
AN ABSTRACT OF THE THESIS OF

Jorina Erin Collins for the degree of Master of Science in Animal Science presented
on June 10, 2002.

Title: Expression of the Ets Family of Transcription Factors in Early Bovine and
Ovine Embryo Development.

Abstract approved:

Alfred R. Menino, Jr.

Maternally-derived transcripts and proteins support early bovine and ovine

embryo development until the 8- to 16-cell stage, at which time embryonic

transcripts become essential for continued development. One purported

mechanism for the switch from maternal to zygotic control of development

(maternal to zygotic genome activation; MZGA) is the appearance of transcription

factors that activate specific genes in the embryonic genome. Members of the E26

transformation specific (Ets) family are unique transcription factors involved in

development, differentiation, and protease regulation. This study was undertaken

to evaluate expression and function of the Ets transcription factors, Ets- 1, Ets-2,

and Elf-i, in early bovine and ovine embryos from the one-cell stage to Day 15 of

pregnancy (Day 0 onset of estrus).

In the first experiment, bovine embryos from the one- to 16-cell stages were

derived by in vitro maturation, fertilization, and culture. Days 6, 8, 10, 12, and 14

embryos were collected nonsurgically from estrous synchronized and
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superovulated cows. RNA was extracted at the appropriate time interval and

reverse transcribed. The resultant cDNA was amplified by PCR using primers

designed for Ets- 1, Elf-i, and Ets-2. Ets- 1 transcripts were present in both primary

and matured oocytes, cleavage stage embryos, and Days 10, 12, and 14 embryos, as

well as in the positive control, bovine ovary. Elf-i transcripts were detected in the

matured oocyte, cleavage stage embryos, and Days 6, 10, and 14 embryos. Ets-2

transcripts were not observed in the embryonic stages investigated or the bovine

ovary.

Ovine embryos were surgically collected from synchronized and

superovulated ewes and similarly analyzed for Ets- 1 and Elf-i expression using the

same RNA extraction and RT-PCR technique. Embryos expressed both transcripts

at Days 13 and 15, but did not show expression at any of the earlier stages

evaluated.

The second experiment was designed to determine if inhibition of ETS-i

translation would interfere with development and plasminogen activator (PA)

production in bovine embryos. Plasminogen activator production was evaluated in

Days 5 and 6 embryos nonsurgically collected from superovulated cows and

cultured in 1, 2.5, 5, or 1 OjiM concentrations of sense or antisense Ets- 1

oligonucleotides. In preliminary experiments, 1 jiM antisense was ineffective in

suppressing PA production, and lOjiM oligonucleotides were detrimental to

development. Day 5 embryos treated with 2.5jiM oligonucleotides inhibited

developmental effect and total PA production was (P<0.05) lower in antisense



treatments when compared to either control or sense treatments. No difference

(P>O.lO) in PA production was observed between Day 6 embryos treated with 2.5

or 5 itM sense and antisense oligonucleotides. A significant time effect on PA

production was observed in both Day 5 and Day 6 embryos cultured in either 2.5 or

5tM concentrations of oligonucleotides.

Based on these results, it is unlikely that Elf-i and Ets-2 are involved in

MZGA because the former is constituitively expressed throughout development,

and the latter was not observed. There is some uncertainty regarding the

expression of Ets-1 during MZGA. This factor may be expressed after MZGA for

controlling PA production and other proteases involved in extracellular matrix

turnover and early germ layer formation.
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Expression of the Ets Family of Transcription Factors in Early Bovine and Ovine
Embryo Development

INTRODUCTION

Embryonic development is dependent on the expression of genes in a

temporally specific manner in order to facilitate growth. The early cleavage stage

embryo depends on maternally derived mRNA and protein. In bovine and ovine

embryos, this dependence lasts until about the 8- to 16-cell stage (Frei et al., 1989;

Kopecny et al., 1989; Kanka et al., 1993), after which time, the embryo will begin

transcribing its own genes. This wave of new transcription is referred to as

maternal to zygotic genome activation (MZGA).

The Ets family of transcription factors may be among those genes

transcribed during this time. These genes were first discovered while studying the

avian erythroblastosis virus, E26 (Leprince et al., 1983; Nunn et al., 1983), and

have been found to be regulated by specific growth factors and hormones (Watabe

et al., 1998; Turque et al., 1997; Raouf and Seth, 2000). Ets transcription factors

also play a vital role in regulating the expression of various proteases during

development (Yordy and Muise-Helmericks, 2000), specific to this project was the

protease plasminogen activator. These proteases are essential for numerous

processes such as endometrial remodeling (including menstruation and

placentation), implantation (Duc-Goiran et al., 1999; Salamonsen, 1 994a), proper

embryo development (Kaaekuahiwi and Menino, 1990; Huarte et al., 1993;



Birkedal-Hansen et al., 1993; Hulboy et al., 1997; Salamonsen, 1994a), fertilization

(Huarte et al., 1993), hatching (Menino and Williams, 1987; Lee et al., 1997), and

oocyte maturation (Moor et al., 1998).

The maternal to zygotic genome activation is an interesting period in

development in that very little conclusive research has been performed to determine

the genes that are expressed during this time. This is especially true for bovine and

ovine embryos. Evaluation of these novel transcription factors in the early

ruminant embryo may provide some insight into factors affecting embryonic

mortality. Therefore the objectives of this study were to examine the expression

pattern of three of the Ets genes, Ets-i, Ets-2, and Elf-i in bovine and ovine

embryos and to investigate the effect of Ets-1 on the production of plasminogen

activator.



REVIEW OF THE LITERATURE

Introduction to the Ets family of transcription factors

The Ets (E26 transformation specific) family of transcription factors was

discovered while studying the avian erythroblastosis virus E26. The original viral

Ets (v-ets) sequence was isolated as a fusion partner with gag and myb in the

genome of E26 and was capable of inducing acute transformation in normal genes,

resulting in erythroblastosis and myeloblastosis in infected chickens (Leprince et

al., 1983; Nunn et al., 1983). Beug et al. (1984) suggested that the sequences

belonging to the gag and myb transcription factors may be responsible for the

myoblastosis induction, and the Ets sequences are responsible for the

erythrblastosis. To date, over thirty proteins have been identified in the Ets family,

all of which share at least some sequence homology to the v-ets gene.

The Ets transcription factors are related through a novel DNA binding

domain, a region that covers approximately 85 amino acids, and have remained

highly conserved across species (Watson et al., 1988; Wasylyk et al., 1992). The

Ets DNA binding domain is unique in that it shares no structural similarity to other

known DNA binding motifs (e.g., leucine zipper, helixtum-helix, or zinc fingers),

with the exception of limited homology to the myb DNA binding domain (Wasylyk

et al., 1992; Nye et al., 1992). When compared, the Ets binding domain consists of

two or three conserved tryptophan residues arranged in a three dimensional a-helix,



whereas the Myb domain is composed of nine tryptophan residues (Watson et al.,

1988; Nye et al., 1992; Macleod et al., 1992). The tryptophan residues have been

found to be functionally important in the binding of the transcription factor to the

DNA binding site as one such repeat is not sufficient. The majority of the Ets

domains are identical in 50% or more amino acids, with the least homologous

proteins, human Ets-1 and Pu-i, sharing 35% identity (see review Dhuliphal,

1997).

The Ets proteins can be divided into three classes based on the location of

the DNA binding domain. This structural classification can, to some degree, relate

to function as the flanking sequences help determine Ets protein affinity and

specificity to the target sequences (Wasylyk et. al., 1992). In the first class, of

which the majority of the proteins belong, the Ets domain is located at the carboxy

terminus. The next two classes are significantly smaller; only three proteins have a

central Ets domain, and two are characterized by the location of the domain at the

amino terminus (Macleod et. al., 1992; Dhuliphal, 1997).

The DNA binding domain of the Ets protein recognizes a specific region of

the gene known as the Ets binding site (EBS) and is comprised of the nucleic acid

sequence GGAAJT. Identification of the EBS has shown that the transcription

factors bind either as monomers, or more rarely as complexes, with other proteins

to these purine-rich portions of the DNA (Karim et. aL, 1990; Nye et. al., 1992).

Amino acid sequences flanking the core GGAAIT sequence of the EBS help

determine the specificity and affinity of the Ets proteins to the target sequences and



may even contain binding sites for numerous other transcription factors (Wasylyk

et al., 1992; Dhuliphal, 1997; Li et al., 2000). Specificity is further achieved by

protein-protein interactions, cell specificity, partitioning between cell

compartments, and covalent modification (Nerlov et. al., 1991; Wasylyk, 1992).

An extensive list of target genes for the Ets family is available in the review by

Sementchenko and Watson (2000), and includes a broad array of viral genes,

transcription factors, cell signaling and cell cycle regulation genes, and many of the

genes that code for proteases and their inhibitors.

DNA binding activity has been found to be modulated or enhanced by

protein-protein interactions with co-factors. These co-inhibitors or co-activators

are required for transcription of genes and can confer specificity by their

availability within the cell. The protein-protein interactions direct the Ets

transcription factors to act on the promoter regions of the target genes and enhance

the transcriptional specificity. Nerlov et al. (1991) found a combined PEA3/AP-1

binding site in the enhancer region of the human urokinase-type plasminogen

activator (uPA) gene; PEA3 is an Ets protein and AP-1 is a complex of the c-fos

and c-jun transcription factors. The expression of uPA was shown to be dependent

on the presence of both of these transcription factors and seemed to exhibit cell

specificity. Ets- 1 and 2 have been found to recruit and, in the case of Ets-2,

actually complex with the p300/CBP adapter proteins. The interaction of these

transcription factors with the adapter proteins resulted in activation of the human

stromelysin promoter (Jayaraman et al., 1999). Further research has also shown
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Erg to physically interact with the c-fos/c-jun complex to activate transcription of

the human collegenasel gene (Buttice et al., 1996).

Transactivation of promoters by certain Ets proteins, such as Elk-i, has also

been noted in conjunction with serum response factor (SRF), as well as between

multiple EBS on a particular promoter, e.g., rat stromelysin 1 (Macleod et al.,

1992). These protein-protein interactions can confer preferential binding of one

distinct Ets protein to a specific target sequence. The cooperative interaction

between the transactivation domain of the Ets members and other transcription

factors suggests a general role in the regulation of transcription of many other

genes.

Regulation of Ets transcription factors

The Ets transcription factors are regulated via novel transcription and

phosphorylation. Both hormones and growth factors initiate these processes.

Turque et al. (1997) found that during early dermal cell migration, treating cells

with hydrocortisone downregulated the expression of Ets-1. This decrease in Ets-1

expression was concomitant with a decrease in the expression of matrix

metalloproteinase-2 (MMP-2) mRNA, a matrix metalloproteinase known to be

involved in extracellular matrix degradation and cell migration. Retinoic acid (RA)

is another hormone that has been shown to regulate Ets transcription factors. This

hormone can induce cellular differentiation and regulate apoptosis in many

different cell types. Retinoic acid can induce the expression of Ets-1 in



differentiating cells and research has suggested this regulation is at the

transcriptional level (Raouf and Seth, 2000; Vary et al., 2000).

The effect of growth factor induction of either Ets gene transcription or

protein activation is mediated through intracellular phosphorylation pathways.

These pathways result in the phosphorylation of either the Ets transcription factor

directly, or the phosphorylation of another transcription factor that, in turn, causes

the expression of Ets genes. The Ras/mitogen activated protein kinase (MAP-K)

cascade is a major signaling pathway that is involved in regulating cellular

proliferation and differentiation (Hill and Treisman, 1995). Research has shown

Ets transcription factors can act as either downstream or upstream effectors of this

pathway (Conrad et al., 1994; Galang et al., 1994; McCarthy et al., 1997; le Gallic

et al., 1999). Their ability to either activate or repress the transcription of a target

gene, as well as their own transcription is directly controlled by specific

phosphorylations. In general, this phosphoiylation enhances the protein's ability to

bind specific Ras responsive and serum responsive promoter elements (RRE and

SRE, respectively) and thereby activate transcription. These are promoter elements

that have been found to activate genes that are involved in cellular transformation,

proliferation, and migration, including uPA, MMP-7, and MMP-1 (as reviewed by

Yordy and Muise-Helmericks, 2000).

Some specific growth factors that exert their effect through the Ets

regulatory pathway are outlined in this review. Hepatocyte growth factor (HGF) is

one such growth factor and was originally identified as a potent mitogen for



hepatocytes. Fafeur et al. (1997) has demonstrated that Ets- 1 expression was

induced in epithelial cells by HGF. This expression was coincident with the

expression of protease mRNA (specifically uPA and collagenase) and the

dispersion of the cells. The authors concluded that Ets- 1 was a molecular effector

of epithelial cell dissociation. This research was corroborated by Jiang et al. (2001)

and Ozaki et al. (2002) when they presented similar data in hepatic cell lines.

Expression of Ets- 1 mRNA has also been shown to be induced by platelet derived

growth factor (PDGF) concomitantly with angiotensin. As these factors have been

shown to regulate cell migration and growth, the results of this research suggest a

role for Ets-1 in vascular remodeling and angiogenesis (Hultgardh-Nilsson et al.,

1995). Finally, Watabe et al. (1998) have conducted research suggesting Ets- 1 and

Ets-2 are the transcriptional link connecting epidermal growth factor stimulation of

uPA and MMP-9 promoters.

Expression of Ets transcription factors

Ets transcripts and protein have been found to play pivotal roles in early

embryonic development of species ranging from humans to laboratory and farm

animals, to amphibians and insects. The Ets proteins as a whole are expressed

ubiquitously during the life of an animal as demonstrated by Sementchenko and

Watson (2000) who outline an array of genes that include the Ets binding site in

their promoter sequence. These transcription factors have been implicated in

extracellular matrix interactions due to their coincident expression in tissues



undergoing morphogenesis and their involvement in protease regulation. Previous

research has shown that Ets transcription factors are predominantly expressed

during embryonic development (for review see Maroulakou and Bowe, 2000).

However, both embryonic and adult tissues express Ets-1, Ets-2, and Elf-i in

tissues that are undergoing cellular transformation processes such as differentiation,

migration, and proliferation. In healthy adult tissue this would include processes

which require extensive vascular development, such as endometrial remodeling and

mammary gland development. Sato et al. (1997) discussed the role of the Ets

transcription factors in angiogenesis and observed that the proteins exert their effect

by inducing the expression of MMP known to be required for this process.

Nevertheless, the expression of the Ets proteins is greatly reduced in adults when

compared to developing embryos.

Ets- 1 transcripts have been found in adult tissues such as the spleen,

thymus, mammary glands, endometrium, ovaries, portions of the gastrointestinal

tract, and areas of the central nervous system. In the developing embryo, Ets- 1 is

found in these tissues as well as the developing hematopoietic, vascular and

nervous systems, the lungs, kidneys and skin (for review see Maroulakou and

Bowe, 2000). Kola et al. (1993) examined the expression paftem of Ets-1 and

found that it was predominant in the lymphoid tissues, brain, and organs that were

undergoing branching morphogenesis (e.g., lung and kidney). In situ hybridization

experiments showed that Ets- 1 expression was associated with mesodermal cells

involved in organ formation, in the nervous system, and in bone formation. Ets-1
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was also found through immunolocalization in the developing avian heart (Macias

et al., 1998). It was reasoned that due to Ets transcription factor involvement in

processes such as cell migration and degradation of extraceilular matrices, that

cardiac morphogenesis, which does involve substantial cellular remodeling, might

express one or more of these specific transcription factors. Their results suggested

that Ets-1 might play a crucial role in the developing heart through transactivation

of genes such as uPA and MMP.

In another area of development, both Ets-1 and Ets-2 are involved in

osteogenesis (Raouf and Seth, 2000). Whereas Ets- 1 is expressed in proliferating

preosteoblastic cells, Ets-2 is expressed by differentiating and mature osteoblasts.

Ets-1 expression could be induced by the addition of retinoic acid (RA), which

stimulates skeletal growth and development. These authors suggested that the

action of RA in these cells could be mediated by Ets- 1.

Ets- 1, Ets-2, and Elf-i are also coexpressed in endometrial tissue. As noted

previously, Ets transcription factors are predominantly expressed during embryonic

development. However, Kilpatrick et al. (1999) were the first to show that Ets- 1,

Ets-2, and Elf-i are expressed in the human endometrium and exhibit cell and

cycle-stage specificity. Due to its localization in the glandular epithelium, Elf-i

was specifically implicated in specialized gene regulation.

The majority of Ets-2 research has focused on expression in the mouse. In

this species, the gene is relatively ubiquitously expressed. The earliest Ets-2 has

been found to be expressed is during oocyte maturation. Antisense experiments
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using Xenopus oocytes cultured in Ets-2 oligonucleotides have shown meiotic

maturation to be inhibited, suggesting a role for Ets-2 in oocyte maturation (Chen

et al., 1990). Ets-2 is also expressed at relatively high levels in the trophectoderm.

In a significant study conducted by Yamamoto et al. (1998), a targeted deletion of

the DNA binding domain of Ets-2 in mice resulted in embryonic death before Day

8.5 of gestation. This was found to be due to an interruption of ectoplacental cone

formation and subsequent deficiencies in nutrition and impaired growth.

Continuing in development, Ets-2 has been detected in the developing

murine spinal cord, kidneys, lungs, gut, and uterus. As noted earlier, Ets-2 is also

involved in osteogenesis, but the expression markedly decreases after bone

formation. In the adult tissues, Ets-2 is primarily found in specific regions of the

brain, mammary glands, endometrial tissue and ovaries, and in the alveolar

structures of the lungs (for review see Maroulakou and Bowe, 2000).

Expression of Elf-i was originally associated with B- and T-cell

development, but was later found in numerous epitbelial tissues in the embryo,

such as the lining of the nose, mouth, gut, lungs and urinary tract (Bassuk et al.,

1998). Elf-i seems to be unique in that it continues to be expressed in a large

number of tissues, even after embryonic development is complete. For example,

Elf-i is found primarily in the adult hematopoietic tissue, but is also found in the

lymphocytes, thymus, spleen, bone marrow, kidneys, liver, intestine, heart, lungs,

bladder, testes, ovaries, oviducts, and of course, the endometrium (for review see

Marou!akou and Bowe, 2000).
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Role of the plasminogen activator and matrix metalloproteinase families in
development

Extracellular matrix (ECM) degrading proteases, the plasmin and the matrix

metalloproteinase (MMP) families, have been implicated in regulation of numerous

biological processes. These proteases mediate tissue degradation from the moment

of fertilization throughout the life of an adult. The ECM proteinases briefly

reviewed here, have been shown to be involved in oocyte maturation (Moor et al.,

1998), fertilization (Huarte et al., 1993), hatching (Menino and Williams, 1987;

Lee et al., 1997), embryo development (Kaaekuahiwi and Menino, 1990; Huarte et

al., 1993; Birkedal-Hansen et al., 1993; Hulboy et al., 1997; Salamonsen, 1994a),

endometrial remodeling (including menstruation and placentation) and implantation

(Duc-Goiran et al., 1999; Salamonsen, 1994b).

Oocyte maturation is a process that is at least partially regulated by

proteases. Matrix metalloproteinases specifically, have been shown to be involved

in conferring viability to the maturing oocyte (for review see Moor et al., 1998). In

vitro maturation and fertilization experiments using porcine oocytes demonstrated

the action of MMP and their inhibitors to operate specifically during maturation.

There was no effect of this system on meiosis or fertilization but it did increase the

number of embryos that developed to the blastocyst stage (Funahashi et al, 1997).

The next event that involves proteases is fertilization. Huarte et al. (1993)

found the fertilization of murine oocytes to be inhibited by antibodies that inhibit
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the activation of plasmin. In contrast, addition of plasminogen to in vitro

fertilization medium increased fertilization rate. Hatching of embryos from the

zone pellucida prior to implantation also requires protease. Research performed by

Menino and Williams (1987) suggested that the hatching rate of embryos in vitro

may correlate to the concentration of plasminogen activator (PA) in the culture

medium. They demonstrated that as the concentration of plasminogen increased,

the percentage of embryos that actually hatched from the zona pellucida also

increased. Protease-conceptus interactions also assist in regulating proper embryo

development. For example, it has been shown that PA production is positively

correlated with embryonic size, developmental stage, and cell number, and has

been shown to influence cellular outgrowth (Kaaekuahiwi and Menino, 1990;

Bartlett and Menino, 1995).

During implantation, both maternal and embryonic tissues express

proteases. This allows a precise regulation of the process and creates a hospitable

environment for the developing conceptus (Salamonsen, 1994a; Menino et al.,

1997). Placentation in ruminants is epitheliochorial, therefore implantation is not

invasive. However, establishment of fetal-uterine contact and subsequent tissue

remodeling and blood vessel formation would involve ECM degrading proteases.

Growth factors and hormones have been found to regulate protease

expression as well as Ets expression. The link between the expression of proteases

in response to stimulus such as growth factors and hormones has been well

established. In vitro treatment of mammary epithelial cells has shown that when
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they are exposed to progesterone, hydrocortisone, or dexamethasone, activation

was inhibited. The same study showed that treatment with human chorionic

gonadotropin and prolactin increased the activation of PA (Sasaki et al., 1999).

More recent research has established that prolactin and growth hormone increase

PA by suppressing the production of insulin-like growth factor-binding protein-5

and increasing the synthesis of insulin-like growth factor-I, respectively (Tonner et

al., 2000). Transforming growth factor (Wileman et al., 2000), fibroblastic growth

factor (LaPolt et a!, 1990; Flaumenhaft et al., 1992), insulin-like growth factor

(Dunn et al., 2001), and epidermal growth factor (Watabe et al., 1998) all increase

the production of PA in various tissues.

Maternal to Zygotic Genome Activation

Early embryo development is dependent on maternally derived RNA and

protein synthesized during oogenesis. This supports the embryo until it has

developed enough to begin transcribing its own genes. This process is described as

the transition from the maternal to the zygotic control of early gene transcription or

maternal to zygotic genome activation (MZGA). By monitoring the incorporation

of radiolabelled uridine during transcription it has been suggested that onset of

MZGA in bovine and ovine embryos occurs at the 8 to 16-cell stage (Frei et al.,

1989; Kopecny et al., 1989; Kanka et al., 1993). More recent studies on cattle

embryos show that there is evidence of earlier transcriptional activity at the 2-cell

stage (Viuff et al., 1996). Use of aipha-amanitin to inhibit RNA polymerase II-
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dependent transcription found that zygotic genes translated during early genome

activation were essential for development beyond, though not up to, the 8- to 16-

cell stage (Nothias et al., 1995).

Activation of the embryonic genes is accompanied by gradual degradation

of maternal RNA and proteins. As the embryonic transcripts are transcribed,

maternally inherited mRNA molecules decay. The accumulation of embryonic

transcripts initiates the reprogramming of the embryonic genome. This is essential

in that it readies the embryo for later developmental events.

There is evidence that the timing of MZGA or the ability for the embryo to

sustain appropriate transcriptional activity is a temporal event, rather than it being

related to cell cycle. Kubisch et al. (1997) found that embryos transfected with a

reporter gene at the one-cell stage only expressed detectable amounts of that gene

after 42-h of culture, around the 4- to 8-cell stage or later, as well as in the one-cell

embryos whose development had been anested and were cultured for the same

time. They suggested that the biological clock was set at fertilization.

Previous research has implicated the Ets proteins in the control of other

transcription factors and even other Ets genes (Macleod et. al., 1992). This

indicates a potential relationship between the expression of Ets transcription factors

and the essential genes transcribed during MZGA. Maternal factors in the ooplasm

may induce certain genes in the embryonic genome to become activated first.

Research has suggested a role for maternal mRNA in programming protein

synthesis until the 8- to 16-cell stage (Frei et al. 1989).
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It is important to identify genes that are expressed in the early bovine and

ovine embryo for clarification of the basic mechanisms that control cell

proliferation and differentiation. This knowledge will also contribute to the

development of better embryo culture systems, better transgenic and cloning

methods, and potentially provide a marker for viable embryos.
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MATERIALS AND METHODS

Tissue collection

Bovine Embryo Collection Fifteen cross-bred beef cows were estrous-

synchronized using prostaglandin F2a (PGF2a; Lutalyse, The Upjohn Co.,

Kalamazo, MI) and superovulated with porcine follicle stimulating hormone

(pFSH; Bums-Biotec Laboratories, Inc., Omaha, NE, and Sigma Chemical Co., St.

Louis, MO). The initial i.m. injection of 25 mg Lutalyse (Day 0= first injection of

Lutalyse) was followed by twice daily i.m. injections of FSH on days 9-12. The

respective dosage amounts were 5, 4, 2, and 1 mg. Evening injections of FSH on

Day 11, and morning injections on Day 12 were accompanied by an additional

injection of 25 and 12.5 mg Lutalyse, respectively. Estrus detection was initiated

24 h after the second injection of Lutalyse. Cows found to be in standing estrus

were artificially inseminated immediately (0 h), followed by a second and third

insemination at 12 and 24 h after onset. The first breeding was accompanied by an

i.m. injection of 100 pg of gonadotropin releasing hormone (GnRH; Sigma). All

cows not found in estrus at the first observation were bred at 48 h and initiated into

the breeding schedule. Embryos were recovered at 5, 6, 8, 10, 12, and 14 days after

the first breeding by non-surgical flushing of the uterus with Dulbecco's phosphate

buffered saline (DPBS) containing 2 ml/L heat-treated cow serum (HTCS) and 10

milL antibiotic/antimycotic solution (Sigma Chemical Co.) Embryos were then

recovered from the flush medium by aspiration and washed three times in
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microdrops of Ham's F-12 with 1.5% BSA (Ham's F-12+BSA; Sigma) under

paraffin oil (Fisher Scientific Co., Tustin, CA). Collected embryos were evaluated

for normal morphology at 200X magnification with an inverted stage phase

contrast microscope. Replicates of 8-12 Days 6-12 embryos and 4-6 Day 14

embryos were snap frozen in dry ice and ethanol and stored for RT-PCR at -80°C.

Day 5 and groups of Day 6 embryos were reserved for culture in oligonucleotide-

containing medium.

Ovine Embryo Collection Twenty-seven cross-bred ewes were estrous

synchronized and superovulated to collect embryos for this study. Estrous

synchronization consisted of administering two i.m. injections of 100 pg

clopronstenol sodium (Estruamte; Haver, Shawnee, KS.) on Days 0 and 9. Porcine

follicle stimulating hormone (pFSH; Sioux Biochemical, Sioux Center, Iowa)

injections were administered i.m. to superovulate the ewes at dosages of 4, 3, and 2

mg twice daily on Days 8, 9, and 10. Ewes were hand-mated to one of four rams at

the onset of estrus and at 12-h intervals thereafter for a total of three matings or

until the ewe no longer accepted the ram. Embryos were surgically recovered on

Days 3, 5, 7, 9, 11, 13, and 15 following onset of estrus. Anesthesia was induced

with a 6-10 ml jugular injection of pentothal (Abbot Laboratories, North Chicago,

IL) and maintained during surgery by inhalation of halothane (Halocarbon

Laboratories, River Edge, NJ) and oxygen. The reproductive tract was exteriorized

through a ventral midline laparotomy and uteri were flushed with Ham's F-12

(Ham's F-12; Sigma) buffered with 25 mM HEPES (Ham's F-12+H; Sigma). The
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embryos were washed in M2 medium (Watson et al., 1995), examined for

morphology and separated into replicates of approximately 10 to 24 embryos for

Days 3 through 9, and 4, 2, and 1 embryos for Days 11, 13 and 15, respectively.

Embryos were snap frozen in microcentriflige tubes on dry ice and ethanol, and

stored at 8O0 C for RT-PCR. Embryos

In vitro maturation and fertilization

Bovine ovaries and oviducts were collected from a local abbatoir. Oocytes

were recovered from ovaries utilizing a slashing and rinsing technique that allowed

the surrounding cumulus cells to remain intact. Oocytes were then recovered from

the rinse medium (DPBS) by aspiration and washed three times in M2 medium

(Watson et al., 1995). Viable oocytes (oocytes surrounded by three or more layers

of cumulus cells) were then transferred to a culture plate containing eight, 50 .d

microdrops of maturation medium [TCM 199; (Gibco BRL, Rockville, MD)

containing pyruvate (14 mglml), 10% heat treated estrus cow serum (HTECS),

luteinizing hormone (LIT) (1 p.glml), follicle stimulating hormone (0.5 jtglml), and

estradiol (1 tg/ml)}. After oocytes were in culture, a bovine oviductal epithelial

cell (BOEC) culture was established. Oviductal epithelial cells from one of the

excised cow tracts were removed, washed under a sterile hood, and placed into a

culture dish containing culture medium for 24 h. Following incubation, BOEC

aggregated into "worm"-shaped structures and were washed two times in TCM 199

containing pyruvate at 14 mg/mI, 100 tM -mercaptoethanol (BME), and 10% heat
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treated fetal calf serum (HTFCS; Sigma). After 24 h of in vitro maturation, oocytes

were transferred to a culture plate containing eight, 50 l microdrops of fertilization

medium (Watson et al., 1995), washed two times in clean drops, and finally placed

into a third microdrop to be fertilized. Following a "swim-up" procedure, whereby

only the most motile sperm are selected for in vitro fertilization, sperm (50,000

sperm/drop) were added to the oocytes after a series of washes and dilutions from

the original frozen straw. The following day, zygotes were aspirated from the

fertilization drops, placed into a microcentrifuge tube with imi of warm M2

medium, and vortexed for two minutes to remove the cumulus cells. Zygotes were

then examined for remaining cumulus cells and transferred through two wash drops

of culture medium. The third and final microdrop contained the BOEC worms.

Embryos were observed at 24-h intervals for stage of development. Replicates of

20 to 30 primary and matured oocytes and 2- through 8-cell embryos, and 10 to 15

16-cell embryos were recovered from the microdrops, washed in M2, frozen in 20-

30 p1 of M2, and stored at -80°C until RT-PCR.

Reverse Transcription Polymerase Chain Reactions

Primer pairs for Ets- 1, Ets-2, and Elf-i were designed from published

human, mouse, rat, and chicken cDNA sequences (Table 1). RNA was extracted

from and RT-PCR were performed on in vivo and in vitro derived embryos

following the protocol of Arcellana-Panlilio and Schultz (1993). Following

phenol-chloroform extraction of the embryo samples, the entire sample of RNA
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was incubated with 0.5 mg of oligodeoxythymidine (olido dT) 12-18 primers

(Pharmacia Biotech) for 10 minutes at 70° C, in a total volume of 12 p1 with sterile

distilled water (dH2O), and quick chilled on ice. Four microliters of 5X first-strand

buffer (Gibco BRL, Rockville, MD), 2 p1 0.1 M dithiothreitol (Gibco), 1 p1 (10pM)

dNTP's, and 1 il (200 U) Superscript II reverse transcriptase (Gibco) were added.

The combined mixture was incubated at 42°C for 120 minutes, followed by a 7

minute soak at 95° C. The entire reaction mixture was then diluted to 50 tl with

dH2O and 5-pi aliquots were used for PCR. Reaction volume for PCR contained

the following in a total volume of 50 p1: 5 p1 lox PCR buffer (Promega, Madison,

WI), 5 p125 mM MgCl2 (Promega), 1 .tl (10 M) dNTPs, 1 tl (100 M) 3' primer,

l.tl (100DM) 5' primer, O.2p1 (5 uljfl) Taq DNA polymerase (Pharmacia Biotech;

Piscataway, New Jersey), and 5 ul RT product or water. The reaction mixture was

overlaid with mineral oil to prevent desiccation and amplified in a thermal cycler.

The initial PCR program conditions consisted of 1)4 minute soak at 94°C; 2)40

cycles of denaturation for 1 minute at 94°C, 2 minutes annealing at the optimal

temperature for the gene of interest, and extension for 2 minutes at 72°C; and 3)

incubation at 72°C for 7 minutes. PCR products were resolved on 2 % agarose

gels, stained in SYBR Green (Molecular Probes, Eugene, OR), and photographed

under ultraviolet light. Bovine ovary cDNA and human colon cDNA were used as

positive controls and water replaced the RT product as the negative control.

Amplification of j3-actin was used as a control for genomic DNA contamination

because the primer sequences spanned an inton (Arcellana-Panlilio and Schultz,
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1993). Following PCR, products were purified and sequenced at the Oregon State

University Center for Gene Research Central Services Laboratory and product

identity was confirmed using the online sequencing programs Blast (Aitsehul et al.,

1997) and FASTA (Pearson and Lipman, 1988).

Table 1. Ets transcription factor PCR primers and fragment size.

Primer Primer Sequence PCR Fragment Citation
Name Size (bp)
Ets-1 5' primer 325 Watson et al.,

TTCGGGACTGGGTGATGTG 1988
(l9nt)
3' primer
TGAGACTCTGTGATGAAGC
TGG (22 nt)

Ets-2 5' primer
TGGCCAGATGCTGTGTAAC
C (20 nt)
3' primer
CGAAGCTCTCGAAGGAAGG
(l9nt)

Elf-i 5' primer
GTTGCTGAAGAAGAAATCA
TAGACG
(25 nt)
3' primer
CCATCACTTCAGGAATCCC
ATC (22 nt)

539

253

Watson et al.,
1988

Thompson et al.,
1992
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Antisense Experiments

Antisense Ets-1 experiments were performed to determine the effects of

Ets-1 on development and regulation of PA production. Culture plates were made

using medium composed of Ham's F-12 + BSA in 25-p.l microdrops. Sense and

antisense treatment media consisted of appropriate concentrations of 5' and 3'

primers used in the RT-PCR experiments. Initial concentrations of antisense and

sense oligonucletides were 0 (control), 1, 2.5, 5, and 10 j.tM. Each microdrop

contained one Day 5 or 6 embryo and embryos were cultured for 144 and 120 h,

respectively, at 39°C in a humidified atmosphere of 5% CO2 in air. At 24-h

intervals, embryo development was observed and conditioned medium was

recovered embryos and frozen for plasminogen activator analysis.

Plasminogen Activator Assay

Plasminogen activator activity in embryo conditioned medium was

determined as described by Kaaekuahiwi and Menino (1990) using a caseinolytic

agar gel assay with urokinase (E.C.3.4.21.73, American Diagnostica Inc.,

Greenwich, CT) as the standard. Ten microliters of conditioned medium or

urokinase standard were combined with 15 .d of 120 g/ml human plasminogen

(Sigma) and incubated for 30 mm at 3 7°C. Twenty microliters of this solution was

then pipetted into pre-cut wells in the casein agar gel. The plate was incubated at

room temperature for 24 h and fixed using 3% acetic acid. Plasminogen activator

activity was then determined by measuring the diameter of the zone of lysis using a



24

digital caliper. Correlation-regression analysis was used to determine the PA

activities in the conditioned medium from plots of lytic ring diameters versus log

urokinase concentrations. Intra- and interassay coefficients of variation for PA

using this assay were 9.7 and 11.2%, respectively.

Statistical Analyses

Plasminogen activator concentrations in conditioned medium were analyzed

using repeated measures ANOVA. Sources of variation in theANOVA for the PA

assay were treatment (control, sense, antisense), time, and the treatment x time

interaction. F-ratios for treatment were computed using the within subjects

(embryos) error as per the repeated measures model whereas F-ratios for time and

the interactions were computed using the residual error. If significant effects were

observed in the ANOVA, differences between means were determined using

Duncan's multiple comparison test. As an indication of total PA production, areas

under the curve were also computed and analyzed by one-way ANOVA. The

source of variation in the one-way ANOVA was treatment (control, sense, and

antisense). All analyses were conducted using the NCSS 2000 software program

(Number Cruncher Statistical System; Hintze, J.C.; Kaysville, UT).
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RESULTS

Ets Family Transcription Factor Expression in Bovine Embryos

Ets-i Expression RT-PCR was used to amplify a 325 bp fragment of Ets-1

(Appendix figure 1). Bovine ovary Ets-1 cDNA was 83.8%, 8 1.8%, and 8 1.2%

homologous to published human, rat, and mouse sequences, respectively. Ets-1

was expressed in both primary and mature oocytes, as well as 2-cell and 6 to 8-cell

embryos. Expression was also observed in Days 10, 12, and 14 embryos (Figure

la), but not Days 6 or 8.

Elf-i Expression A 253 bp fragment of Elf-i was amplified by RT-PCR

(Appendix figure 2). Bovine ovary Elf-i cDNA was 89.9% homologous to

published human sequences. Elf-i was expressed throughout development,

beginning with matured oocytes, 2- through 8-cell embryos, and continuing

through Days 6, 10, and 14 of development (Figure 2a).

Ets-2 Expression Ets-2 was not detected in the bovine embryo or ovary

(Figure 3), but was observed in human colon cDNA used as the positive control.

Previous work in our laboratory using this set of Ets-2 primers successfully

amplified Ets-2 cDNA from Day 15 ovine embryos (Appendix figure 3).

Sequencing demonstrated that our ovine product was 98%, 87%, and 87%

homologous to published ovine, human, and mouse sequences, respectively.
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Ets Family Transcription Factor Expression in Ovine Embryos

Ets-1 Expression The ovine embryo Ets-1 PCR product was 91.4%,

88.9%, and 87.5% homologous to human, rat, and mouse sequences, respectively

(Appendix figure 4). Ets-1 was expressed in Days 13 and 15 embryos (Figure ib),

but was not observed in Days 3, 5, 7 (data not shown), 9, and 11.

Elf-i Expression A transcript of similar size to the expected 253 bp cDNA

was expressed in Days 13 and 15 embryos (Figure 2b), but was not detected in

Days 3, 5, 7 (data not shown), 9, or 11. The presumed ovine embryo Elf-i cDNA

was not sequenced.

Actin Expression in Bovine and Ovine Embryos

A PCR product of the expected size for -actin, 243 bp, was observed in all

embryo stages evaluated. In the bovine this consisted of primary and secondary

oocytes, 2, 4, and 8-cell embryos, and Days 6, 12 and 14 embryos (Figure 4a). In

the ovine, actin was detected in Days 9, 11, 13, and 15 embryos (Figure 4b). No

genomic contamination was observed.
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a)
1 L 3 4 5 6 7 8 9

b)
L 12 3 4 5 6

Figure 1. Expression of Ets-1 in bovine and ovine embryos. PCR products for a)
Ets- I in bovine embryos. Lane 1 is water, lane L is the DNA ladder, and lanes 3
and 4 are primary and secondary oocytes, respectively, and lane 5 is cleavage stage
embryos. Lanes 6, 7, and 8 are Days 10, 12, and 14 bovine embryos, and lane 9 is
bovine ovary. PCR products for b) Ets-1 in ovine embryos. Lane L is the DNA
ladder, lanes 2, 3, 4, and 5 are Days 9, 11, 13, and 15 ovine embryos, respectively,
and lane 6 is bovine ovary.
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a)123456789L

b)
L 1 2 34 5 6

Figure 2. Expression of Elf-I in bovine and ovine embryos. PCR products for a)
Elf-i in bovine embryos. Lane 1 is water, lanes 2, 3, 4, and 5 are secondary
oocytes, 2-cell, 3-4 cell, and 6-8 cell bovine embryos, respectively. Lanes 6, 7, and
8 are Days 6, 10, and 14 bovine embryos, respectively. Lane 9 is bovine ovary and
lane L is the DNA ladder. PCR products for b) Elf-i in ovine embryos. Lane L is
the DNA ladder, lanes 2, 3, 4, and 5 are Days 9, 11, 13, and 15 ovine embryos,
respectively, and lane 6 is bovine ovary.
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L 1 2

Figure 3. Embryonic expression of Ets-2. Lane L is the DNA ladder, lane 1 is
water, lanes 2 and 3 are Days 8 and 10 bovine embryos, respectively, lane 4 is
bovine ovary, and lane 5 is human colon.
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a)
L 1 2 3 4 5 6 7 8 9 10

b)
L 1 2 3 4 5 6 7

Figure 4. Expression of-actin in bovine and ovine embryos. PCR products for a)
13-actin in bovine embryos. Lane L is the DNA ladder, lane 1 is water, lanes 2 and
3 are primary and secondary oocytes, lanes 4, 5, and 6 are 2, 4, and 8-cell embryos,
respectively. Lanes 7, 8, and 9 are Days 6, 12 and 14 embryos, respectively, arid
lane 10 is bovine ovary. PCR products for b) fl-actin in ovine embryos. Lane L is
the DNA ladder, lane 1 is water, lanes 2, 3, 4, 5, 6, and 7 are Days 9, 11, 13, 15, 15
(two different Day 15 donors), and bovine ovary, respectively.
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Antisense Experiments

Plasminogen activator production in Day 6 bovine embryos Embryos

treated with 5 jLM Ets- 1 oligonucleotides did not differ (P>O. 10) in total PA

production when compared to the control, despite a twofold difference between the

control and treated embryos (Table 2). No difference (P>0.10) in mean PA

production was observed due to treatment. Time exerted a significant effect

because PA production steadily increased to 96 h (Fig. 5a). A significant treatment

x time interaction was also observed because control embryos produced more PA

(P<0.05) than sense or antisense treated embryos at 96 h (Fig. 5a). Embryos treated

with 2.5 j.M Ets-1 oligonucleotides showed no significant difference (P>0.10) in

total PA production due to treatment (Table 2; Figure 5b). Mean PA production

did not differ (P>0.10) between treatments, however control and sense embryos

produced more PA that antisense embryos. Mean PA production differed over time

(P<0.05), and the treatment x time interaction was not significant (P>0. 10).

Plasminogen activator production in Day 5 bovine embryos Total PA and

mean PA production were lower (P<0.05) in embryos treated with 2.5 jM antisense

Ets- 1 oligonucleotides compared to embryos treated with sense oligonucleotides

(Table 3). Total PA and mean PA production did not differ (P>0. 10) between

control and sense-treated embryos and control and antisense-treated embryos. PA

production differed (P<0.0 1) over time and the treatment x time interaction was not

significant (Figure. 6).



Table 2. Piasminogen activator production (RI/mi) by Day 6 bovine embryos
treated with 2.5 jM and 5 p.M sense and antisense Ets- 1 oligonucleotides.

2.5
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Total PA Mean PA Total PA Mean PA
Treatment N production production N production production

Control 2 7.5 ± 4.6 0.09 ± 0.05 2 23.5 ± 6.7 0.21 ± 0.06

Sense 3 8.9±3.8 0.08±0.05 3 10.8±5.5 0.10±0.05

Antisense 3 6.3 ± 3.8 0.06 ± 0.05 3 10.5 ± 5.5 0.10 ± 0.05
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Figure 5. Plasminogen activator production in Day 6 bovine embryos treated with
a) 5 .tM and b) 2.5 jM sense and antisense Ets-1 oligonucleotides.



Table 3. Plasminogen activator production (lU/mi) by Day 5 bovine embryos
treated with 2.5jiM sense and antisense Ets-1 oligonucleotides.

Treatment N Total PA Production Mean PA Production

Control 3 6.8 ±
19a,b 0.06 ±

002a,b

Sense 5 9.8 ± l.5a 0.09 ± o.Ola

Antisense 7 3.3 ± l.3' 0.03 ±
001b

a, b Means within columns without similar superscripts differ (P<0.05).
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Figure 6. Plasminogen activator production in Day 5 bovine embryos treated with 2.5j.M
sense and antisense Ets-1 oligonucleotides.
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No significant differences in development were observed for Day 5 and 6

embryos cultured in medium containing 2.5 or 5 M oligonucleotides (Table 4).

However, development was inhibited when embryos were cultured in 10 M

oligonucleotides (data not shown).

Table 4. Development of Day 5 and 6 bovine embryos in medium containing 2.5
and 5 M Ets-1 sense and antisense oligonucleotides.

Day 6 Embryos Day 5 Embryos

2.5/LM 5jLM 2.5MM
Treatment % Hatched % Hatched % Hatched

Control 100(2/2) 50(1/2) 33(1/3)

Sense 67 (2/3) 67 (2/3) 20 (1/5)

Antisense 33 (1/3) 67 (2/3) 43 (3/7)



DISCUSSION

The goals of this study were to determine the expression patterns of Ets- 1,

Ets-2 and Elf-i in bovine embryos and Ets-i and Elf-i in ovine embryos, and to

investigate the effects of antisense Ets-1 oligonucleotides on PA production and

development in bovine embryos. There is already an established precedent for Ets

transcription factor expression in many species. Immunocytochemistry confirmed

expression of Ets-2 in ovine trophectoderm, supporting a potential role for Ets-2 in

implantation (Ezashi et al., 1998). In murine embryos, Ets-2 is also expressed first

in trophoblastic tissues. Deletion mutagenesis revealed double negative mutant

embryos were lethal beyond Day 8.5 of gestation (Yamamoto et al., 1998). Ets-1

and Elf-i are also expressed during organogenesis in the murine embryo, primarily

in tissue undergoing branching morphogenesis (Maroulakou and Bowe, 2000; Kola

et al., 1993).

Characterization of Ets-1 during Xenopus laevis development has also been

established. Stiegler et al. (1993) observed constant levels of Ets- 1 transcripts

during cleavage, a decrease at gastrulation, and an increase at neurulation. Human

and avian embryos also express Ets-i and Elf-i extensively throughout

development, especially in tissue undergoing cellular differentiation and migration,

such as in the lymphatic and vascular systems, during lung and kidney formation,

and limb bud development (Vanderbunder et al., 1989; Macias et al., 1998,

Maroulakou and Bowe, 2000).
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Little conclusive research exists identiflying the genes that are expressed

during MZGA. This is especially true for the bovine and ovine species. It is

generally believed that onset of major embryonic gene transcription begins around

the 8-16 cell stage in both species (Frei et al., 1989; Kopecny et al., 1989; Kanka et

al., 1993). The Ets family of transcription factors are involved in regulating many

essential developmental process and therefore their expression could begin during

this major wave of new transcription. Results from the present study suggest that

the three Ets family members investigated, Ets-. 1, Ets-2, and Elf-i, are unlikely

candidates involved in this event. However, there are many other transcription

factors in this family, as yet not investigated, that may participate in MZGA.

The Ets- 1 PCR product was successfully sequenced from bovine ovary, and

an attempt was made to sequence the PCR product from bovine embryos, however

the results were inconclusive. This was most likely due to the fact that the embryo

samples exhibited dual banding. Our hypothesis is that the lower of the two bands

(Figure 1 a) represented the Ets- 1 transcript and the difference in molecular weight

is a result of post-transcriptional modifications. What we believe to be Ets- 1

expression was found in both primary and mature oocytes, as well as cleavage

stage embryos. The transcript was also expressed during the pre-implantation

period at Days 10, 12, and 14 of gestation. This could indicate a potential role for

Ets-1 in regulating blastocyst development, as well as PA production, and possibly,

endodermal and mesodermal cell migration. As the expression of Ets-1 was not

conclusive, further research is needed to determine if this gene was one of the many
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activated during MZGA. Ovine embryos expressed Ets- 1 on Days 13 and 15 of

development. This would exclude Ets-1 from participating in MZGA in the ovine,

however it may be involved in regulation of mesodermal cell migration.

Elf-i expression in bovine embryos seemed to be ubiquitous and therefore

would not have been a gene that was specifically turned on during MZGA. in the

ovine embryo, Elf-i expression was observed only in Days 13 and 15 embryos.

Neither expression pattern would indicate a role in MZGA.

Ets-2 was not found at all in the bovine embryo during the early stages of

development. Unpublished work performed previously by our laboratory and

others (Ezushi et al., 1998) has successfully isolated and sequenced Ets-2 from the

ovine embryo, and found its expression to begin around Day 13. As bovine

embryos are developmentally 2-3 days behind their ovine equivalents at this stage,

there is the potential that Ets-2 is expressed in embryos later than Day 14. There is

also the possibility that the primers for Ets-2, albeit functional with ovine embryo

cDNA, did not hybridize with bovine embryo cDNA, hence, expression was

undetected. However, recent studies found bovine embryos to express Ets-2 as

early as Day 15 (Roberts, 2002). These results further support our conclusion that

Ets-2 is not involved in MZGA.

Ets- 1 regulates the expression of various proteases, specifically urokinase-

type PA and MMP (Nerlov et al., 1991; Iwasaka et al., 1996; Logan et al., 1996).

These proteases are involved in extracellular matrix degradation and uterine

implantation. Our second goal was to determine if inhibiting Ets-i expression
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would affect embryo development or PA production by the bovine embryo.

Developmental data collected on the Day 5 and 6 embryos cultured in either 5 or

2.5 M oligonucleotides demonstrated no detrimental effects due to treatment.

Plasminogen activator production by Day 5 embryos treated with antisense Ets-i

oligonucleotides was reduced compared to embryos in the sense and control

groups. This was also true for mean PA production at 120 and 144 h. Day 6

embryos did not show this effect in either the 5 or the 2.5 tM treatments. This

could be due to incomplete inhibition of Ets-1 translation by the antisense

oligonucleotides in the Day 6 versus the Day 5 embryos. The other possibility is

that the Day 6 embryos were able to use an alternative transcription factor to begin

PA production. Variation in the PA production peak between the two

concentrations of antisense oligonucleotides is likely a result of either variability

between donor cows subtle differences in embryo age.

Although the role of Ets-1, Ets-2, and Elf-i in MZGA is doubtful, the

results of this study have contributed to the characterization of these novel

transcription factors during early bovine and ovine embryo development.

However, Ets-1 does appear to be involved in regulating PA production in bovine

embryos. Future research is warranted to determine the mechanism eliciting Ets-i

transcription and the eventual initiation of PA expression, and to identify other

transcription factors that may be participating in PA production.
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APPENDIX



Bovine Ets-1

1

TITCGGGACTG

41

GAAGGGTGTG

81

GCCCTCTGCG

121

CCCCAGACTT

161

GATCCTGCAG

201

GGAGTCAACC

241

ATTACTTCAT

281

CCCTCCCTCG

321

CCTA

GGTGATGTGG GCTGTCAACG

GACTTCCAGA AGTTCTGTAT

CACTGGGGAA AGACTGC1TIT

CGTTGGGGAC ATCTFGTGGG

AAAGAGGATG TGAAGCCATA

CTCCCTACCC

TAGCTACGGT

GAGUCTCCG

AGAGTCCCGC

ATCGAGCATG

AGCCCAGCTT

Appendix Figure 1. Bovine Ets-1 cDNA sequence.

40

AGUCAGCCT
80

GAACGGGGCA
120

CTGGAGCTGG
160

AACACCTGGA
200

CCAAGTTAAT
240

TATACCTCGG
280

CCCAGTGCGT
320

CATCAAGAGT
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Bovine Elf-i

TGTFGCTGAA

41

ATCACCCTCA

81

AAACAATTGA

121

CATGGATTCT

161

AATAATAGTA

201

UGCCCCTTG

40

GAAGAAATCA TANNCGAGGA TGAGGACGAC

80

CAGTAGAAGC TFCCTGTCAT AATGGGGATG

120

AACCATCGAG GCTGCTGAGG CACTCCTCAA

160

CCTGGCCCTA TGCTGGATGA AAAGCGCATG

200

TA1TFAGCTC CTCTGAAGAT GACATGGT[G

FGCTNAAGA AGAAATCCAT AG

Appendix Figure 2. Bovine Elf-i cDNA sequence.
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Ovine Ets-2

1 40

TGGCCAATG CTGTGTAACC TCGGCAAAGA GCGC1TITFG
80

41

GAGCTGGCNC CCGACTTFGT GGGCGATAU CTCTGGGAGC
120

81

ATCTGGAGCA GATGATCAAA GAAAACCAAG AAAAGAACGG
160

121

AAGATCAGTA TGAAGAAAAT TCGCACCTCA ACTCAGYFCC
200

161

TCATFGGATT AATAGCAATT CGTTAGG1T TGGCGTGGAG
240

201

CAGGCACCGT ACGGTGTGCA GACACAGAGT TACTCTAAAG
280

241

GCGGCCTCCT GGATGGCCTG TGTCCAGCGT CCTCANCGCC
320

281

CGGNACGCYF GGGCCAGAGC AGGACTTCCA GATGTCCCC
360

321

AAGGCCCGAC TCAGCACCGT CAGCGTCAAC TACTGCTCGG
400

361

TCAGCCAGGA CTCCCGGCN GGCGGCTTGA ACCTGCTCTC
440

401

CAGCACTTCT GGGAAGCCCA GGGACCACGA CTCGGCGGAG
480

441

ACGGGCGGCG ACAGCTTCGA GAGCTCGGAG TCGCTGCTGC
520

481

AGTCCTGGAA CAGCCAGTCA TCTCTGCTGG ACGTGCAGCG

521

GGTGCCYFCC TCAAAGCTT TOG

Appendix Figure 3. Ovine Ets-2 cDNA sequence.



Ovine Ets-1

CCGGAGGNNG

41

AAGUCTGNA

81

AAGACTGCTT

121

CATCTFGTGG

161

GTGAAGCCAT

201

CAGAGTCCCG

241

TATCGAGCAC

281

GAGCCCAGCT

GAGANNAGCC TGAAGGGTGT

TGAACGGGGC AGCCCTNTGC

TCTCGAGCTG GCCCCAGACT

GAACACCTGG AGATCCTGCA

ACCAAGTTAA TGGAGTCAAC

CTATACCTCG

GCCCAGTGCG

TCATCACAGA

GATTACTTCA

TCCCTCCCTC

GTCCTAA

Appendix Figure 4. Ovine Ets-1 eDNA sequence.

40

GGACTTCCAG
80

GCGCTGGGGA
120

TCGTFGGGGA
160

GAAAGAGGAT
200

CCTCCCTACC
240

TFAGCTATGG
280

GGAGTTCTCC
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