell interactions necessary for
GnRH regulation. Expression of the neurexins genes was found to change during
peripubertal development in the hypothalamus of primates supporting this hypothesis
(126). The current literature indicates that the expression of α-neurexin is confined to
neurons of the brain and CNS, but our current study suggests that α-neurexin is also
expressed in the bovine anterior gland. The fact that it is expressed in the anterior gland
and may be responding to ovarian feedback at the intrapituitary level is novel and may
suggest that α-neurexin plays a role in modulating GnRH action outside the
hypothalamus. Another explanation for its presence in the anterior pituitary gland may
be that when the anterior and posterior lobes of the pituitary gland were separated for this
experiment, portions of the posterior lobe remained intact with the anterior pituitary lobe,
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because the nerve endings responsive to α-latrotoxin action express α-neurexin in the
posterior lobe of the pituitary gland (76).
Elongation factor 1 alpha (EF1 alpha) is an abundant protein that interacts with
the cytoskeleton by binding and packaging actin filaments and microtubules, and binds
aminoacyl-tRNA and ribosomes (127). There is no evidence in the literature suggesting
that EF1 alpha plays a role in reproductive processes. In fact, several studies have relied
on EF1 alpha as a housekeeper/reference gene for RT-PCR (65). This study provides
evidence that EF1 alpha is significantly upregulated during the preovulatory period in the
bovine anterior pituitary gland.
Decorin (DCN) is a ubiquitously expressed interstitial proteoglycan that modifies
extracellular matrices and affects cell proliferation (158). Specifically it is involved in
cervical ripening via its interactions with collagen and growth factors (158) in preparation
for parturition. It is expressed in most endocrine tissues and is responsive to E2. In the
pregnant and nonpregnant myometrium of sheep DCN was upregulated by E2 (209). In
contrast, in the OVX mouse uterus exposed to E2, DCN message was significantly downregulated as measured by cDNA microarray (78). Our findings are in agreement with
studies conducted in the sheep myometrium, and indicate that levels of mRNA encoding
DCN were increased during the preovulatory period suggesting that de novo synthesis of
DCN may be stimulated by E2.
The differential regulation of LH and FSH may involve intracellular factors that
modulate how LH and FSH are sequestered within the gonadotropes. The
chromogranins/secretogranins is a family of secretory proteins that include chromogranin
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A (CgA), chromogranin B (also termed secretogranin I), chromogranin C (also termed
secretogranin II (SgII)), and secretogranins III thru VI. These proteins are co-released
with neurotransmitters from neurons and from endocrine cells, and may play a role in the
aggregation, sorting and trafficking of the gonadotropins.
Chromogranins/secretogranins are a family of acidic proteins that are co-stored
with neuropeptides and peptide hormones in secretory granules of a wide variety of cells
(204). The exact functions of these proteins have not been determined, but evidence
suggests they act as helper proteins in the packaging of peptide hormones and
neuropeptides and are precursors of biologically active peptides. Both CgA and SgII are
expressed in gonadotropes (136); (28), and are differentially regulated by gonadal
steroids and stage of the estrous cycle in mice (194). However, there was no difference
in expression levels of SgII or CgA during the estrous cycle in ewes suggesting the
intracellular mechanisms governing LH and FSH storage in domestic ruminants are
different than rodents (31). Levels of mRNA encoding SgII were significantly decreased
during the preovulatory period as measured by real-time PCR in this current experiment.
Levels of mRNA encoding SgII measured by cDNA microarray did not change during
this period.
Chromogranin B (CgB) is expressed primarily in the brain, anterior pituitary
gland and adrenal gland (48), and is thought to play a role in sorting of secretory proteins
(92), but has not been shown to play a role in the storage or release of LH or FSH. In the
cow, CgB inhibits parathyroid hormone secretion from parathyroid chief cells (177).

127

Expression of CgB was increased during the preovulatory phase as measured by both
real-time PCR and cDNA microarray.
Clusterin is a glycoprotein that regulates tissue remodeling, apoptosis and lipid
transport (49). It is expressed in many endocrine tissues including the anterior pituitary
gland in cows and sheep (108); (47). Using immunostaining Burkitt and coworkers (16)
demonstrated that clusterin is expressed in somatotrophs, mammatrophs, gonadotrophs,
and thyrotrophs. Additionally, clusterin is modulated by P4 and E2 (Gutacker et al.,
1996};(210). It has also been suggested that clusterin may function as a granin in the
anterior pituitary to aid hormone secretion in response to a Ca2+ flux (47) because
clusterin had been localized in secretory granules in association with secretogranin II and
chromogranin B (108). However the roles of clusterin in LH and FSH containing
vesicles remain to be determined. In this experiment the expression pattern of clusterin
over the 72 h period following administration of PGF2α was upregulated. This pattern
mimicked that of CgB and was opposite of SgII. These findings suggest that the
synthesis of the granins and granin-like proteins are regulated during the preovulatory
period perhaps in preparation for the dramatic release of LH and FSH during the
preovulatory surge. To elicudate relationships between SgII, CgB, and clusterin, and the
storage of LH and FSH, further studies which pinpoint the localization of the granins
parallel to the gonadotropins within the storage vesicles are required.
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Heat shock protein 90 (hsp 90) is a ubiquitous protein that functions as a
chaperone molecule and participates in the function of several signal transduction
components including nuclear receptors, cancer causing factors, apoptotic factors, and
cell survival factors (132). When they function normally, hsp 90 maintains homeostasis
by carefully controlling the rates of cell proliferation, cell migration and cell death;
however, when mutated, hsp 90 can stimulate uncontrolled proliferation of cells, resulting
in cancer. Hsp 90 associates as a dimer with client proteins including ER and PR. The
ovarian steroid homone receptors depend on the conformational changes induced by
interacting with heat shock proteins and co-chaparones in order to bind with their ligands,
estrogen and progesterone (154). Gene expression of hsp 90 is positively correlated with
ER gene expression, and is stimulated by E2 and inhibited by P4 in human endometrial
tissue during the menstrual cycle and in cultures of steroid responsive and steroid
unresponsive cell lines (175). In this experiment hsp 90 was upregulated in the bovine
pituitary gland during the preovulatory period supporting the hypothesis that hsp 90 is
responsive to estrogen.
The 26S proteasome is an ATP-dependent protease complex that degrades a
variety of proteins that it has selectively targeted as factors that may be unnecessary or
harmful; thus, 26S proteasome can be thought of as a surveillance system that maintains
homeostatis (55). This proteolysis system is believed to play a critical role in the
regulation of a myriad of biological processes including apoptosis, cell cycle, signal
transduction, protein processing, stress, and immune response. Six ATPase and ten nonATPase subunits of 26 proteosome have been identified, but their functions remain
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largely unknown (174). There is no evidence in the literature suggesting 26S proteosome
or its subunits regulate reproductive processes or are responsive to ovarian steroids. This
study determined that a transcript similar to 26 proteosome non-ATPase regulatory
subunit 6 was upregulated during the preovulatory period in the bovine pituitary gland.
Ephrins are highly expressed in the vertebrate embryo and regulate embyogenesis,
guide axon growth, promote cell migration, and may be involved in the development of
the eye (77). They are also expressed in the endometrium but their function there has not
yet been determined; however, using microarray Kao and coworkers (91) demonstrated
that ephrin A1 expression was down-regulated significantly in the endometria of women
with endometriosis. A clinical manifestation of endometriosis is the local production of
significant quantities of E2 by the endometrium; the normal endometrium does not
secrete E2 (15).

This study determined that a transcript similar to ephrin A1 was

upregulated during the preovulatory period in the bovine pituitary gland. If ephrin A1 is
responsive to E2 the regulatory mechanisms of estrogen feedback within the human
endometrium and the bovine pituitary gland may be different since ephrin A1 was
modulated in different directions in these two organs in the presence of high estrogen.
The fusion protein, Bcr/Ab1 has been implicated in chronic myeloid leukemia
which is caused by the constitutively active Bcr-Ab1 tyrosine (190). Osteopontin (OPN)
expression has been shown to be involved in tumor formation and was recently shown to
be induced by Bcr/Ab1 activation (73). Specifically, Bcr-Abl activates a signaling
cascade involving the sequential activation of Ras, phosphatidylinositol-3 kinase, atypical
protein kinase C, Raf-1, and mitogen-activated protein kinase kinase (73). There is no
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evidence in the literature suggesting this fusion protein influences reproductive processes
or is responsive to gonadal steroids, but in this experiment Bcr/Ab1 was significantly
down-regulated in the bovine pituitary gland during the preovulatory period.
Genes encoding F NADH dehydrogenase subunit 1, a protein that functions to
translocate protons across the inner mitochondrial membrane (86), epididymal secretory
protein E4, a protein without an identified function, and a novel/unknown transcripted
identified as Homo sapien cDNA clone IMAGE:4513453 were significantly upregulated
while CTDsmall phosphatase 1, a protein involved in the recycling of RNA polymerase II
(89), and two other novel/unknown transcripts designated Homo sapien cDNA clones
IMAGE:4214654 and 7961463 were down-regulated during the preovulatory phase in the
bovine estrous cycle. Since the function of these genes has not yet been determined and
their relevence to reproductive processes has not been established, we can only suggest
that they are modulated by the endocrine factors that characterize the preovulatory period
(increasing levels of E2 and GnRH, low circulating levels of P4), and/or the
administration of PGF2α.
In addition to identifying novel intrapituitary factors that may regulate pituitary
responsiveness to ovarian steroids in preparation for the preovulatory surge of
gonadotropins, this experiment detailed the used of cDNA microarray to profile the
bovine pituitary gland. The real-time PCR performed in this study and those described in
Chapters 2 and 4 validated the custom-made cDNA microarray as an efficacious tool for
measuring gene expression levels in the cow.
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CHAPTER 4
DIFFERENTIAL EXPRESSION OF GENES IN THE BOVINE PITUITARY
GLAND DURING THE PREOVULATORY PERIOD AS INDUCED BY PGF2α ON
DAY 7 FOLLOWING INITIATION OF THE FIRST FOLLICULAR WAVE
Introduction
As previously discussed in Chapter 3, the preovulatory period, the period of
transition following luteolysis through the follicular phase, leading into to the early luteal
phase, is the most dynamic period of the estrous cycle. During this period the anterior
pituitary gland responds to various endocrine signals including P4, E2, and GnRH which
facilitate the preovulatory release of LH and FSH from the gonadotropes, and induce
ovulation; however, the intrapituitary mechanisms responsible for generating the
preovulatory surge of gonadotropins remain to be elicuidated.
To identify potential genes that may be involved in the regulation of gonadotropin
synthesis and/or release during the preovulatory period, gene expression in the bovine
pituitary gland at 12, 24, 36, and 48 h following administration of prostaglandin F2α
(PGF2α) was profiled using cDNA microarray technology. As in the study described in
Chapter 3, we administered PGF2α, the endogenous hormone that initiates luteolysis in
domestic ruminants to induce the preovulatory changes under investigation. This study is
parallel to the one described in Chapter 3 with the exception of the day PGF2α was
administered. In the previous study, PGF2α was given on d 18 of the estrous cycle, about
the time the events of the preovulatory period would begin naturally, in the absence of
exogenous PGF2α. As previously mentioned the preovulatory period is extremely
dynamic and the timing of the endocrine events (i.e. initiation of luteolysis, duration of
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luteolysis, duration of estrus, duration between luteolysis and initiation of preovulatory
surge, etc.) that occur during the preovulatory period can be variable between individual
animals. In theory, extreme variation between animals at the time of PGF2α
administration could skew the data by introducing too much variance into the basal/time
0 sample, making the subsequent changes less significant. To alleviate the endogenous
variation between animals and eliminate the incidence of individual animals naturally
entering the prevulatory period, we chose to administer PGF2α during the luteal phase
(d7), a relatively predictable, less dynamic period of the estrous cycle. On d 7 following
initiation of the first follicular wave, the CL is compenent to respond to the PGF2α in the
expected physiological manner (i.e. initiation of luteolysis) and will secrete predictable
levels of P4. Additionally on d 7, the size of the DF and the circulating concentrations of
E2 should be similar for all heifers because the DF originates from the first follicular
wave. By eliminating some of the endogenous variation associated with our previous
study, we hope to better characterize candidate intrapituitary gland factors that may
modulate reproductive processes.
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Materials and Methods
Animals
The University of Arizona’s Animal Care and Use and Committee approved all
animal protocols. Sexually mature Hereford and crossbred heifers were housed in dry
lots at the University of Arizona’s West Campus Agricultural Center, fed a finishing
ration twice daily and allowed ad libitum access to water. Heifers from these studies
were designated as “market calves”; thus, they were raised to a desired carcass weight
and fat content, and slaughtered at the University of Arizona Meat Laboratory. All work
involving animals was completed from October 2001 through Feburary 2003. Thirty
heifers were randomly assigned to one of five treatment groups: a control group that was
slaughtered on d 7 (n = 6) after initiation of the first follicular wave or treatment groups
that were slaughtered at 12 (n= 6), 24 (n = 6), 36 (n = 6), or 48 (n = 6) h after
administration of PGF2α on d7 after initiation of the first follicular wave.
Synchronization, Ultrasonography, and Serologic Sampling
Twice daily (morning and evening) estrus was detected by analyzing data
provided by The Heat Watch Detection System (CowChips, LLC, Denver, CO). Heat
Watch software compiles estrus activity data transmitted by pressure sensors worn by
each heifer. The pressure sensor is contained in a disposable cloth pouch that is
temporarily glued to the tail head of each heifer. Estrus behavior was monitored over a
30-day period in all heifers prior to the initiation of the study. Heifers not displaying
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standing estrous were not included in this study. To facilitate animal handling and data
collection, heifers were randomly assigned to small groups (n = 6-8) for synchronization,
and ultrasonic and serologic sampling. Estrus was synchronized by administering two
injections of prostaglandin F2α (25mg i.m., Lutalyse®, Pfizer, Cambridge, MA) 10-13
days apart. Lutalyse is approved by the US Food and Drug Administration for use in
beef heifers for synchronization of the estrous cycle and the dose administered in this
study was according to the label provided by the manufacturer. Beginning on the day of
the second prostaglandin injection, blood samples and ultrasonographic images of the
ovaries were collected daily. Blood samples (7ml) were collected by coccygeal
venipuncture and cooled on ice. Serum was decanted by centrifugation and stored at 20ºC until radioimmunoassays were completed.
Ultrasonographic imaging of the ovaries was performed as previously described
(185) using a real-time B-mode linear array ultrasound scanner equipped with a 7.5 MHz
intrarectal probe (Aloka SSD-550V, Zug, Switzerland). Examinations were recorded on
videotape (digital Handycam, Hi8™ Recording Tape, Sony Electronics Inc., Park Ridge,
NJ). Videotapes were reviewed daily and all ovarian features ≥ 4mm were measured and
diagramed. Ovulation was identified by the disappearance of the largest follicle(s). Day
1 of the follicular wave was defined as the day 2 or more follicles ≥ 4 mm in diameter
were first observed. These follicles continued to grow until 1 follicle deviated from the
cohort to become dominant while other follicles in the wave regressed.
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Tissue Collection
Pituitary glands and ovaries were harvested at the University of Arizona’s Meat
Laboratory. Pituitary glands were excised from the sphenoid bone, divided mid-sagitally,
placed into separate 2.0 ml microcentrifuge tubes, snap-frozen in liquid nitrogen, and
transported to the laboratory. Pituitary tissue samples were stored at -80°C until RNA
was isolated. The ovaries were placed in dissection medium (1X MEM with Earle’s salts
and 25 mM HEPES, without L-glutamine; Life Technologies, Rockville, MD), and
transported immediately on ice to the laboratory. The dominant follicle was dissected
from the ovarian stroma. Follicular diameter was measured using calipers and follicular
fluid was aspirated and stored at –20°C.

Radioimmunoassays
Concentrations of progesterone were measured in serum using the Coat-A-Count
Progesterone Radioimmunoassay (Diagnostic Products Corp., Los Angeles, CA)
according to the manufacturer’s recommendations following validation in our laboratory
(160). The progesterone antiserum exhibits extremely low cross-reactivity with related
steroids (androstenedione and estradiol, not detectable; pregnenolone and testosterone,
0.1%). Serum was not extracted prior to assay. Sensitivity of the assay, calculated as 2
standard deviations below the mean cpm at maximum binding, is 0.02 ng/ml. The intraassay CV was 11.6% and interassay CV was 13.8%.
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Concentrations of estradiol-17β were measured in follicular fluid using the
Double Antibody Estradiol radioimmunoassay (Diagnostic Products Corp., Los Angeles,
CA) according to the manufacturer's recommendations and validated for use in our
laboratory (160). The estradiol antiserum exhibits extremely low cross-reactivity with
related steroids (androstenedione, 0.004%; estriol, 0.235%; progesterone and
testosterone, not detectable). Sensitivity of the assay, calculated as two standard
deviations below the mean CPM at maximum binding, is 1.5 pg/ml. The intra-assay CV
was 6.6%.
RNA Isolation
RNA isolation was completed according to the manufacturer’s protocol using
Trizol reagent (Invitrogen, Carlsbad, CA) and phase-lock gel tubes (utilized to separate
the organic and nucleic-acid aqueous phases, Eppendorf, Hamburg, Germany). Briefly,
half of a pituitary gland was added to a sterile 14 ml polypropylene round-bottom culture
tube containing Trizol reagent (1 ml per 100 mg of tissue) and was thoroughly
homogenized using a power homogenizer (Polytron, Norcross, GA). The homogenized
mixture was added to a 15 ml Phase Lock Gel tube (that had been pre-spun so that the gel
fraction was on the tube bottom) and incubated at room temperature for 5 min.
Chloroform (0.2 ml per 1 ml Trizol) was added to gel tube containing the homogenized
mixture, the tube was mixed well for 15 seconds, and was centrifuged at 2000 X g for 10
min at 4°C. After centrifugation, the aqueous layer was decanted into a sterile 14 ml
polypropylene tube. RNA was precipitated by adding isopropyl alcohol (0.5 ml per 1 ml
Trizol) to the aqueous layer, throughly mixed, incubated at room temperature for 10 min,
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and centrifuged at 12,000 X g for 10 min at 4°C. After centrifugation the RNA pellet
could be visualized and the supernatant was decanted. The pellet was washed with 75%
EtOH (1ml per 1ml of Trizol), mixed by vortexing, and centrifuged at 7,500 X g for 5
min at 4°C. The pellet was air- dried to remove residual EtOH and resuspended in 300500ul of nuclease-free water (Invitrogen, Carslbad, CA). Concentration and quality of
total RNA of each individual sample was evaluated with an Agilent 2100 Bioanalyzer
(Agilent Technologies, Palo Alto, CA). Total RNA samples from individual animals
were pooled with samples from 2 or 3 other animals from the same treatment group.
Pool assignments were random and each sample in the pool contributed identical amounts
of RNA. Each pool was reevaluated for RNA concentration and quality using an Agilent
2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA). The pooled RNA samples
were stored at –80°C.

Experimental Design
The experimental design for microarray hybridizations based on the incomplete
block designs of Kerr and coworkers (97). Each pooled sample was hybridized to
microarrays according to the scheme presented in Figure 4.1. These designed ensured
that each sample was labeled twice with each dye and compared to 4 samples from
different treatment groups. 0 h was designated as the reference sample from which all
other samples were expressed relative for statistical purposes.
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cDNA microarrays
A bovine cDNA microarray containing 4607 expressed sequence tags (ESTs)
derived from mammary, pituitary and gastrointestinal tissues was created by Robert
Collier and coworkers at the Univerisity of Arizona to evaluate gene expression in dairy
and beef cattle. Of the 4608 sequences, 1920 were mammary-derived, 1824 were derived
from the digestive tract (esophagus to colon), and 864 were derived from the pituitary
gland. The cDNA library that provided the digestive tract clones was compiled in the
Collier lab, and the pituitary gland and mammary clones were provided by Monsanto Co.
(St. Louis, MO). Two subtracted cDNA libraries (lactating and involuted tissues)
compromised the set of mammary clones. Both the pituitary gland and digestive tract
clones made up unsubtracted cDNA libraries. DNA products to be printed onto the
microarray slides consisted of PCR-amplified inserts utilizing custom primers from
Monsanto Co. for the pituitary gland and T7/SP6 primer pairs for the GI tract and
mammary gland (Table 2.1). DNA inserts were suspended in 50% DMSO at
approximately 300 ng/ml in 384-well plates The Genomics Research Laboratory at the
University of Arizona’s Children’s Research Center coated (2% solution of 3aminoporopyltirmethoxysilane in 95% Et OH) and spotted the microarrays. Each clone
was printed in triplicate by a Virtek ChipWriter™ (Virek Vision, Waterloo, Ontario)
printing robot using a 48-pin print head in an environmentally controlled workstation.
Printed microarray slides were stored in a desiccator at room temperature until
hybridizations were completed.
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RNA Amplification
Pools were amplified using the MessageAmp aRNA kit (Ambion, Austin, TX)
according to the manufacturer’s protocol. All reagents for this procedure were included
in the Message Amp aRNA kit. The first strand of cDNA was synthesized by denaturing
5μg of total RNA in nuclease-free water and T7 Oligo dT primer (1 μl) for 10 min at
70°C; adding 10X First Strand Buffer (2 μl), ribonuclease inhibitor (1 μl), and dNTP mix
(4 μl), and reverse transcriptase (1 μl ) to the denatured RNA; and, then incubating the
reaction at 42°C for 2 h. The second strand of cDNA was synthesized by combining the
reaction described above with nuclease-free water (63 μl), 10X Second Strand Buffer (10
μl), dNTP mix (4 μl), DNA polymerase (2 μl), and RNase H (1 μl) and incubating this
reaction for 2 h at 16°C. Purification of cDNA was completed by combining the cDNA
with cDNA binding buffer (250 μl) and then centrifuging this mixture so that the solution
was forced through a provided cDNA filter column that had been previously incubated
with cDNA binding buffer (50 μl). The bound fraction was washed with cDNA wash
buffer (650 μl), and eluted in nuclease-free water (20 μl). The purified cDNA was
transcribed into amplified RNA by combining the cDNA with T7 ATP solution (4 μl), T7
CTP solution (4 ul) , T7 GTP solution (4 μl) , T7 UTP solution (4 μl), T7 10X reaction
buffer (4 μl), and T7 enzyme mix (4 μl); and, incubating this reaction for 14 h at 37°C.
To eliminate any excess DNA template from the reaction, DNase I (2 μl) was added to
the reaction and incubated for an additional 30 min. The amplified RNA was combined
with aRNA binding buffer (350 μl) and 100% EtOH (250 μl) and then centrifuged so that
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the solution was forced through the provided aRNA columns that had been previously
incubated with aRNA binding buffer (100 μl). The bound fraction was washed twice
with aRNA wash solution (650 μl per wash) and eluted in nuclease-free water (100 μl).
The amplified RNA was stored at -80°C.

cDNA Synthesis, Labeling, and Hybridization
Amplified RNA (aRNA) from each pool (3.5 μg) was reverse transcribed in
duplicate using the EndoFree RT Kit (Ambion, Austin, TX). All reagents were included
in the EndoFree RT kit unless noted. The aRNA in 6 μl of nuclease-free water was
combined with 1 μl of random hexamers (10 μg/μl, Integrated DNA Technologies (IDT)
Coralville, IA) and incubated at 70ºC for 5 min; 2 μl of 10XRT buffer, 2 μl 5-(3aminoallyl)-2’-deoxyuridine 5’-triphosphate, trisodium salt (amino-allyl modified dUTP,
2mM in TE, Molecular Probes, Eugene, OR), 1 μl RNase inhibitor, 1μl dNTP mix
(custom made so that the final concentrations of dATP, dCTP, dGTP, dTTP were 10mM,
10mM, 10mM, and 3mM, respectively), and 1μl RT enzyme were added to the reaction
and incubated at 42ºC for 2 h.
Base hydrolysis of the cDNA product was completed by denaturing the samples at
95ºC for 5 min, adding 8.6μl of 1M NaOH and 8.6ul 0.5M EDTA pH 8.0 (Ambion,
Austin, TX) to each reaction, incubating the reactions at 65ºC for 15 min, and then
adding 8.6μl 1M HCl. The products were purified using Qiaquick PCR purification spin
columns (Qiagen, Valencia, CA). The volume of each reaction was brought up to 100μl
with nuclease free water and combined with 500μl of PB buffer (Qiagen, Valencia, CA).
This mixture was added to the spin column and centrifuged at 14,000 Xg for 1 minute to
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bind the DNA The filter was washed with 750μl 75%EtOH and the sample was eluted
in 60 µl of nuclease-free water.
After purification, samples were concentrated to 1-2 µl by vacuum centrifugation.
The samples were labeled with either AlexaFluor Cy 555 (green) or 647 (red) dyes
(Molecular Probes, Eugene, OR) by incubating 3 μl sodium bicarbonate (25mg/ml) and 1
μl of dye with the purified cDNA for 1 h in the dark at room temperature. The samples
were cleaned-up for hybridization by bringing the volume of each sample up to 50μl with
nuclease free water, combining the specific sample pairs (one red and green sample per
hybridization), adding 500μl PB buffer (Qiagen, Valencia, CA) to the samples, and
centrifuging this mixture for 1 min at 1400Xg through Qiaquick spin columns (Qiagen,
Valencia, CA) to bind the labeled product to the filter for washing. The cDNA products
were washed twice with 750μl 75% EtOH and were eluted in 50 ul of nuclease free water
using centrifugation. The purified product was combined with 10ul Mouse Cot-1 DNA
(Invitrogen, Carlsbad, CA), 1 ul poly-dA (10ug/ul; IDT), and 61ul or 2X Hybridization
Buffer. A separate hybridization buffer was made for each set of four hybridizations and
contained of 112ul 20XSSC, 168ul Formamide (Sigma-Aldrich, St. Louis, MO), and
5.6ul 10% SDS (Ambion, Valencia, CA). Each sample (124ul) was hybridized overnight
to the printed slides at 47ºC using a GeneTac hybridization station (Genomic Solution,
Inc., Ann Arbor, MI). Following hybridization, slides were washed twice with
1XSSC/0.1% SDS, and 0.1XSSC/0.1%SSC in the hybridization chamber, rinsed in
0.1XSSC before being dried, and coated with Dye Saver (Genisphere, Hatfield, PA) to
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preserve the fluorescence. All slides were scanned within 12 to 24 h following dye
preservation.

Scanning the Microarrays
Hybridized arrays were scanned using an epifluorescence/CCD-based scanner
(ArrayWorX, Applied Precision, Issaquah, WA). The printed region area and exposure
times for both channels were optimized prior to scanning. The printed region of each
microarray slide was scanned and data were collected. Using the spot finding analysis
software (MolecularWare, Inc., Irvine, CA), signal intensity for each spot was calculated.
This calculation includes a correction for background.

Data Analysis
A multivariate statistical approach was used to analyze the microarray data. This
approach enables analysis of known variables while accounting for experimental variance
caused by array variation and dye performance. This approach is based on an analysis of
variance (ANOVA) statistical model developed by Churchill and coworkers with custom
modifications to the best-fit algorithm (98); (97). The model provides the following
functions: allows normalization of the array data, estimates relative changes in gene
expression, corrects for confounding effects, allows statistical evaluation of the array data
and provides a framework for the overall experimental design. The selection criteria for
a gene to be differentially expressed by the ANOVA model required that the gene be
detected on a sufficient number of arrays, that at least a 1.5-fold change in intensity was
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required between at least two of the samples, and the difference had to pass a statistical
threshold (95% confidence interval).
Due to the high variability between pools of the same time point, the array data
were reanalyzed to eliminate genes that were classified as differentially regulated due to
error within pools from the same time point. Therefore, the second analysis only
included genes significantly regulated by time (h after PGF2α) as the treatment. All fold
changes derived from this analysis are averages between pools within the same time
point. Gene expression levels from 12, 24, 36 and 48 h were compared to 0 h, the
reference sample. For illustrative purposes, all fold changes were log transformed so that
negative changes are graphed as values less than one and positive changes are graphed as
values greater than one.
Once genes were determined to be differentially expressed they were clustered
using the QT clustering application of GeneSpring®7 (Silicon Genetics, Redwood City,
CA). The minimum number of genes per cluster was defined as 8 and the correlation
value was set at 0.90. Gene identities were obtained from the bovine EST and microarray
web resource (http://amadeus.biosci.arizona.edu/bovine/) maintained by the
Biotechnology Computing Facility at the University of Arizona

Selection of Candidate genes
To limit the number of candidate genes validated by real-time PCR we compared
expression patterns from candidate molecules (transcripts that were differentially
regulated according to the microarray analysis) to expression patterns of genes known to
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be regulated during the estrous cycle (anchor genes). Ten candidate molecules, having
gene expression patterns that resembled expression patterns of anchor genes, were
considered for real-time validation. An additional 13 candidate molecules were included
in the validation process because they were identified as differentially expressed by
experiments detailed in chapters 2 and 3. Anchor genes included: estrogen receptor alpha
(ERα) and beta (ERβ), the subunits of the gonadotropins (FSHβ, LHβ, and α-GSU),
GnRH receptor (GnRHR), progesterone receptor (PR), and prostaglandin F2α receptor
(FR).

Real-time PCR
Fluorescent real-time PCR was used to quantify the expression profiles of the
anchor genes and validate the results of the microarray analysis. Primer sequences were
designed using Primer 3 software (Whitehead Institute for Biomedical Research,
Cambridge, MA) using bovine sequences in GenBank (for anchor genes) or sequences
from the cDNA microarray (for β-actin and candidate genes) and were checked for
specificity using BLAST (National Center for Biotechnology Information, Bethesda,
MD). Primer sequences for the anchor genes and candidate genes are presented in Tables
2.2 and 3.1, respectively. Primers were purchased from Integrated DNA Technologies,
Inc. (Coralville, IA).
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Amplified RNA (aRNA) from each pool (4 μg) was reverse transcribed using the
manufacturer’s protocol for SuperScript™ III Reverse Transcriptase (Invitrogen,
Carlsbad, CA) using Oligo(dT)20 (50μM) as primer.
Total PCR reaction volume per tube was 10 μl and included: 1.0 μl RNase-free
water, 2 μl of cDNA (8.0 ng/ μl), 2 μl of forward and reverse primers (5pmol), and 5 μl
of SYBR Master Mix from the Quantitect SYBR Green PCR Kit (Qiagen, Valencia, CA).
Samples were run in triplicate, parallel to an endogenous control, β-actin, in a single run
per gene. β-actin was chosen as the control because its expression did not change across
treatments according to the microarray analysis. Thermal cycling conditions were as
follows: 15 min at 95°C to activate Hotstart Taq, 40 cycles of 15 secs at 95°C for
denaturing, 15 secs at 58 °C for annealing, and 20 secs at 72 °C for extension, followed
by a melt cycle from 72 °C to 99 °C over 15 min. Real-time detection of PCR was
performed using a Rotor-Gene RG-3000 (Corbett Research, Sydney, Australia).
The Genomic Analysis and Technology core at the University of Arizona
completed DNA sequencing for all anchor genes and a random sample of candidate genes
to validate sequence identities. Briefly, real-time PCR products were run out on a 1%
agarose gel, excised from the gel based on their SYBR green dye staining, and PCR
products were purified using QIAquick® Gel Extraction Kit (Qiagen, Valencia, CA)
according to the manufacturer’s instructions. Integrity and concentration of the purified
PCR products was evaluated using NanoDrop®ND-3300 Fluorospectrometer
(Wilmington, DE).
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RT-PCR Data Analysis
A single peak was observed in the dissociation curve of each gene suggesting that
the PCR was optimized to yield the specific desired product. Threshold values (CT) were
defined within the exponential phase of the PCR and were used to calculate relative
expression levels utilizing the comparative cycle threshold (Ct) method (114). Fold
changes and standard errors were calculated for 12, 24, 36, and 48 h compared to 0 h.
For illustrative purposes, all fold changes were log transformed so that negative changes
are graphed as values less then one and positive changes are graphed as values greater
then one.
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0h

72 h

12 h

48 h

24 h

Figure 4.1 Hybridization scheme for cDNA microarray experiment comparing gene
expression levels at 0, 12, 24, 36, and 48 h after PGF2α

148

Table 4.1 Primer sequences for candidate genes
GENBANK ID

Accession

Primer Sequences

Product
Size
137

Bos taurus neurexin I-alpha
mRNA, complete cds
Homo sapiens insulin-like
growth factor binding
protein 5 (IGFBP5) gene,
complete cds
Bos taurus mRNA for
elongation factor 1 alpha
Homo sapiens cDNA clone
IMAGE:4513453, partial
cds
Bos taurus decorin (DCN),
mRNA, complete cds
Bos taurus clusterin (CLU),
mRNA
PREDICTED: Bos taurus
similar to RAN binding
protein 5 (LOC523533),
partial Mrna
PREDICTED: Bos taurus
similar to 26S proteasome
non-ATPase regulatory
subunit 6
Bos taurus proteolipid
protein 2 mRNA, complete
cds.
Bos taurus heparin/heparan
sulfate Nacetylglucosaminyl Ndeacetylase/Nsulfotransferase mRNA,
complete cds
PREDICTED: Bos taurus
similar to Epididymal
secretory protein E4
(LOC518398), partial
mRNA
Bovine mRNA for
chromogranin B

L14855

F: CTG AGG CCA TGT GCA AGG AA
R: TCC TCC AGG TGC AGT GTC CA

AY534685

F: ATT CTG ACC AGG TCA GAC TCG
R: TGG AAT GCC TGC AAG CAA GTC
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AJ238405

F: CAG CAC TGA TTT GGC CTG GA
R: GGC AAT GTG GCT GGT GAC AG

100

BC039469

F: TGA AGT CTG AAA GAT GAA TC
R: TAC CAA GAA CAT GTT GCA GCA

134

BT021076

F: CTT CAG GAG CTG CGT GTC CA
R: AGC TCT TCA GCG GGT TGG TG

112

NM_173902

F: CGT CGC TCT GCG TGA GGT T
R: ACG ACC AGC TGC TCC AGT CC

117

XM_601833

F: TGC ATA TGG CCT GGG AGT CA
R: TCG GGG CAG AAA GCA AGG TA

136

XM_581589

F: CCG GAT CTC AGG GAA AAG GTG
R: TGA GGT GCA AAA AGC CAG TCC

125

AY192437

F: TCA CCT ACA CCG GGC CAT CT
R: CTA TGC GCT GCA GGC CTC TT

109

AF064825

F: GCA TTC CAG TTC GGG CTG AT
R: CAG GCC TGA AGG CCA CTG AG

121

XM_596589

F: CCT GAC GCG TTG AAA TGC TG
R: AGA CAG GGC CAG GCA GAC AC

115

X55027

F: AAC GGG CTG ACC TTG AAT GA
R: CCA CTC GGT CAT ACT GCC TT

151

Bos taurus secretogranin II
(chromogranin C) (SCG2),
mRNA

NM_174176

F: GAA TCT GTC TTC CAA GAG CTG
R: CCA CGT CTT CAT AGG CAA TG

140

149

Bos taurus glycoprotein
hormones, alpha
polypeptide (CGA), mRNA

NM_173901

F: CAC TCC AGC GAG GTC TAA GA
R: TGG CAC TCG GTG TGG TTC TC

134

Bos taurus stearoyl-CoA
desaturase variant A (SCD)
mRNA, complete cds

AY241933

F: ACA CGT GGC TCG TGG TGA AC
R:AAG GGC AGT TTT GAG GCA TGA

120

PREDICTED: Bos taurus
similar to ephrin A1
isoform a precursor
(LOC507319), Mrna
Bos taurus isolate F NADH
dehydrogenase subunit 1
(ND1)

XM_583912

F: AAG ACT GGA ACC AGG CTG AG
R: CTG ACC TCC TTA GGG TTG AA

161

AF493542

F: ACC CGA TTC TTC GCT TTC CA
R: TGT CTA CGT CTG AGG AAA TTC

101

Bos taurus prostaglandin
D2 synthase 21kDa (brain)
(PTGDS), mRNA
Bovine gpx1 mRNA for
glutathione peroxidase

NM_174791

F: CGA GAC CTA CGC CCT GCT CT
R: GGC TCT TGG CAA AGG TGG TG

134

BTGPX1

F: TGA TCC CTG GGT TGG GAA GA
R: CTT GCA CTG CCA GGC TCC TT

101

Bos taurus clone
IMAGE:7961463
ribosomal protein L27alike mRNA, complete cds
Bos taurus heat shock
90kD protein 1, alpha
(HSPCA), mRNA

AY911324

F: AGC TCC CAA AGC AGC CTG TC
R: TTC CCA GCA TGT GGC TTC AA

117

NM_0010126
70

F: AGC CCT TCC TCT GGC TTG CT
R: GCT GGG TCC ATG ACC ACC TC

100

Bos taurus secreted protein,
acidic, cysteine-rich
[osteonectin] (SPARC),
mRNA
Homo sapiens CTD
(carboxy-terminal domain,
RNA polymerase II,
polypeptide A) small
phosphatase 1 (CTDSP1),
mRNA

NM_174464

F: CTG TCC TGC ATC TCC TAA AGG T
R: TCC AGA GCC ATG GCC CAT CCG T

111

NM_021198

F: GTC AGC AGC CTC TCC GAA GC
R: GAC GGC ACC ATT CTC CTC CA

133
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Results
Hormone Concentrations
Circulating concentrations of progesterone were 8.4 ± 1.5, 1.2 ± 0.2, 1.1 ± 0.15. 0.9 ±
0.16 and 0.8 ±0.04 ng/ml and concentrations of estradiol in follicular fluid were 4±18.33,
75.4 ± 10.2, 200.7 ± 42.1, 510.6 ± 25.6, 624.4 ± 30.2, and 728.1 ± 34.1 ng/ml at 0, 12, 24,
36, and, 48 h following administration of PGF2α (Figure 4.2).

Microarray Analysis
Of the 4607 genes represented on the custom bovine array, the ANOVA analysis
determined 503 transcripts to be differentially expressed between at least two of the time
points. The 529 genes were grouped based on expression patterns. The clustering
algorithm generated 14 clusters whereby 503 genes were fitted into these clusters and the
remaining 26 genes were categorized as unclassified by the clustering software. Figure
4.3 shows the expression pattern for each cluster. Eighty six and 86, 58, 47, 47, 42, 31,
30, 20, 15, 14, 11, 8 and 8 genes are included in clusters 1 thru 14, respectively. Gene
names for each cluster are provided on Tables 4.2 thru 4.16 for clusters 1 thru 14,
respectively. If the gene identity is unknown, the clone number from the library is
provided.

Anchor gene expression profiles
Fold changes in gene expression for all anchor genes are presented in Table 4.?.
Relative changes in gene expression compared to 0 h were log transformed and are
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presented in Figure 4.4. Since only one sample representing each time point was
completed significance could not be calculated, but there are trens which suggust ERβ
and FSHβ are downregulated and PR and LHβ are upregulated following administration
of PGF2α.
We limited candidate genes to transcripts in clusters 3, 5, 6, 11 and 12 based on
expression patterns of anchor genes; genes belonging to these clusters were upregulated
at 12 h following administration of PGF2α and then decreased by 24 h. Genes from
cluster 3 included: elongation factor 1 alpha, a transcript similar to ephrin A1 isoform
precursor, and secreted protein, acidic, cysteine-rich (SPARC). Genes from cluster 5
included gpx1 for glutathione peroxidase. Genes from cluster 6 included: a sequences
identified as Homo sapiens cDNA clones IMAGE:4513453 by GenBank, clusterin,
proteolipid protein 2, and F NADH dehydrogenase subunit 1. Genes from cluster 11
included heat shock protein 90kD protein 1, alpha. Genes from cluster 12 included
stearoyl-CoA desaturase variant A. We also performed real-time PCR on neurexin Ialpha, insulin-like growth factor binding protein 5 (IGFBP5), decorin (DCN), a sequence
similar to RAN binding protein 5, a sequence similar to 26S proteasome non-ATPase
regulatory subunit 6, heparin sulfate N-acetylglucosaminly N-deacetylase, epididymal
secretory protein E4, chrmomogranin B (CgB), secretogranin II (SgII), α-GSU,
prostaglandin D2 synthase, a sequence identified as Homo sapiens cDNA clones
IMAGE:7961463, and CPD small phosphatase 1 to further validate the microarray, and
investigate changes in genes that were classified as differentially regulated in
experiments detailed in Chapters 2 and 3.
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Candidate gene expression profiles
Changes in gene expression for each candidate gene detected by microarray and
real-time PCR for all candidate genes at 12, 24, 36 and 48 h relative to 0 h are presented
in Figure 4.5.
Microarray analysis indicated that levels of mRNA encoding neurexin-1 alpha,
IGFBP5, a transcript similar to RAN binding protein 5, 26S proteasome non-ATPase
regulatory subunit 6, CgB, SgII, and α-GSU did not change during the course of this
experiment; clone IMAGE:4513453 was upregulated at 12 h ( p < 0.01) and 24 h (p <
0.05); DCN, proteolipid protein 2, SCD, a transcript similar to ephrin A1 isoform
precursor, and gxp1 for glutathione peroxidase were upregulated at 12 h (p<0.05);
clusterin was upregulated at 12 h (p < 0.01) and 48 h (p < 0.05); heparin sulfate Nacetylglucosaminyl N-deacetylase and epididymal secretory protein E4 were
downregulated at all time points examined (p < 0.05); F NADH dehydrogenase subunit 1
was upregulated at 24 h (p < 0.01); and, clone IMAGE:7961463 was downregulated at 12
h (p < 0.01) and 48 h (p < 0.05).
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Figure 4.2 Serum concentrations of P4 and follicular fluid concentrations of E2 after a
single injection of PGF2α on d 7 following initiation of the first follicular wave. The
asterisk indicates significant difference (p<0.05) compared to 0 h.
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Figure 4.3 Cluster analyses of the 503 genes identified by ANOVA analysis. Individual
gene names are shown in corresponding tables. Samples from 12, 24, 36 and 48 h are
compared to 0 h. The fold change for all genes on 0 h is equal to 1.
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Figure 4.3 Cont Cluster analyses of the 503 genes identified by ANOVA analysis.
Individual gene names are shown in corresponding tables. Samples from 12, 24, 36 and
48 h are compared to 0 h. The fold change for all genes on 0 h is equal to 1.
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Figure 4.3 Cont Cluster analyses of the 503 genes identified by ANOVA analysis.
Individual gene names are shown in corresponding tables. Samples from 12, 24, 36 and
48 h are compared to 0 h. The fold change for all genes on 0 h is equal to 1.
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Figure 4.4 Relative changes in gene expression for anchor genes. Samples from 12, 24,
36, and 48 h are compared to 0 h (fold changes for all genes at 0 h are equal to 1).
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Figure 4.4 Cont Relative changes in gene expression for anchor genes. Samples from 12,
24, 36, and 48 h are compared to 0 h (fold changes for all genes at 0 h are equal to 1).
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Figure 4.5 Relative changes in gene expression for candidate genes. Samples from 12,
24, 36, and 48 h are compared to 0 h. Data has been transformed based on logarithmic
(base 2) formula such that fold changes for all genes at 0 h are equal to 1. Fold changes
less then 1 are negative, fold changes that are greater then 1 are positive. A -4 fold
change equals 0.25 using this transformation.
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Figure 4.5 Cont Relative changes in gene expression for candidate genes. Samples from
12, 24, 36, and 48 h are compared to 0 h. Data has been transformed based on
logarithmic (base 2) formula such that fold changes for all genes at 0 h are equal to 1.
Fold changes less then 1 are negative, fold changes that are greater then 1 are positive. A
-4 fold change equals 0.25 using this transformation.
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Figure 4.5 Cont Relative changes in gene expression for candidate genes. Samples from
12, 24, 36, and 48 h are compared to 0 h. Data has been transformed based on
logarithmic (base 2) formula such that fold changes for all genes at 0 h are equal to 1.
Fold changes less then 1 are negative, fold changes that are greater then 1 are positive. A
-4 fold change equals 0.25 using this transformation.
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Figure 4.5 Cont Relative changes in gene expression for candidate genes. Samples from
12, 24, 36, and 48 h are compared to 0 h. Data has been transformed based on
logarithmic (base 2) formula such that fold changes for all genes at 0 h are equal to 1.
Fold changes less then 1 are negative, fold changes that are greater then 1 are positive. A
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Discussion
This experiment has identified candidate genes as potential intrapituitary factors
that respond to endocrine feedback during the preovulatory phase of the estrous cycle.
Expression of genes encoding secreted protein, acidic and rich in cysteine (SPARC), heat
shock 90kD protein 1 alpha, α-GSU, and a transcript identified as Homo sapiens cDNA
clone IMAGE:4513453 were upregulated, while neurexin 1-alpha, heparin sulfate Nacetylglucosaminyl N-deacetylase and a transcript similar to epididymal secretory protein
E4 were down-regulated during the 48 h following administration of PGF2α as measured
by cDNA microarray and real-time PCR. Although further investigation is necessary to
decipher whether these alterations in synthesis are occurring in response to P4, E2,
GnRH, PGF2α, or other endocrine factors, this discussion will briefly explain what is
known about each of these genes and speculate on their potential role in pituitary
function.
In addition to identifying candidate genes, this experiment and those detailed in
Chapters 2 and 3, examined the expression patterns of factors known to be modulated by
reproductive processes (anchor genes). A discussion that compares and contrasts the
differential expression patterns of the anchor genes during the luteal phase and
preovulatory phase as induced by PGF2α is included in Chapter 5.
Secreted protein, acidic and rich in cysteine (SPARC), also termed osteonectin, is
a secreted glycoprotein that is expressed in most tissues including bone, teeth, embryonic
tissues, and malignant tissues (147). Its functions are diverse and include cell migration,
matrix synthesis and turnover, tissue repair, and regulation of cell adhesion (125). In the
ovine CL, SPARC protein was found to be associated only with small luteal cells, and
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levels of mRNA encoding SPARC were differentially expressed during the estrous cycle;
levels of mRNA encoding SPARC are highest during the luteal phase and decreased
during the follicular phase (169). In the current experiment, levels of pituitary gland
SPARC mRNA were upregulated during the preovulatory period. If SPARC is
responsive to P4, our findings are in disagreement with the findings derived from the
ovine CL, considering in our experiment P4 levels were low and SPARC expression was
elevated compared to experiment completed by Smith and coworkers where SPARC
expression was elevated during the luteal phase when circulating levels of P4 are
maximal (169). Taken together these findings suggest that ovarian steroids modulate the
expression of SPARC in the pituitary gland and CL differently. Smith and coworkers
hypothesized that since SPARC is a known regulator of tissue reorganization, it was
playing a role in CL maturation during the early luteal phase. Since the CL is a dynamic
tissue that undergoes growth, development, and regression with each estrous cycle the
role of SPARC as a regulator of tissue growth and development is conceivable; however,
this role does not seem applicable to the pituitary gland, a relatively static organ that does
not undergo morphological changes. Considered together, these studies suggest SPARC
is modulated by the endocrine factors associated with the estrous cycle, perhaps the
ovarian steroids.
Heat shock protein 90 (hsp 90) is a ubiquitous protein that functions as a
chaperone molecule and participates in the function of several signal transduction
components including nuclear receptors, cancer causing factors, apoptotic factors, and
cell survival factors (132). Hsp 90 maintains homeostasis by carefully controlling the
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rates of cell proliferation, cell migration and cell death; however, when mutated, hsp 90
stimulates uncontrolled proliferation of cells, resulting in cancer. Hsp 90 associates as a
dimer with client proteins including ER and PR. The ovarian steroid homone receptors
depend on the conformational changes induced by interacting with heat shock proteins
and co-chaparones in order to bind with their ligands, estrogen and progesterone (154).
Gene expression of hsp 90 is positively correlated with ER gene expression, and is
stimulated by E2 and inhibited by P4 in human endometrial tissue during the menstrual
cycle and in cultures of steroid responsive and steroid unresponsive cell lines (175). In
this experiment hsp 90 was upregulated in the bovine pituitary gland during the
preovulatory period supporting the hypothesis that hsp 90 is responsive to estrogen.
Neurexins are neuron-specific proteins with hundreds of differentially spliced
isoforms that may function in synapogenesis and axon guidance (189). Using knock-out
and transgenically rescued mice, neurexin 1 alpha was determined to trigger exocytosis
of endocrine factors and neurotransmitters by affecting voltage-depedent Ca2+ channels
(214). α-neurexins also act as receptors for neuroxophilins, a family of neuropeptides-like
structures (51) and α-latrotoxin, the potent neurotoxin contained in venom of the black
widow spider which triggers synaptic exocytosis of several neurotranmitters (189). Prior
examination of the rodent hypothalamus revealed the synaptic organization and glianeuronal adhesions are dynamic and are under control of gonadal steroids during puberty
(117) and the estrous cycle (129). In the median eminence the relationship between glial
cells and GnRH nerve terimals change during the estrous cycle in response to gonadal
steroids. For example, during periods of low GnRH secretion, glial end-feet prevent the
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GnRH nerve terminals from contacting the endothelial wall of the portal vessels, and at
time of increased GnRH ouput (i.e. during the preovulatory surge) the glial end-feet are
retracted providing the GnRH nerve terminals acess to the portal system (99), thus,
permitting GnRH delivery to the anterior pituitary gland. Recently it has been
hypothesized that the neurexins may play a role in specifying, establishing and
maintaining cell-cell interaction necessary for GnRH regulation. Supporting this
hypothesis, gene expression of neurexins was found to change during peripubertal
development in the hypothalamus of primates (126). The current literature indicates that
the expression of α-neurexin is confined to neurons of the brain and CNS, but our current
study suggests that α-neurexin is expressed in the bovine anterior gland. The fact that it
is expressed in the anterior gland and may be responding to ovarian feedback at the
intrapituitary level is novel and may suggest that α-neurexin plays a role in modulating
GnRH action outside the hypothalamus. Another explanation for its presence in the
anterior pituitary gland may be that when the anterior and posterior lobes of the pituitary
gland were separated for this experiment, portions of the posterior lobe remained intact
with the anterior pituitary lobe, because the nerve endings responsive to α-latrotoxin
action express α-neurexin in the posterior lobe of the pituitary gland (76).
The enzyme Heparin sulfate N-acetylglucosaminyl N-deacetylase plays an
important role in the biosynthesis of heparin sulfate and heparin (11). It is expressed in
tissues that do not synthesize heparin but its function in these tissues has not been
identified (180). There is no evidence suggesting heparin sulfate N-acetylglucosaminyl
N-deacetylase is regulated by steroid hormones or regulates reproductive processes. In

167

this study, levels of mRNA encoding heparin sulfate N-acetylglucosaminyl Ndeacetylase were down-regulated during the preovulatory period.
A novel/unknown transcript identified as Homo sapien cDNA clone
IMAGE:4513453 was significantly upregulated, while epididymal secretory protein E4, a
protein without an identified function, was downregulated during the preovulatory phase
in the bovine estrous cycle. Since the function of these genes has not yet been
determined and their relavence to reproductive processes has not been established, we
can only suggest that they are modulated by the endocrine changes that characterize the
preovulatory period (increasing levels of E2 and GnRH, low circulating levels of P4),
and/or the administration of PGF2α.
In addition to identifying novel intrapituitary factors that may regulate pituitary
responsiveness to ovarian steroids in preparation for the preovulatory surge of
gonadotropins, this experiment detailed the used of cDNA microarray to profile the
bovine pituitary gland. The real-time PCR performed in this study and those described in
Chapters 2 and 3 validated the custom-made cDNA microarray as an efficacious tool for
measuring gene expression levels in the cow.
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CHAPTER 5
CONCLUSIONS AND DISCUSSION
In addition to identifying novel genes and stimulating speculation about novel
roles for known genes, the experiments detailed in chapters 2, 3, and 4 characterized the
expression patterns of anchor genes, genes known to be modulated by the estrous cycle.
Although previous studies have indicated that the synthesis of the anchor genes is
regulated by the estrous cycle, the direction and magnitude of their regulation have not
been fully documented in the bovine pituitary gland or are ambiguous between studies;
thus, requiring further investigation. Relative expression levels across the experiements
detailed in chapters 2, 3, and 4 are presented in Table 5.1. Our data suggest that under
conditions of high progesterone concentrations, ERβ, FR, and FSHβ are increased, while
under conditions of high estrogen concentrations, GnRHR, LHβ, and PR are increased.
The most striking finding involving the anchor genes in these experiments is the
regulation of the progesterone receptor (PR). During the luteal phase of the estrous cycle
(chapter 2), the levels of mRNA encoding PR are drastically down-regulated, while
during the preovulatory period (Chapters 3 and 4), mRNA levels of PR are potently
upregulated. These changes were so extreme (in magnitudes of greater than 10 fold) as if
to suggest the expression of PR is turned off during the luteal phase and turned on during
the preovulatory period. The pattern of PR expression in the bovine pituitary gland
during these time periods has not been previously described but this pattern suggests de
novo synthesis of PR is induced by E2, suppressed by P4, and/or is affected by the
combination of these ovarian steroids. These findings are in agreement with an in vivo
study that investigated the expression of PR in the rat pituitary gland during the estrous

169

cycle and in response to exogenous E2 and P4, and another in vivo study that investigated
the effect of E2 and P4 administration on the expression of PR in the hypothalamus and
pituitary gland of OXV rhesus macaques. In the rat pituitary gland, PR expression is
highest during proestrus, a period of elevated circulating E2 levels and decreased
circulating levels of P4, and levels of PR expression were upregulated in response to
exogenous E2 in pituitary glands of intact and OVX rats (173). However, that study was
unable to demonstrate that the expression of PR was down-regulated by P4, which had
been previously demonstrated in primates. In the pituitary glands of OVX monkeys, P4
treatment had no effect on PR expression in the hypothalamus but markedly reduced PR
in the pituitary (12). Further investigation is necessary to decipher the individual and
combined effects of E2 and P4 on the expression of PR in the bovine pituitary gland;
however, our study combined with the results from others suggest the PR is an E2inducible factor that may play a crucial role in the stimulation of the gonadotropin surge.
The expression of FR was also significantly altered across these experiments. On
d 10 after initiation of the first follicular wave, when circulating levels of P4 are maximal
and E2 is minimal (chapter 2), FR was upregulated, and at 48 and 72 h following
administration of PGF2α, its ligand, on d 18 of the estrous cycle, FR was significantly
down-regulated (chapter 3). The expression pattern of FR following administration of
PGF2α on d 7 following initiation of the first follicular wave was unchanged (chapter 4);
perhaps, because the sampling period (48 h total) was too short in duration to have
detected this effect. The patterns of expression for FR from chapters 2 and 3 suggest that
FR is P4 responsive, or that PGF2α affects the transcription of its own receptor. When
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circulating concentrations of PGF2α are elevated expression of FR is suppressed (similar
to the GnRH induced down-regulation of GnRHR during the preovulatory surge), and in
the absence of circulating level of PGF2α, FR is induced, perhaps preparing the pituitary
gland to respond to endocrine events that occur during luteolysis. A similar expression
pattern of FR, down-regulation following administration of PGF2α and upregulation of
FR at times of increased P4, has been observed in the CL. Down-regulation of FR was
demonstrated in the CL of ewes during natural (157) and in PGF2α–induced luteal
regression (85). In ewes, it was also demonstrated that FR expression parallels
circulating levels of P4 during luteolysis (79). In contrast, FR expression, FR number
and affinity for PGF2α, was not altered during the luteal phase of the estrous cycle in the
CL of water buffalo cows (191). Since a direct function of PGF2α in the pituitary gland
has not been determined, it is difficult to speculate on the role of its receptor in this tissue
other than to suggest its expression is being modulated during the estrous cycle, and it
may play a role in the dynamic changes that occur parallel to luteolysis of the CL and
lead-up to the preovulatory surge.
Transcription of the gonadotropins subunits, α-GSU, LHβ, and FSHβ, has been
previously studied in various in vitro and in vivo systems to determine how they are
regulated by the ovarian steroids. These studies were detailed in chapter 1. The current
study provides further insight into the expression of the gonadotropins subunits in the
bovine pituitary gland, particularly during the preovulatory period. In the experiments
described in chapters 3 and 4, the expression patterns for the gonadotropin subunits were
very similar; FSHβ was down-regulated while LHβ was upregulated and α-GSU showed
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the trend of being upregulated during the preovulatory period as it was induced by
administration of PGF2α.
The decrease in FSHβ was more marked than the changes in α-GSU and LHβ and
may provide evidence that expression of FSHβ is inhibited by E2 in the bovine pituitary
gland. This finding is in agreement with studies in which E2 decreased levels of mRNA
encoding FSHβ in ovine pituitary cells(144);(8) and in pituitary glands of ewes
(67);(188).
In the current study α-GSU and LHβ were upregulated during the preovulatory
period suggesting they are stimulated by the elevated concentratations of E2, the
decreased concentrations of P4, or perhaps are responding to the combination of these
ovarian steroids (i.e the presence of P4 is required for E2 to exert its effect). The
upregulation of α-GSU in the bovine pituitary gland around the preovulatory period has
been documented previously (94). However, in that study, no change in LHβ gene
expression was detected. The differences between our study and the study conducted by
Kawate and colleagues may be caused by differences in sampling design. They were
looking at differences across days of the estrous cycle, for example late-mid-luteal (d 1117) phase vs follicular phase (d 18-20), while we were investigating the preovulatory
period at 12 or 24 h intervals for 2 or 3 days, respectively. Other studies have indicated
that E2 administration supresses the expression of α-GSU and LHβ (72); (121) or has no
effect when pulsatile GnRH is co-administered (188). These studies were conducted in
OVX ewes so the stimulatory effect that we observed may be caused by endogenous
endocrine factors in combination with E2 and P4 associated with intact, cycling animals.
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In our current experiments gene expression of GnRHR was potently downregulated during the luteal phase (chapter 2), was upregulated during the initial 48 h
following administration of PGF2α when administered on d 18 of the estrous cycle
(chapter 3), and upregulated during the initial 24 h following administration of PGF2α on
d 7 after the initiation of the first follicular wave. The down-regulation of GnRHR during
the luteal phase is most likely a result of the increased circulating levels of P4. Both in
vitro (208) and in vivo (182) studies have demonstrated the negative effect of P4 on
GnRHR expression. The upregulation of levels of mRNA encoding GnRHR following
the administration of PGF2α has also been previously observed (182). It is unknown if
the upregulation of GnRHR expression is caused by a direct effect by the PGF2α and/or
an indirect effect that is induced by the priming effects of E2 and GnRH.
The expression profiles of estrogen receptors, ERα and ERβ, were differentially
expressed during the experiments detailed in chapters 2, 3, and 4. On d 6 following
initiation of the first follicular wave both ERα and ERβ mRNA levels were upregulated,
but only ERβ was further elevated on d 10 while ERα declined to levels similar to those
measured on d 2 following initiation of the first follicular wave. In experiments detailed
in chapters 3 and 4, levels of mRNA encoding ERβ were down-regulated while levels
encoding ERα were elevated following administration of PGF2α. Together these studies
suggest ERβ expression may be P4 responsive since the expression of ERβ seems to
correlate with the circulating levels of P4. Expression of ERα was shown to increase
during the follicular phase of the estrous cycle in ewes (179) which is in agreement with
our findings. However, in the pituitary glands of rats exposed to E2, expression ERβ was
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upregulated (179) which is different than what we observed in the bovine pituitary gland.
The differential regulation of the ERs in the bovine pituitary gland may play a role in
priming the gonadotropes in preparation for the preovulatory surge during the
preovulatory period and stimulate basal LH release during the luteal phase. Further
investigation detailing the expression of the ERs during the entire estrous cycle and
pinpointing their regulation by specific endocrine factors, E2, P4, GnRH, PGF2α is
required to clarify their roles in the bovine pituitary gland.
The expression patterns of candidate genes when compared across the three
experiments were variable. When the genes identified as differentially expressed by
microarray analysis were compared from the experiments detailed in chapters 2, 3, and 4,
only 8 genes were in common. Thirty eight genes were in common between experiments
from chapters 2 and 3, 121 genes were in common between experiments from chapters 2
and 4, and 224 were in common between experiments from chapters 3 and 4. Out of all
the candidate genes validated by real-time PCR for experiments in chapters 3 and 4
(where PGF2α was utilized to induce the preovulatory period), only heat shock protein 90
(hsp90) and F NADH dehydrogenase subunit 1 displayed expression patterns that were
similar to each other and were consistent for both methods (RT-PCR and cDNA
microarray). We expected expression patterns of genes from these two experiments to be
more similar. Potential reasons for the deviation between these experiments include: the
between animal variation associated with administering PGF2α on d 18 of the estrous
cycle which was previously discussed in the introduction of chapter 4. Basal gene
expression at time 0 h (d 7 vs d 18) between the experiments could be very different
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which could affect direction and magnitude of change induced by PGF2α. Factors that
contributed to the observed differences may include physiological differences between
cows and heifers, breed differences, and plane of nutrition. It can be theorized that the
uterine environments of nulliparous heifers and multiparous cows are physiologically
different and that these differences may modulate response to PGF2α. Both purebred
Hereford heifers and mixed-breed heifers were included in the studies presented in
chapters 2 and 4, while MARC III composite cows (¼ Pinzgauer, ¼ Red Poll, ¼ Angus,
and ¼ Hereford) were included in the study presented in chapter 3. Since there is a
significant amount of artificial selection pressure to maintain composite breeds, there is
less genetic variation between the cows included in this study when compared to the
heifers that were not selected based on breed type. Additionally, the heifers were fed an
energy rich diet that encouraged rapid weight gain in preparation for slaughter, while the
cows were fed a maintance ratio, which is designed to sustain a healthy body weight. It
is well documented that nutritional plane can modulate fertility; however the exact
signals that convey nutritional status to the reproductive axis have not yet been
determined.
Overall, the experiments detailed in chapters 2, 3, and 4 indicate that cDNA
microarray was an effective tool for measuring changes in gene expression levels in the
bovine pituitary gland as it responded to endocrine dynamics associated with the luteal
phase and preovulatory period of the estrous cycle. Since the focus of our experiments
was to use and validate a non-targeted approach (cDNA microarray) to profile bovine
pituitary gene expression, our studies are limited in that they cannot ascertain which

175

endocrine factor influenced the expression of particular anchor or candidate genes.
However, they provide a significant amount of preliminary evidence completed in a
physiological relevant model implicating several genes as being regulated by the
endocrine milieu of the estrous cycle. It is our hope that future studies will elucidate the
functions of some of these genes as they relate to gonadotropin regulation.

176

Table 5.1 Trends of relative gene expression levels of anchor genes compared across
experiments
48 h***
d 6* d 10* 24 h** 48 h** 72 h** 12 h*** 24 h*** 36 h***
ERα
↔
↑
↑
↔
↔
↔
↑
↑
↑
ERβ
↑
↔
↔
↓
↔
↔
↑
↓
↓
FR
↔
↓
↓
↓
↑
↓
↔
↔
↑
FSHβ
↑
↔
↓
↔
↓
↓
↓
↓
↓
GnRHR
↑
↑
↑
↔
↔
↓
↓
↑
↑
GSUα
↔
↓
↑
↑
↔
↑
↑
↑
↑
LHβ
↔
↔
↑
↑
↑
↑
↑
↑
↑
StAR
↔
↔
↔
↓
↔
↔
↔
↔
↔
PR
↑
↑
↑
↑
↑
↑
↑
↓
↓
*

Data represented is from Chapter 2: differential expression of genes in the pituitary
gland during the early luteal phase of the bovine estrous cycle. Data is reported relative
to d 2 following initiation of the first follicular wave
**

Data represented is from Chapter 3: differential expression of genes in the bovine
pituitary gland during the preovulatory period as induced by PGF2α on d 18 of the estrous
cycle. Data is reported relative to day of PGF2α injection administerd on d 18.
***

Data represented is from Chapter 4: differential expression of genes in the bovine
pituitary gland during the preovulatory period as induced by treatment with PGF2α on d 7
following initiation of the first follicular wave. Data is reported relative to day of PGF2α
on d 7 following initiation of the first follicular wave.
Bold arrows indicate significance (p < 0.05).

177

APPENDIX A
Gene Names for Clusters from Chapter 2: Differential Expression of Genes in
thePituitary Gland During the Early Luteal Phase of the Bovine Estrous Cycle
Clone ID
M662C07

Cluster 1 Gene Name
Homo sapiens Wilms tumor 1 associated protein (WTAP), transcript
variant 3, mRNA

GI06A01

Homo sapiens eukaryotic translation initiation factor 4A, isoform 2, mRNA
(cDNA clone MGC:21863 IMAGE:4341420), complete cds

M667G01
PIT749E07
PIT753A07
PIT753C07
GI03A07
GI03G07
M660A08
M661E02
GI40G08

Homo sapiens chromosome 5 clone CTC-563A5, complete sequence
Homo sapiens menage a trois 1 (CAK assembly factor) (MNAT1), mRNA
Bos taurus crystallin, alpha polypeptide 2 (CRYAB), mRNA
unknown
unknown
Bos taurus isolate FL405 mitochondrion, partial genome
unknown
unknown
Synthetic construct Homo sapiens non-metastatic cells nucleosidediphosphate kinase 6 (NME6) mRNA, partial cds

GI36A02
GI06A03

Bos taurus isolate FL405 mitochondrion, partial genome
Homo sapiens mRNA; cDNA DKFZp586B211 (from clone
DKFZp586B211)
Pongo pygmaeus mRNA; cDNA DKFZp459C0730 (from clone
DKFZp459C0730)

GI31E09

PIT749E09 Homo sapiens mRNA; cDNA DKFZp762N1910 (from clone
DKFZp762N1910)
GI03A03
Homo sapiens mRNA; cDNA DKFZp762F135 (from clone
DKFZp762F135)
GI03E03
unknown
M661A04 Homo sapiens H2A histone family, member V (H2AFV), transcript variant
5, mRNA
M662E04 unknown
PIT752E04 Homo sapiens cDNA: FLJ21089 fis, clone CAS03534
GI35G10
Homo sapiens dUTP pyrophosphatase (DUT), mRNA
GI40E04
B.taurus mRNA for immunoglobulin light chain
GI40G04
Bos taurus collagen, type I, alpha 2 (COL1A2), mRNA
M674G10 Homo sapiens ubiquitin-specific protease 7 isoform mRNA, partial cds
GI03E04
Bos taurus mRNA for similar to protein kinase C receptor, partial cds,
clone: ORCS10069
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Clone ID
GI03G04
GI32E10
M662A05
M661C12
M661E06
M661G12
M662A06
GI03E06
GI08E06
GI41C06

Cluster 1 Gene Name Continued
Homo sapiens hypothetical protein LOC134285 (LOC134285), mRNA
B.taurus mRNA for immunoglobulin light chain
unknown
unknown
unknown
Cloning vector pGEM-5Zf(-)
unknown
Mustela putorius furo beta-actin mRNA, partial cds
unknown
Bos taurus anti-oxidant protein 2 (non-selenium glutathione peroxidase,
acidic calcium-independent phospholipase A2) (AOP2), mRNA

GI05G01
M676E07
PIT751E08
GI37A10
GI07C11
M663C12
M663E06

Cloning vector pGEM-4Z
Sus scrofa ribophorin II (RPN2), mRNA
Homo sapiens WD repeat domain 40A (WDR40A), mRNA
Homo sapiens additional sex combs like 1 (Drosophila) (ASXL1), mRNA
Bos taurus thymosin beta 4 (LOC444862), mRNA
unknown
Homo sapiens katanin p60 (ATPase-containing) subunit A 1 (KATNA1),
mRNA
PIT750A06 Homo sapiens debranching enzyme homolog 1 (S. cerevisiae) (DBR1),
mRNA
GI05E06
Sus scrofa Epididymal secretory protein E4 (E4), mRNA
GI05E12
unknown
GI05G06
Mus musculus RIKEN cDNA 1700025E21 gene, mRNA (cDNA clone
MGC:58810 IMAGE:6773255), complete cds
GI05G12
GI33C12
GI42E12
GI34A06
GI34C12
GI43A12
GI43C06
M661H07
M662F07

unknown
Bos taurus partial col1A1 gene for pro alpha 1(I) collagen, exon 52
Homo sapiens clone DNA213531 QFRL9384 (UNQ9384) mRNA,
complete cds
unknown
unknown
Pongo pygmaeus mRNA; cDNA DKFZp459O084 (from clone
DKFZp459O084)
Homo sapiens keratin 17 (KRT17), mRNA
unknown
Homo sapiens phosphoglucomutase 1, mRNA (cDNA clone
IMAGE:3505510), partial cds
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Clone ID
GI06D07
GI31B07
GI31H07
GI35F01

Cluster 1 Gene Name Continued
Bos taurus tumor rejection antigen (gp96) 1 (TRA1), mRNA
O.cuniculus mRNA for troponin I
unknown
PREDICTED: Pan troglodytes bromodomain adjacent to zinc finger
domain, 2B (LOC470568), mRNA

GI35F07
GI40D07
GI40H01
M660B08
PIT752B02

Homo sapiens cDNA: FLJ23088 fis, clone LNG07026
unknown
Ovis aries immunoglobulin alpha heavy chain (IgA) mRNA, partial cds
unknown
Homo sapiens vacuolar protein sorting 35 (yeast), mRNA (cDNA clone
IMAGE:5273475), partial cds

M661D09

Homo sapiens dolichyl-diphosphooligosaccharide-protein
glycosyltransferase (DDOST), mRNA

M662D09
M671H09
M670F09
PIT752D03
PIT744H03
PIT749B09
PIT749F09
M661F04

Bos taurus annexin A2 (ANXA2), mRNA
unknown
PREDICTED: Pan troglodytes TXK tyrosine kinase (LOC461344), mRNA
Homo sapiens WD repeat membrane protein mRNA, complete cds
unknown
Bos taurus plp gene
unknown
Homo sapiens cullin 3, mRNA (cDNA clone MGC:48882
IMAGE:5784147), complete cds

M661H04
GI35F04
GI40B10

unknown
unknown
Bos taurus Rho GDP dissociation inhibitor (GDI) beta (ARHGDIB),
mRNA
Rattus norvegicus cDNA clone MGC:72646 IMAGE:6920523, complete
cds
Bos taurus acidic alpha-glucosidase gene, exons 2 through 20 and complete
cds
Homo sapiens coatomer protein complex, subunit beta (COPB), mRNA
PREDICTED: Pan troglodytes similar to Lysosomal-associated
multitransmembrane protein (Retinoic acid-inducible E3 protein) (HA1520)
(LOC456693), mRNA
Homo sapiens cDNA FLJ30566 fis, clone BRAWH2005068, highly similar
to Human 26S proteasome-associated pad1 homolog (POH1) mRNA

GI03D10
GI36F04
GI36F10
M660D11
M661F05
GI40B11

Homo sapiens hypothetical protein MDS025 (MDS025), mRNA
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Clone ID
M674B05
GI08F11
M660D06
M660H06
M662H06
M670F06
GI31H06

Cluster 1 Gene Name Continued
unknown
Mus musculus RIKEN cDNA 2700094L05 gene (2700094L05Rik), mRNA
unknown
unknown
Homo sapiens mRNA; cDNA DKFZp434O0227 (from clone
DKFZp434O0227)
Bos taurus BTAB2MDS3 beta-2-microglobulin (B2M) gene, 3primeUTR
Homo sapiens Williams-Beuren syndrome critical region protein 27
(WBSCR27) mRNA, complete cds

M674D06
GI03D12

Homo sapiens hypothetical protein FLJ20152 (FLJ20152), mRNA
Pongo pygmaeus mRNA; cDNA DKFZp459N1650 (from clone
DKFZp459N1650)

GI32B12
GI32D12
GI32F12
PIT750H01

Bos taurus isolate FL405 mitochondrion, partial genome
Bos taurus isolate FL405 mitochondrion, partial genome
Homo sapiens cDNA clone MGC:88761 IMAGE:4543262, complete cds
Homo sapiens cDNA FLJ40874 fis, clone UMVEN1000186, weakly
similar to N-CHIMAERIN

GI37B07

PREDICTED: Pan troglodytes similar to ribosomal protein L38
(LOC454861), mRNA

M669B07

Homo sapiens chemokine (C-X-C motif) ligand 12 (stromal cell-derived
factor 1) (CXCL12) gene, complete cds

GI05D09

Ovis aries sheUGT1A07 mRNA for UDP-glucuronosyltransferase,
complete cds
Bos taurus isolate FL405 mitochondrion, partial genome
unknown
Homo sapiens coatomer protein complex, subunit beta (COPB), mRNA

GI37F03
GI07D09
GI37B12
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Clone ID
GI06G01
GI03A01
GI08E01
GI36C01
GI36G07
GI41A01
PIT748C08
PIT748G02
PIT744A02
GI35G02
PIT752E09
M661E04
GI40E10
GI40G10
PIT747E03
PIT748G06
GI33E07
PIT755E01
GI11E07
PIT754A03
GI05C11
GI42E05
GI42G05
GI43E05
GI43E11
GI42C12
GI07A06
GI34A12
GI38C12
GI43G12
GI03D07
PIT752F02
PIT753B02
GI08D08
GI32B02
GI41H08

Cluster 2 Gene Name
Homo sapiens ribosomal protein L14, mRNA (cDNA clone
MGC:16644 IMAGE:4123062), complete cds
Homo sapiens cDNA clone IMAGE:4801842, partial cds
Homo sapiens target of myb1-like 1 (chicken) (TOM1L1), mRNA
unknown
Cloning vector pSport1, complete cds
Homo sapiens ribosomal protein S20 (RPS20), mRNA
Canis familiaris prenylated Rab acceptor 1 (PRA1), mRNA
B.taurus mRNA for MHC class II, clone R2-2
unknown
B.taurus mRNA for JSP.1 protein
Homo sapiens triosephosphate isomerase 1 (TPI1), mRNA
unknown
unknown
Sus scrofa 60S ribosomal protein L35 (RPL35), mRNA
unknown
unknown
Bos taurus isolate FL396 mitochondrion, partial genome
Bos taurus serine/threonine kinase 25 mRNA, complete cds
Bos taurus isolate FL405 mitochondrion, partial genome
Bos taurus prolactin (PRL), mRNA
Pan troglodytes chromosome 22 clone:RP43-018H16, map 22,
complete sequences
Macaca fascicularis RPL30 mRNA for ribosomal protein L30,
complete cds, clone:QbsB-10313
Bos taurus lysozyme 3 (LYZ3), mRNA
Bos taurus lysozyme 3 (LYZ3), mRNA
unknown
Homo sapiens cDNA clone IMAGE:5286019, partial cds
unknown
Danio rerio mRNA for heparan sulfate 6-O-sulfotransferase (hs6st
gene)
unknown
B.taurus partial gene for keratin K6 gamma (3prime end)
Bos taurus ribosomal protein S28-like protein mRNA, partial cds
unknown
Bos taurus secretogranin II (chromogranin C) (SCG2), mRNA
Mus musculus ribosomal protein L37a (Rpl37a), mRNA
Bos taurus polyubiquitin (LOC281370), mRNA
Homo sapiens cDNA clone IMAGE:5182629
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Clone ID
PIT748H03
PIT753B09
GI06H10
GI32D04
PIT752H11
GI06B05
GI35H05
PIT746F02
GI07D07
PIT750F08
GI33H02
GI42D02
GI42F08

PIT755H02
GI42D09
GI42H03
PIT750B05
PIT751F11
PIT751H05
GI10D06

Cluster 2 Gene Name Continued
Bos taurus glycoprotein hormones, alpha polypeptide (CGA), mRNA
Bovine mRNA encoding corticotropin-beta-lipotropin precursor
Homo sapiens OK/SW-cl.83 mRNA for ribosomal protein S8, complete
cds
Bos taurus mRNA for similar to ribosomal protein S12, partial cds,
clone: ORCS13752
Homo sapiens small glutamine-rich tetratricopeptide repeat (TPR)containing, alpha (SGTA), mRNA
Homo sapiens eukaryotic translation initiation factor 4A, isoform 2,
mRNA (cDNA clone MGC:21863 IMAGE:4341420), complete cds
Homo sapiens TEA domain family member 3, mRNA (cDNA clone
MGC:34093 IMAGE:5207501), complete cds
unknown
Homo sapiens ribosomal protein S13, mRNA (cDNA clone MGC:5071
IMAGE:2899987), complete cds
Human DNA sequence from clone RP11-487F5 on chromosome 6
Contains the 3prime part of the GRIK2 (glutamate receptor, ionotropic,
kainate 2) gene, ESTs, STSs and GSSs, complete sequence
Homo sapiens ribosomal protein L41, pseudogene 1 (RPL41P1) on
chromosome 20
Homo sapiens succinate dehydrogenase complex, subunit B, iron sulfur
(Ip) (SDHB), mRNA
Human DNA sequence from clone RP11-147L20 on chromosome
13q14.11-14.2 Contains the ESD gene for esterase D/formylglutathione
hydrolase, the 3prime end of the HTR2A gene for 5-hydroxytryptamine
(serotonin) receptor 2A, the 3prime end of a variant of gene KIAA1016
and a CpG island, complete sequence
unknown
Cloning vector pPGKneo-II, complete sequence
Canis familiaris dystrophin (DMD), mRNA
Homo sapiens, clone IMAGE:4214654, mRNA
Bos taurus prolactin (PRL), mRNA
unknown
Bos taurus microsatellite NLBCMK39 sequence
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Clone ID Cluster 3 Gene Name
PIT752A03 Bos taurus BAC CH240-9E7 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
PIT754A09 Bos taurus BAC CH240-382E8 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M673A04 unknown
M673G04 unknown
M675A04 Bovine beta-casein gene, complete cds
M675A10 Mus musculus sorting nexin 5 (Snx5), mRNA
M669A10 Homo sapiens keratin 18 mRNA, complete cds
M676E04 Bos taurus BAC CH240-9E7 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M678G11 B.taurus IFNAR mRNA for interferon receptor type I
M663C11 Balaenoptera bonaerensis DNA, CHR-2 SINE MDI type sequence,
Minke 1 locus
M679E05 Bos taurus clone RP42-394P20, complete sequence
M676E12 Bos taurus BAC CH240-106N15 (Children~s Hospital Oakland
Research Institute Bovine BAC Library (male)) complete sequence
M661H08 Homo sapiens BTG family, member 2 (BTG2), mRNA
M668F08 Bos taurus BAC CH240-89P8 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M672B02 Bos taurus BAC CH240-223I2 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
PIT750D07 Bos taurus BAC CH240-268P24 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M678F10 Bovine alpha s2 casein type A protein (CASAS2) gene, exons 1-18
M678H10 Bovine alpha s2 casein type A protein (CASAS2) gene, exons 1-18
PIT750B04 Homo sapiens mRNA; cDNA DKFZp564H1122 (from clone
DKFZp564H1122); complete cds
M679B04 Bos taurus BAC CH240-493H15 (Children~s Hospital Oakland
Research Institute Bovine BAC Library (male)) complete sequence
M676F10 Bos taurus BAC CH240-72J19 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
PIT750F05 Bos taurus T cell receptor gamma gene, partial sequence
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Clone ID
GI03A08
M660C03

Cluster 4 Gene Name
Homo sapiens ribosomal protein L28 (RPL28), mRNA
Pongo pygmaeus mRNA; cDNA DKFZp468O1927 (from clone
DKFZp468O1927)
M664G12 Bos taurus hypothetical protein 1195 mRNA, partial cds
GI03C12
Homo sapiens catenin (cadherin-associated protein), beta 1, 88kDa
(CTNNB1), mRNA
M678E02
Bos taurus decorin (DCN), mRNA
GI34A04
Bos taurus isolate FL405 mitochondrion, partial genome
M675G06 Bovine beta-casein gene, complete cds
M670H07 Bos taurus BAC CH240-248M14 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M662D02 unknown
M667D08 unknown
M660B03 Bos taurus (clones L6, C15, C12, C8, C9, C17, C19, C12, C18, C5, C6,
C3, C13, C10, C47) mRNA, 3prime end of cds
M664B09 Gastrin-releasing peptide GRP [sheep, term endometrial and myometrial
tissue, mRNA, 820 nt]
M660B10 Globicephala macrorhynchus urea transporter mRNA, complete cds
GI08F10
Bos taurus mRNA for similar to ribosomal protein S10, partial cds, clone:
ORCS12838
GI03B11
Ovis aries partial h19 gene for non-coding transcript, exons 1-5
M663B01 unknown
M678B03 unknown
M669H09 Bos taurus annexin A2 (ANXA2), mRNA
PIT754F10 Bovine NB25 mRNA for MHC class II (BoLA-DQB), complete cds
M665H12 Bos taurus decorin (DCN), mRNA
GI05D12
Cloning vector pGEM-4Z
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APPENDIX B
Gene Names for Clusters from Chapter 3: Differential Expression of Genes in the
Pituitary Gland During the Preovulatory Period As Induced by PGF2α on Day 18 of
the Estrous Cycle
Clone ID
M662E07
M662G07
GI06A07
GI06E07
GI35C07
GI35G07
GI40A01
GI40G07
GI03A01
GI03G01
GI32E01
GI36A01
GI41G07
M661G02
GI06E02
GI06G08
GI31A02
GI31A08
GI31E02
GI31E08
GI31G08
GI35A08

Cluster 1 Gene Name
Bos taurus phosphorylase, glycogen; muscle (McArdle syndrome,
glycogen storage disease type V) (PYGM), mRNA
Mus musculus CD200 receptor 1 (Cd200r1), mRNA
Homo sapiens adenylate kinase 1, mRNA (cDNA clone IMAGE:5727475),
with apparent retained intron
Sus scrofa mitochondrial cytochrome c oxidase subunit Vb (Cox5b),
mRNA
Bos taurus Finkel-Biskis-Reilly murine sarcoma virus (FBR-MuSV)
ubiquitously expressed (fox derived); ribosomal protein S30 (FAU),
mRNA
Ovis aries carbonic anhydrase I mRNA, complete cds
Ovis aries (clone 27) type II small proline-rich protein mRNA, complete
cds
TPA: Mus musculus ribosomal DNA, complete repeating unit
Homo sapiens cDNA clone IMAGE:4801842, partial cds
Rattus norvegicus cDNA clone MGC:93429 IMAGE:7131175, complete
cds
Homo sapiens cDNA: FLJ21311 fis, clone COL02167
Bos taurus troponin T3, skeletal, fast (TNNT3), mRNA
Bos taurus foveolin precursor (FOV) mRNA, complete cds
Bos taurus myosin, heavy polypeptide 7, cardiac muscle, beta (MYH7),
mRNA
Homo sapiens tumor suppressor candidate 4, mRNA (cDNA clone
MGC:64814 IMAGE:6169151), complete cds
Bos taurus isolate FL405 mitochondrion, partial genome
Homo sapiens ubiquitin-conjugating enzyme E2D 2 (UBC4/5 homolog,
yeast), mRNA (cDNA clone IMAGE:4644249)
Mus musculus papillary renal cell carcinoma (translocation-associated),
mRNA (cDNA clone IMAGE:5320904), containing frame-shift errors
Homo sapiens chromosome 3 clone RP11-48E16, complete sequence
Xenopus laevis MGC83955 protein, mRNA (cDNA clone MGC:83955
IMAGE:6862339), complete cds
Bos taurus interleukin 2 receptor, gamma (IL2RG), mRNA
PREDICTED: Pan troglodytes similar to Phospholipase A2, membrane
associated precursor (Phosphatidylcholine 2-acylhydrolase) (Group IIA
phospholipase A2) (GIIC sPLA2) (Non-pancreatic secretory phospholipase
A2) (NPS-PLA2) (LOC456587), mRNA
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Clone ID

Cluster 1 Gene Name Continued

GI35C02

Homo sapiens S100 calcium binding protein A9 (calgranulin B) (S100A9),
mRNA
Homo sapiens guanylate cyclase activator 2A (guanylin) (GUCA2A),
mRNA
PREDICTED: Pan troglodytes similar to DNA polymerase epsilon p12
subunit (DNA polymerase epsilon subunit 4) (LOC459343), mRNA
Bos taurus selp mRNA for selenoprotein P, complete cds
Synthetic construct Homo sapiens non-metastatic cells nucleosidediphosphate kinase 6 (NME6) mRNA, partial cds
Bos taurus ribosomal protein S28-like protein mRNA, partial cds
Cloning vector pGEM-4Z
full-length cDNA clone CS0DC012YK05 of Neuroblastoma Cot 25normalized of Homo sapiens (human)
Homo sapiens cDNA clone IMAGE:5759225, partial cds

GI35E08
GI40A02
GI40A08
GI40G08
GI03C08
GI03E02
GI32C08
GI32E08
GI36C02
GI36C08
GI36E08
GI41A02
GI41G02
GI41G08
M660G03
GI06A03

Bos taurus acidic alpha-glucosidase gene, exons 2 through 20 and complete
cds
Homo sapiens PAC clone RP5-844F9 from 7, complete sequence
Bos taurus poly(A) binding protein, nuclear 1 (PABPN1), mRNA
Bos taurus foveolin precursor (FOV) mRNA, complete cds
Homo sapiens SUMO1/sentrin/SMT3 specific protease 3 (SENP3), mRNA
Pongo pygmaeus mRNA; cDNA DKFZp469A1229 (from clone
DKFZp469A1229)
Bos taurus alpha skeletal actin precursor gene, complete cds

GI35A09

Homo sapiens mRNA; cDNA DKFZp586B211 (from clone
DKFZp586B211)
Homo sapiens Sec61 gamma subunit, mRNA (cDNA clone MGC:60145
IMAGE:6060540), complete cds
Homo sapiens clone DNA59622 C20orf70 (UNQ510) mRNA, complete
cds
Homo sapiens FK506 binding protein 1A, 12kDa (FKBP1A), transcript
variant 12B, mRNA
Homo sapiens splicing factor 1, mRNA (cDNA clone IMAGE:4124268),
partial cds
Pongo pygmaeus mRNA; cDNA DKFZp459C0730 (from clone
DKFZp459C0730)
S.scrofa pancreatic spasmolytic polypeptide (PSP) mRNA

GI08A03

Human mRNA for ribosomal protein L17

GI06A09
GI06C03
GI31A03
GI31C09
GI31E09
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Clone ID

Cluster 1 Gene Name Continued

GI35G09

Homo sapiens variable charge, X-linked 3, mRNA (cDNA clone
IMAGE:6062940)
Human DNA sequence from clone RP3-470L14 on chromosome 20
Contains the CSE1L gene for chromosome segregation 1 (yeast homolog)like protein, the STAU gene for Staufen (RNA-binding protein), a novel
gene similar to ARC21 encoding the Arp2/3 protein complex subunit p21Arc, a CpG island, ESTs, STSs and GSSs, complete sequence
Homo sapiens mRNA; cDNA DKFZp762N1910 (from clone
DKFZp762N1910)
Homo sapiens mRNA; cDNA DKFZp762F135 (from clone
DKFZp762F135)
Ovis aries (clone 27) type II small proline-rich protein mRNA, complete
cds
Danio rerio SWI/SNF related, matrix associated, actin dependent regulator
of chromatin, subfamily a, member 4, mRNA (cDNA clone
IMAGE:6962767), complete cds
Mus musculus cDNA clone MGC:58860 IMAGE:6774506, complete cds
Bos taurus class mu glutathione S-transferase (GSTm) mRNA, complete
cds
Bos taurus ribosomal protein, large P2 (RPLP2), mRNA
PREDICTED: Pan troglodytes similar to Phospholipase A2, membrane
associated precursor (Phosphatidylcholine 2-acylhydrolase) (Group IIA
phospholipase A2) (GIIC sPLA2) (Non-pancreatic secretory phospholipase
A2) (NPS-PLA2) (LOC456587), mRNA
Ovis aries immunoglobulin alpha heavy chain (IgA) mRNA, partial cds
Ovis aries copper chaperone (SAH) mRNA, complete cds
B.taurus mRNA for immunoglobulin light chain
Bos taurus mRNA for similar to C10 protein, partial cds, clone:
ORCS12066
Bos taurus mRNA for similar to ribosomal protein S12, partial cds, clone:
ORCS13752
Homo sapiens mRNA; cDNA DKFZp779N1911 (from clone
DKFZp779N1911)
Bos taurus glutathione S-transferase A2 (GSTA2), mRNA
Homo sapiens dUTP pyrophosphatase (DUT), mRNA
Bovine epidermal cytokeratin (type II) component IV mRNA, 3prime end
Bos taurus clone RP42-341K3, complete sequence
Homo sapiens hypothetical protein LOC134285 (LOC134285), mRNA
Cloning vector pGEM-4Z
B.taurus mRNA for immunoglobulin light chain
Ovis aries KRT15 gene

GI40E09

PIT749E09
GI03A03
GI03G09
GI08C09
GI08E03
GI32C03
GI32E03
GI36E09

GI36G03
GI41A03
GI06C10
GI06E04
GI31E04
GI31E10
GI35A10
GI35G10
GI40A04
GI40A10
GI03G04
GI03G10
GI08A04
GI08E04
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Clone ID
GI08A10
GI32A10
GI32C04
GI32E10
GI36G04
GI41A04
GI41A10
GI41G04
GI06A11
GI06C11
GI06G11
GI31C11
GI31G11
GI35A11
GI35C11
GI03A11
GI40C11
PIT753C11
GI03C05
GI03E11
GI03G05
GI03G11
GI03E06

Cluster 1 Gene Name Continued
B.taurus mRNA for immunoglobulin light chain
Homo sapiens PRP39 pre-mRNA processing factor 39 homolog (yeast),
mRNA (cDNA clone IMAGE:6527003), partial cds
B.taurus mRNA for immunoglobulin light chain
B.taurus mRNA for immunoglobulin light chain
Homo sapiens guanylate cyclase activator 2A (guanylin) (GUCA2A),
mRNA
Homo sapiens clone DNA59622 C20orf70 (UNQ510) mRNA, complete
cds
Homo sapiens clone DNA56859 AVLV472 (UNQ472) mRNA, complete
cds
Bos taurus phosphorylase, glycogen; muscle (McArdle syndrome,
glycogen storage disease type V) (PYGM), mRNA
PREDICTED: Pan troglodytes similar to keratin 4; Keratin-4; cytokeratin
4; keratin, type II cytoskeletal 4 (LOC466999), mRNA
Homo sapiens hypothetical protein FLJ20397 (FLJ20397), mRNA
Homo sapiens mRNA; cDNA DKFZp762F135 (from clone
DKFZp762F135)
Mus musculus myosin heavy chain IX, mRNA (cDNA clone
IMAGE:4984186), partial cds
Mus musculus cDNA clone IMAGE:6704509, partial cds
PREDICTED: Mus musculus RIKEN cDNA 1190003M12 gene
(1190003M12Rik), mRNA
Homo sapiens cDNA FLJ90626 fis, clone PLACE1003135, weakly similar
to SPORULATION-SPECIFIC PROTEIN 1 (EC 2.7.1.-)
Bos taurus ribosomal protein L24 (RPL24), mRNA
PREDICTED: Pan troglodytes similar to polymerase (RNA) III (DNA
directed) polypeptide C (62kD); polymerase (RNA) III (DNA directed)
(62kD) (LOC457224), mRNA
Human DNA sequence from clone RP13-404M3 on chromosome 10
Contains part of the PARD3 gene for par-3 partitioning defective 3
homolog (C.elegans) and a CpG island, complete sequence
Ovis aries immunoglobulin alpha heavy chain (IgA) mRNA, partial cds
Mus musculus CD200 receptor 1 (Cd200r1), mRNA
Bos taurus mRNA for calcium-binding protein in amniotic fluid 1,
complete cds
Homo sapiens ATPase, Class VI, type 11B, mRNA (cDNA clone
MGC:46260 IMAGE:5548541), complete cds
Mustela putorius furo beta-actin mRNA, partial cds
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Clone ID

Cluster 1 Gene Name Continued

GI08C05

Homo sapiens mRNA; cDNA DKFZp762F135 (from clone
DKFZp762F135)
Bos taurus gastrin (GAS), mRNA

GI08E11
GI32A05
GI32G05

GI36E11

Bos taurus thymosin, beta 10 (TMSB10), mRNA
Bos taurus ubiquinol-cytochrome c reductase (6.4kD) subunit (UQCR),
mRNA
Bos taurus NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 8,
19kDa (NDUFB8), mRNA
Bos taurus bcnt, h-type bcnt genes, complete and partial cds

GI41C05

B.taurus cytokeratin 19 gene exons 2-6 and 3prime-flank

GI41C11

Homo sapiens succinate dehydrogenase complex, subunit B, iron sulfur
(Ip) (SDHB), mRNA
Bos taurus matrix Gla protein (MGP), mRNA
Bos taurus matrix Gla protein (MGP), mRNA

GI36C05

GI41E05
GI41G11
M662E06

Human DNA sequence from clone RP11-744H18 on chromosome 1
Contains a phosphodiesterase 4D interacting protein (myomegalin)
(PDE4DIP) pseudogene and the 3prime end of a novel pseudogene,
complete sequence
PIT748A12 Bos taurus BAC CH240-268P24 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
GI06C12
Sus scrofa ribosomal protein L29/cell surface heparin binding protein HIP
(RPL29/HIP), mRNA
GI06E12

Bos taurus myoglobin (MB), mRNA

GI06G12

PREDICTED: Pan troglodytes phosphatidylinositol transfer protein, beta
(LOC458731), mRNA
Bos taurus immunoglobulin heavy chain mRNA, variable region, partial
cds, 5prime end
Ovis aries small proline-rich protein type II (PRD-SPRR II) gene, complete
cds
PREDICTED: Pan troglodytes bromodomain adjacent to zinc finger
domain, 2B (LOC470568), mRNA
PiggyBac ubiquitin-transposase P replacement vector EP3005, complete
sequence
Ovis aries carbonic anhydrase I mRNA, complete cds

GI31A06
GI31G06
GI35C12
GI35E12
GI40A06
GI40E06

Synthetic construct Homo sapiens hydroxysteroid (17-beta) dehydrogenase
2 mRNA, partial cds
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Clone ID

Cluster 1 Gene Name Continued

GI08C12

Bos taurus telethonin gene, complete cds

GI32E12

GI41C12

Homo sapiens cytosolic iron-sulfur cluster scaffold protein Nfu mRNA,
complete cds
Bos taurus mRNA for putative bTrappin-5 protein, partial
Bos taurus BAC CH240-244O10 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
full-length cDNA clone CS0DM007YF21 of Fetal liver of Homo sapiens
(human)
Bos taurus anti-oxidant protein 2 (non-selenium glutathione peroxidase,
acidic calcium-independent phospholipase A2) (AOP2), mRNA
Cloning vector pPGKneo-II, complete sequence

M678G01

Xenopus tropicalis hypothetical protein MGC76077 (MGC76077), mRNA

GI10G01

Homo sapiens mitochondrial ribosomal protein S33 (MRPS33), nuclear
gene encoding mitochondrial protein, transcript variant 2, mRNA
Mouse DNA sequence from clone RP23-84C12 on chromosome 11,
complete sequence
Homo sapiens hypothetical protein FLJ22709 (FLJ22709), mRNA

GI36C06
GI36E12
GI41A06
GI41C06

GI37C01
GI42C07
GI07E01

GI38A07

Canis familiaris TCTA gene, AMT gene, NICN1 gene, DAG1 gene and
BSN gene (partial)
Homo sapiens eukaryotic translation elongation factor 1 beta 2, mRNA
(cDNA clone IMAGE:3462876)
Homo sapiens protein phosphatase 1, regulatory (inhibitor) subunit 3C
(PPP1R3C), mRNA
Homo sapiens 2prime,3prime-cyclic nucleotide 3prime phosphodiesterase
(CNP), mRNA
Bos taurus BAC CH240-385H19 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
Canis familiaris adaptor-related protein complex AP3 beta 1 subunit
(Ap3b1) mRNA, complete cds
Bos taurus defensin, beta 1 (enteric) (DEFB1), mRNA

GI43A01

Homo sapiens hypothetical protein MDS025 (MDS025), mRNA

GI43C07

Bovine heart cytochrome c oxidase subunit CIX (VIII) mRNA, complete
cds
Bos taurus clone RP42-341K3, complete sequence
Cloning vector pGEM-4Z
Bos taurus gene for Trappin-6, partial cds

GI11G01
GI11G07
GI34E01
GI34E07
GI34G01

GI05E02
GI05G02
GI10C02
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Clone ID
GI10E08
GI33C08
GI33E08
GI33G02
GI37A08
GI37C02
GI37G08
GI42C02
GI07C08
GI11E02
GI34A02
GI34E02
GI38E02
GI38E08
GI43E02
M665E09
GI37A03
GI37C09
GI37G03
GI37G09
GI42A09
GI42G09

Cluster 1 Gene Name Continued
Bos taurus lysozyme 3 (LYZ3), mRNA
Human chromosome 14 DNA sequence BAC R-529H20 of library RPCI11 from chromosome 14 of Homo sapiens (Human), complete sequence
Bos taurus tubulin-specific chaperone d (TBCD), mRNA
Homo sapiens ribosomal protein L39 (RPL39), mRNA
Homo sapiens FWP007 mRNA, complete cds
Homo sapiens cyclin D3 (CCND3), mRNA
Homo sapiens 3 BAC RP11-274H2 (Roswell Park Cancer Institute Human
BAC Library) complete sequence
Homo sapiens hypothetical protein MDS025 (MDS025), mRNA
Bos taurus beta-2-microglobulin (B2M), mRNA
Bovine genomic fragment for 1.709 satellite DNA
Homo sapiens cDNA FLJ34522 fis, clone HLUNG2007163
Zea mays clone Contig642.F mRNA sequence
Sus scrofa COFILIN protein (COFILIN), mRNA
Sus scrofa 40S ribosomal protein S17 (RPS17), mRNA
Bos taurus alpha skeletal actin precursor gene, complete cds
Bos taurus lactoglobulin, beta (LGB), mRNA
Gallus gallus finished cDNA, clone ChEST331m5
B.taurus mRNA for immunoglobulin light chain
Bos taurus acidic ribosomal phosphoprotein PO mRNA, partial cds
PREDICTED: Pan troglodytes M-phase phosphoprotein 10 (LOC459311),
mRNA
B.taurus mRNA, alternative polyadenylation signals
Papio anubis clone RP41-139B7, complete sequence

PIT751C09

PREDICTED: Pan troglodytes similar to dynactin 3 isoform 1; dynactin
light chain (LOC465061), mRNA
PIT755G09 Rattus norvegicus cDNA clone MGC:72646 IMAGE:6920523, complete
cds
GI11C03
PREDICTED: Pan troglodytes similar to beta-tropomyosin (LOC465078),
mRNA
GI11C09
Bos taurus ribosomal protein S28-like protein mRNA, partial cds
GI34A09
Homo sapiens, clone IMAGE:5760743, mRNA
GI43C03
GI43C09
GI10A04

Homo sapiens chromosome 7 clone RP11-365F18, complete sequence
Ovis aries (clone 27) type II small proline-rich protein mRNA, complete
cds
Pongo pygmaeus mRNA; cDNA DKFZp459K1410 (from clone
DKFZp459K1410)
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Clone ID
GI10A10
GI33A04

Cluster 1 Gene Name Continued
Bos taurus glutathione S-transferase pi (GSTP1), mRNA
B.taurus mRNA of VIa L 3prime untranslated region

GI33A10

GI33C10

Bos taurus hsp90alpha mRNA for 90-kDa heat shock protein alpha,
complete cds
Mus musculus THAP domain containing 4, mRNA (cDNA clone
MGC:70051 IMAGE:6334411), complete cds
Bovine lysozyme c isozyme 1a mRNA, complete cds

GI33E04

Homo sapiens BAC clone RP11-335E9 from 2, complete sequence

GI33E10

Homo sapiens mRNA; cDNA DKFZp313N0919 (from clone
DKFZp313N0919)
Homo sapiens additional sex combs like 1 (Drosophila) (ASXL1), mRNA
Bos taurus Rieske iron-sulfur mRNA, complete cds; nuclear gene for
mitochondrial product
Sus scrofa COFILIN protein (COFILIN), mRNA
Sus scrofa 60S ribosomal protein L35 mRNA, complete cds

GI33C04

GI37A10
GI37E10
GI37G04
GI42E10
GI42G04
GI42G10
M679C04
M676C04
PIT751E10
GI11C04
GI34E04
GI38C04

M663G05

B.taurus mRNA for immunoglobulin light chain
Cloning vector pGEM-4Z
Zea mays PCO064652 mRNA sequence
Mus musculus expressed sequence AL033326 (AL033326), mRNA
Homo sapiens, clone IMAGE:3882985, mRNA
Bos taurus EF1A mRNA for elongation factor 1 alpha, complete cds
B.taurus mRNA for SDAP subunit of NADH
Homo sapiens ubiquitin specific protease 24, mRNA (cDNA clone
MGC:29848 IMAGE:4995223), complete cds
Homo sapiens poly(A) binding protein, cytoplasmic 1, mRNA (cDNA
clone MGC:15290 IMAGE:3940309), complete cds
Mus musculus serum/glucocorticoid regulated kinase, mRNA (cDNA
clone MGC:11778 IMAGE:3594892), complete cds
Human chromosome 14 DNA sequence BAC R-529H20 of library RPCI11 from chromosome 14 of Homo sapiens (Human), complete sequence
Homo sapiens, clone IMAGE:5766871, mRNA

M673E05

Bovine beta-casein gene, complete cds

GI05C05

Bos taurus succinate dehydrogenase complex, subunit C, integral
membrane protein, 15kDa (SDHC), mRNA
Pan troglodytes chromosome 22 clone:RP43-018H16, map 22, complete
sequences

GI38C10
GI38E04
M663C05

GI05C11
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Clone ID
GI05E05
GI10A11
GI33A05
GI33A11
GI33G05
GI37A11
GI42A11
PIT755E05
GI07C11
GI07E11
GI11C11
GI11G11
GI38C05

Cluster 1 Gene Name Continued
Homo sapiens mRNA; cDNA DKFZp313L1834 (from clone
DKFZp313L1834)
Danio rerio myosin, heavy polypeptide 2, fast muscle specific (myhz2),
mRNA
Bovine mRNA fragment for cytokeratin A (no. 8)
Bos taurus hsp90alpha mRNA for 90-kDa heat shock protein alpha,
complete cds
Oryctolagus cuniculus Na+,K+-ATPase beta 1 subunit mRNA, complete
cds
Homo sapiens clone DNA80135 LKKM2429 (UNQ2429) mRNA,
complete cds
Bos taurus milk lysozyme mRNA, complete cds
Zea mays PCO064652 mRNA sequence
Bos taurus thymosin beta 4 (LOC444862), mRNA
Homo sapiens cDNA: FLJ23273 fis, clone HEP02611, highly similar to
HSU79278 Human protein disulfide isomerase-related protein P5 mRNA
Sus scrofa 60S ribosomal protein L35 mRNA, complete cds
Xenopus laevis cDNA clone MGC:81999 IMAGE:7010556, complete cds

GI43E05

Homo sapiens poly(A) binding protein, cytoplasmic 1, mRNA (cDNA
clone MGC:15290 IMAGE:3940309), complete cds
Mus musculus serum/glucocorticoid regulated kinase, mRNA (cDNA
clone MGC:11778 IMAGE:3594892), complete cds
Bos taurus lysozyme 3 (LYZ3), mRNA

GI43G11

Bos taurus common salivary protein BSP30, form a (BSP30A), mRNA

GI38E05

PIT750G12 Mus musculus RIKEN cDNA E130306I01 gene, mRNA (cDNA clone
IMAGE:4950915), with apparent retained intron
GI05G06
Mus musculus RIKEN cDNA 1700025E21 gene, mRNA (cDNA clone
MGC:58810 IMAGE:6773255), complete cds
GI10E06
Human mRNA for ribosomal protein L17
GI33A12

Xenopus laevis cDNA clone MGC:83191 IMAGE:6632629, complete cds

GI33C12
GI37E06
GI37E12

Bos taurus partial col1A1 gene for pro alpha 1(I) collagen, exon 52
Sus scrofa amphiregulin long form (AREG), mRNA
Homo sapiens translocase of inner mitochondrial membrane 17 homolog A
(yeast), mRNA (cDNA clone IMAGE:3866392)
Homo sapiens Purkinje cell protein 4 (PCP4), mRNA
Bos taurus mRNA for calcium-binding protein in amniotic fluid 1,
complete cds

GI42A06
GI42A12

194

Clone ID
GI42C12
PIT751C12

Cluster 1 Gene Name Continued
Homo sapiens cDNA clone IMAGE:5286019, partial cds
Homo sapiens hypothetical protein PRO1855 (PRO1855), mRNA

GI07E06

GI06D07

Ovis aries (clone 27) type II small proline-rich protein mRNA, complete
cds
Homo sapiens chromosome 17, clone RP11-153A23, complete sequence
Homo sapiens splicing factor, arginine/serine-rich 10 (transformer 2
homolog, Drosophila) (SFRS10), mRNA
Homo sapiens ribosomal protein, large, P1, transcript variant 1, mRNA
(cDNA clone MGC:5215 IMAGE:2900846), complete cds
Bos taurus ras-related C3 botulinum toxin substrate 2 (rho family, small
GTP binding protein Rac2) (RAC2), mRNA
Bos taurus tumor rejection antigen (gp96) 1 (TRA1), mRNA

GI31B07

O.cuniculus mRNA for troponin I

GI31D01
GI36E03

Ciona intestinalis cDNA, clone:ciad003j20, full insert sequence
Sus scrofa 433 kb genomic segment, located between the non-classical and
classical SLA class I gene cluster, clone: BAC 1051H9
Expression vector pSlip7, complete sequence
PREDICTED: Pan troglodytes bromodomain adjacent to zinc finger
domain, 2B (LOC470568), mRNA
Homo sapiens scaffold attachment factor B (SAFB), mRNA
Ovis aries immunoglobulin alpha heavy chain (IgA) mRNA, partial cds

GI11C06
GI11C12
GI11G06
GI38A12

GI35D01
GI35F01
GI40B07
GI40H01
GI40H07

GI32H01

Homo sapiens clone DNA56859 AVLV472 (UNQ472) mRNA, complete
cds
Homo sapiens transmembrane 4 superfamily member 8, transcript variant
1, mRNA (cDNA clone MGC:10843 IMAGE:3616380), complete cds
Homo sapiens Chromosome 1p13.3 Cosmid Clone ctgm1, complete
sequence
B.taurus mRNA for immunoglobulin G1 heavy chain

GI36B07

Homo sapiens cDNA clone IMAGE:4737427, partial cds

GI36D07

Homo sapiens 3 BAC RP11-484D18 (Roswell Park Cancer Institute
Human BAC Library) complete sequence
Bos taurus gene for Trappin-6, partial cds
Bos taurus ATP synthase, H+ transporting, mitochondrial F0 complex,
subunit c (subunit 5), isoform 1 (ATP5G1), mRNA
Rattus norvegicus pyruvate dehydrogenase E1 alpha 1 (Pdha1), mRNA
Bovine ATP synthase inhibitor protein mRNA, complete cds

GI03B07
GI03H01

GI41D07
GI41H07
M661F02
GI06F02
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Clone ID
GI31B08
GI31D02
GI31D08
GI31F02
GI31H02
GI35D02
GI35D08
GI35F02
GI40D02
GI40F02
GI40F08
GI03F08
GI03H08
GI08F02
GI08F08
GI08H02
GI32B08
GI32D02
GI32F08
GI36D08
M660F03
GI06B09
GI06D03
GI31D03
GI31F09
GI35H09
GI40D09
GI40H03
GI40H09
GI03D03

Cluster 1 Gene Name Continued
Homo sapiens mRNA; cDNA DKFZp686O0215 (from clone
DKFZp686O0215)
Homo sapiens mRNA; cDNA DKFZp434C2120 (from clone
DKFZp434C2120)
Homo sapiens mRNA; cDNA DKFZp762F135 (from clone
DKFZp762F135)
Homo sapiens lectin, galactoside-binding, soluble, 3 (galectin 3)
(LGALS3), mRNA
Homo sapiens mRNA; cDNA DKFZp434O0227 (from clone
DKFZp434O0227)
Homo sapiens cDNA clone IMAGE:6385427, partial cds
B.taurus mRNA for immunoglobulin light chain
Pongo pygmaeus mRNA; cDNA DKFZp459B0119 (from clone
DKFZp459B0119)
Bos taurus lysozyme, macrophage (LYZ), mRNA
Bos taurus immunoglobulin J chain (IGJ), mRNA
Pongo pygmaeus mRNA; cDNA DKFZp459N107 (from clone
DKFZp459N107)
Homo sapiens myosin, heavy polypeptide 9, non-muscle (MYH9), mRNA
Bos taurus pancreatic thread protein (PTP), mRNA
Human mRNA for ribosomal protein L17
Homo sapiens target of myb1-like 1 (chicken) (TOM1L1), mRNA
Expression vector pSlip7, complete sequence
Homo sapiens cDNA clone IMAGE:5759225, partial cds
Bos taurus beta-actin (ACTB) mRNA, complete cds
Homo sapiens cDNA clone IMAGE:5759225, partial cds
B.taurus mRNA for immunoglobulin light chain
Homo sapiens PAC clone RP5-892G19 from 7, complete sequence
Bos taurus aldo-keto reductase family 1, member C1 (dihydrodiol
dehydrogenase 1; 20-alpha (3-alpha)-hydroxysteroid dehydrogenase)
(AKR1C1), mRNA
Homo sapiens mRNA; cDNA DKFZp686H18275 (from clone
DKFZp686H18275)
Ciona intestinalis cDNA, clone:ciad003j20, full insert sequence
Homo sapiens, clone IMAGE:5215971, mRNA
Ovis aries carbonic anhydrase I mRNA, complete cds
TPA: Mus musculus ribosomal DNA, complete repeating unit
TPA: Mus musculus ribosomal DNA, complete repeating unit
PREDICTED: Pan troglodytes similar to trefoil factor 3 precursor;
intestinal trefoil factor (LOC470096), mRNA
Bos taurus ribosomal protein S28-like protein mRNA, partial cds
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Cluster 1 Gene Name Continued

GI03H03

GI06B10

Bos taurus phosphorylase, glycogen; muscle (McArdle syndrome,
glycogen storage disease type V) (PYGM), mRNA
Ovis aries KRT15 gene
Homo sapiens HSPC008 mRNA, complete cds
Homo sapiens cDNA clone IMAGE:5759225, partial cds
Homo sapiens ribosomal protein S15a, mRNA (cDNA clone MGC:57552
IMAGE:5736078), complete cds
Homo sapiens cDNA clone IMAGE:5759225, partial cds
Pongo pygmaeus mRNA; cDNA DKFZp459L2324 (from clone
DKFZp459L2324)
Homo sapiens cullin 3, mRNA (cDNA clone MGC:48882
IMAGE:5784147), complete cds
Homo sapiens Williams Beuren syndrome chromosome region 22
(WBSCR22), mRNA
Homo sapiens trafficking protein particle complex 1 (TRAPPC1), mRNA

GI06F04

Homo sapiens, clone IMAGE:5184785, mRNA

GI06F10

PREDICTED: Pan troglodytes similar to Phospholipase A2, membrane
associated precursor (Phosphatidylcholine 2-acylhydrolase) (Group IIA
phospholipase A2) (GIIC sPLA2) (Non-pancreatic secretory phospholipase
A2) (NPS-PLA2) (LOC456587), mRNA
Bos taurus aldehyde oxidase 1 (AOX1), mRNA
Homo sapiens, clone IMAGE:4066330, mRNA
Homo sapiens cDNA: FLJ21439 fis, clone COL04352
Rabbit hsp90 binding protein (p59) mRNA, complete cds
Zea mays clone Contig642.F mRNA sequence
Ovis aries small proline-rich protein type II (PRD-SPRR II) gene, complete
cds
Homo sapiens 3 BAC RP11-484D18 (Roswell Park Cancer Institute
Human BAC Library) complete sequence
Cloning vector pSport1, complete cds
Bos taurus Rho GDP dissociation inhibitor (GDI) beta (ARHGDIB),
mRNA
Homo sapiens ribosomal protein L35a (RPL35A), mRNA
Pongo pygmaeus mRNA; cDNA DKFZp469G131 (from clone
DKFZp469G131)
Homo sapiens cDNA clone IMAGE:4801842, partial cds
Bos taurus ATP synthase, H+ transporting, mitochondrial F0 complex,
subunit c (subunit 9), isoform 2 (ATP5G2), mRNA
Bos taurus immunoglobulin J chain (IGJ), mRNA

GI08D03
GI32B03
GI32B09
GI32D09
GI32F09
GI41B03
M661F04
PIT752F04

GI31B10
GI31D04
GI31D10
GI31F04
GI31F10
GI31H04
GI35B10
GI40B04
GI40B10
GI40H04
PIT749B10
GI03B10
GI32B10
GI36B04
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GI36D10
GI36F04
GI36H04
GI41D10
GI41F10
M662F05

Cluster 1 Gene Name Continued
Mus musculus RIKEN cDNA 1810030J14 gene, mRNA (cDNA clone
MGC:35753 IMAGE:4985132), complete cds
Bos taurus acidic alpha-glucosidase gene, exons 2 through 20 and complete
cds
Bos taurus BAC CH240-89P8 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
Homo sapiens microsomal glutathione S-transferase 3 (MGST3), mRNA
Cloning vector pSport1, complete cds

GI06D11

PREDICTED: Homo sapiens hypothetical protein LOC203547
(LOC203547), mRNA
Homo sapiens eukaryotic translation initiation factor 4A, isoform 2, mRNA
(cDNA clone MGC:21863 IMAGE:4341420), complete cds
Homo sapiens eukaryotic translation initiation factor 4A, isoform 2, mRNA
(cDNA clone MGC:21863 IMAGE:4341420), complete cds
B.taurus mRNA for immunoglobulin G1 heavy chain

GI06F05

Bos taurus isolate FL405 mitochondrion, partial genome

GI31B05

Homo sapiens lectin, galactoside-binding, soluble, 3 (galectin 3)
(LGALS3), mRNA
Homo sapiens mRNA; cDNA DKFZp779C0666 (from clone
DKFZp779C0666)
Homo sapiens CR6 interacting factor 1 mRNA, complete cds

GI06B05
GI06B11

GI31D05
GI31D11
GI31F05
GI31F11
GI35F05
GI35H05
GI40B05
GI40B11

Homo sapiens laminin, beta 1, mRNA (cDNA clone IMAGE:3530032),
partial cds
Bos taurus calbindin 3, (vitamin D-dependent calcium binding protein)
(CALB3), mRNA
S.scrofa pancreatic spasmolytic polypeptide (PSP) mRNA
Homo sapiens TEA domain family member 3, mRNA (cDNA clone
MGC:34093 IMAGE:5207501), complete cds
Homo sapiens karyopherin (importin) beta 1 (KPNB1), mRNA
Homo sapiens hypothetical protein MDS025 (MDS025), mRNA

PIT753D05 Pongo pygmaeus mRNA; cDNA DKFZp469L074 (from clone
DKFZp469L074)
GI03D05
Bos taurus thymosin, beta 10 (TMSB10), mRNA
GI03F11
Bos taurus clone 16 immunoglobulin lambda light chain variable region
(Vlambda1a) mRNA, partial cds
GI08B05
Homo sapiens keratin 17 (KRT17), mRNA
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Cluster 1 Gene Name Continued

GI08F11

GI41B11

Mus musculus RIKEN cDNA 2700094L05 gene (2700094L05Rik),
mRNA
Mus musculus ribosomal protein L37a (Rpl37a), mRNA
Bos taurus ubiquinol-cytochrome c reductase (6.4kD) subunit (UQCR),
mRNA
Homo sapiens calcium channel, voltage-dependent, L type, alpha 1C
subunit (CACNA1C), mRNA
B.taurus mRNA for immunoglobulin light chain

GI41D11

Bos taurus lysozyme, macrophage (LYZ), mRNA

GI41H05
GI41H11

Bovine epidermal cytokeratin (type II) component III mRNA, 3prime end
Bos taurus immunoglobulin IgA heavy chain constant region gene, partial
cds
Bos taurus mRNA for similar to bone proteoglycan II, partial cds, clone:
ORCS12941
Homo sapiens mRNA; cDNA DKFZp434O0227 (from clone
DKFZp434O0227)
Homo sapiens mRNA; cDNA DKFZp762F135 (from clone
DKFZp762F135)
Ovis aries (clone 27) type II small proline-rich protein mRNA, complete
cds
Homo sapiens Williams-Beuren syndrome critical region protein 27
(WBSCR27) mRNA, complete cds
Bos taurus hepatocyte nuclear factor 4gamma mRNA, complete cds
Bos taurus clone RP42-552E5, complete sequence

GI08H11
GI32H05
GI36B05

M662F06
M662H06
GI06D06
GI31D06
GI31H06
GI35B12
GI35D12
GI40B12

GI08H06

Bos taurus phosphorylase, glycogen; muscle (McArdle syndrome,
glycogen storage disease type V) (PYGM), mRNA
Sus scrofa G-beta like protein (GNB2L1), mRNA
Pongo pygmaeus mRNA; cDNA DKFZp459N1650 (from clone
DKFZp459N1650)
Pongo pygmaeus mRNA; cDNA DKFZp459C0526 (from clone
DKFZp459C0526)
Bos taurus thymosin beta 4 (LOC444862), mRNA

GI08H12

Mus musculus inhibin alpha (Inha), mRNA

GI36B12

Bos taurus NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 8,
19kDa (NDUFB8), mRNA
Ovis aries carbonic anhydrase I mRNA, complete cds

GI40D06
GI03D12
GI08F12

GI36D12
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Cluster 1 Gene Name Continued

GI41D06

PREDICTED: Pan troglodytes similar to hypothetical protein MGC19604;
similar to P0671D01.19 (LOC455700), mRNA
Ovis aries copper chaperone (SAH) mRNA, complete cds
Homo sapiens, clone IMAGE:3960940, mRNA, partial cds
Pongo pygmaeus mRNA; cDNA DKFZp459J1214 (from clone
DKFZp459J1214)
Zea mays clone Contig642.F mRNA sequence
Homo sapiens FWP007 mRNA, complete cds

GI41F06
GI10D07
GI33F01
GI33H07
GI37F01
GI37F07
GI37H01
GI42B07
GI42D07
GI42H01
M679B07
GI07B01
GI11H07
GI34B01

Human DNA sequence from clone RP11-393H10 on chromosome X,
complete sequence
Homo sapiens S-phase 2 protein (DERP6), mRNA
B.taurus cytokeratin 19 gene exons 2-6 and 3prime-flank
Homo sapiens arginine-glutamic acid dipeptide (RE) repeats (RERE),
mRNA
PREDICTED: Pan troglodytes similar to ribosomal protein L38
(LOC454861), mRNA
Bos taurus clone B5D8 immunoglobulin heavy chain constant region
mRNA, partial cds
Homo sapiens hypothetical protein LOC339260, mRNA (cDNA clone
IMAGE:5168338), partial cds
Ovis aries (clone 27) type II small proline-rich protein mRNA, complete
cds
Homo sapiens cDNA FLJ34522 fis, clone HLUNG2007163

GI34F01

Mus musculus RIKEN cDNA A930021H16 gene (A930021H16Rik),
mRNA
GI43D01
Homo sapiens ribosomal protein L28 (RPL28), mRNA
M675D08
Bos taurus casein alpha-S2 (CSN1S2), mRNA
PIT754D02 Homo sapiens chromosome 5 clone CTD-2301A4, complete sequence
GI05B08
Homo sapiens LOH11CR1K gene, loss of heterozygosity, 11,
chromosomal region 1 gene K product
GI05H02
Hippopotamus amphibius DNA, retroposon SINE CHR1 (Gm5 locus)
GI10D08
Bos taurus milk lysozyme mRNA, complete cds
GI33B08
GI37B02
GI37H02

Bos taurus BAC CH240-385H19 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
Sus scrofa 433 kb genomic segment, located between the non-classical and
classical SLA class I gene cluster, clone: BAC 1051H9
Bos taurus immunoglobulin J chain (IGJ), mRNA
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Cluster 1 Gene Name Continued

GI42D02

Homo sapiens succinate dehydrogenase complex, subunit B, iron sulfur
(Ip) (SDHB), mRNA
Human DNA sequence from clone RP11-147L20 on chromosome
13q14.11-14.2 Contains the ESD gene for esterase D/formylglutathione
hydrolase, the 3prime end of the HTR2A gene for 5-hydroxytryptamine
(serotonin) receptor 2A, the 3prime end of a variant of gene KIAA1016
and a CpG island, complete sequence
PREDICTED: Pan troglodytes similar to Phospholipase A2, membrane
associated precursor (Phosphatidylcholine 2-acylhydrolase) (Group IIA
phospholipase A2) (GIIC sPLA2) (Non-pancreatic secretory phospholipase
A2) (NPS-PLA2) (LOC456587), mRNA
Homo sapiens mRNA; cDNA DKFZp686P0211 (from clone
DKFZp686P0211)
Ovis aries (clone 27) type II small proline-rich protein mRNA, complete
cds
Rattus norvegicus cDNA clone MGC:72770 IMAGE:6888098, complete
cds
Homo sapiens mRNA; cDNA DKFZp686P03159 (from clone
DKFZp686P03159); complete cds
Bos taurus mRNA for calcium-binding protein in amniotic fluid 1,
complete cds
Homo sapiens cDNA FLJ34522 fis, clone HLUNG2007163

GI42F08

GI07D08

GI07F02
GI11F02
GI11F08
GI11H02
GI11H08
GI34B02
GI34D08

GI38F02

Mouse DNA sequence from clone RP23-419G21 on chromosome 2,
complete sequence
Mus musculus CNR gene for cadherin-related neuronal receptor, complete
cds
Homo sapiens calcium channel, voltage-dependent, L type, alpha 1C
subunit (CACNA1C), mRNA
Oryctolagus cuniculus Na+,K+-ATPase beta 1 subunit mRNA, complete
cds
Homo sapiens LSM3 homolog, U6 small nuclear RNA associated (S.
cerevisiae) (LSM3), mRNA
Bos taurus strain Korean Jungeup yellow4 tRNA-Pro gene, partial
sequence; D-loop and tRNA-Phe gene, complete sequence; and 12S
ribosomal RNA gene, partial sequence; mitochondrial
Homo sapiens ubiquitin specific protease 24, mRNA (cDNA clone
MGC:29848 IMAGE:4995223), complete cds
Sus scrofa COFILIN protein (COFILIN), mRNA

GI43B08

Homo sapiens FWP007 mRNA, complete cds

GI34F02
GI34H02
GI34H08
GI38B02
GI38D02
GI38D08
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Clone ID
GI10B03
GI37B03
GI37D03

Cluster 1 Gene Name Continued
Sus scrofa defender against apoptotic cell death (DAD1), mRNA
B.taurus mRNA for immunoglobulin light chain
Bos taurus mRNA for calcium-binding protein in amniotic fluid 1,
complete cds
GI37F09
Homo sapiens cDNA FLJ43985 fis, clone TESTI4018938, highly similar
to Homo sapiens dynactin 4 (p62) (DCTN4)
GI42B09
Human DNA sequence from clone RP11-513I15 on chromosome 6
Contains the 5prime end of the GRM4 gene for glutamate receptor
metabotropic 4, keratin 18 pseudogene 1 (KRT18P1), a cytochrome c,
somatic (CYCS) pseudogene, the HMGA1 gene for high mobility group
AT-hook 1, a ribosomal protein L35 (RPL35) pseudogene, part of a novel
gene and CpG islands, complete sequence
GI42D03
Homo sapiens mRNA; cDNA DKFZp564B042 (from clone
DKFZp564B042)
GI42D09
Cloning vector pPGKneo-II, complete sequence
GI42H03
Canis familiaris dystrophin (DMD), mRNA
PIT755H03 Bos taurus clone RP42-394P20, complete sequence
GI11F09
Danio rerio lamin L3 (lmnl3), mRNA
GI11H09
Bos taurus lysozyme 3 (LYZ3), mRNA
GI34D09
Rattus norvegicus solute carrier family 25 (carnitine/acylcarnitine
translocase), member 20 (Slc25a20), mRNA
GI38F03
Bovine lysozyme c isozyme 1a mRNA, complete cds
GI43B09
Ovis aries (clone 27) type II small proline-rich protein mRNA, complete
cds
GI10D04
Bos taurus isolate FL405 mitochondrion, partial genome
GI33D04
Pongo pygmaeus mRNA; cDNA DKFZp459B1431 (from clone
DKFZp459B1431)
GI33F04
PREDICTED: Pan troglodytes LOC457998 (LOC457998), mRNA
GI33H04
Homo sapiens ribosomal protein L39 (RPL39), mRNA
GI37B10
GI37F10
GI42D04
GI42F04
GI42F10
GI42H04
M677H04

Homo sapiens cDNA FLJ43985 fis, clone TESTI4018938, highly similar
to Homo sapiens dynactin 4 (p62) (DCTN4)
Homo sapiens PRP39 pre-mRNA processing factor 39 homolog (yeast),
mRNA (cDNA clone IMAGE:6527003), partial cds
Homo sapiens BAC clone RP11-527G2 from 2, complete sequence
Ovis aries immunoglobulin alpha heavy chain (IgA) mRNA, partial cds
Bos taurus partial col1A1 gene for pro alpha 1(I) collagen, exon 52
Homo sapiens GDDR (GDDR) mRNA, complete cds
Homo sapiens alanyl (membrane) aminopeptidase (aminopeptidase N,
aminopeptidase M, microsomal aminopeptidase, CD13, p150) (ANPEP),
mRNA
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GI11F04
M676H04
GI07F10
GI11H04
GI34B04
GI34B10
GI34D04
GI34F10
GI43D10
GI43F10
GI05H05
GI33D05
GI33D11
GI33F11
GI33H05
GI42B05
GI42D11
GI42H05
M679H05
GI34B05
GI38B11
GI38D05
GI38F05
GI43F05
GI43F11
M663H06

Cluster 1 Gene Name Continued
Homo sapiens cDNA: FLJ22338 fis, clone HRC05981
Homo sapiens huntingtin interacting protein 2, mRNA (cDNA clone
MGC:60046 IMAGE:6502901), complete cds
Homo sapiens ribosomal protein L41, pseudogene 1 (RPL41P1) on
chromosome 20
Homo sapiens mRNA; cDNA DKFZp762F135 (from clone
DKFZp762F135)
Mouse type I epidermal keratin mRNA, 3primeend
Mus musculus RIKEN cDNA 2810422J05 gene, mRNA (cDNA clone
IMAGE:1514563), partial cds
Danio rerio SET domain, bifurcated 2 (setdb2), mRNA
Macaca fascicularis brain cDNA, clone:QflA-14773
Homo sapiens genomic DNA, chromosome 11q clone:RP11-713P17,
complete sequence
Ovis aries (clone 27) type II small proline-rich protein mRNA, complete
cds
Homo sapiens ribosomal protein L14, mRNA (cDNA clone MGC:16644
IMAGE:4123062), complete cds
Bos taurus isolate FL405 mitochondrion, partial genome
Homo sapiens GDDR (GDDR) mRNA, complete cds
Homo sapiens chromosome 17, clone RP11-94L15, complete sequence
Oryctolagus cuniculus Na+,K+-ATPase beta 1 subunit mRNA, complete
cds
Pongo pygmaeus mRNA; cDNA DKFZp459D1139 (from clone
DKFZp459D1139)
Homo sapiens eukaryotic translation initiation factor 5A, mRNA (cDNA
clone MGC:99547 IMAGE:6575132), complete cds
Homo sapiens arginine-glutamic acid dipeptide (RE) repeats (RERE),
mRNA
PREDICTED: Pan troglodytes LOC459099 (LOC459099), mRNA
Bos taurus ubiquinol-cytochrome c reductase (6.4kD) subunit (UQCR),
mRNA
Ovis aries (clone 27) type II small proline-rich protein mRNA, complete
cds
Homo sapiens carbonic anhydrase XII (CA12), transcript variant 2, mRNA
Sus scrofa COFILIN protein (COFILIN), mRNA
Bovine heart cytochrome c oxidase subunit CIX (VIII) mRNA, complete
cds
Homo sapiens S100 calcium binding protein A8 (calgranulin A) (S100A8),
mRNA
Bos taurus MyHC-2a mRNA for myosin heavy chain 2a, complete cds
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Clone ID
M663B06

Cluster 1 Gene Name Continued
Bos taurus BAC CH240-466B8 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
GI10B06
Mus musculus cDNA clone IMAGE:30293890, partial cds
GI33D12
Bovine mRNA fragment for cytokeratin A (no. 8)
GI37D06
Bos taurus cystatin C (amyloid angiopathy and cerebral hemorrhage)
(CST3), mRNA
M679H06
Pan troglodytes BAC clone RP43-12F2 from 7, complete sequence
PIT755H06 Mus musculus, sialyltransferase 4A (beta-galactosidase alpha-2,3sialytransferase), clone IMAGE:4480779, mRNA
GI07B06
Mus musculus thyroid hormone receptor interactor 13, mRNA (cDNA
clone IMAGE:6516750)
GI07H06
Bos taurus clone 16 immunoglobulin lambda light chain variable region
(Vlambda1a) mRNA, partial cds
GI11B06
Homo sapiens chromosome 15 clone CTD-2339L15 map 15q14, complete
sequence
GI11D12
Homo sapiens CGI-100 protein, mRNA (cDNA clone MGC:5366
IMAGE:3048959), complete cds
GI11H06
Homo sapiens mRNA; cDNA DKFZp762F135 (from clone
DKFZp762F135)
GI34F06
A.axis, lysozyme 1 (lzm1) mRNA, complete cds
GI38B12

GI06C08

Bos taurus ras-related C3 botulinum toxin substrate 2 (rho family, small
GTP binding protein Rac2) (RAC2), mRNA
PREDICTED: Pan troglodytes similar to U3 snoRNP protein 3 homolog;
mitochondrial ribosomal protein S4 (LOC453760), mRNA
Unknown

M664A02

Unknown

GI32G08
GI41C02
GI36A03
GI36A05
GI32C12
GI41A12
PIT755A01
GI11A01
GI33E02
GI34G02
GI33C09
GI33E03
M666G09

Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown

GI43F12
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GI38A03
M663E04
GI33G04
GI42A10
GI43E10
M678C05
GI37E11
GI38C11
GI38G05
GI33E06
GI33G06
GI37A06
GI34C12
GI38A06
GI38C12
GI35B01
GI31B02
GI35H08
GI36H02
GI41D08
PIT749F09
GI32D03
GI36H10
GI35F11
M667H05
GI41F11
GI35H12
GI41H06
GI42F07
GI43B07
GI33F02
GI42B02
M679B02
GI11B02
GI38F08
GI10D09
GI11D03
GI34H03
GI34H09
GI33D10
GI11D10

Cluster 1 Gene Name Continued
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
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Clone ID
GI43B04
GI43F04
GI37B05
PIT751B05
GI43H11
GI34D12
M660C07
M661C07
GI35A01
GI40E01
GI36C01
M660A08
PIT744A02
PIT746A04
PIT746E04
GI06A02
GI35E02
M661A03
GI31E03
GI35G03
GI40G03
M662E04
GI40E10
GI35E05
GI32A11
GI36C11
M661C12
PIT747E04
GI40C06
GI36A12
GI34A07
M676C02
M676G02
GI11C08
GI34A08
GI10G03
GI33G09
GI37C03
M677C03
GI38G09
GI37C10

Cluster 1 Gene Name Continued
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown

206

Clone ID
GI37E04
GI11E10
M663A05
GI33C11
GI33G11
GI43E11
GI43G05
M663C12
M663G06
GI33A06
GI37C06
GI37G06
GI42G06
GI34C06
M660B07
GI36F07
M660B08
M661D02
GI31H08
GI35F08
GI41F08
M661D03
M661F03
GI32F03
GI36B09
M660D10
M661H04
GI31H10
GI35D04
GI35F04
GI40F04
GI40H10
GI41F04
M660B05
M661H05
GI32H11
M660D06
PIT746F02
M667F12
GI41B12
GI33H01

Cluster 1 Gene Name Continued
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
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GI37D01
PIT755B01
GI11B07
GI11H01
GI34B07
GI34D07
GI38B01
GI43D07
GI42D08
M666B08
PIT755H02
GI11D08
GI34F08
GI43D02
GI33H09
GI42F09
GI34B03
GI34B09
GI05H04
GI42H10
GI11B04
GI11B10
GI11F10
GI43B10
M663F05
M663H05
PIT754D11
GI10B11
GI33F05
GI37H11
M663F06
PIT750H12
GI33B06
GI11F06
GI34D06
GI38D12

Cluster 1 Gene Name Continued
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
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M670G07

Cluster 2 Gene Name
Bos taurus BAC CH240-385H19 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
PIT752A01 B.taurus calpain II regulatory subunit mRNA, complete cds
GI06C01
Homo sapiens cyclin I mRNA, complete cds
M667C01
Homo sapiens fibulin 1 (FBLN1), transcript variant A, mRNA
PIT749G01 Bos taurus ribosomal protein L3 (Rpl3), mRNA
GI08A07
GI41C01
M660A02
M670C02
PIT748C08

Cloning vector pPGKneo-II, complete sequence
B.taurus mRNA (from chromosome 3, with unknown function)
Homo sapiens hypothetical protein FLJ23749 (FLJ23749), mRNA
Equus caballus ribosomal protein L7a mRNA, partial cds
Canis familiaris prenylated Rab acceptor 1 (PRA1), mRNA

PIT752A02 Homo sapiens ribosomal protein L18 (RPL18), mRNA
PIT753G08 Homo sapiens FK506 binding protein 1A, 12kDa (FKBP1A), transcript
variant 12B, mRNA
GI03A08
Homo sapiens ribosomal protein L28 (RPL28), mRNA
GI32G02
Sus scrofa 60S ribosomal protein L11 mRNA, partial cds
M661A09
Homo sapiens yippee-like 3 (Drosophila) (YPEL3), mRNA
M661C03
Homo sapiens chromosome 5 clone CTC-209H22, complete sequence
M661E09
Cloning vector pGEM-5Zf(-)
M671E09
Bos taurus proteolipid protein 2 (colonic epithelium-enriched) (PLP2),
mRNA
PIT748C03 Bos taurus neuronatin (Nnat) mRNA, partial cds
PIT752A03 Bos taurus BAC CH240-9E7 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
PIT752C03 Bos taurus ribosomal protein L3 (Rpl3), mRNA
GI35E09
GI40C09
M668C03
M668C09
GI41G09
M660A10
M671C10
M671G04
M671G10

Cloning vector pSport1, complete cds
Bos taurus mRNA for similar to ribosomal protein L17, partial cds, clone:
ORCS12459
Bovine genomic fragment for 1.709 satellite DNA
PREDICTED: Homo sapiens macrophage expressed gene 1 (MPEG1),
mRNA
Felis catus clone E472 ribosomal protein S7 mRNA, complete cds
Bos taurus BAC CH240-275I24 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
Bos taurus clusterin (CLU), mRNA
Bos taurus lactoferrin [lactotransferrin] (LTF), mRNA
Ovis aries KRT15 gene
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Cluster 2 Gene Name Continued

PIT748E04

Homo sapiens ribosomal protein L4, mRNA (cDNA clone
IMAGE:3051153)
M668A04
Homo sapiens BTG family, member 2 (BTG2), mRNA
GI41E04
B.taurus mRNA (from chromosome 3, with unknown function)
PIT753C04 Homo sapiens tripartite motif-containing 2 (TRIM2), mRNA
GI36C10
GI36E04
M671A05
PIT753E11
M660E12
M670A06
GI31E12
GI35C06
GI35G12
M664G12
M672A06
M674C06
M674C12
M674E06
GI03C12
GI03G06
GI36G06
M665C01
M673A07
M673G07
GI05A07
GI05E01
M666E01
GI07G01
GI34C07
M665E02

Bos taurus ribosomal protein L12 (RPL12), mRNA
Pongo pygmaeus mRNA; cDNA DKFZp468K1113 (from clone
DKFZp468K1113)
Bos taurus hsp90beta mRNA for 90-kDa heat shock protein beta,
complete cds
TPA: Mus musculus ribosomal DNA, complete repeating unit
Bovine genomic fragment for 1.709 satellite DNA
Homo sapiens methionine-tRNA synthetase (MARS), mRNA
B.taurus mRNA, alternative polyadenylation signals
Cloning vector pPGKneo-II, complete sequence
Bos taurus ribosomal protein L15 mRNA, partial cds
Bos taurus hypothetical protein 1195 mRNA, partial cds
Bovine alpha s2 casein type A protein (CASAS2) gene, exons 1-18
Bos taurus stearoyl-CoA desaturase variant A (SCD) mRNA, complete
cds
Bos taurus stearoyl-CoA desaturase variant A (SCD) mRNA, complete
cds
B.taurus gene for alpha-S1-casein
Homo sapiens catenin (cadherin-associated protein), beta 1, 88kDa
(CTNNB1), mRNA
Bovine epidermal cytokeratin (type II) component III mRNA, 3prime end
Human mRNA for ribosomal protein L17
Bos taurus chitinase-like protein 1 (CLP-1) mRNA, partial cds
B.taurus gene for alpha-S1-casein
B.taurus gene for alpha-S1-casein
Mus musculus cDNA clone IMAGE:4911844, partial cds
Bos taurus mRNA for calcium-binding protein in amniotic fluid 1,
complete cds
Bos taurus BAC CH240-118E9 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
Bos taurus isolate FL405 mitochondrion, partial genome
Homo sapiens ribosomal protein S24 (RPS24), transcript variant 1, mRNA
Bos taurus BAC CH240-385H19 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
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Cluster 2 Gene Name Continued

PIT750G08 Bovine mRNA for adenylate cyclase-stimulation G-protein alpha subunit
GI05A08
Homo sapiens, Similar to ribosomal protein L23, clone IMAGE:3606198,
mRNA, partial cds
GI05C08
Ovis aries partial h19 gene for non-coding transcript, exons 1-5
GI33C02
Bos taurus strain Korean Jungeup yellow4 tRNA-Pro gene, partial
sequence; D-loop and tRNA-Phe gene, complete sequence; and 12S
ribosomal RNA gene, partial sequence; mitochondrial
GI42G08
Bos taurus mRNA for similar to ribosomal protein S14, partial cds, clone:
ORCS13889
M666E08
Pongo pygmaeus mRNA; cDNA DKFZp459J2010 (from clone
DKFZp459J2010)
M669C02
Balaenoptera bonaerensis DNA, CHR-2 SINE MDI type sequence, Minke
1 locus
M669G08
Cloning vector pGEM-5Zf(-)
PIT751G02 Homo sapiens cDNA FLJ45113 fis, clone BRAWH3034743
GI07E02
Bos taurus mRNA for calcium-binding protein in amniotic fluid 1,
complete cds
M663A09
Bos taurus chitinase-like protein 1 (CLP-1) mRNA, partial cds
M663C09
Sus scrofa c-fos gene, exons 1-4
M673C09
Bovine beta-casein gene, complete cds
M675E03
Bovine alpha s2 casein type A protein (CASAS2) gene, exons 1-18
M675G09
Bos taurus BAC CH240-237H4 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
PIT750G09 B.taurus MHC class 1 protein molecule D18.4
PIT754A09 Bos taurus BAC CH240-382E8 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
GI05A09
Cloning vector pGEM-4Z
M666A09
Bos taurus BAC CH240-144A17 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
PIT751C03 Homo sapiens cDNA FLJ13893 fis, clone THYRO1001661
GI07E09
GI07G09
GI34C03
GI38C09
M665A04
M673C04
M675E04
M675E10

Homo sapiens cDNA clone IMAGE:6503168, partial cds
full-length cDNA clone CS0DI084YG22 of Placenta Cot 25-normalized
of Homo sapiens (human)
Bos taurus ferritin heavy chain mRNA, partial cds
B.taurus mRNA (from chromosome 3, with unknown function)
Bos taurus annexin A2 (ANXA2), mRNA
Bovine beta-casein gene, complete cds
Bos taurus BAC CH240-385H19 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
Bos taurus stearoyl-CoA desaturase variant A (SCD) mRNA, complete
cds
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M675G10
GI42E04
PIT755C04

Cluster 2 Gene Name Continued
B.taurus gene for alpha-S1-casein
Bos taurus heat shock 10kDa protein 1 (chaperonin 10) (HSPE1), mRNA
Homo sapiens 3 BAC RP11-385G14 (Roswell Park Cancer Institute
Human BAC Library) complete sequence
GI07G04
Ovis aries (clone 27) type II small proline-rich protein mRNA, complete
cds
GI34A10
Bos taurus ribosomal protein L15 mRNA, partial cds
GI38A04
Homo sapiens ribosomal protein S13, mRNA (cDNA clone MGC:5071
IMAGE:2899987), complete cds
M678G11
B.taurus IFNAR mRNA for interferon receptor type I
M663C11
Balaenoptera bonaerensis DNA, CHR-2 SINE MDI type sequence, Minke
1 locus
M675G11
Bovine beta-casein gene, complete cds
GI05E11
Bos taurus isolate FL405 mitochondrion, partial genome
GI37C11
Bos taurus BAC CH240-491H11 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M679E05
Bos taurus clone RP42-394P20, complete sequence
M677A11
B.taurus gene for alpha-S1-casein
PIT755C05 Pan troglodytes chromosome X BAC PTB-083D21, complete sequence
M675E06
M669C12

Bovine beta-casein gene, complete cds
Bos taurus BAC CH240-275I24 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
PIT751C06 Homo sapiens ribosomal protein L4, mRNA (cDNA clone
IMAGE:3051153)
GI38G06
full-length cDNA clone CS0CAP007YK06 of Thymus of Homo sapiens
(human)
M671B07
Bos taurus endothelial dysfunction inducing protein (EDIP), mRNA
GI35H07
B.taurus mRNA (from chromosome 3, with unknown function)
M664B07
Bos taurus BAC CH240-89P8 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M668F07
Gastrin-releasing peptide GRP [sheep, term endometrial and myometrial
tissue, mRNA, 820 nt]
PIT753D07 Bos taurus chromogranin B (secretogranin 1) (CHGB), mRNA
GI03B01
GI03F01
M660D08
GI06H02
M668F08

Pongo pygmaeus mRNA; cDNA DKFZp469B1516 (from clone
DKFZp469B1516)
Homo sapiens clone DNA56855 DMC (UNQ473) mRNA, complete cds
Homo sapiens hypothetical protein FLJ38968 (FLJ38968), mRNA
Homo sapiens adenylate kinase 1, mRNA (cDNA clone
IMAGE:5727475), with apparent retained intron
Bos taurus BAC CH240-89P8 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
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Clone ID
PIT749F08
GI03F02

Cluster 2 Gene Name Continued
Homo sapiens LYRIC/3D3 (LYRIC), mRNA

Rattus norvegicus cDNA clone MGC:93429 IMAGE:7131175, complete
cds
GI32B02
Bos taurus polyubiquitin (LOC281370), mRNA
GI32H08
Bos taurus mRNA for similar to ribosomal protein L26, partial cds, clone:
ORCS13588
GI41D02
Bos taurus BAC CH240-105D16 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
GI41F02
Homo sapiens ribosomal protein L18 (RPL18), mRNA
PIT752D09 Homo sapiens mRNA similar to Hermansky-Pudlak syndrome 4 (cDNA
clone IMAGE:5271351)
GI06D09
Homo sapiens cDNA FLJ25621 fis, clone STM02637
GI35B09
Bos taurus mRNA for similar to ribosomal protein S2, partial cds, clone:
ORCS10824
M668H09
Homo sapiens ring finger protein 130, mRNA (cDNA clone
IMAGE:3535930), partial cds
M674F03
Bovine beta-casein gene, complete cds
GI36D03
Bos taurus ribosomal protein L15 mRNA, partial cds
GI36H03
Bos taurus mRNA for similar to ribosomal protein S10, partial cds, clone:
ORCS12838
M661B04
Bos taurus mRNA for similar to ribosomal protein L9, partial cds, clone:
ORCS12906
GI35H04
Human mRNA for ribosomal protein L17
M672D04
Bovine beta-casein gene, complete cds
M674B04
Bos taurus solute carrier family 34 (sodium phosphate), member 2
(SLC34A2),
M674B10
Ovis aries heart fatty acid binding protein (H-FABP) gene, exons 2
through 4 and partial cds
M674H04
Bos taurus fatty acid synthase (FASN) gene, complete cds
GI03F10
Homo sapiens CAG-isl 7 mRNA, complete cds
GI32D04
Bos taurus mRNA for similar to ribosomal protein S12, partial cds, clone:
ORCS13752
GI32F10
Bos taurus mRNA for similar to ribosomal protein S2, partial cds, clone:
ORCS10824
GI41H10
Sus scrofa 60S ribosomal protein L35 mRNA, complete cds
M662F11
Bos taurus BAC CH240-117L9 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
PIT752D11 Homo sapiens ribosomal protein L4, mRNA (cDNA clone
IMAGE:3051153)
GI06H05
Ovis aries (clone 27) type II small proline-rich protein mRNA, complete
cds
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GI06H11
M667H11
M668B11
PIT749F05

Cluster 2 Gene Name Continued
Sus scrofa putative preproadipsin mRNA, complete cds
Bos taurus lysozyme (LZ) gene, complete cds
Bos taurus clusterin (CLU), mRNA
Homo sapiens ribosomal protein L8, mRNA (cDNA clone
IMAGE:4650537)
GI36D05
Pongo pygmaeus mRNA; cDNA DKFZp468K1113 (from clone
DKFZp468K1113)
M670B12
Homo sapiens BAC clone RP11-466G12 from 4, complete sequence
M670H12
Cow manganous superoxide dismutase mRNA, 3prime end
PIT748H06 Homo sapiens ribosomal protein L4, mRNA (cDNA clone
IMAGE:3051153)
PIT752H06 Homo sapiens chromosome 14 open reading frame 9, mRNA (cDNA
clone MGC:11248 IMAGE:3940519), complete cds
GI35F06
Bos taurus ribosomal protein L10 (RPL10), mRNA
M664B12
B.taurus mRNA for nucleoside diphosphate kinase (NBR-B)
M664D12
Bos taurus DNA for SINE sequence Bov-tA
M667F06
Cloning vector pGEM-5Zf(-)
M674D12
Bos taurus BAC CH240-238N22 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M674F06
Bos taurus hypothetical protein 17 mRNA, complete cds
GI03B06
Sus scrofa Epididymal secretory protein E4 (E4), mRNA
GI03D06
Homo sapiens mitochondrial ribosomal protein L51 (MRPL51), nuclear
gene encoding mitochondrial protein, mRNA
GI08B12
Bos taurus isolate FL405 mitochondrion, partial genome
M673F01
Bos taurus BAC CH240-186K21 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
PIT750D07 Bos taurus BAC CH240-268P24 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
GI05F01
Bos taurus pancreatic thread protein (PTP), mRNA
GI05H07
Bos taurus isolate FL396 mitochondrion, partial genome
GI33B01
Bos taurus mRNA for similar to ribosomal protein S10, partial cds, clone:
ORCS12838
M666D01
Homo sapiens transmembrane protein 34, mRNA (cDNA clone
IMAGE:3448856), partial cds
M669H07
Bovine genomic fragment for 1.709 satellite DNA
GI07F07
Homo sapiens mRNA; cDNA DKFZp762F135 (from clone
DKFZp762F135)
GI07H01
Mus musculus RIKEN cDNA 1700093K21 gene (1700093K21Rik),
mRNA
GI07H07
Rattus norvegicus similar to putative SH3BGR protein (LOC363750),
mRNA
GI34H07
B.taurus mRNA (from chromosome 3, with unknown function)
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GI38B07
GI38H07
GI43H01

Cluster 2 Gene Name Continued
Homo sapiens tumor protein, translationally-controlled 1 (TPT1), mRNA
Homo sapiens FUN14 domain containing 1 (FUNDC1), mRNA
Homo sapiens mRNA; cDNA DKFZp686N1586 (from clone
DKFZp686N1586); complete cds
M678H02
Bos taurus BAC CH240-75C8 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M673B08
Bos taurus dihydropyrimidine dehydrogenase (DPYD), mRNA
M673F02
Bos taurus c-Fos (c-fos) mRNA, complete cds
M675B02
Bos taurus BAC CH240-275I24 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M675F02
B.taurus gene for alpha-S1-casein
M675H02
Bos taurus stearoyl-CoA desaturase variant A (SCD) mRNA, complete
cds
PIT750H08 Bos taurus BAC CH240-308E11 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
GI05F02
Mus musculus cDNA clone IMAGE:6744112, partial cds
GI05H08
PREDICTED: Pan troglodytes similar to Down syndrome critical region
protein 2 isoform a; chromosome 21 leucine-rich protein; leucine rich
protein C21-LRP; Down syndrome critical region protein 2 (LOC473997),
mRNA
GI10B08
Bos taurus ferritin heavy chain mRNA, partial cds
GI10F02
Bos taurus ribosomal protein L15 mRNA, partial cds
PIT751F08 Bos taurus BAC CH240-451M14 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
GI07H02
Homo sapiens mRNA; cDNA DKFZp434P1217 (from clone
DKFZp434P1217); partial cds
GI34D02
Ovis aries ribosomal protein S25 mRNA, complete cds
GI38H02
Cloning vector pPGKneo-II, complete sequence
GI43H08
Felis catus clone E472 ribosomal protein S7 mRNA, complete cds
M665F03
Bos taurus X-inactivation center region, Jpx and Xist genes
M678D09
Bos taurus BAC CH240-275I24 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M663F09
Homo sapiens fibroblast growth factor receptor 1 (fms-related tyrosine
kinase 2, Pfeiffer syndrome), mRNA (cDNA clone MGC:9228
IMAGE:3911101), complete cds
PIT750F03 Bos taurus clone RP42-553M7, complete sequence
PIT750H03 Bovine prolactin gene, exon 5
GI10H09
GI33F03
M669H09

Homo sapiens chromosome 3 clone RP11-844E22, complete sequence
Bos taurus ferritin heavy chain mRNA, partial cds
Bos taurus annexin A2 (ANXA2), mRNA
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Cluster 2 Gene Name Continued
PIT751B03 Bos taurus clone RP42-552E5, complete sequence
PIT751D09 Bovine mitochondrial ATP synthase gamma subunit gene, complete cds
PIT755B09 Bos taurus mRNA for similar to ribosomal protein S2, partial cds, clone:
ORCS10824
GI07F09
Homo sapiens CD8 antigen, alpha polypeptide (p32), transcript variant 1,
mRNA (cDNA clone MGC:34614 IMAGE:5227906), complete cds
GI07H03
Homo sapiens mRNA; cDNA DKFZp686P0211 (from clone
DKFZp686P0211)
GI07H09
Bos taurus fatty acid binding protein 5 (FABP5), mRNA
GI38H03
Homo sapiens tumor protein, translationally-controlled 1, mRNA (cDNA
clone MGC:61507 IMAGE:6058799), complete cds
GI38H09
Gekko japonicus BS009P (BS009) mRNA, complete cds
M665D10
Mus musculus 2 days neonate thymus thymic cells cDNA, RIKEN fulllength enriched library, clone:E430002L15 product:splicing factor,
arginine/serine-rich 2 (SC-35), full insert sequence
M678F10
Bovine alpha s2 casein type A protein (CASAS2) gene, exons 1-18
M678H10
Bovine alpha s2 casein type A protein (CASAS2) gene, exons 1-18
M663D04
Sus scrofa cytosolic malate dehydrogenase (MDH1), mRNA
M663F10
Bovine genomic fragment for 1.709 satellite DNA
M673D04
Bos taurus clone rp42-194o5, complete sequence
M675F04
Bovine beta-casein gene, complete cds
PIT750B04 Homo sapiens mRNA; cDNA DKFZp564H1122 (from clone
DKFZp564H1122); complete cds
PIT750B10 Homo sapiens ribosomal protein L4, mRNA (cDNA clone
IMAGE:3051153)
GI10H10
Pongo pygmaeus mRNA; cDNA DKFZp469M2439 (from clone
DKFZp469M2439)
GI33B04
Mus musculus cDNA clone IMAGE:6814334, partial cds
M666B10
Bos taurus mRNA for similar to ribosomal protein L17, partial cds, clone:
ORCS12459
M679B04
Bos taurus BAC CH240-493H15 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M677B10
Homo sapiens cDNA clone IMAGE:4310234, partial cds
M676F04
Bos taurus BAC CH240-275I24 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M676F10
Bos taurus BAC CH240-72J19 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
PIT751B04 Homo sapiens ribosomal protein L4, mRNA (cDNA clone
IMAGE:3051153)
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Cluster 2 Gene Name Continued

PIT751B10 Homo sapiens mRNA; cDNA DKFZp762N1910 (from clone
DKFZp762N1910)
PIT751H04 Homo sapiens insulin receptor substrate 4 (IRS4), mRNA
PIT755F04

Homo sapiens KIAA1161 (KIAA1161), mRNA

PIT755H04 Homo sapiens sorting nexin 3 (SNX3), transcript variant 1, mRNA
GI07D10

full-length cDNA clone CS0DI084YG22 of Placenta Cot 25-normalized
of Homo sapiens (human)
GI07H10
Bos taurus cytochrome c oxidase subunit VIII, heart (COX8), mRNA
GI34F04
Canis familiaris Sec61 beta subunit (Sec61b), mRNA
GI38H10
Bos taurus partial mRNA for GABA-A receptor-associated protein
(gabarap gene)
M675F11
B.taurus gene for alpha-S1-casein
PIT750B05 Homo sapiens, clone IMAGE:4214654, mRNA
GI05D05
GI05F05
GI05F11
GI10F11
M679B11
M669B05
GI07D11
GI07F05
GI34H11
GI38H11
M665B06
M665D06
M673D12
M675F06
GI05B06
M669F12
M669H06
M677H06

Homo sapiens mRNA; cDNA DKFZp762F135 (from clone
DKFZp762F135)
Homo sapiens filamin A, alpha (actin binding protein 280) (FLNA),
mRNA
Ovis aries immunoglobulin alpha heavy chain (IgA) mRNA, partial cds
Mus musculus cDNA clone IMAGE:6771180, partial cds
Homo sapiens heterogeneous nuclear ribonucleoprotein A1, mRNA
(cDNA clone IMAGE:3447644)
Homo sapiens cDNA clone IMAGE:3355365, containing frame-shift
errors
Bos taurus isolate FL405 mitochondrion, partial genome
Homo sapiens keratin 14 (epidermolysis bullosa simplex, Dowling-Meara,
Koebner) (KRT14), mRNA
Human mRNA for ribosomal protein L17
Homo sapiens tumor protein, translationally-controlled 1 (TPT1), mRNA
Bos taurus collagen, type I, alpha 2 (COL1A2), mRNA
Homo sapiens signal recognition particle 68kDa, mRNA (cDNA clone
IMAGE:2821490), containing frame-shift errors
Bos taurus BAC CH240-53K11 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
B.taurus gene for alpha-S1-casein
B.taurus mRNA for immunoglobulin light chain
Cow manganous superoxide dismutase mRNA, 3prime end
Bos taurus thymosin, beta 10 (TMSB10), mRNA
Mus musculus chromosome 1, clone RP23-31H15, complete sequence
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GI07B12
GI07F12
GI07H12
M670E01
PIT753C07
M671G08
M667G06
M665G08
M675G03
M663G10
M675G04
PIT754G10
PIT755C10
M674F12
M677F01
GI07B08
M675F10
GI03C01
PIT749E02
M674G04
PIT753C10
PIT753E10
GI05C01
M665E08
M663E02
PIT754C08
M675A03
PIT750A03
GI11E09
M673A04
GI11A04
PIT754E11
PIT751A11
PIT751A06
M674B07
PIT753B01
PIT744B02
PIT744H02
PIT744D03

Cluster 2 Gene Name Continued
Bos taurus creatine kinase, mitochondrial 1 (ubiquitous) (CKMT1),
mRNA
Homo sapiens cDNA clone IMAGE:6503168, partial cds
Homo sapiens cDNA: FLJ22926 fis, clone KAT06984, highly similar to
HUMPPARP1 Human acidic ribosomal phosphoprotein P1 mRNA
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
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PIT747H01
M660H04
M670H10
PIT744F04
M672H04
M662B06
M664B06
M667H12
M674H06
PIT754H07
PIT755D01
M663F02
PIT754B02
PIT754D08
M675H03
PIT754D09
M675H04
PIT754H04
M673B11
GI05F06

Cluster 2 Gene Name Continued
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
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GI06G01
GI31A07
GI40G01
M668G07
GI32G01
GI36G07
M670C08
M668A08
M674A08
M674C08
GI03G08
GI36A08
M670E09
GI06E03
PIT753A03
PIT752C04
M664A04
M664C10
M664E04
PIT753A10
PIT752C11
PIT752G11
M664A05
M667C05
M674G11
PIT749G05
M670A12
M678C01

Cluster 3 Gene Name
Homo sapiens ribosomal protein L14, mRNA (cDNA clone
MGC:16644 IMAGE:4123062), complete cds
Gekko japonicus BS009P (BS009) mRNA, complete cds
Bovine mRNA for adenylate cyclase-stimulation G-protein alpha
subunit
Bos taurus lactoferrin [lactotransferrin] (LTF), mRNA
PREDICTED: Pan troglodytes similar to 40S ribosomal protein S7 (S8)
(LOC459002), mRNA
Cloning vector pSport1, complete cds
Homo sapiens clone DNA56047 DNAJB11 (UNQ537) mRNA,
complete cds
Bos taurus ribosomal protein L3 (Rpl3), mRNA
Capra hircus csn1S1 gene for alpha s1 casein, allele F, exons 1-19
Bos taurus casein alpha-S1 (CSN1S1), mRNA
Sus scrofa cholecystokinin (CCK), mRNA
PiggyBac ubiquitin-transposase P replacement vector EP3005,
complete sequence
Bos taurus lactoferrin [lactotransferrin] (LTF), mRNA
Bos taurus isolate FL396 mitochondrion, partial genome
Pongo pygmaeus mRNA; cDNA DKFZp459G2011 (from clone
DKFZp459G2011)
Bos taurus ferritin heavy chain mRNA, partial cds
Pongo pygmaeus mRNA; cDNA DKFZp459J2010 (from clone
DKFZp459J2010)
Sus scrofa 433 kb genomic segment, located between the non-classical
and classical SLA class I gene cluster, clone: BAC 353A11
Pongo pygmaeus mRNA; cDNA DKFZp459M1013 (from clone
DKFZp459M1013)
Sus scrofa mRNA for catalase, complete cds
Homo sapiens ribosomal protein L4, mRNA (cDNA clone
IMAGE:3051153)
Bos taurus neurexin 1 (NRXN1), mRNA
Homo sapiens chromosome 7 clone RP11-738B7, complete sequence
Felis catus clone E472 ribosomal protein S7 mRNA, complete cds
Homo sapiens chromosome 20 open reading frame 36, mRNA (cDNA
clone MGC:48774 IMAGE:5743937), complete cds
Mus musculus RIKEN cDNA 6030404E16 gene, mRNA (cDNA clone
IMAGE:4486273), partial cds
Homo sapiens Wilms tumor 1 associated protein (WTAP), transcript
variant 3, mRNA
B.primigenius mRNA for alpha-cop coat protein
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Clone ID
M670E12
M664C06
M674A12
PIT754C07
GI37E01
M679A01
M677G07
GI11A07
GI38A01
M665A08
M665C08
M663C02
PIT754E02
GI33A02
GI37E08
PIT751C08
PIT751G08
PIT755A08
GI43A08
GI33A03
GI37E03
M677A03
M665G10
PIT750A10
PIT754E04
GI42A04

Cluster 3 Gene Name Continued
Pongo pygmaeus mRNA; cDNA DKFZp459M1013 (from clone
DKFZp459M1013)
Homo sapiens cDNA clone IMAGE:3355365, containing frame-shift
errors
Bos taurus stearoyl-CoA desaturase variant A (SCD) mRNA, complete
cds
Homo sapiens clone 24645 insulin-like growth factor binding protein 5
(IGFBP5) mRNA, complete cds
Bos taurus mRNA for similar to protein kinase C receptor, partial cds,
clone: ORCS10069
Pongo pygmaeus mRNA; cDNA DKFZp459F151 (from clone
DKFZp459F151)
Bos taurus elongation factor 1 alpha mRNA, partial cds
B.taurus mRNA for immunoglobulin light chain
Homo sapiens ribosomal protein, large, P1, transcript variant 1, mRNA
(cDNA clone MGC:5215 IMAGE:2900846), complete cds
Bos grunniens myosin regulatory light chain mRNA, complete cds
Homo sapiens cDNA clone IMAGE:4513453, partial cds
Homo sapiens transmembrane protein 16A (TMEM16A), mRNA
PREDICTED: Pan troglodytes LOC459181 (LOC459181), mRNA
Homo sapiens ribosomal protein L7 (RPL7), mRNA
Bos taurus mRNA for similar to ribosomal protein S2, partial cds,
clone: ORCS10824
Bos taurus growth hormone 1 (GH1), mRNA
Homo sapiens mRNA; cDNA DKFZp762N1910 (from clone
DKFZp762N1910)
Homo sapiens genomic DNA, chromosome 18 clone:RP11-815J4,
complete sequence
Homo sapiens ribosomal protein L7 (RPL7), mRNA
Bos taurus ferritin heavy chain mRNA, partial cds
Homo sapiens cDNA: FLJ22926 fis, clone KAT06984, highly similar
to HUMPPARP1 Human acidic ribosomal phosphoprotein P1 mRNA
Pongo pygmaeus mRNA; cDNA DKFZp469O1334 (from clone
DKFZp469O1334)
Bos taurus clusterin (CLU), mRNA
Human DNA sequence from clone RP11-72J7 on chromosome
13q31.2-32.1 Contains the 3prime end of the KPNB3 gene for
karyopherin (importin) beta 3, complete sequence
Homo sapiens KIAA0107 isoform mRNA, complete cds
Homo sapiens ribosomal protein L4, mRNA (cDNA clone
IMAGE:3051153)
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Clone ID
M666E10

Cluster 3 Gene Name Continued

Homo sapiens cell-cycle and apoptosis regulatory protein 1 mRNA,
complete cds
PIT751G10 Gekko japonicus GekBS015P mRNA, complete cds
GI11G10
PREDICTED: Pan troglodytes similar to ribosomal protein L31
(LOC462068), mRNA
M665C05
Macaca fascicularis brain cDNA clone:QmoA-10701, full insert
sequence
M665G05
Bos taurus MHC class II DQA precursor BoLA-DQA mRNA (BoLADQA*2801 allele), complete cds
PIT750E05 Bos taurus growth hormone 1 (GH1), mRNA
GI37G05
Bos taurus isolate FL405 mitochondrion, partial genome
GI42C05
Bos taurus BAC CH240-472P12 (Children~s Hospital Oakland
Research Institute Bovine BAC Library (male)) complete sequence
GI42E11
Bos taurus mRNA for similar to 40S ribosomal protein S18, partial cds,
clone: ORCS10048
M666G11
Bos taurus proteolipid protein 2 (colonic epithelium-enriched) (PLP2),
mRNA
M679G05
Bos taurus proteasome (prosome, macropain) 26S subunit, ATPase, 5
(PSMC5), mRNA
M669A05
Ovis aries immunoglobulin kappa light chain constant region mRNA,
partial cds
M676G05
Physeter catodon SINE DNA repeat sequence, clone:PM (2) 20
GI11G05
Sus scrofa peptide PEC-60 (PEC-60), mRNA
GI37G12
Bos taurus ribosomal protein L10 (RPL10), mRNA
M679A06
Pongo pygmaeus mRNA; cDNA DKFZp459O142 (from clone
DKFZp459O142)
M679A12
Cloning vector pGEM-5Zf(-)
M669A12
Bos taurus mRNA for similar to S3 ribosomal protein, partial cds,
clone: ORCS13152
PIT751A12 Homo sapiens PAI-1 mRNA-binding protein, mRNA (cDNA clone
MGC:21447 IMAGE:3446543), complete cds
GI34G06
Homo sapiens cDNA: FLJ22889 fis, clone KAT04570
PIT748B01 Bos taurus mRNA for similar to protein kinase C receptor, partial cds,
clone: ORCS10069
M668F01
Homo sapiens hypothetical protein MGC14156 (MGC14156), mRNA
M668H01
Bos taurus mRNA for similar to ribosomal protein S12, partial cds,
clone: ORCS13752
PIT748F02 Expression vector pcGlobin 2-GST, complete sequence
GI06B08
Bos taurus isolate FL405 mitochondrion, partial genome
M664B02
Bos taurus mRNA for similar to protein kinase C receptor, partial cds,
clone: ORCS10069
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Clone ID
GI41B08
M661F09
M670D03
PIT752F09
PIT752H09
M664F03
M667B09
M672B03
M672H09
M670B04
M670H04
PIT752B04
PIT752D04
GI35H10
M664H04
M668H10
PIT749D04
M660B12
PIT753H10
M662H11
M671B11
PIT748H05
M664H11
M672H11

Cluster 3 Gene Name Continued
Bos taurus isolate FL405 mitochondrion, partial genome
Homo sapiens DEAD (Asp-Glu-Ala-Asp) box polypeptide 1 (DDX1),
mRNA
Bos taurus complement component C4 mRNA, clone pCUT 78, partial
cds
Homo sapiens chromosome 10 clone RP11-179H18, complete
sequence
Human ribosomal DNA complete repeating unit
Human DNA sequence from clone RP11-228B15 on chromosome 9,
complete sequence
Sus scrofa RACK1 (RACK1) gene, complete cds
Bos taurus stearoyl-CoA desaturase variant A (SCD) mRNA, complete
cds
Bos taurus stearoyl-CoA desaturase variant A (SCD) mRNA, complete
cds
Homo sapiens cDNA FLJ25116 fis, clone CBR05731, highly similar to
EPHRIN-A1 PRECURSOR
Pongo pygmaeus mRNA; cDNA DKFZp469G1525 (from clone
DKFZp469G1525)
Bos taurus prolactin (PRL), mRNA
Homo sapiens dynactin 2 (p50), mRNA (cDNA clone MGC:20331
IMAGE:4303142), complete cds
Bos taurus isolate FL405 mitochondrion, partial genome
Homo sapiens cDNA clone IMAGE:2988153, containing frame-shift
errors
Homo sapiens actin related protein 2/3 complex, subunit 3, 21kDa
(ARPC3), mRNA
Homo sapiens ribosomal protein L4, mRNA (cDNA clone
IMAGE:3051153)
Homo sapiens cDNA clone IMAGE:2988153, containing frame-shift
errors
PREDICTED: Homo sapiens putative ankyrin-repeat containing
protein (DKFZP564D166), mRNA
Cercopithecus aethiops UV-damaged DNA-binding protein 127 kDa
subunit mRNA, complete cds
Homo sapiens, Similar to RIKEN cDNA 1500016H10 gene, clone
IMAGE:5115021, mRNA
Homo sapiens chromosome 17, clone RP11-138C9, complete sequence
Bovine mRNA for adenylate cyclase-stimulation G-protein alpha
subunit
Bos taurus acidic ribosomal phosphoprotein PO mRNA, partial cds
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Clone ID

Cluster 3 Gene Name Continued

PIT749B11 PREDICTED: Pan troglodytes similar to Cell death regulator Aven
(LOC453297), mRNA
M661H06
Homo sapiens cDNA: FLJ22889 fis, clone KAT04570
M670D12
Bos taurus annexin A2 (ANXA2), mRNA
M668B12
Bos taurus 2prime,3prime-cyclic nucleotide 3prime phosphodiesterase
(CNP), mRNA
M672B12
Bos taurus elongation factor 1 alpha mRNA, partial cds
M674D06
Homo sapiens hypothetical protein FLJ20152 (FLJ20152), mRNA
PIT749F06 Homo sapiens ribosomal protein L4, mRNA (cDNA clone
IMAGE:3051153)
PIT753H06 Sus scrofa valosin-containing protein (VCP), mRNA
GI36B06
Pongo pygmaeus mRNA; cDNA DKFZp468J1125 (from clone
DKFZp468J1125)
PIT750F07 Homo sapiens ribosomal protein L4, mRNA (cDNA clone
IMAGE:3051153)
PIT754F07 Homo sapiens small nuclear RNA activating complex, polypeptide 1,
43kDa (SNAPC1), mRNA
GI10F01
Bos taurus ribosomal protein L15 mRNA, partial cds
M666F01
Bos taurus decorin (DCN), mRNA
M669F07
Cloning vector pGEM-5Zf(-)
PIT751F01 Bovine inorganic pyrophosphatase mRNA sequence
PIT751F07 Bos taurus prolactin (PRL), mRNA
PIT755H07 Homo sapiens hypothetical protein MGC14327, mRNA (cDNA clone
MGC:15961 IMAGE:3538818), complete cds
GI43H07
Homo sapiens ribosomal protein L7 (RPL7), mRNA
M665F08
PREDICTED: Pan troglodytes DEAD (Asp-Glu-Ala-Asp) box
polypeptide 48 (LOC454941), mRNA
PIT755F02 Ovis aries ribosomal protein S25 mRNA, complete cds
GI07F08
Bos taurus mRNA for similar to ubiquitin-S27a fusion protein, partial
cds, clone: ORCS10065
M663D09
Homo sapiens hypothetical protein FLJ23749 (FLJ23749), mRNA
PIT750D03 Homo sapiens sly1p mRNA, complete cds
GI05B03
Homo sapiens solute carrier family 11 (proton-coupled divalent metal
ion transporters), member 1, mRNA (cDNA clone MGC:90282
IMAGE:5756382), complete cds
GI05H03
Homo sapiens HBxAg transactivated protein 2 (XTP2), mRNA
M666H09
Homo sapiens transmembrane 4 superfamily member 14, mRNA
(cDNA clone MGC:11352 IMAGE:3954042), complete cds
PIT751F03 TPA: Mus musculus ribosomal DNA, complete repeating unit
PIT755H09 Homo sapiens Ras-related associated with diabetes (RRAD), mRNA
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Clone ID

Cluster 3 Gene Name Continued

M665H04

Homo sapiens mitogen-activated protein kinase kinase 2, mRNA
(cDNA clone MGC:16530 IMAGE:4025987), complete cds
Bos taurus prolactin (PRL), mRNA
Bos taurus prolactin (PRL), mRNA
Cloning vector pSport1, complete cds
Homo sapiens cDNA clone IMAGE:2988153, containing frame-shift
errors
Ovis aries immunoglobulin kappa light chain constant region mRNA,
partial cds
Homo sapiens DEAD (Asp-Glu-Ala-Asp) box polypeptide 1 (DDX1),
mRNA
Bos taurus growth hormone 1 (GH1), mRNA
Canis familiaris acidic (leucine-rich) nuclear phosphoprotein 32 family,
member A (ANP32A), mRNA
Rattus norvegicus cDNA clone MGC:94171 IMAGE:7128610,
complete cds
Gekko japonicus BS009P (BS009) mRNA, complete cds
Sus scrofa succinyl-CoA synthetase alpha subunit (SCS) mRNA,
complete cds
Bos taurus ATP synthase, H+ transporting, mitochondrial F0 complex,
subunit d (ATP5H), mRNA
Homo sapiens 12 BAC RP11-989F5 (Roswell Park Cancer Institute
Human BAC Library) complete sequence
Bos taurus mRNA for similar to ribosomal protein L9, partial cds,
clone: ORCS12906
Bos taurus decorin (DCN), mRNA
Bos taurus isolate FL405 mitochondrion, partial genome
Bos taurus ATP synthase, H+ transporting, mitochondrial F0 complex,
subunit c (subunit 9), isoform 2 (ATP5G2), mRNA
Mus musculus BAC clone RP23-280N9 from chromosome 19,
complete sequence
Homo sapiens ribosomal protein L4, mRNA (cDNA clone
IMAGE:3051153)
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown

PIT750D10
PIT750H10
GI05D04
M669D10
M665D05
M663B11
PIT750H05
GI10F05
GI10H11
GI37F05
PIT751F05
GI34D05
GI34F11
GI43D11
M665H12
GI37H06
M666F12
M666H06
PIT751F06
PIT752C07
GI08E07
GI08G08
M670E05
M666A08
PIT750E06
M664H12
M665B01
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Clone ID
M665F01
M665F04
PIT751H10
M670G01
PIT752E01
M662E08
PIT744A03
PIT753E03
PIT747G02
M674E04
PIT746C01
M670G12
PIT751E01
PIT751G01
PIT755A07
M665G02
M678C08
PIT754A08
PIT751E02
M665E04
M669A04
PIT755E10
GI11E05
PIT752B07
PIT752F01
M660B09
M662D10
PIT748B05
PIT752D05
PIT752F11
M668F05
M672B11
PIT753F05
GI08D11
PIT747F04
PIT749D06
M665D02
M665H08
PIT754H02
M673D03
PIT755D10

Cluster 3 Gene Name Continued
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
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Clone ID
PIT755F10
M665B11
M675H11
PIT751H05
PIT755D11
PIT750D06
PIT754D06
GI10F12
M669B12

Cluster 3 Gene Name Continued
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
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Clone ID
GI35A07

Cluster 4 Gene Name
Homo sapiens prothymosin, alpha (gene sequence 28), mRNA (cDNA
clone IMAGE:4335961)
GI35E07
Bos taurus matrix Gla protein (MGP), mRNA
GI36G01
Bos taurus immunoglobulin J chain (IGJ), mRNA
GI06E08
Ovis aries ribosomal protein S26 mRNA, complete cds
M667C02
Bos taurus mRNA for similar to ribosomal protein L21, partial cds,
clone: ORCS10797
PIT749C08 Homo sapiens adenomatosis polyposis coli (APC), mRNA
GI03E08
Bos taurus phosphorylase, glycogen; muscle (McArdle syndrome,
glycogen storage disease type V) (PYGM), mRNA
GI32A08
Homo sapiens pleckstrin and Sec7 domain containing 3, mRNA
(cDNA clone IMAGE:5171384), with apparent retained intron
GI41C08
PREDICTED: Pan troglodytes similar to F-box only protein 22
isoform a; F-box only protein 22 (LOC453771), mRNA
GI40A09
PREDICTED: Pan troglodytes similar to Exosome complex
exonuclease RRP40 (Ribosomal RNA processing protein 40)
(Exosome component 3) (p10) (CGI-102) (LOC465105), mRNA
GI03E09
Homo sapiens protein phosphatase 2 (formerly 2A), catalytic subunit,
beta isoform, mRNA (cDNA clone MGC:21354 IMAGE:4454972),
complete cds
GI32A09
Homo sapiens pleckstrin and Sec7 domain containing 3, mRNA
(cDNA clone IMAGE:5171384), with apparent retained intron
GI32C09
Bos taurus BAC CH240-472P12 (Children~s Hospital Oakland
Research Institute Bovine BAC Library (male)) complete sequence
GI32E09
Homo sapiens erbb2 interacting protein (ERBB2IP), transcript variant
2, mRNA
GI41E09
Bos taurus brefeldin A-inhibited guanine nucleotide-exchange protein
1 (BIG1), mRNA
GI06E10
Homo sapiens hypothetical protein FLJ20397 (FLJ20397), mRNA
GI31C10
Bos taurus BAC CH240-472P12 (Children~s Hospital Oakland
Research Institute Bovine BAC Library (male)) complete sequence
GI35E04
Homo sapiens mRNA; cDNA DKFZp686P03159 (from clone
DKFZp686P03159); complete cds
GI40E04
B.taurus mRNA for immunoglobulin light chain
GI03C04
B.taurus mRNA for immunoglobulin light chain
GI08G10
Homo sapiens hypothetical protein SB145 (SB145), mRNA
GI32A04
Bos taurus mitochondrial mRNA for similar to cytochrome oxidase
III, partial cds, clone: ORCS12320
GI36A10
Bos taurus thymosin, beta 10 (TMSB10), mRNA
GI36C04
Homo sapiens RAD23 homolog A (S. cerevisiae) (RAD23A), mRNA
GI36G10
B.taurus mRNA for immunoglobulin light chain
GI40C05
Bos taurus lysozyme 3 (LYZ3), mRNA
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Clone ID
GI08E05

Cluster 4 Gene Name Continued

Homo sapiens 3 BAC RP11-110C15 (Roswell Park Cancer Institute
Human BAC Library) complete sequence
GI06E06
Bos taurus ribosomal protein L15 mRNA, partial cds
GI08G05
Bos taurus BAC CH240-268P24 (Children~s Hospital Oakland
Research Institute Bovine BAC Library (male)) complete sequence
GI06G06
Homo sapiens 3 BAC RP11-553L6 (Roswell Park Cancer Institute
Human BAC Library) complete sequence
GI31G12
Homo sapiens mRNA for NeshBP, complete cds
PIT749A12 PREDICTED: Pan troglodytes chaperonin containing TCP1, subunit 5
(epsilon) (LOC461721), mRNA
GI32G12
Bos taurus isolate FL405 mitochondrion, partial genome
GI36C12
B.taurus mRNA for protein phosphatase type 2A alpha catalytic
subunit
PIT754A07 Human DNA sequence from clone LL0XNC01-141H12 on
chromosome Xp11, complete sequence
GI05C07
Bos taurus succinate dehydrogenase complex, subunit C, integral
membrane protein, 15kDa (SDHC), mRNA
GI05G07
Homo sapiens mRNA; cDNA DKFZp686H2236 (from clone
DKFZp686H2236)
GI10C01
Bos taurus mRNA for similar to ribosomal protein S14, partial cds,
clone: ORCS13889
GI33C07
Ovis aries ribosomal protein S26 mRNA, complete cds
GI37G01
Bos taurus hepatocyte nuclear factor 4gamma mRNA, complete cds
GI42E07
Bos taurus isolate FL405 mitochondrion, partial genome
GI34G07
Mus musculus polo-like kinase 3 (Drosophila) (Plk3), mRNA
GI38G07
Bos taurus immunoglobulin J chain (IGJ), mRNA
GI10A08
Bos taurus acidic ribosomal phosphoprotein PO mRNA, partial cds
GI11G08
Bos taurus isolate FL405 mitochondrion, partial genome
GI34C08
Homo sapiens cDNA: FLJ22926 fis, clone KAT06984, highly similar
to HUMPPARP1 Human acidic ribosomal phosphoprotein P1 mRNA
GI34G08
Homo sapiens cDNA FLJ34522 fis, clone HLUNG2007163
GI38G02
B.taurus mRNA (from chromosome 3, with unknown function)
GI43A02
Sus scrofa G-beta like protein (GNB2L1), mRNA
GI43C08
Sus scrofa ribosomal protein L29/cell surface heparin binding protein
HIP (RPL29/HIP), mRNA
GI43G02
Homo sapiens cDNA clone IMAGE:5286019, partial cds
PIT754C09 Pongo pygmaeus mRNA; cDNA DKFZp469C2335 (from clone
DKFZp469C2335)
GI07A09
Homo sapiens chromosome 17, clone RP11-758H9, complete
sequence
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Clone ID
GI07C09

Cluster 4 Gene Name Continued
Rattus norvegicus cDNA clone MGC:72646 IMAGE:6920523,
complete cds
GI34E09
Ovis aries ribosomal protein S26 mRNA, complete cds
GI34G03
Gallus gallus finished cDNA, clone ChEST263o10
GI38G03
Homo sapiens 3 BAC RP11-80H8 (Roswell Park Cancer Institute
Human BAC Library) complete sequence
GI43E03
Bos taurus ribosomal protein L24 (RPL24), mRNA
GI43G09
Homo sapiens eukaryotic translation initiation factor 5A, mRNA
(cDNA clone MGC:99547 IMAGE:6575132), complete cds
GI05E04
Rattus norvegicus cDNA clone MGC:72646 IMAGE:6920523,
complete cds
GI33G10
Bos taurus annexin A4 (ANXA4), mRNA
GI37A04
Homo sapiens cDNA clone IMAGE:4566256
GI42C04
Pongo pygmaeus mRNA; cDNA DKFZp459D1139 (from clone
DKFZp459D1139)
M679A04
PREDICTED: Pan troglodytes similar to 40S ribosomal protein S7
(S8) (LOC459002), mRNA
GI07A10
Ovis aries (clone 27) type II small proline-rich protein mRNA,
complete cds
GI34C10
Homo sapiens cDNA: FLJ22926 fis, clone KAT06984, highly similar
to HUMPPARP1 Human acidic ribosomal phosphoprotein P1 mRNA
GI34G04
Rattus norvegicus similar to 4631434O19Rik protein, mRNA (cDNA
clone MGC:93874 IMAGE:7112203), complete cds
GI38E10
PiggyBac ubiquitin-transposase P replacement vector EP3005,
complete sequence
PIT754A11 Bos taurus mRNA for similar to ribosomal protein S8, partial cds,
clone: ORCS10590
GI10A05
Homo sapiens ribosomal protein S11, mRNA (cDNA clone
MGC:14322 IMAGE:4297932), complete cds
GI33E05
Bos taurus immunoglobulin J chain (IGJ), mRNA
GI37A05
Macaca fascicularis brain cDNA, clone:QflA-14773
GI42E05
Macaca fascicularis RPL30 mRNA for ribosomal protein L30,
complete cds, clone:QbsB-10313
GI42G11
Bos taurus mRNA for similar to ubiquitin-S27a fusion protein, partial
cds, clone: ORCS10065
PIT754C06 Bos taurus N-deacetylase/N-sulfotransferase (heparan glucosaminyl) 2
(NDST2), mRNA
GI05E06
Sus scrofa Epididymal secretory protein E4 (E4), mRNA
GI10C06
PREDICTED: Pan troglodytes similar to beta-tropomyosin
(LOC465078), mRNA
GI37A12
B.taurus mRNA for immunoglobulin light chain
GI42E06
B.taurus mRNA for immunoglobulin light chain
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Clone ID
GI43A12

Cluster 4 Gene Name Continued
Pongo pygmaeus mRNA; cDNA DKFZp459O084 (from clone
DKFZp459O084)
GI43G12
B.taurus partial gene for keratin K6 gamma (3prime end)
GI35B07
Bos grunniens myosin regulatory light chain mRNA, complete cds
GI35H01
Homo sapiens S-phase 2 protein (DERP6), mRNA
PIT749H07 Homo sapiens BCRE3/ABL1A11 fusion protein (BCR/ABL1 fusion)
mRNA, partial cds
GI03D07
Bos taurus ribosomal protein S28-like protein mRNA, partial cds
GI03F07
Bos taurus clone 16 immunoglobulin lambda light chain variable
region (Vlambda1a) mRNA, partial cds
GI03H07
Homo sapiens chromosome 3 clone RP11-263O21, complete
sequence
GI32D01
Bos taurus ribosomal protein, large P2 (RPLP2), mRNA
GI36B01
Bos grunniens myosin regulatory light chain mRNA, complete cds
GI36H01
PiggyBac ubiquitin-transposase P replacement vector EP3005,
complete sequence
M661H02
Homo sapiens cDNA FLJ31748 fis, clone NT2RI2007384, highly
similar to Homo sapiens mixed lineage kinase mRNA
GI40B08
Bos taurus isolate FL405 mitochondrion, partial genome
GI36H08
B.taurus mRNA for immunoglobulin light chain
GI41H02
TPA: Mus musculus ribosomal DNA, complete repeating unit
GI03F09
Homo sapiens RAB5A, member RAS oncogene family, mRNA
(cDNA clone MGC:5048 IMAGE:3463669), complete cds
GI41B09
Pongo pygmaeus mRNA; cDNA DKFZp469C084 (from clone
DKFZp469C084)
GI35F10
Mus musculus CD200 receptor 1 (Cd200r1), mRNA
GI03F04
Bos taurus prostaglandin D2 synthase 21kDa (brain) (PTGDS),
mRNA
GI03H04
Cloning vector pGEM-4Z
GI06D05
Rattus norvegicus similar to Probable RNA-dependent helicase p68
(DEAD-box protein p68) (DEAD-box protein 5), mRNA (cDNA
clone MGC:93965 IMAGE:7114313), complete cds
GI35D11
Bos taurus Finkel-Biskis-Reilly murine sarcoma virus (FBR-MuSV)
ubiquitously expressed (fox derived); ribosomal protein S30 (FAU),
mRNA
GI32F05
B.taurus mRNA (from chromosome 3, with unknown function)
GI36H05
Macaca fascicularis brain cDNA, clone:QflA-14773
GI06B06
Homo sapiens mRNA; cDNA DKFZp762F135 (from clone
DKFZp762F135)
GI40B06
Ovis aries immunoglobulin alpha heavy chain (IgA) mRNA, partial
cds
GI40D12
B.taurus mRNA (from chromosome 3, with unknown function)
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Clone ID
GI34D01
GI43B01

Cluster 4 Gene Name Continued
Macaca fascicularis brain cDNA, clone:QflA-14773
PREDICTED: Pan troglodytes similar to ribosomal protein L38
(LOC454861), mRNA
GI33H08
Bos taurus annexin A4 (ANXA4), mRNA
GI37D02
Macaca fascicularis brain cDNA, clone:QflA-14773
GI42H02
Homo sapiens 12 BAC RP11-785H5 (Roswell Park Cancer Institute
Human BAC Library) complete sequence
M678D03
Bos taurus BAC CH240-237H4 (Children~s Hospital Oakland
Research Institute Bovine BAC Library (male)) complete sequence
GI05D09
Ovis aries sheUGT1A07 mRNA for UDP-glucuronosyltransferase,
complete cds
GI42H09
Homo sapiens vacuolar protein sorting 11 (yeast) (VPS11), mRNA
M679H03
Bos taurus BAC CH240-237H4 (Children~s Hospital Oakland
Research Institute Bovine BAC Library (male)) complete sequence
PIT751B09 PREDICTED: Pan troglodytes similar to dynactin 3 isoform 1;
dynactin light chain (LOC465061), mRNA
GI11B03
Homo sapiens clone FLB4739 PRO1238 mRNA, complete cds
GI11D09
Bos taurus isolate FL405 mitochondrion, partial genome
GI11F03
PREDICTED: Pan troglodytes similar to ribosomal protein S16; 40S
ribosomal protein S16 (LOC456023), mRNA
GI34F03
Mus musculus RIKEN cDNA A930021H16 gene (A930021H16Rik),
mRNA
GI38B03
Homo sapiens clone DNA57834 VLTI465 (UNQ465) mRNA,
complete cds
GI38D09
Homo sapiens chromosome 5 clone XXfos-850G5, complete
sequence
GI43F03
Bos taurus ribosomal protein L24 (RPL24), mRNA
GI43H09
Bos taurus mRNA for similar to ribosomal protein L21, partial cds,
clone: ORCS10797
PIT750F04 Homo sapiens eukaryotic translation elongation factor 1 gamma,
mRNA (cDNA clone MGC:9621 IMAGE:3911362), complete cds
GI10D10
Homo sapiens BCL2/adenovirus E1B 19kDa interacting protein 3-like
(BNIP3L), mRNA
GI05H11
Homo sapiens mRNA; cDNA DKFZp686O22233 (from clone
DKFZp686O22233)
GI37B11
B.taurus mRNA (from chromosome 3, with unknown function)
PIT751H11 Homo sapiens myotrophin (MTPN), mRNA
GI33D06
Ovis aries ribosomal protein S26 mRNA, complete cds
GI42B06
Homo sapiens CTD (carboxy-terminal domain, RNA polymerase II,
polypeptide A) small phosphatase 1 (CTDSP1), mRNA
GI42B12
Homo sapiens hypothetical protein FLJ22709 (FLJ22709), mRNA
GI38B06
Bos taurus complete mitochondrial genome
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Clone ID
GI42F06
GI34B12
PIT752C01
GI03C10
GI40A12
GI33G01
GI37G02
GI11A09
GI11E12
GI41D01
GI36D02
GI36B03
PIT750D08
M676F03
GI11B05
M661E07
GI03E07
M661E02
GI06G03
GI03E03
PIT744C04
M661A12
M661E06
GI07C03
GI34G09
M676G04
M660H07
M670B01
GI36H07
GI41F01
GI03D09
GI41H09
GI40D04
GI36D04
M660H06
PIT746D02
PIT746H02
M679H01
PIT750H09
GI05H09

Cluster 4 Gene Name Continued
Homo sapiens X BAC RP13-314C10 (Roswell Park Cancer Institute
Human BAC Library) complete sequence
Macaca fascicularis brain cDNA, clone:QflA-14773
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
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Clone ID
GI07D09
GI11B09
GI34D03
GI34F09
GI05D10
GI11B11
GI33B12

Cluster 4 Gene Name Continued
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
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Clone ID
M671C01
GI31A01
M668E01
PIT749C01
PIT753G10
PIT755A02
M678C09
M675E09

M666E09
M669A09
M677A06
M671H01
PIT752H01

M667H07
PIT749F01
PIT752H02
M674H02
PIT752F03
PIT753D10
GI32H04
M661H11

Cluster 5 Gene Name
Bovine genomic fragment for 1.709 satellite DNA
Bos taurus BAC CH240-223I2 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
Bovine genomic fragment for 1.709 satellite DNA
Homo sapiens transmembrane protein 30A (TMEM30A), mRNA
Homo sapiens cDNA FLJ38683 fis, clone KIDNE2000777
Homo sapiens v-akt murine thymoma viral oncogene homolog 1,
mRNA (cDNA clone MGC:8686 IMAGE:2964603), complete cds
Capra hircus csn1S1 gene for alpha s1 casein, allele F, exons 1-19
Human DNA sequence from clone RP11-98I9 on chromosome 6
Contains the gene for hexaprenyldihydroxybenzoate methyltransferase,
mitochondrial precursor (COQ3), the gene for SR rich protein
(FLJ14992), the USP45 gene for ubiquitin specific protease 45, the
3prime end of the gene for a novel protein similar to ubiquitin carboxylterminal hydrolase 16 (EC 3.1.2.15) and 2 CpG islands, complete
sequence
Pongo pygmaeus mRNA; cDNA DKFZp459E2228 (from clone
DKFZp459E2228)
Pongo pygmaeus mRNA; cDNA DKFZp459J2010 (from clone
DKFZp459J2010)
Human Tigger1 transposable element, complete consensus sequence
Bos taurus complement component C4 mRNA, clone pCUT 78, partial
cds
Human DNA sequence from clone RP11-34E5 on chromosome 10
Contains the SMBP gene for SM-11044 binding protein (SMBP)(EP70P-iso), the TLL2 gene for tolloid-like 2, a nucleophosmin (nucleolar
phosphoprotein B23, numatrin) (NPM1)(B23, NPM, NUMATRIN)
pseudogene, a ribosomal protein S2 (RPS2)(LLREP3) pseudogene, the
3prime end of the gene for a novel protein (possible ortholog of mouse
phosphoinositide-3-kinase adaptor protein 1 (Pik3ap1)) and two CpG
islands, complete sequence
Bos taurus BAC CH240-385H19 (Children~s Hospital Oakland
Research Institute Bovine BAC Library (male)) complete sequence
Homo sapiens transducer of ERBB2, 1 (TOB1), mRNA
Canis familiaris transducin beta-3-subunit (GNB3), mRNA
Homo sapiens NAD synthetase 1, mRNA (cDNA clone
IMAGE:3847595), with apparent retained intron
Sus scrofa tropomyosin 3 (TPM3), mRNA
Mouse DNA sequence from clone RP23-328F20 on chromosome 2,
complete sequence
Bos taurus solute carrier family 25 member 6 (SLC25A6), mRNA
Bos taurus glutathione peroxidase 1 (GPX1), mRNA
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Clone ID
M678H09
PIT750F10
GI41A07
M679E10
M673H06
M672E10
PIT754H06

Cluster 5 Gene Name Continued
B.taurus gene for alpha-S1-casein
Homo sapiens cDNA FLJ13550 fis, clone PLACE1007111
Unknown
Unknown
Unknown
Unknown
Unknown
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Clone ID
GI43E01
M661A04

Cluster 6 Gene Name
Homo sapiens BAC clone RP11-115H13 from Y, complete sequence

Homo sapiens H2A histone family, member V (H2AFV), transcript
variant 5, mRNA
M662E10
Bos taurus hypothetical protein 1195 mRNA, partial cds
M663A08 S.scrofa mRNA for protein phosphatase 2A 55 kDa regulatory subunit,
alpha isoform (partial)
M662F03
Homo sapiens growth and transformation-dependent protein (E2IG5),
mRNA
GI41B05
Homo sapiens clone DNA59622 C20orf70 (UNQ510) mRNA, complete
cds
GI37H07
Homo sapiens adaptor-related protein complex 1, beta 1 subunit, mRNA
(cDNA clone MGC:52262 IMAGE:5929327), complete cds
GI11D02
Homo sapiens mRNA; cDNA DKFZp762F135 (from clone
DKFZp762F135)
M662G04 Unknown
M671E05
Unknown
PIT754B03 Unknown
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Clone ID
GI10E04

Cluster 7 Gene Name
Homo sapiens ribosomal protein L8, mRNA (cDNA clone
IMAGE:4650537)
GI08D08
Mus musculus ribosomal protein L37a (Rpl37a), mRNA
PIT753H09 Homo sapiens splicing factor, arginine/serine-rich 11
(SFRS11), mRNA
M666H07
Bos taurus mRNA for elongation factor 1 alpha
M669H02
Bos taurus lactoferrin [lactotransferrin] (LTF), mRNA
GI38H08
full-length cDNA clone CS0CAP007YK06 of Thymus of
Homo sapiens (human)
PIT755A06 Unknown
PIT744E02 Unknown
GI33D03
Unknown
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APPENDIX C
Gene Names for Clusters from Chapter 4: Differential Expression of Genes in the
Pituitary Gland During the Preovulatory Period As Induced by PGF2α on Day 7
Following Initiation of the First Follicular Wave
Clone ID

Cluster 1 Gene Names

GI06A07

Homo sapiens adenylate kinase 1, mRNA (cDNA clone
IMAGE:5727475), with apparent retained intron
GI06E01
Bos taurus clone RP42-99M11, complete sequence
GI06E07
Sus scrofa mitochondrial cytochrome c oxidase subunit Vb
(Cox5b), mRNA
GI35C07
Bos taurus Finkel-Biskis-Reilly murine sarcoma virus (FBRMuSV) ubiquitously expressed (fox derived); ribosomal protein
S30 (FAU), mRNA
GI40A01
Ovis aries (clone 27) type II small proline-rich protein mRNA,
complete cds
PIT753A07 Bos taurus crystallin, alpha polypeptide 2 (CRYAB), mRNA
GI32A01
M667E08
GI41A02
GI06A09
GI40A09
GI03G09
GI32A03
GI32C09
GI41A03
GI06E10
GI31C10
GI31E10
GI40C04
GI40E04

Bos taurus thymosin beta 4 (LOC444862), mRNA
Homo sapiens amyloid beta precursor protein (cytoplasmic tail)
binding protein 2 (APPBP2), mRNA
Bos taurus foveolin precursor (FOV) mRNA, complete cds
Homo sapiens Sec61 gamma subunit, mRNA (cDNA clone
MGC:60145 IMAGE:6060540), complete cds
PREDICTED: Pan troglodytes similar to Exosome complex
exonuclease RRP40 (Ribosomal RNA processing protein 40)
(Exosome component 3) (p10) (CGI-102) (LOC465105), mRNA
Ovis aries (clone 27) type II small proline-rich protein mRNA,
complete cds
Mus musculus cDNA sequence BC033596, mRNA (cDNA clone
IMAGE:5356690), partial cds
Bos taurus BAC CH240-472P12 (Children~s Hospital Oakland
Research Institute Bovine BAC Library (male)) complete sequence
Ovis aries copper chaperone (SAH) mRNA, complete cds
Homo sapiens hypothetical protein FLJ20397 (FLJ20397), mRNA
Bos taurus BAC CH240-472P12 (Children~s Hospital Oakland
Research Institute Bovine BAC Library (male)) complete sequence
Homo sapiens mRNA; cDNA DKFZp779N1911 (from clone
DKFZp779N1911)
full-length cDNA clone CS0DM007YF21 of Fetal liver of Homo
sapiens (human)
B.taurus mRNA for immunoglobulin light chain
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Clone ID
GI40G10
GI31C11

Cluster 1 Gene Names Continued
Sus scrofa 60S ribosomal protein L35 (RPL35), mRNA
Mus musculus myosin heavy chain IX, mRNA (cDNA clone
IMAGE:4984186), partial cds
GI35A11
PREDICTED: Mus musculus RIKEN cDNA 1190003M12 gene
(1190003M12Rik), mRNA
GI40A05
B.taurus cytokeratin 19 gene exons 2-6 and 3prime-flank
GI03A11
Bos taurus ribosomal protein L24 (RPL24), mRNA
GI32G05
Bos taurus ubiquinol-cytochrome c reductase (6.4kD) subunit
(UQCR), mRNA
GI10G01
Homo sapiens mitochondrial ribosomal protein S33 (MRPS33),
nuclear gene encoding mitochondrial protein, transcript variant 2
GI42C01
PREDICTED: Pan troglodytes similar to ribosomal protein L38
(LOC454861), mRNA
GI43E01
Homo sapiens BAC clone RP11-115H13 from Y, complete
sequence
PIT754C09 Pongo pygmaeus mRNA; cDNA DKFZp469C2335 (from clone
DKFZp469C2335)
GI33A04
B.taurus mRNA of VIa L 3prime untranslated region
GI34C10
Homo sapiens cDNA: FLJ22926 fis, clone KAT06984, highly
similar to HUMPPARP1 Human acidic ribosomal phosphoprotein
P1 mRNA
GI34E04
B.taurus mRNA for SDAP subunit of NADH
GI38C04
Homo sapiens ubiquitin specific protease 24, mRNA (cDNA clone
MGC:29848 IMAGE:4995223), complete cds
PIT755E05 Zea mays PCO064652 mRNA sequence
GI11C11
GI11E11
GI06D01
GI31B01

GI31D01
GI40H01
GI40H07
GI32H01
GI40H03

Sus scrofa 60S ribosomal protein L35 mRNA, complete cds
Bos taurus lysozyme, macrophage (LYZ), mRNA
Bos taurus lysozyme gene (cow 1), complete cds
PREDICTED: Pan troglodytes similar to Phospholipase A2,
membrane associated precursor (Phosphatidylcholine 2acylhydrolase) (Group IIA phospholipase A2) (GIIC sPLA2) (Nonpancreatic secretory phospholipase A2) (NPS-PLA2)
(LOC456587), mRNA
Ciona intestinalis cDNA, clone:ciad003j20, full insert sequence
Ovis aries immunoglobulin alpha heavy chain (IgA) mRNA, partial
cds
Homo sapiens clone DNA56859 AVLV472 (UNQ472) mRNA,
complete cds
B.taurus mRNA for immunoglobulin G1 heavy chain
TPA: Mus musculus ribosomal DNA, complete repeating unit
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Clone ID

Cluster 1 Gene Names Continued

PIT752F04

Homo sapiens Williams Beuren syndrome chromosome region 22
(WBSCR22), mRNA
GI40B04
Cloning vector pSport1, complete cds
PIT749B10 Pongo pygmaeus mRNA; cDNA DKFZp469G131 (from clone
DKFZp469G131)
GI08H10
Mus musculus ribosomal protein L37a (Rpl37a), mRNA
GI41F10
Cloning vector pSport1, complete cds
GI31D05
Homo sapiens mRNA; cDNA DKFZp779C0666 (from clone
DKFZp779C0666)
GI35D11
Bos taurus Finkel-Biskis-Reilly murine sarcoma virus (FBRMuSV) ubiquitously expressed (fox derived); ribosomal protein
S30 (FAU), mRNA
GI32H05
Bos taurus ubiquinol-cytochrome c reductase (6.4kD) subunit
(UQCR), mRNA
GI07B01
Homo sapiens hypothetical protein LOC339260, mRNA (cDNA
clone IMAGE:5168338), partial cds
GI11F07
Bos taurus isolate FL405 mitochondrion, partial genome
GI43D01
Homo sapiens ribosomal protein L28 (RPL28), mRNA
GI05B08
Homo sapiens LOH11CR1K gene, loss of heterozygosity, 11,
chromosomal region 1 gene K product
GI07F10
Homo sapiens ribosomal protein L41, pseudogene 1 (RPL41P1) on
chromosome 20
GI34B04
Mouse type I epidermal keratin mRNA, 3primeend
GI34D04
Danio rerio SET domain, bifurcated 2 (setdb2), mRNA
GI11D11
Ovis aries carbonic anhydrase I mRNA, complete cds
M670G03
Unknown
GI36A09
Unknown
GI40A12
Unknown
GI33E02
Unknown
GI34E03
Unknown
GI35B01
Unknown
GI41D01
Unknown
GI43B07
Unknown
GI31G07
Unknown
GI03E07
Unknown
PIT744A02 Unknown
PIT746E04

Unknown

GI31E03

Unknown
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Clone ID

Cluster 1 Gene Names Continued

PIT744C04
GI40E10
GI34A01
GI41F01
M660B05
GI40D11
GI32H11
GI43D07
GI11F10
M663F05
M663H05
GI37H11
PIT750H12

Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
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Clone ID
GI36G01
M661G02

Cluster 2 Gene Names
Bos taurus immunoglobulin J chain (IGJ), mRNA
Bos taurus myosin, heavy polypeptide 7, cardiac muscle, beta (MYH7),
mRNA
GI06E08
Ovis aries ribosomal protein S26 mRNA, complete cds
GI06G08
Bos taurus isolate FL405 mitochondrion, partial genome
GI31A02
Homo sapiens ubiquitin-conjugating enzyme E2D 2 (UBC4/5 homolog,
yeast), mRNA (cDNA clone IMAGE:4644249)
GI31A08
Mus musculus papillary renal cell carcinoma (translocation-associated),
mRNA (cDNA clone IMAGE:5320904), containing frame-shift errors
GI31E02
Homo sapiens chromosome 3 clone RP11-48E16, complete sequence
GI35A08
PREDICTED: Pan troglodytes similar to Phospholipase A2, membrane
associated precursor (Phosphatidylcholine 2-acylhydrolase) (Group IIA
phospholipase A2) (GIIC sPLA2) (Non-pancreatic secretory
phospholipase A2) (NPS-PLA2) (LOC456587), mRNA
GI35C02
Homo sapiens S100 calcium binding protein A9 (calgranulin B)
(S100A9), mRNA
GI35E08
Homo sapiens guanylate cyclase activator 2A (guanylin) (GUCA2A),
mRNA
GI40A02
PREDICTED: Pan troglodytes similar to DNA polymerase epsilon p12
subunit (DNA polymerase epsilon subunit 4) (LOC459343), mRNA
GI40A08
Bos taurus selp mRNA for selenoprotein P, complete cds
GI03E02
Cloning vector pGEM-4Z
GI32A08
Homo sapiens pleckstrin and Sec7 domain containing 3, mRNA (cDNA
clone IMAGE:5171384), with apparent retained intron
GI36E08
Bos taurus poly(A) binding protein, nuclear 1 (PABPN1), mRNA
PIT752A10 Bovine mRNA encoding corticotropin-beta-lipotropin precursor
M678G01
Xenopus tropicalis hypothetical protein MGC76077 (MGC76077), mRNA
GI37C01
Mouse DNA sequence from clone RP23-84C12 on chromosome 11,
complete sequence
GI37G01
Bos taurus hepatocyte nuclear factor 4gamma mRNA, complete cds
GI34E01
Homo sapiens 2prime,3prime-cyclic nucleotide 3prime phosphodiesterase
(CNP), mRNA
GI34G07
Mus musculus polo-like kinase 3 (Drosophila) (Plk3), mRNA
GI38A07
Bos taurus defensin, beta 1 (enteric) (DEFB1), mRNA
GI38G07
Bos taurus immunoglobulin J chain (IGJ), mRNA
GI33C08
Human chromosome 14 DNA sequence BAC R-529H20 of library RPCI11 from chromosome 14 of Homo sapiens (Human), complete sequence
GI33E08
GI37C02
GI34E02

Bos taurus tubulin-specific chaperone d (TBCD), mRNA
Homo sapiens cyclin D3 (CCND3), mRNA
Zea mays clone Contig642.F mRNA sequence
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Clone ID
GI42A08
GI38E08
GI43A02
GI43C08
GI43G02
GI03H01
GI31B08
GI31D02
GI31D08
GI31F02
GI35D02
GI35D08
GI40F02
GI32B08
GI32F08
GI36D08
GI41H02
GI31D03
GI40D09
GI10D07
GI33F01
GI37F07
GI42B07
GI42H01
GI10D08
GI37H02
GI11F08
GI34H08

Cluster 2 Gene Names Continued
Homo sapiens ribosomal protein, large, P1, transcript variant 1, mRNA
(cDNA clone MGC:5215 IMAGE:2900846), complete cds
Sus scrofa 40S ribosomal protein S17 (RPS17), mRNA
Sus scrofa G-beta like protein (GNB2L1), mRNA
Sus scrofa ribosomal protein L29/cell surface heparin binding protein HIP
(RPL29/HIP), mRNA
Homo sapiens cDNA clone IMAGE:5286019, partial cds
Homo sapiens Chromosome 1p13.3 Cosmid Clone ctgm1, complete
sequence
Homo sapiens mRNA; cDNA DKFZp686O0215 (from clone
DKFZp686O0215)
Homo sapiens mRNA; cDNA DKFZp434C2120 (from clone
DKFZp434C2120)
Homo sapiens mRNA; cDNA DKFZp762F135 (from clone
DKFZp762F135)
Homo sapiens lectin, galactoside-binding, soluble, 3 (galectin 3)
(LGALS3), mRNA
Homo sapiens cDNA clone IMAGE:6385427, partial cds
B.taurus mRNA for immunoglobulin light chain
Bos taurus immunoglobulin J chain (IGJ), mRNA
Homo sapiens cDNA clone IMAGE:5759225, partial cds
Homo sapiens cDNA clone IMAGE:5759225, partial cds
B.taurus mRNA for immunoglobulin light chain
TPA: Mus musculus ribosomal DNA, complete repeating unit
Ciona intestinalis cDNA, clone:ciad003j20, full insert sequence
TPA: Mus musculus ribosomal DNA, complete repeating unit
Homo sapiens, clone IMAGE:3960940, mRNA, partial cds
Pongo pygmaeus mRNA; cDNA DKFZp459J1214 (from clone
DKFZp459J1214)
Human DNA sequence from clone RP11-393H10 on chromosome X,
complete sequence
B.taurus cytokeratin 19 gene exons 2-6 and 3prime-flank
PREDICTED: Pan troglodytes similar to ribosomal protein L38
(LOC454861), mRNA
Bos taurus milk lysozyme mRNA, complete cds
Bos taurus immunoglobulin J chain (IGJ), mRNA
Rattus norvegicus cDNA clone MGC:72770 IMAGE:6888098, complete
cds
Oryctolagus cuniculus Na+,K+-ATPase beta 1 subunit mRNA, complete
cds
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Clone ID
GI37F10

Cluster 2 Gene Names Continued

Homo sapiens PRP39 pre-mRNA processing factor 39 homolog (yeast),
mRNA (cDNA clone IMAGE:6527003), partial cds
GI34F03
Mus musculus RIKEN cDNA A930021H16 gene (A930021H16Rik),
mRNA
GI06C08
Unknown
GI41C02
Unknown
GI11A01
Unknown
GI37A02
Unknown
GI34G02
Unknown
GI35H08
Unknown
GI36D02
Unknown
GI36H02
Unknown
GI41D08
Unknown
GI43F04
Unknown
GI35A01
Unknown
GI40E01
Unknown
GI36C01
Unknown
M660A08
Unknown
PIT746A04 Unknown
GI06A02
Unknown
GI32A02
Unknown
GI35G03
Unknown
GI42A01
Unknown
GI34A07
Unknown
GI33G09
Unknown
GI36H07
Unknown
M661D02
Unknown
GI31H08
Unknown
GI35F08
Unknown
M661F03
Unknown
GI10D02
Unknown
GI42D08
Unknown
GI43B10
Unknown
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Clone ID
M672E07
GI35G02
M668A08
GI03A08
PIT753G06
M677C01

Cluster 3 Gene Names
Bovine alpha s2 casein type A protein (CASAS2) gene, exons 1-18
B.taurus mRNA for JSP.1 protein
Bos taurus ribosomal protein L3 (Rpl3), mRNA
Homo sapiens ribosomal protein L28 (RPL28), mRNA
Human DNA sequence from clone RP5-991C6 on chromosome 6q14.1-15

Bos taurus BAC CH240-5F6 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
GI05E09
Bos taurus isolate FL405 mitochondrion, partial genome
M669A09
Pongo pygmaeus mRNA; cDNA DKFZp459J2010 (from clone
DKFZp459J2010)
M663A04
Pongo pygmaeus mRNA; cDNA DKFZp459G2011 (from clone
DKFZp459G2011)
M663C10
Bos taurus elongation factor 1 alpha mRNA, partial cds
GI05G04
Homo sapiens ribosomal protein L18 (RPL18), mRNA
M677C04
Pongo pygmaeus mRNA; cDNA DKFZp459B205 (from clone
DKFZp459B205)
M669A12
Bos taurus mRNA for similar to S3 ribosomal protein, partial cds, clone:
ORCS13152
M669C12
Bos taurus BAC CH240-275I24 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M671B07
Bos taurus endothelial dysfunction inducing protein (EDIP), mRNA
GI03F01
Homo sapiens clone DNA56855 DMC (UNQ473) mRNA, complete cds
GI08F01
Homo sapiens cDNA clone IMAGE:4372507, partial cds
M662H02
Bos taurus isolate FL405 mitochondrion, partial genome
GI03B08
Bos taurus isolate FL405 mitochondrion, partial genome
M664F09
Homo sapiens ras-related C3 botulinum toxin substrate 1 (rho family,
small GTP binding protein Rac1) (RAC1), transcript variant Rac1c,
mRNA
PIT749D03 Homo sapiens immunoglobulin superfamily, member 1 (IGSF1),
transcript variant 1, mRNA
M670B04
Homo sapiens cDNA FLJ25116 fis, clone CBR05731, highly similar to
EPHRIN-A1 PRECURSOR
M667F04
Bos taurus mRNA for MHC class I heavy chain, partial cds, clone no.232f
GI08F10
Bos taurus mRNA for similar to ribosomal protein S10, partial cds, clone:
ORCS12838
M662H11
Cercopithecus aethiops UV-damaged DNA-binding protein 127 kDa
subunit mRNA, complete cds
M672D11
Homo sapiens brain protein 44-like, mRNA (cDNA clone MGC:4871
IMAGE:3452973), complete cds
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Clone ID
M660B12

Cluster 3 Gene Names Continued
Homo sapiens cDNA clone IMAGE:2988153, containing frame-shift
errors
M674D12
Bos taurus BAC CH240-238N22 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M669F01
Homo sapiens transmembrane protein 14C (TMEM14C), mRNA
M677F07
Homo sapiens transforming growth factor, beta receptor II (70/80kDa),
mRNA (cDNA clone MGC:33800 IMAGE:5287742), complete cds
GI07D01
Homo sapiens protease, serine, 11 (IGF binding) (PRSS11), mRNA
M675B02
Bos taurus BAC CH240-275I24 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
PIT750B08 Bos taurus BAC CH240-86O22 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
PIT750H08 Bos taurus BAC CH240-308E11 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
PIT755D08 Human DNA sequence from clone RP5-991C6 on chromosome 6q14.1-15
Contains the 5prime end of a novel gene (FLJ20037, FLJ31495), a
ribosomal protein L10 (RPL10) pseudogene, two novel genes and a CpG
island, complete sequence
GI05B03
Homo sapiens solute carrier family 11 (proton-coupled divalent metal ion
transporters), member 1, mRNA (cDNA clone MGC:90282
IMAGE:5756382), complete cds
GI10H09
Homo sapiens chromosome 3 clone RP11-844E22, complete sequence
M665D10
Mus musculus 2 days neonate thymus thymic cells cDNA, RIKEN fulllength enriched library, clone:E430002L15 product:splicing factor,
arginine/serine-rich 2 (SC-35), full insert sequence
M663D04
Sus scrofa cytosolic malate dehydrogenase (MDH1), mRNA
M663H04
Homo sapiens sel-1 suppressor of lin-12-like (C. elegans) (SEL1L),
mRNA
M677B10
Homo sapiens cDNA clone IMAGE:4310234, partial cds
M665D06
Homo sapiens signal recognition particle 68kDa, mRNA (cDNA clone
IMAGE:2821490), containing frame-shift errors
M665F12
Bos taurus secreted protein, acidic, cysteine-rich [osteonectin] (SPARC),
mRNA
M673D12
Bos taurus BAC CH240-53K11 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
GI07B12
Bos taurus creatine kinase, mitochondrial 1 (ubiquitous) (CKMT1),
mRNA
M670E01
Unknown
M667G06
Unknown
M663G10
Unknown
GI07B08
Unknown
M669B11
Unknown

247

Clone ID
M663C07
M663E11
GI41D04
M662D12
M663D01
GI43F08
M666F05
PIT754D06

Cluster 3 Gene Names Continued
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
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Clone ID
M674A08
M670G04
M673E01
M669C02

Cluster 4 Gene Names
Capra hircus csn1S1 gene for alpha s1 casein, allele F, exons 1-19
Bovine genomic fragment for 1.709 satellite DNA
Cloning vector pGEM-5Zf(-)
Balaenoptera bonaerensis DNA, CHR-2 SINE MDI type sequence, Minke
1 locus
M678C09
Capra hircus csn1S1 gene for alpha s1 casein, allele F, exons 1-19
M663A09
Bos taurus chitinase-like protein 1 (CLP-1) mRNA, partial cds
M673C09
Bovine beta-casein gene, complete cds
M675E03
Bovine alpha s2 casein type A protein (CASAS2) gene, exons 1-18
M675G09
Bos taurus BAC CH240-237H4 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M666E09
Pongo pygmaeus mRNA; cDNA DKFZp459E2228 (from clone
DKFZp459E2228)
M675A04
Bovine beta-casein gene, complete cds
M675E04
Bos taurus BAC CH240-385H19 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M675G10
B.taurus gene for alpha-S1-casein
M678G11
B.taurus IFNAR mRNA for interferon receptor type I
M675G11
Bovine beta-casein gene, complete cds
M677A11
B.taurus gene for alpha-S1-casein
M670H07
Bos taurus BAC CH240-248M14 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M672B07
PREDICTED: Pan troglodytes similar to Breast Cancer Resistance Protein
(LOC471251), mRNA
M668F08
Bos taurus BAC CH240-89P8 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M672B02
Bos taurus BAC CH240-223I2 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M670B09
Human DNA sequence from clone RP11-428P16 on chromosome 10
Contains the 5prime end of the KCNMA1 gene for potassium large
conductance calcium-activated channel subfamily M alpha member 1, a
novel zinc finger pseudogene (KIAA1629) and two CpG islands, complete
sequence
M664B10
Bos taurus BAC CH240-372I17 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M674B04
Bos taurus solute carrier family 34 (sodium phosphate), member 2
(SLC34A2), mRNA
M673F01
Bos taurus BAC CH240-186K21 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
PIT750D07 Bos taurus BAC CH240-268P24 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence

249

Clone ID
M675B08
M665F03
M678D03

Cluster 4 Gene Names Continued
Bovine satellite DNA fragment
Bos taurus X-inactivation center region, Jpx and Xist genes
Bos taurus BAC CH240-237H4 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M678D09
Bos taurus BAC CH240-275I24 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
PIT750F09 PREDICTED: Pan troglodytes contactin associated protein 1
(LOC454696), mRNA
M679B03
B.taurus DNA for SINE sequence Bov-2
GI07B09
Bovine mRNA for 17,000 dalton myosin light chain
M678F10
Bovine alpha s2 casein type A protein (CASAS2) gene, exons 1-18
M663F10
Bovine genomic fragment for 1.709 satellite DNA
M673D04
Bos taurus clone rp42-194o5, complete sequence
M675D10
Bovine beta-casein gene, complete cds
M675F04
Bovine beta-casein gene, complete cds
M676F04
Bos taurus BAC CH240-275I24 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
M676F10
Bos taurus BAC CH240-72J19 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
GI10F11
Mus musculus cDNA clone IMAGE:6771180, partial cds
M665F01
Unknown
M675A03
Unknown
M673A04
Unknown
PIT744D03 Unknown
PIT754D09 Unknown
M678B04
Unknown
M675H04
Unknown
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Clone ID
M664G07
PIT753E08
PIT752A03
PIT752E03
PIT753C03
M660A05
GI06A05
M665C01
PIT751A07
PIT751G07
M676C08
PIT754A09
M666A09
M676E04
PIT755E11
M674F02
PIT753F09

PIT753H09
M661H11
PIT753B05
GI31B06
M678B01
M678H02
M666D02
PIT751F08
PIT751B03
M678H10

Cluster 5 Gene Names
Bos taurus DNA for SINE sequence Bov-tA
Bos taurus BAC CH240-275I24 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
Bos taurus BAC CH240-9E7 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
Bos taurus isolate FL405 mitochondrion, partial genome
Homo sapiens chromosome 3 clone RP11-462M7, complete sequence
Sus scrofa interferon-related developmental regulator 1 (IFRD1), mRNA
Mus musculus cDNA clone IMAGE:6771180, partial cds
Bos taurus chitinase-like protein 1 (CLP-1) mRNA, partial cds
Homo sapiens chromosome 17, clone RP11-802D6, complete sequence
Bos taurus BAC CH240-105M18 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
Bos taurus BAC CH240-466B8 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
Bos taurus BAC CH240-382E8 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
Bos taurus BAC CH240-144A17 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
Bos taurus BAC CH240-9E7 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
Bos taurus clone rp42-513g13, complete sequence
Macaca fascicularis testis cDNA clone:QtsA-14148, full insert sequence
PREDICTED: Homo sapiens similar to Heterogeneous nuclear
ribonucleoprotein A1 (Helix-destabilizing protein) (Single-strand binding
protein) (hnRNP core protein A1) (HDP-1) (Topoisomerase-inhibitor
suppressed) (LOC284387), mRNA
Homo sapiens splicing factor, arginine/serine-rich 11 (SFRS11), mRNA
Bos taurus glutathione peroxidase 1 (GPX1), mRNA
Homo sapiens eukaryotic translation initiation factor 4A, isoform 2,
mRNA (cDNA clone MGC:57298 IMAGE:4820774), complete cds
Bos taurus BAC CH240-223I2 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
B.taurus DNA for SINE sequence Bov-2
Bos taurus BAC CH240-75C8 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
Bos taurus beta-actin (ACTB) mRNA, complete cds
Bos taurus BAC CH240-451M14 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
Bos taurus clone RP42-552E5, complete sequence
Bovine alpha s2 casein type A protein (CASAS2) gene, exons 1-18
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Clone ID
M675F11
M675H05
GI10H05
M666F11
PIT751D05
GI43B11
M663D06
M675F06
PIT750H06
PIT755B06
GI03C01
M663C03
M669A04
GI11E10
M664D08
M662D11
PIT754D07
M663F02
GI10B09
M673B11

Cluster 5 Gene Names Continued
B.taurus gene for alpha-S1-casein
Homo sapiens glycerol-3-phosphate acyltransferase, mitochondrial
(GPAM), mRNA
Homo sapiens ribosomal protein L35a (RPL35A), mRNA
Homo sapiens ras-related C3 botulinum toxin substrate 1 (rho family,
small GTP binding protein Rac1) (RAC1), transcript variant Rac1c,
mRNA
Bos taurus BAC CH240-316E7 (Children~s Hospital Oakland Research
Institute Bovine BAC Library (male)) complete sequence
Bos taurus mRNA for similar to beta 2-microglobulin, partial cds, clone:
ORCS10536
PREDICTED: Pan troglodytes similar to poly(A) binding protein
interacting protein 1 isoform 1; polyadenylate binding protein-interacting
protein 1; PABC1-interacting protein 1 (LOC471554), mRNA
B.taurus gene for alpha-S1-casein
Homo sapiens F-box and leucine-rich repeat protein 5 (FBXL5), transcript
variant 2, mRNA
B.taurus DNA for SINE sequence Bov-2
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
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Clone ID
GI08E09
M674A04
GI03A06
GI03A12
M665C08
M677C09
M665G10
GI10E04
M673A05
M666G11
GI07G06
GI43E12
M672H07
M661D09
M664D03
M664H03
M668D09
GI35H10
M664D11
M674H05
M664F06
M668B12
GI32D12
GI36D06
M669F07
M676B07

Cluster 6 Gene Names
Bos taurus lysozyme 3 (LYZ3), mRNA
Bos taurus stearoyl-CoA desaturase variant A (SCD) mRNA, complete
cds
Homo sapiens hypothetical protein FLJ30435, mRNA (cDNA clone
IMAGE:5243736), containing frame-shift errors
Homo sapiens cDNA: FLJ22207 fis, clone HRC01454
Homo sapiens cDNA clone IMAGE:4513453, partial cds
Homo sapiens heterogeneous nuclear ribonucleoprotein U (scaffold
attachment factor A), mRNA (cDNA clone IMAGE:4299389), partial cds
Bos taurus clusterin (CLU), mRNA
Homo sapiens ribosomal protein L8, mRNA (cDNA clone
IMAGE:4650537)
Bos taurus stearoyl-CoA desaturase variant A (SCD) mRNA, complete
cds
Bos taurus proteolipid protein 2 (colonic epithelium-enriched) (PLP2),
mRNA
Bos taurus lysozyme 3 (LYZ3), mRNA
Bos taurus isolate FL405 mitochondrion, partial genome
Homo sapiens high-mobility group protein 2-like 1 (HMG2L1), transcript
variant 3, mRNA
Homo sapiens dolichyl-diphosphooligosaccharide-protein
glycosyltransferase (DDOST), mRNA
Homo sapiens dynactin 2 (p50), mRNA (cDNA clone MGC:20331
IMAGE:4303142), complete cds
Pongo pygmaeus mRNA; cDNA DKFZp459M1013 (from clone
DKFZp459M1013)
Homo sapiens chromosome 19 clone CTC-331H23, complete sequence
Bos taurus isolate FL405 mitochondrion, partial genome
Human DNA sequence from clone RP5-902P15 on chromosome 1p31.332.2 Contains the 3prime end of the NFIA gene for nuclear factor I/A,
complete sequence
Bos taurus adenylate kinase 2 (AK2), mRNA
Bos taurus pancreatic anionic trypsinogen (TRYP8) gene, complete cds;
germline T-cell receptor beta DJC region genes, partial cds
Bos taurus 2prime,3prime-cyclic nucleotide 3prime phosphodiesterase
(CNP), mRNA
Bos taurus isolate FL405 mitochondrion, partial genome
Bos taurus NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 4,
9kDa (NDUFA4), mRNA
Cloning vector pGEM-5Zf(-)
Bos taurus poly(A) binding protein, nuclear 1 (PABPN1), mRNA
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Clone ID
PIT755F03
M663F04
M666B10

Cluster 6 Gene Names Continued
PREDICTED: Homo sapiens paternally expressed 10 (PEG10), mRNA
Homo sapiens BRIX (BRIX), mRNA
Bos taurus mRNA for similar to ribosomal protein L17, partial cds, clone:
ORCS12459
M669B10
Bos taurus clone B5D8 immunoglobulin heavy chain constant region
mRNA, partial cds
GI32C06
Unknown
GI41H12
Unknown
M665F04
Unknown
M675F10
Unknown
GI08E06
Unknown
M665G02 Unknown
M660H04 Unknown
M669H01 Unknown
M675B04
Unknown
M673D11 Unknown
PIT754B06 Unknown
M679B06
Unknown

254

Clone ID
GI35E01
GI03E09
GI31E04
GI31G10
GI32A04
GI42G09
GI34C09
GI43E03
GI37A04
GI32D09
GI06H04
GI35F10
GI40F10
GI40H04
GI32B10
GI36B10
GI41F06
GI37H07
GI34D09
GI11F04
M664A02
GI41E03
GI33E03
GI38A03
M677C06
GI33D10
M661A12
M662A06
GI38G09
M661H04
GI10B04

Cluster 7 Gene Names
Bos taurus thymosin, beta 10 (TMSB10), mRNA
Homo sapiens protein phosphatase 2 (formerly 2A), catalytic subunit, beta
isoform, mRNA (cDNA clone MGC:21354 IMAGE:4454972), complete
cds
Bos taurus mRNA for similar to ribosomal protein S12, partial cds, clone:
ORCS13752
B.taurus mRNA (from chromosome 3, with unknown function)
Bos taurus mitochondrial mRNA for similar to cytochrome oxidase III,
partial cds, clone: ORCS12320
Papio anubis clone RP41-139B7, complete sequence
Homo sapiens, clone IMAGE:5215971, mRNA
Bos taurus ribosomal protein L24 (RPL24), mRNA
Homo sapiens cDNA clone IMAGE:4566256
Homo sapiens ribosomal protein S15a, mRNA (cDNA clone MGC:57552
IMAGE:5736078), complete cds
PREDICTED: Pan troglodytes LOC462401 (LOC462401), mRNA
Mus musculus CD200 receptor 1 (Cd200r1), mRNA
Bos taurus mRNA for similar to ribosomal protein L17, partial cds, clone:
ORCS12459
Homo sapiens ribosomal protein L35a (RPL35A), mRNA
Bos taurus ATP synthase, H+ transporting, mitochondrial F0 complex,
subunit c (subunit 9), isoform 2 (ATP5G2), mRNA
PiggyBac ubiquitin-transposase P replacement vector EP3005, complete
sequence
Ovis aries copper chaperone (SAH) mRNA, complete cds
Homo sapiens adaptor-related protein complex 1, beta 1 subunit, mRNA
(cDNA clone MGC:52262 IMAGE:5929327), complete cds
Rattus norvegicus solute carrier family 25 (carnitine/acylcarnitine
translocase), member 20 (Slc25a20), mRNA
Homo sapiens cDNA: FLJ22338 fis, clone HRC05981
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
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Clone ID
Cluster 8 Gene Names
PIT749C07 Homo sapiens cDNA: FLJ21323 fis, clone COL02374
M662C03
M670G09
M671G04
M668A04
M666C09
PIT751E04

Homo sapiens, Similar to cDNA sequence BC003348, clone
IMAGE:3997920, mRNA
Felis catus immediate early protein (c-fos) mRNA, complete cds
Bos taurus lactoferrin [lactotransferrin] (LTF), mRNA
Homo sapiens BTG family, member 2 (BTG2), mRNA
Bos taurus beta-actin (ACTB) mRNA, complete cds
Zea mays PCO064652 mRNA sequence

PIT751E11

Bos taurus epididymal secretory protein (19.5kD) (NPC2), mRNA

M663A06

Bos taurus tyrosine 3-monooxygenase/tryptophan 5-monooxygenase
activation protein, epsilon polypeptide (YWHAE), mRNA
M672B01
Bos taurus beta-actin (ACTB) mRNA, complete cds
M664B04
Homo sapiens E3-16 mRNA, complete cds
PIT753F10 Homo sapiens tubulin, alpha, ubiquitous, mRNA (cDNA clone
MGC:20231 IMAGE:4561240), complete cds
GI03D04
Bos taurus lysozyme 3 (LYZ3), mRNA
PIT749B11 PREDICTED: Pan troglodytes similar to Cell death regulator Aven
(LOC453297), mRNA
PIT749D05 Bos taurus ADP-ribosylation factor 1 (ARF1), mRNA
M660F12

Bos taurus pancreatic anionic trypsinogen (TRYP8) gene, complete cds;
germline T-cell receptor beta DJC region genes, partial cds
PIT753B06 Homo sapiens Nedd4 family interacting protein 1 (NDFIP1), mRNA
M673D02

Mus musculus 2 days neonate thymus thymic cells cDNA, RIKEN fulllength enriched library, clone:E430002L15 product:splicing factor,
arginine/serine-rich 2 (SC-35), full insert sequence
M673F02
Bos taurus c-Fos (c-fos) mRNA, complete cds
GI10B08
Bos taurus ferritin heavy chain mRNA, partial cds
GI38H08
full-length cDNA clone CS0CAP007YK06 of Thymus of Homo sapiens
(human)
M665D09
Homo sapiens cathepsin K (pycnodysostosis) (CTSK), mRNA
M663F09
Homo sapiens fibroblast growth factor receptor 1 (fms-related tyrosine
kinase 2, Pfeiffer syndrome), mRNA (cDNA clone MGC:9228
IMAGE:3911101), complete cds
PIT750B11 Bos taurus mRNA for elongation factor 1 alpha
PIT752C10 Unknown
PIT751C02 Unknown
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Clone ID
M664F08
GI10G08
M664F10
M666F02

Cluster 8 Gene Names Continued
Unknown
Unknown
Unknown
Unknown
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Clone ID
GI41A01
GI32E03
GI34C08
GI34E09
GI31H02
GI31D04
GI35B10
GI36F04
GI41D10
GI34F01

Cluster 9 Gene Names
Homo sapiens ribosomal protein S20 (RPS20), mRNA
Bos taurus ribosomal protein, large P2 (RPLP2), mRNA
Homo sapiens cDNA: FLJ22926 fis, clone KAT06984, highly similar to
HUMPPARP1 Human acidic ribosomal phosphoprotein P1 mRNA
Ovis aries ribosomal protein S26 mRNA, complete cds
Homo sapiens mRNA; cDNA DKFZp434O0227 (from clone
DKFZp434O0227)
Homo sapiens, clone IMAGE:4066330, mRNA
Homo sapiens 3 BAC RP11-484D18 (Roswell Park Cancer Institute
Human BAC Library) complete sequence
Bos taurus acidic alpha-glucosidase gene, exons 2 through 20 and
complete cds
Homo sapiens microsomal glutathione S-transferase 3 (MGST3), mRNA

Mus musculus RIKEN cDNA A930021H16 gene (A930021H16Rik),
mRNA
GI43B01
PREDICTED: Pan troglodytes similar to ribosomal protein L38
(LOC454861), mRNA
PIT750F04 Homo sapiens eukaryotic translation elongation factor 1 gamma, mRNA
(cDNA clone MGC:9621 IMAGE:3911362), complete cds
GI32C12
Unknown
GI33C09
Unknown
GI33F02
Unknown
GI42B02
Unknown
GI37C03
Unknown
GI11H01
Unknown
GI34D07
Unknown
PIT750H09 Unknown
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Clone ID
M661A04

Cluster 10 Gene Names
Homo sapiens H2A histone family, member V (H2AFV), transcript
variant 5, mRNA
GI43G09
Homo sapiens eukaryotic translation initiation factor 5A, mRNA (cDNA
clone MGC:99547 IMAGE:6575132), complete cds
GI33C04
Mus musculus THAP domain containing 4, mRNA (cDNA clone
MGC:70051 IMAGE:6334411), complete cds
GI33G10
Bos taurus annexin A4 (ANXA4), mRNA
GI42G04
B.taurus mRNA for immunoglobulin light chain
GI31B10
Bos taurus aldehyde oxidase 1 (AOX1), mRNA
PIT755H06 Mus musculus, sialyltransferase 4A (beta-galactosidase alpha-2,3sialytransferase), clone IMAGE:4480779, mRNA
GI43F12
PREDICTED: Pan troglodytes similar to U3 snoRNP protein 3 homolog;
mitochondrial ribosomal protein S4 (LOC453760), mRNA
GI34D12
Unknown
GI33C05
Unknown
GI32F03
Unknown
GI31H10
Unknown
GI35D04
Unknown
GI35F04
Unknown
GI34F09
Unknown

259

Clone ID
Cluster 11 Gene Names
PIT751A02 Pongo pygmaeus mRNA; cDNA DKFZp459G1612 (from clone
DKFZp459G1612)
M663G03
Homo sapiens egl nine homolog 1 (C. elegans), mRNA (cDNA clone
IMAGE:3931851), complete cds
M660H11
Homo sapiens transmembrane protein 14C (TMEM14C), mRNA
M663H08
Homo sapiens ubiquitin specific protease 32 (USP32), mRNA
M666D10
Sus scrofa TRK-fused protein mRNA, partial cds
GI42F11
Homo sapiens 3 BAC RP11-255N4 (Roswell Park Cancer Institute
Human BAC Library) complete sequence
M669B05
Homo sapiens cDNA clone IMAGE:3355365, containing frame-shift
errors
GI34F11
Homo sapiens 12 BAC RP11-989F5 (Roswell Park Cancer Institute
Human BAC Library) complete sequence
M674B05
Unknown
M666D05
Unknown
M672G01
Unknown
PIT746E01 Unknown
M677E02
M662D06

Unknown
Unknown
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Clone ID
GI41E07
GI10A10
GI07E12
M672B03
M674F03
GI33D07

Cluster 12 Gene Names
Homo sapiens chromosome 15, clone XXfos-802163C5, complete
sequence
Bos taurus glutathione S-transferase pi (GSTP1), mRNA
F1Fo-ATP synthase complex Fo membrane domain g subunit [cattle,
heart, mRNA, 469 nt]
Bos taurus stearoyl-CoA desaturase variant A (SCD) mRNA, complete cds

Bovine beta-casein gene, complete cds
Mus musculus adult male tongue cDNA, RIKEN full-length enriched
library, clone:2310039D24 product:similar to CARBOXYLESTERASE
(EC 3.1.1.1) (FRAGMENT) [Rattus rattus], full insert sequence
PIT751F01 Bovine inorganic pyrophosphatase mRNA sequence
M677A10 Unknown
M676G12 Unknown
M662B07 Unknown
M671H05 Unknown
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Clone ID
GI41E06

Cluster 13 Gene Names
Pongo pygmaeus mRNA; cDNA DKFZp459C1629 (from clone
DKFZp459C1629)
PIT754G07 Mus musculus signal recognition particle receptor (~docking protein~)
(Srpr), mRNA
M676A09
Bos taurus stearoyl-CoA desaturase variant A (SCD) mRNA, complete
cds
GI06F09
Homo sapiens spectrin, alpha, non-erythrocytic 1 (alpha-fodrin), mRNA
(cDNA clone IMAGE:4821017), containing frame-shift errors
GI06D04
Bos taurus NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 4,
9kDa (NDUFA4), mRNA
GI43F07
Cloning vector pSport1, complete cds
PIT748F04 Unknown
GI34B11
Unknown
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Clone ID Cluster 14 Gene Names
M662E07 Bos taurus phosphorylase, glycogen; muscle (McArdle syndrome, glycogen
storage disease type V) (PYGM), mRNA
GI11H02 Homo sapiens mRNA; cDNA DKFZp686P03159 (from clone
DKFZp686P03159); complete cds
GI34D08 Mouse DNA sequence from clone RP23-419G21 on chromosome 2,
complete sequence
GI34F02 Mus musculus CNR gene for cadherin-related neuronal receptor, complete
cds
GI37B10 Homo sapiens cDNA FLJ43985 fis, clone TESTI4018938, highly similar to
Homo sapiens dynactin 4 (p62) (DCTN4)
GI38F08 Unknown
GI11D08 Unknown
GI42H10 Unknown
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