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ABSTRACT

In recent years, the use of genetic markers has become more and more
prevalent in beef breeding programs. This research focused on four previously identified
single nucleotide polymorphisms in a leptin gene on chromosome 4 of beef cows. The
SNP were E2FB, T945M, UA1, and UA2. Beef cows used in this research were
maintained at the Louisiana State University AgCenter Central Research Station. Cows
consisted of purebred Bos tauras and Bos indicus cattle as well as crossbreds.

The objectives were to estimate genotypic and allelic frequencies for each SNP
and to determine the influence of cow breed type, cow age, and SNP genotypes on cow
calving rate and date of calving in 2006, cow plasma leptin concentration, body
condition score, and pregnancy status in September of 2006, and cow weight change
from April to September in 2006.

Over all cows, each of the genetic markers showed polymorphism. Allelic
frequency for T in these SNP was greater than 0.10. Within cow breed groups the trend
for lower or higher frequencies of homozygous genotypes tended to be consistent.
Genotypes TT in E2FB, TT in T945M, CC in UA1, and TT in UA2 had lower
frequencies. Brahman cows were missing both CT and TT genotypes in UA2 and the
UA2-TT genotype was not present in Braford, Romosinuano F1 and Brahman F1 breed
groups.

Neither of the genetic marker genotypes influenced variation in plasma leptin
level (P > 0.05). Several genetic markers had effects associated with cow traits that
were of interest to this research. UA1 genotypes tended (P=0.07) to have an effect on

calving rate. UA2 genotypes were associated (P<0.05) with calving date as well as

iv



weight loss. Cow breed group influenced (P < 0.05) calving rate, Julian calving date,
weight change, and palpation status. Six year and older cows had a larger plasma leptin
level and two year old cows had lower body condition scores than other ages of cows.
These results indicate that after adjusting for cow breed group and cow age, genetic
markers UA1 and UA2 appear to be associated with several reproductive and weight

change traits of beef cows.



CHAPTER 1

INTRODUCTION

The selection of livestock for superior genetic merit has been a challenging
business for some time. The livestock industry has progressed over the past 50 years
from using adjusted phenotypic values to compare prospective parents to the use of
individual animal breeding values for economically important traits (Field, 2007). More
recently, the identification of genetic markers that are closely linked to or a part of the
DNA structure of a major gene for economically important traits has developed into an
important area of research. Reproduction is considered one of the most economically
important traits in beef cattle. The genetic variation associated with calving rate of beef
cattle is considered to be relatively low (Guerra et al., 2006). Identification of genetic
markers for major genes associated with measures of reproduction could aid in
identification of young cows that might be more productive in the beef cattle industry.

The leptin gene is located on the fourth chromosome in the bovine genome
(Barendse et al., 1994; Stone et al., 1996). The product of this gene is a 16 kDa protein
that is primarily produced by white adipocytes (Houseknecht et al., 1998). Leptin has
been implicated in the regulation of feed intake, energy expenditure, and whole-body
energy balance in both humans and rodents (Houseknecht et al., 1998). Positive
correlations between leptin serum levels and carcass traits such as marbling, 12" rib
back fat thickness, kidney pelvic heart fat, and quality grade in beef cattle were reported
by Geary et al. (2003). Differences in muscling, fat thickness, and marbling were also

found (Delavaud et al., 2002). An association between plasma leptin concentrations and



growth and carcass traits was demonstrated in six distinct genetic lines of swine (Berg
et al., 2003). Aimeida et al. (2003) reported that RFLP genetic marker genotypes in the
leptin gene were significantly associated with calving date in a Brangus herd in Brazil. A
weak correlation between leptin serum levels and cow body condition score (BCS) and
a strong relationship between leptin serum levels and the size of adiposities has been
described (Delavaud et al., 2002).

This research involves four previously identified single nucleotide polymorphisms
(SNP) in the leptin gene: E2FB, T945M, UA1, and UA2. Most research with the leptin
gene in beef cattle has been done with Bos taurus cattle. This research involves not
only Bos taurus cattle, but also Bos indicus cattle and their crosses. The objectives of
this research were:

1. To determine overall and breed specific frequencies of the E2FB, T945M,

UA1, and UA2 genetic marker genotypes and alleles,

2. To determine the influence of leptin genetic marker genotypes on the

circulating level of plasma leptin, and

3. To determine the influences of cow breed group, age of cow, and genetic

marker genotypes on cow calving rate and calving date in the spring of 2006,
cow body condition score and pregnancy status in September of 2006, and

weight change from April to September in 2006.



CHAPTER 2
LITERATURE REVIEW
General Leptin Information

The leptin gene was discovered in 1994 in Jackson Laboratory C57BL/6J and
SM/Ckc-+PA¢ mice by Zhang et al. (1994) and Moon and Friedman (1997), respectively.
Barendse et al. (1994) and Stone et al. (1996) reported that the bovine leptin gene is
located on Chromosome (BTA) 4.

Zang et al. (1997) reported that the leptin gene has three exons. The coding
region for the leptin gene is contained within exons 2 & 3. Exon 1 is non-translated. Part
of exon 2 encodes a signaling peptide of 21 aa residues, which is not represented in
mature leptin protein. The leptin gene has a 67% sequence identity among species. The
leptin gene codes for a 3.5kb cDNA (Gong et al., 1996). The leptin product protein has
an approximate weight of 16kD. Humans and mice have two forms of the leptin protein
that differ by a single AA residue (Isse et al., 1995; Zhang et al., 1994). The two proteins
are due to alternative splicing of the leptin mRNA (Isse et al., 1995; Oberkofler et al.,
1997).

The product of the leptin gene is similar to the family of helical cytokines,
including IL-2 and growth hormone (Houseknecht et al., 1998). The members of the
interleukin 6 family of cytokines interact with their receptors through three different
binding sites |, I, and Ill. Leptin contains a single disulfide bond that links two cysteines
(Cys96 and Cys146) within the C and D helices, and this bond has been proven critical

for the structural integrity and stability of leptin (Rock et al., 1996).



It was suggested that leptin’s affect might be localized in domains between aa
residues 106 and 140 (Grasso et al., 1997).Three structures within leptin that are
important to the function of leptin are: N terminal (residuals 22-115) biological and
receptor binding; C terminal (residuals 116-166) with loop structure, enhances activity of
N terminal region; C terminal disulfide bond (Imagawa et al., 1998). Four mutations
were found in the human leptin protein. The first of these was Arg41Glu, which
produced no receptor binding function. The other three mutations (Asp61Asn,
Ser148Asp, and Arg149Glu) had no affect on the functionality of leptin receptor binding
(Verploegen et al., 1997).

Peelman et al. (2004) investigated several mutations in the leptin gene that
resemble the binding sites I, Il, and Ill. Mutations in binding site | at the C-terminus of
helix D did not affect receptor binding, but showed a modest effect on signaling.
Mutations in binding site Il at the surface of helices A and C impaired receptor binding,
but had only a limited effect on signaling. Site Ill mutations around the N-terminus of
helix D prevented receptor activation without affecting binding to the receptor.

Genetic Polymorphisms

Several alleles of the BM 1500 microsatellite have been identified in the leptin
gene (Buchanan et al., 2002). A single nucleotide polymorphism was discovered in the
exon 2 region of the leptin gene. This SNP can be distinguished using the restriction
enzyme Kpn2l, and was associated with carcass fat measures in a population of
unrelated beef bulls. This SNP resulted in a substation of a cysteine (C) for a thymine
(T). This substation causes the amino acid to change from an arginine to a cysteine.

The researchers associated the T allele with fatter beef carcasses and the C allele to
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leaner beef carcasses. The C and T alleles had a frequency of 0.54 and 0.46,
respectively. Animals with the T allele were found to have higher levels of leptin mMRNA,
thus suggesting that the T allele imparts a partial loss of biological function.

It was suggested that the TT and TC genotypes of the Kpn2l SNP increased milk
yield in dairy cows when compared to the CC genotypes. They also observed a non-
significant decrease in fat percentage over lactation. There was also a non-significant
increase in the protein yield associated with the T allele. The animals that were
homozygous with the T allele had a significant increase in the SSC linear score
(Buchanan et al., 2003).

Madeja et al. (2004) reported that the allelic distribution of the exon 2 SNP, know
as Kpn2l, was 0.54 C and 0.46 T. They did not find any associations between the
alleles of Kpn2l and production traits.

Schenkel et al. (2005) found that the E2FB (Kpn2l) SNP had allelic frequencies
of the C and T alleles of 0.389 and .611, respectively. The C allele was associated with
lower fat, more grade fat, and more lean. It was suggested that the T allele had a high
degree of dominance due to the fact that the heterozygote had very similar values to the
TT homozygote.

Choudhary et al. (2005) examined the allelic frequency of the Kpn2l SNP in Bos
indicus and Bos taurus cattle as well as their crossbreeds. The frequencies for the C
allele in the crossbreds, Holstein Friesian, and Jersey cattle were 0.82, 0.60, and 0.44,
respectively. The T allele frequencies were 0.18, 0.40 and 0.56. It is thought that the low
presence of the T allele in the crossbreds and Holstein Friesian cattle was due to the

lack of T alleles in the Hariana line of cattle.
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Kononoff et al. (2005) stated that the genotypic frequencies of Kpn2l were 24.9%
CC, 50.5% CT, and 24.6% TT. The researchers also reported that 7.6% more animals
with the CT genotype graded AAA or better over TT. The TT genotype animals also
graded 7.1% higher than the CC animals. They also reported that the TT genotype
animals had less red meat in their carcasses then those of the CT and CC genotypes.

Almeida et al. (2007) investigated the allelic frequencies for Kpn2l using
Aberdeen Angus and Charolais cattle. It was determined that the number of C alleles
was higher in Charolais cattle then in the Aberdeen Angus. The T allele is just the
reverse of the C allele. They did not find an association between the Kpn2l SNP and

weight gain.

In 2005, Nkrumah et al. identified three SNP’S in the bovine leptin gene:
UASMS1 (UA1), UASMS2 (UA2), and UASMS3 (UA3). UA1 was not further researched
due to the fact that its Mendelian inheritance and trait associations were identical to
UA3. The UA2 SNP is a C to T substitution with allelic frequencies of 0.80 and 0.20
respectively. The UA3 SNP is a C to G substitution with allelic frequencies of 0.52 and
0.48 respectively. The UA2 T allele is significantly associated with an increase serum
leptin concentration over that of the C allele. Animals with the TT genotype had a higher
metabolic mid-point weight than those with the CC genotype, and this held true for the
heterozygous as well. Average daily gain was also higher for animals with the TT and
CT genotypes then those with the CC genotype. The TT animals also had a higher final
weight than those of the CC and CT genotypes. The TT and CT animals consumed

significantly more dry matter then the CC animals. The T allele was also associated with



large back fat thickness scores, more ultrasound marbling, and overall increase body
fatness compared to the C allele.

Animals with the GG genotype tended to have higher residual feed intake,
weighed heavier, grew faster, had a greater final body weight then those with the GC
and CC genotypes. In addition, the GG animals also had higher backfat thicknesses
than the animals of the GC and CC genotypes. There were no differences among the
UA3 genotypes when examining serum leptin concentration, feed conversion ratio,
marbling score and lean muscle area.

Canadian researchers (Schenkel et al., 2005) found that the UASMS1 (UA1) and
UASMS3 (UA3) SNP’s were completely linked, and therefore did not continue research
with the UA3 SNP. No significant associations between UA2 and any meat or carcass
quality traits. The UA1 SNP was significantly associated with fat level and tended to be
related to grade fat and lean.

Liefers et al. (2004) identified the SNP T945M as a C to T substitution within the
leptin receptor gene. They reported that the frequency of the CC and CT genotypes
were 92.9% and 7.1% respectively. There were no TT genotypes reported. The T allele
was associated with circulating leptin concentrations during late pregnancy, but not
during lactation. All other associations were reported as combined affects with other
previously identified SNP’s.

Ehrhardt et al. (2000) reported that the mean serum leptin concentration for late
lactation cows was 4ng/mL. It was later suggested that there is a positive correlation
between plasma leptin concentrations and longissimus muscle fat thickness, marbling

score, body fat, and BCS in cows during the last third of lactation. In 2002, it was
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suggested that breed of cattle tended to have a small effect on the plasma leptin levels
(Delavaud et al., 2002).

Liefers et al. (2003) suggested that dry matter intake, live weight, milk yield, and
energy balance affect the serum leptin concentration. A higher DMI results in a higher
leptin concentration. Positive energy balances are associated with higher leptin levels,
the reciprocal is also proposed. While milk yield has a negative association with plasma
leptin levels, higher milk yield results in lower leptin levels. It is also presented that leptin
has a significant effect on first postpartum estrus as well as estrus expression. Cows did
not seem to experience the first postpartum estrus until the threshold of 4 ng/mL was
met. Cows that had higher leptin levels also seemed to have a more expressive estrus
then those with low levels.

Research points to leptin as a possible trigger to the onset of puberty. Leptin has
been shown to reverse inadequate gonadotropin production in mice and infertility in
obese mice. It is believed that leptin acts as a metabolic gate signaling the body if it has
adequate nutrition to support reproductive functions (Cunningham et al., 1999).
Endocrinology of Leptin

In animals in zero energy balance, leptin is highly correlated with adipocytes size
in lean and obese mice (Houseknecht et al., 1996a-b). Food deprivation results in a
rapid and drastic fall in leptin gene expression (Cusin et al., 1995; Frederich et al., 1995;
Trayhurn et al., 1995; Kolaczynski et al., 1996). Subtle changes in the short term energy
balance can have dramatic effects on the circulating level of leptin. A 10% reduction or
increase in body weight with reduce leptin by 56% or increase leptin by 300%

respectively (Considine et al., 1996; Kolaczynski et al., 1996). Leptin has shown a dose
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dependent affect on food intake, loss of body weight, loss of fat depots, and an increase
in energy metabolism (Pelleymounter et al., 1995; Levin et al., 1996).

Hormonal or metabolite control of leptin expression is suggested by coordinated
alterations in leptin gene expression. One prime candidate for this controlling factor is
insulin. Insulin plays a chronic role in the regulation of leptin levels (Houseknecht et al.,
1998). Hyperinsulinemia increases leptin levels in rodents and humans (Cusin et al.,
1995; Saladin et al., 1995; Utriainen et al., 1996; Vidal et al., 1996). In humans, leptin
concentrations are pulsatile in nature (Licinio et al., 1997).

Glucocorticoids are other potent regulators of leptin expression (Houseknecht et
al., 1998). It is suggested that leptin and cortisol interact in a negative feedback loop.
Leptin directly inhibits cortisol synthesis by adrenal cells (Bornstein et al., 1997). Leptin
is also down-regulated by adrenergic stimulation. This is indicated in studies using 3-
adrenergic agonists, cold exposure, or dbcAMP (Gettys et al., 1996; Mantzoros et al.,
1996; Slieker et al., 1996; Trayhurn et al., 1996). It has also been reported that leptin
regulates growth hormone secretion (Carro et al., 1997).

The leptin promoter has a functional binding site for C/EBPa in the region -58 to -
42 relative to the transcriptional start site (He et al., 1995; MacDougald et al., 1995;
Hwang et al., 1996). The C/EBPa functions as a transcriptional activator, and plays a
role in terminal adipocyte differentiation (Christy et al., 1989; Herrera et al., 1989; Umek
et al., 1991; Freytag and Geddes, 1992). PPARYy also seems to regulate the
transcription of leptin. Thiazolidinediones, pharmacological ligands for the PPARYy act to

down regulate leptin mMRNA (Lehmann et al., 1995; Saltiel and Olefsky, 1996).



Hollenberg et al. (1997) reported that PPARy2 mediates down regulation of the leptin
promoter by inhibiting C/EBPa.

Previous research has suggested a fat secreted factor that reports the status of
body energy stores to the brain (Kennedy, 1953; Hervey, 1958; Hausberger, 1959;
Coleman and Hummel, 1969). Research investigating the effects of exogenous leptin on
ob/ob led to the first model that proposed leptin was the adipose factor. Banks et al.
(1996) demonstrated that leptin, synthesized and secreted by white adipocytes, travels
to the brain where it causes the release of factors that ultimately result in the reduction
of food intake, increase energy expenditure, and increase physical activity. It is also
suggested that leptin acts in a negative feedback loop to inhibit further expression.

Houseknecht et al. (1998) reported that research was underway to try to
determine the targets of leptin action in the brain as well as their downstream targets.
Neuropeptide Y is believed to be one of those major targets. NPY is a stimulator of food
intake and inhibitor of brown fat thermogenesis (Billington et al., 1991). NPY also
increases plasma insulin and corticosteroid levels (Billington et al., 1991; Dryden and
Williams, 1996). The treatment of ob/ob mice with leptin induces a lowering of NPY
before there is a change in body weight (Stephens et al., 1995; Schwartz et al., 1996).
The relationship between NPY and leptin was further emphasized when it was reported
that ob/ob mice that had the NPY knocked out had attenuated obese affects (Erickson
et al., 1996). This indicates that NPY is not the only neuroendocrine target of leptin.

While the long form of the leptin receptor is found almost exclusively in the
central system, many other tissues contain the short form (Tartaglia et al., 1995).

Through attenuating insulin action, leptin has been implicated in causing peripheral
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insulin resistance in HepG2 cells (Cohen et al., 1996), and rat1 fibroblasts (Kroder et al.,
1996). Glucose uptake and glycogen synthesis were, however, increased with exposure
to leptin (Berti et al., 1997). Peripheral insulin resistance might also be affected by leptin
via pancreatic 3 cells (Kieffer et al., 1996). It is believed that leptin directly inhibits
insulin secretion by the B cell due to changes in the ion channel function (Emilsson et
al., 1997; Kieffer et al., 1997). New research has described a peripheral action on the
secretion of cortisol by leptin (Bornstein et al., 1997).

The concept of leptin resistance comes from the fact that most of the obesity
studies stem from organisms that exhibit hyperleptinemia. The most obvious cause of
this resistance is a defect in the leptin receptor itself (Houseknecht et al., 1998). A
defect in the leptin receptor might explain the resistance to leptin that is observed in the
db/db mice. Defects in the leptin gene product might also have an affect on the
resistance to leptin. Many of the cytokine proteins bind to binding proteins in plasma.
These binding proteins may have significant affects on the bioactivity of the bound
protein. Proteins that have a defective structure might have reduced bioactivity ability
and, therefore, present a form of leptin resistance (Heaney and Golde, 1993; Bonner
and Brody, 1995). It has been found that the majority of leptin circulates in this bound
form, and that the amount of free leptin is positively correlated with increasing obesity
and body-mass index (Sinha et al., 1996; Housknecht et al., 1996). It is also possible
that the bound form of leptin is responsible for its ability to transverse the blood brain
barrier (Housknecht et al., 1998). Another source of leptin resistance suggested is not
due to physiological defects of leptin or its promoter, but due to the limitations of leptin

itself. It has been proposed that the teleological role of leptin is to avoid death by
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starvation, not to avoid obesity (Speigelman and Flier, 1996). It is proposed that leptin
can be a key factor in survival in times of feast and fast. Ahima et al. (1996) supports
this belief by demonstrating that exogenous leptin can partially reverse neuroendocrine
adaptations of starved mice.

Inadequate nutrition delays or prevents the onset of puberty (Foster and Olster,
1985; Bronson, 1986; Aubert and Sizonenko, 1996). This nutritional inadequacy also
interferes with normal cyclicity (Howland, 1971; Vigersky et al., 1977; Armstrong and
Britt, 1987). Leptin receptors can be found in the ventromedial and arcuate regions of
the hypothalamus. These receptors are anatomically positioned to regions associated
with the control of appetite and reproductive neuroendocrine function (Dyer et al., 1997).
Mice that are ob/ob do not produce a functional form of leptin (Hamann and Matthaei,
1996). Female ob/ob mice remain in a prepubertal state with depressed ovarian and
uterine weights, sex steroid concentrations, and pituitary gonadotropin secretion. These
depressed functions can be restored to normal levels by administration of leptin. The
same holds true for effects of under nutrition on reproduction in non-obese animals
(Houseknecht et al., 1998).

Leptin has been shown to advance puberty in non-obese mice, as well as reduce
feed intake (Chehab et al., 1997). It has been suggested that young people have a
resistance to leptin due to the elevated levels of leptin (Hassink et al., 1996). This
resistance could serve to maintain a high level of food intake and growth and to prevent
early onset puberty. This is consistent with studies done in young pigs by Matteri et al.
(1997). Leptin receptor mRNA has been found in ventromedial and arcuate

hypothalamic nuclei and in anterior pituitary tissue of sheep (Dyer et al., 1997). Leptin
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receptor mMRNA has been found in the uterus, hypothalamus and pituitary gland of rats,
as well as in the testis and ovaries of humans and rats (Schwarz et al., 1996; Zamorano
et al., 1997; Cioffi et al., 1996).

It is thus believed that leptin could act at multiple sites in the reproductive
system. Leptin treatment has been shown to enhance gonadotropin secretion (Barash
et al., 1996). Hypothalamic GnRH has been recognized as deficient in ob/ob mice
(Swerdloff et al., 1978; Batt et al., 1982). There is evidence that leptin effects hormone
production in the anterior pituitary gland and (or) hypothalamus (Yu et al., 1997).

Leptin is exclusively produced and secreted by adipocytes (Kline et al., 1997)
and placenta (Gong et al., 1996). However, leptin receptors are found in most tissues.
The helical structure of leptin implied that the leptin receptor would be similar in
structure and function to the helical cytokine receptors (Houseknecht et al., 1998). The
leptin receptor, OBR, was confirmed to be similar to the gp130 signal transduction arm
of class | cytokine receptor family members including interleukin-6, granulocyte colony
stimulating factor, and leukemia inhibitory factor (Tartaglia et al., 1995). There are six
alternatively spliced forms with cytoplasmic domains of different length, known as
OBRa, OBRb, OBRc, OBRd, OBRe, and OBRf (Tartaglia et al., 1995; Tartaglia, 1997).

The extracellular domain of the long and short forms includes two cytokine
domains, each containing a single copy of the characteristic Trp-Ser-X-Trp-Ser motif
and fibronectin type Il domain (White and Tartaglia, 1996). Long form, OBRD, is
prevalent in the hypothalamus (arcuate, lateral, ventromedial, dorsomedial nuclei), but
not present in most other tissues (Mercer et al., 1996; Schwartz et al., 1996), while the

short forms are ubiquitously expressed. The short forms of the leptin receptor are
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expressed by several non-immune tissues and seem to mediate the transport and
degradation of leptin (La Cava et al., 2004). The long form of the receptor is expressed
in various regions of the brain and is thought to be responsible for the central action of
leptin (Tartaglia et al., 1995; Glaum et al., 1996; Mercer et al., 1996; Elmquist et al.,
1997). Long form OBR, is expressed by the hypothalamus in areas that are responsible
for the secretion of neuropeptides and neurotransmitters that regulate appetite, body
weight (Friedman et al., 1998; Tartaglia et al., 1995; Tartaglia, 1997), bone mass (Ducy
et al., 2000). Long form OBRb is also expressed by endothelial cells, pancreatic p-cells,
the ovary, CD34" haematopoietic bone-marrow precursors, monocytes/macrophages,
and T and B cells (Friedman et al., 1998; Sierra-Honigmann et al., 1998; Park et al.,
2001; Ducy et al., 2000; Lord et al., 1998; Sanchez-Margalet., 2003; Tartaglia et al.,
1995; Tartaglia, 1997). The expression of OBRb by T and B cells is of interest as it
indicates a possible role of leptin in immune-cell activation and signal transduction, and
might unveil new effects of leptin on, as yet unexplored, immune cell functions
(Matarese et al., 2002; Sanchez-Margalet et al., 2003; Banks et al., 2000; Bjorbaek et
al., 2001; Sweeney, 2002).

All isoforms of the OBR bind leptin; however, the long form appears to be of
prime importance in signal transduction (Lee et al., 1996). Some receptor forms may
also be involved in the transport of leptin in blood and its crossing of the blood-brain
barrier (Devos et al., 1996). Leptin signaling via the JAK-STAT pathway has been
reasonably well documented and is largely associated with the OB Receptor long form
(Houseknecht et al., 1998). A point mutation within the OBR gene of the db mouse

generates a new splice donor site that dramatically reduces the expression of the long
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isoform in db/db mice (Lee et al., 1996). In db/db mice mRNA for the long form of the
receptor is abnormal and yields a receptor with a truncated intracellular domain that is
unable to appropriately signal (Chen et al., 1996; Chua et al., 1996; Chilardi et al., 1996;
Lee et al., 1996; Vaisse et al., 1996). This mutation renders the mice resistant to the
weight-lowering effects of endogenous and exogenous leptin (Halaas et al., 1995).

In summary, Zang et al. (1997) reported that the leptin gene has three exons, of
which only the exon 2 & 3 contained the coding regions. It has also been shown that the
product of this gene is similar to the family of helical cytokines, which include IL-2 and
growth hormone (Houseknecht et al., 1998). Buchanan et al. (2002) indentified a SNP in
the leptin gene that can be distinguished using the restriction enzyme Kpn2l. This SNP
has been associated with carcass fat measures in a population of unrelated beef bulls.
Animals with the T allele had higher level of leptin mRNA. Buchanan et al. (2003)
suggested that the TT and TC genotypes of the Kpn2l SNP increased milk yield in dairy
cows when compared to the CC genotypes. The C allele has been associated with
lower fat and great lean in feedlot cattle by Schenkel et al. (2005). Kononoff et al. (2005)
reported that animals with the CT genotype graded AAA or better 7.6% more than those
of the TT genotype. Almeida et al. (2007) did not however find any associations
between Kpn2l genotypes and weight gain in Aberdeen, Angus, and Charolais cattle. In
2005 Nkrumah et al. indentified three SNP in the bovine leptin gene. These SNP were
UA1, UA2, and UA3. UA1 was found to have Mendelian inheritance pattern and trait
associations that were identical to UA3 and was not further studied. The UA2 SNP
produced a C to T substitution while the UA3 SNP produced a C to G substitution. The

UA2 T allele was significantly associated with an increased serum leptin concentration
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over that of the C allele. ADG was found to be higher in animals with the TT and CT
genotypes over that of those with the CC genotype. The TT animals were also shown to
have a higher final weight than those of the CC and CT genotypes. The T allele was
associated with larger back fat thickness scores, more ultrasound marbling, and an
overall increase in body fatness compared to the C allele. For the UA3 SNP cattle with
the GG genotype tended to have heavier weights, faster growth, and greater final body
weight then those of the GC and CC genotypes. There were no differences among the
UA3 genotypes when examining serum leptin concentration, feed conversion ratio,
marbling score, and lean muscle area. Schenkel et al. (2005) found no significant
associations between UA2 and any meat or carcass quality traits, UA1 was however
associated with fat level and tended to have a relationship with grade fat and lean. In
2004, Liefers et al. indentified the SNP T945M as a C to T substitution within the leptin
receptor gene. The T allele showed a significant association with circulating leptin
concentration during late pregnancy, but not during lactation.

Ehrhardt et al. (2000) reported that the mean serum leptin concentration in
lactating cows was 4 ng/ml. A positive correlation between plasma leptin concentrations
and longissimus muscle fat thickness, marbling score, body fat, and BCS in cows during
the last third of lactation was suggested. It was suggested by Delavaud et al. (2002),
that the breed of cow tended to have a small effect on the plasma leptin levels. Positive
energy balances are associated with higher leptin levels, and the reciprocal has been
proposed. Cows did not seem to experience the first postpartum estrus until the leptin
enzyme had reached a threshold of 4ng/ml. Cows that had higher leptin levels tended to

have a more expressive estrus then those with lower leptin levels. Results from
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research suggest that leptin might be a trigger to the onset of puberty. Inadequate

gonadotropin production has been reversed by leptin (Cunningham et al., 1999).
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CHAPTER 3
MATERIALS AND METHODS
Source and Management of Cattle

Cattle utilized in this study consisted of 318 beef cows maintained at the
Louisiana State University Agriculture Center Central Research Station in Baton Rouge.
They consisted of purebred Angus, Brahman, and Braford as well as first-crosses (F1)
sired by Beefmaster, Bonsmara, Brahman, Brangus and Romosinuano bulls. First cross
cows from Brahman sires were from Angus dams. The dams of other F1 crossbreds
were either Angus or MARC3 (1/4 Angus- Y4 Hereford- %4 Red Poll- /4 Penzgauer) cows
from the USDA Meat Animal Research Center in Clay Center, NE. The 318 cows were
composed of 42 Angus, 32 Brahman, 28 Braford, and 53 Bonsmara-, 43 Beefmaster-,
42 Brangus-, 39 Brahman-, and 39 Romosinuano-sired first-cross cows. First-cross
females sired by Beefmaster, Bonsmara, Brangus, and Romosinuano bull were
purchased from the US Meat Animal Research Center when they were weaned in the
fall of 2001 and 2002. Angus, Brahman, and Braford cows ranged in age from 2 to 12
years; whereas, all crossbred cows were 4 and 5 years old when blood samples and
data were collected in 2006. Because only a few aged cows were involved, cows older
than 6 years old were reclassified as 6 years old.

The breeding season for all cows except the purebred Brahman started April 15
and ended July 1. The breeding season for Brahman cows started June 1 and ended
August 15. The calving season for Brahman cows is March, April, and May. The calving
season for all other breed groups of cows started January 15 and ended April 15. The

breeding season for Brahman cows is later than for other cows because Brahman
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calves have a poor survival when born in the normally wet and cool conditions in
February.

Brahman calves were weaned the second week of October. All other calves were
weaned the second and third week of September. Cows were palpated for pregnancy
when calves are weaned.

Plasma Leptin Concentrations and Genotyping

Blood samples were taken in September and October when cows were palpated
for pregnancy with 7 ml vacuum-container tubes via vena puncture through the jugular
vein. A sample of the whole blood from each cow was placed on a Whatman FTA card
for genotyping of the E2FB, T945M, UA1, and UA2 SNP’s by Igenity Inc.

The remaining whole blood was centrifuged at 2000 rpm and 4°C for 20 minutes.
Plasma (1.25ml) was then drawn off and placed into a 1.25mL sample container, which
was then stored at -80°C. Plasma leptin concentrations were determined by
radioimmunoassay as described by Cartmill et al. (2003). The specificity for bovine
plasma was previously confirmed by 1) parallelism of inhibition curves generated with
high bovine plasma samples with those produced by the porcine leptin standard, 2)
identification of a single peak of immunoreactivity in a pool of high-leptin plasma
fractionated by gel filtration (Sephadex G-200; Sigma Chemical Co., St. Louis, MO)
coincident with radioiodinated leptin, and 3) correlations of plasma leptin concentrations
with measures of body adiposity in heifers and cows. Limit of detection and intra- and

interassay CV averaged 0.1 ng/mL and 6 and 4%, respectively.
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Statistical Analyses

Cow response traits in this study were plasma leptin concentration, calving rate
in 2006 (0 or 1), Julian calving date in 2006 (day of year), cow body condition score
(BCS; 3, 4, 5, 6, and 7) in September of 2006, weight change of cows from April to
September of 2006, and palpation status (0 or 1) for cows calving in 2007. Means,
standard deviations, and minimum and maximum values of responses are given in
Table 1.

Sire of cow information was available on all cows except those in the Brahman-
sired F1 group. Cows with known sire information (n=265) were sired by 115 bulls.
Number of daughters per sire ranged from 1 to 8 and averaged 2.3 cows. Thirty-four
sires had only one daughter in this data set. Because of the low number of cows per
sire and because sire was confounded with several genetic marker genotypes, the
decision was made to not include cow sire in any of the statistical analyses. Under
conditions of more daughters per sire, removing the random sire of cow influence would
account for some of the additive genetic variation and allow a cleaner evaluation of
genetic markers.

Cows were assigned to 8 breed groups for these analyses. These were purebred
Angus, Brahman and Braford, and Beefmaster F1, Bonsmara F1, Brangus F1,
Romosinuano F1, and Brahman F1 groups.

Data were analyzed with SAS (SAS Inst. Inc., Cary, NC; Version 9.1.3). Proc
Allele was used to obtain overall genotypic and allelic frequencies for each genetic
marker. Distribution of genetic marker genotypes in each of the eight sire breed groups

of cows was also determined by using Proc Sort and Proc Freq.
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Model 1 was a simple least squares procedure using GLM where fixed sources
of variation included cow breed group, cow age, and the four SNP genotypes.
Response traits were those shown in Table 1. The model may be written as Yiumn = 4 +
CBG; + CA; + E2FBi + T945M, + UA1,, +UA2, + e, where Yjumn = the response trait,
CBG; = cow breed group, CA; = cow age, E2FBy T945M, UA1,, and UA2, = genetic
markers in the leptin gene, and e = residual error.

Model 2 contained the same sources of variation, but the genetic marker
genotypes were recoded as numerical values in order to predict the regression of the
response variables on each of the genetic marker numerical values. For E2FB genotype
CC the numerical value was 0, representing two C alleles. Likewise, for genotypes CT
and TT the numerical values for the genotypes were 1 and 2, respectively, where the
numerical values represent the number of C alleles. For T945M, UA1 and UA2 a similar
recoding of genotypes was done. The regression coefficient for each of these genetic
markers will give the change in response value for each C allele in the genetic marker.
The model may be written as Yjx = p + CBG;+ CAGE; + B1gm1+ Bagm2+ Bagm3 + Bagma +
ek Where Y = each response variable, y = overall mean, CBG;= cow breed group,
CAGE; = cow age, B14m1 = the regression coefficient for each response on the number
of C alleles in the genetic marker and e = residual error.

Model 3 was a GLM analysis to determine if plasma leptin concentration was
influenced by genotypes in SNP T945M in pregnant cows in this study. Proc Corr in
SAS was used to obtain simple correlations among cow response traits over the entire

data set.
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Table 1. Means, standard deviations, and minimum and maximum values for cow traits.

Standard

Trait' No Mean deviation Minimum Maximum
Leptin 263 1.17 1.8 0.01 12.24
JBD 271 46.1 19.2 1 113

BCS 300 5.2 0.9 3 7

CR% 296 92.3 0.3 0 1
PREG% 300 84.0 0.4 0 1
WTCH 278 41.2 80.2 -338 285

'JCD = Julian calving date, BCS = cow body condition score, CR% = calving rate
percent, PREG% = pregnancy percent for 2007 based on palpation, WTCH = weight
change of cows from April to September of 2006, and Leptin = plasma leptin
concentration.
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CHAPTER 4
RESULTS AND DISCUSSION
Genotypic and Allelic Frequencies

Genotypic and allelic frequencies over all cows for the four genetic markers are
given in Table 2. T945M and UA2 SNP’s had less than 5% homozygous TT genotypes
however allelic frequencies were greater than 0.10 for each SNP. Hardy Weinberg logic
should not be considered in these data because of the diverse cow breed types
involved and the mating systems used to generate them. Only the Angus, Brahman,
and Braford breed groups represent purebreds and were not mated at random.
Unrelated bulls from outside the purebred herds were used through Al or were
purchased, most likely reducing the resemblance of random mating based on genetic
markers.

F1 breed groups of cows were made with unrelated bulls selected by the breed
associations for use by the USDA Meat Animal Research Center. Angus and MARC-3
cows that the bulls were mated to were produced at the MARC and their relationship is
unknown. Therefore, genotypic and allelic frequencies for the F1 cows should be an
averaging of the frequencies in the breeds represented in the crossbreds, based on
their degree of inheritance, and would no be expected to be in genetic equilibrium.

Numbers of genotypes for each genetic marker by cow breed group are given in
Table3. Specific genotypes for some genetic markers were not present in several breed
groups of cattle. However, the trend for higher or lower numbers of a particular

genotype tends to be consistent throughout the breed groups. For example, genotypes
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TT in the E2FB genetic marker, TT in the T945M genetic marker, CC in the UA1 genetic
marker, and TT in the UA2 genetic marker have lower frequencies in all breed groups.

Table2. Genotypic and allelic frequencies of the E2FB, T945M, UA1, and UA2 SNP’s
over all cows in the study.

Genetic Genotype Allele

Marker Genotype No  Frequency, % Allele No  Frequency, %

E2FB CC 120 37.74 C 387 60.85
CT 147 46.23 T 249 39.15
TT 51 16.04

T945M CC 252 80.00 C 566 89.84
CT 62 19.68 T 64 10.16
TT 1 00.32

UA1 CC 64 20.51 C 248 39.74
CT 120 38.46 T 376 60.26
TT 128 41.03

UA2 CC 177 55.66 C 481 75.63
CT 127 39.94 T 155 24.37
TT 14 4.40

F1 breed groups of cows were made with unrelated bulls selected by the breed
associations for use by the US Meat Animal Research Center. Angus and MARC-3
cows that the bulls were mated to were produced at the MARC and their relationship is
unknown. Therefore, genotypic and allelic frequencies for the F1 cows should be an
averaging of the frequencies in the breeds represented in the crossbreds, based on
their degree of inheritance, and would no be expected to be in genetic equilibrium.

Numbers of genotypes for each genetic marker by cow breed group are given in
Table 3. Specific genotypes for some genetic markers were not present in several breed
groups of cattle. However, the trend for higher or lower numbers of a particular
genotype tends to be consistent throughout the breed groups. For example, genotypes
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TT in the E2FB genetic marker, TT in the T945M genetic marker, CC in the UA1 genetic
marker, and TT in the UA2 genetic marker have lower frequencies in all breed groups.
Some breed groups have higher frequencies for the alternative homozygote whereas
other breed groups have higher frequencies for the heterozygote.

Only one cow was identified with a T945M-TT genotype in this sample of cows,
that being in the Romosinuano F1 group. Purebred Brahman cows were missing both
CT and TT genotypes for the UA2 genetic marker. The UA2-TT genotype also was not
present in the Braford, Romosinuano F1 and Brahman F1 breed groups.

The allelic frequencies for this sample of cattle are generally similar to
frequencies found by others. The frequency for the E2FB genotypes from this sample of
cattle resembled the frequencies reported by Choudhary et al. in 2005. Most of the
other papers reported frequencies near 55% for the C allele and 45% for the T allele.
Genotypic frequencies for the T945M SNP are similar to the frequencies reported by
Liefers et al. (2004) who did not detect a TT genotype in 323 Holstein cows.

Small differences in the genotypic frequencies are possibly due to the difference
in the genetic makeup of the herds used in previous research and the cattle used in this
research. The allelic frequencies for the UA2 genetic marker in this sample of cattle are
slightly different form frequencies reported earlier by Nkrumah et al. (2005). The
frequencies for UA1 alleles reported by Schenkel et al. (2005) are similar to frequencies

in this sample of cows.

Cow Response Traits

Significance levels, least squares means, and standard errors for cow response

traits due to the four genetic markers are given in Table 4. Genetic marker E2FB did not
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significantly influence variation in any of the cow response traits (P>0.05), however the
probability level of P = 0.057 for cow Julian calving date suggests E2FB genotypes tend
to be associated with this trait. SNP E2FB genotype TT had a least squares mean

suggesting at least 10 days earlier calving than genotypes CC and CT.

Genetic marker T945M was limited to two genotypes (The one TT genotype
observation was changed to CT for statistical analyses.) and did not significantly

influence variation in any of the cow response traits.

Genetic marker UA1 significantly influenced variation (P<0.05) in calving rate in
2006 and P = 0.077 for Julian calving date in 2006. Genotype CC cows had a higher
calving rate least squares mean (100.0£6.4) than genotypes CT and TT (85.8+5.5 and
85.916.0, respectively). Cows with the UA1 genotype CT had a slightly earlier calving
date than UA1 genotypes CC and TT. Variation in cow Julian calving date, calving rate
in 2006 and weight change from April to September was significantly influenced (P <
0.05) by genotypes of UA2. Cows with genotype TT calved at least 10 d earlier than
cows with genotypes CC or CT. Cows with the heterozygous genotype CT had a higher
calving rate in 2006 than cows with CC or TT genotypes (98.2+4.1 vs 85.0+3.4 and
90.318.4 %, respectively). Cows with the UA2-TT genotype lost weight (-42.4+£27.0 Ib)
from April to September whereas cows with genotypes CC and CT gained weight

(41.1£10.5 and 27.3+12.9 Ib, respectively).
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Table 3. Distribution of genetic marker genotypes by cow breed group.

E2FB T945M
Cow breed type ccC Ctr 717 ccC Ctr 717
Angus 13 18 7 38 -- --
Brahman 22 6 2 13 17 --
Braford 14 12 2 20 6 --
Beefmaster F1 18 29 6 48 5 -
Bonsmara F1 12 20 11 37 6 --
Brangus F1 9 21 12 40 1 --
Romosinuano F1 14 19 5 22 15 1
Brahman F1 14 18 6 28 10 -
UA1 UA2

Cow breed type cCC CT TT cC CT 71T
Angus 7 17 14 16 15 7
Brahman 3 2 24 29 -- --
Braford 3 6 14 8 15 -
Beefmaster F1 8 24 21 28 23
Bonsmara F1 11 19 13 21 20
Brangus F1 12 20 9 22 16
Romosinuano F1 10 18 10 21 17 --
Brahman F1 9 11 18 22 16 -
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Table 4. Least squares means (+SE) and significance level for cow plasma enzyme,
cow Julian calving date, calving rate in 2006, cow body condition in September 2006,
cow body weight change April to September 2006, and September cow palpation rate
for 2007 calves due to genetic markers.

Genetic

marker and Cow CRin Weight Palpation
genotype Leptin JCD 2006 BCS change status
E2FB 0.828 0.057 0.318 0.817 0.488 0.916

CC 1.35£0.45 47.3%4.0 91.6%6.2 5.1+0.2 14.5+#19.0 84.4+8.2
CT 1.66+0.34 46.8+2.9 95.5+4.7 5.0+0.2 -2.9+14.7 80.846.3
1T 1.58+0.50 36.7+4.5 86.4+6.8 5.0+0.2 14.9+21.7 81.6+9.2

T945M 0.219 0.265 0.369 0.883  0.234 0.420

CC 1.72+0.29 45.1+2.7 89.3+4.1 5.0+0.1 16.3%x13.0 80.0+5.5
CT 1.35+0.35 42.2+3.1 93.1+4.8 5.1x0.2 1.1£15.2 84.5+6.6

UA1 0.913 0.077 0.038* 0.589 0.331 0.858
CC 1.39+0.45 48.4+4.1 100+6.4 5.0+0.2 -5.3+19.9 83.9+8.6
CT 1.56+£0.40 39.7+3.6 85.8+5.5 5.2+0.2 21.9£17.2 84.1+7.4
1T 1.65+0.44 42.7+3.8 85.9+6.0 5.0+0.2 9.4+18.6  78.8+7.9

UA2 0.703  0.042* 0.004**  0.357 0.012* 0.482
CC 1.32+0.24 49.6+x2.1 85.0+3.4 1 41.1£10.5 85.4+4.4

5.1+0.
CT 1.39+0.29 45.7+2.6 98.2+41 4.9+0.1 27.3+12.9 87.0+5.5
1T 1.88+0.64 35.54#5.5 90.3+8.4 5.1+0.3 -42.4+27.0 74.3+11.3

*P <0.05; **P < 0.01
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Analyses from Model 2 had similar significance levels as Model 1. Regression of
the response traits on number of C alleles for E2FB suggested a slight association (P =
0.062). The regression of cow Julian calving date on number of C alleles in E2FB was
5.6+3.0 d. Calving date was delayed about 5.6 days for each C allele in the E2FB
genetic marker. The regression of all response traits on number of C alleles in T945M
gave non-significant results (P > 0.10).

The regression of response traits on number of C alleles for genetic marker UA1
approached significance (P = 0.072) for calving rate of cows in 2006. Calving rate
increased 8.414.6 % for each C allele present in UA1. For UA2, the regression of
response traits on number of C alleles gave significant regression coefficients for cow
Julian calving date (P < 0.035), calving rate in 2006, and cow weight change from April
to September. Cow Julian calving date was delayed 4.7+2.2 d for each C allele in UA2.
Calving rate in 2006 was decreased 9.0+£3.4 % for each C allele in UA2. Cows gained

27.61£11.1 Ib from April to September for each C allele in the UA2 genetic marker.

Significance levels, least squares means, and standard errors for cow response
traits due to cow breed group and cow age are given in Table 5. Cow breed group
significantly influenced variation (P < 0.05) in cow Julian calving date, calving rate in
2006, cow weight change from April to September, and in palpation status for cows
calving in 2007. Cow age significantly influenced variation (P < 0.05) in plasma leptin
concentration and cow body condition score in 2006.

For plasma leptin concentration, Angus cows had higher levels than Braford

cows (P < 0.05). No other differences in plasma leptin concentration were observed
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among cow breed types. Brahman calves were born later (P < 0.01) than other calves
because the breeding season for Brahman cows started about 45 days later. Angus
calves were born earlier (P < 0.05) than calves from Beefmaster F1, Bonsmara F1,
Romosinuano F1 and Brahman F1 cows.

Calving rate for Brahman cows shown in Table 5 was 100£7.6 %. This calving
rate mean is due to combining all Brahman cows that had calved into a single herd and
this herd was sampled in the fall of 2006 when calves were weaned. Cows that did not
calve in 2006 were not sampled or included in the analyses. Romosinuano F1 cows had
a lower calving rate in 2006 than other F1 cows (P < 0.05). Bonsmara F1 cows gained
more weight from April to September than Brahman cows as well as all F1 cows (P <
0.05). Palpation scores for 2007 calves were less for Angus (61.0£6.9 %) and Brahman
(55.119.9 %) cows than for Barford cows (88.7+8.6 %) and all F1 cows (P < 0.05). No

differences among F1 cows were found for palpation status.
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Table 5. Least squares means (+SE) and significance level for cow plasma enzyme,
cow Julian calving date, calving rate in 2006, cow body condition in September 2006,
cow body weight change April to September 2006, and September cow palpation rate

for 2007 calves due to cow breed group (CBG) and cow age.

Cow CRin Weight Palpation
Factor Leptin JCD 2006 BCS change status
CBG' 0.10 <.001*  0.017* 0.065 0.028* <.001**
A 2.08+0.41 30.8+3.3 82.6+5.1 4.6+0.2 28.4+19.1 61.0+6.9
B 1.93+0.53 76.9+4.8 100+7.6 5.4+0.3 -15.7+22.8 55.1+9.9
BO 0.7910.45 385441 92.746.3 5.1+0.2 64.7+£19.9 88.7+8.6
BMF1 1.11+0.41 40.843.8 90.0#5.8 5.1#0.2 -7.2+18.5 90.0+7.8
BOF1 1.33:0.42 40.9+3.6 93.2458 5.2+0.2 -2.3+18.4 85.5+7.8
BRF1 1.62+0.43 37.2+3.8 77.845.8 4.9+0.2 9.1+18.7 94.4+47.9
ROF1 1.80+0.44 415439 91.946.2 4.9+0.2 14.1+19.6 95.2+8.3
B F1 1.62+0.47 42.3+4.1 939164 5.3+0.2 -21.6+20.7 88.4+8.7
Cowage 0.008**  0.102 0.063 0.001** 0.325 0.448
2 1.55+0.56 52.0+5.4 81.6+7.7 4.3+0.3 -23.7426.5 87.1£10.4
3 1.21+0.62 46.3+5.7 80.9+8.7 55+0.3 15.3+26.9 86.0+11.7
4 0.93+0.30 41.742.5 98.5+3.9 51+01 27.5+12.7 84.345.3
5 1.1840.31 41.842.5 94.3+4.0 5.4+0.1 10.9£13.0 75.9154
6 2.79+0.49 36.2+4.5 100+7.1 5.1+0.2 13.3+23.1 78.1£9.6

*P <0.05; *P < 0.01

' Cow breed groups: A=Angus, B=Brahman, BO=Braford, BM F1=Beefmaster F1, BO
F1=Bonsmara F1, BR F1=Brangus F1, RO F1=Romosinuano F1, and B F1 = Brahman

F1.
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Cows 6 years and older had higher plasma leptin levels (2.79+£0.49) than cows of
all other ages (P < 0.05). The next highest plasma leptin level was 1.55+0.56 in 2 year
old cows. Two year old cows also had the lowest body condition score among all cow
ages. Their least squares mean for body condition score was 4.3£0.3 compared to the
next lowest score of 5.1+0.1 in 4 year old cows and 5.1+0.2 in 6 + year old cows. It is
not uncommon for young cows to have lower body condition scores when they wean
their first calves.

T945M genotypes in pregnant cows were not associated with plasma leptin
concentration. Cows in this study were in the second trimester of pregnancy when blood
samples were collected whereas Leifers et al. (2004) sampled Holstein cows late in the
third trimester of pregnancy.

Discussion

Of interest in this research was the genotypic and allelic frequencies of four
single nucleotide polymorphisms (SNP) measured in a diverse group of beef cows. In
addition, we wanted to know if any of the leptin SNP influenced variation in cow plasma
leptin concentration, reproductive, body condition and weight change traits.

Plasma leptin concentration was determined from blood samples taken in
September of 2006, when the cows were in the second trimester of pregnancy. Neither
of the SNP influenced plasma leptin concentration in these cattle, but older cows had
higher plasma leptin levels than 3, 4, and 5 year old cows. Angus, Brahman and
Romosinuano F1 cows tended to have higher levels. Ciccioli et al. (2003) reported that
mature Angus x Hereford cows on a higher feeding regime post calving gained more

weight and had higher plasma leptin levels than cows on a lower feeding regime.
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However, no differences in plasma leptin were detected prior or after the first
postpartum estrus. Obeidat et al. (2002) reported that Brahman cows had higher serum
leptin levels in September at late lactation than Angus cows when grazing the
Chihuahuan Desert in New Mexico. This would have been in the middle trimester of
pregnancy. We found no difference between Angus and Brahman cows at this stage of
pregnancy.

Serum concentrations of leptin were positively correlated with measures of body
fat across Angus, Brahman, and Brangus yearling heifers at the start of their first
breeding season (Lopez et al., 2006). However, serum leptin concentration was not
related to body weight or pregnancy rate at the end of the breeding season.

Leifers et al. (2004) reported that the leptin genetic marker T945M was
associated with serum leptin concentration in late pregnancy of Holstein cows, but not
during lactation. Kadokawa et al. (2006) reported that for Holstein cows in negative
energy balance and mobilizing fat from adipose tissues, levels of serum leptin and LH
are low, possibly resulting in delayed expression of estrus. Similar results with Holstein
cows were reported by Leifers et al. (2003). Sampling cows in this study in September,
at the end of lactation, and in the middle trimester of pregnancy does not appear to
have been the best time in order to associate leptin levels with leptin SNP. Plasma
leptin levels found in this study appear similar to others who measured leptin
concentration at times different from late pregnancy or during the postpartum period.

Geary et al. (2003) and Nkruman et al. (2007) reported the association between
serum leptin concentration and carcass traits in beef cattle. Blood samples were taken a

few days before slaughter in both papers. Positive correlations existed between leptin
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concentration and most measures of fatness, including backfat thickness and marbling.
It seems to be clear that when cattle, steers or cows, are on a positive energy balance,
leptin is correlated positively with measures of fatness. In this study the correlation
between plasma leptin level and weight change from April to September was only 0.05
(P=0.39), indicating no association. Plasma leptin level also was not correlated with
body condition score at the time blood samples were taken (r = - 0.01) even though
body condition scores ranged from 3 to 7.

Both UA1 and UA2 genotypes influenced variation in calving rate in 2006. It is
not clear if this association is due to different degrees of fatness because body condition
scores were influenced by these markers. A small positive correlation (r = 0.16; P <
0.01) was found between weight change from April to September and palpation status
for pregnancy, indicating that cows that gained more weight had a higher expectation

for pregnancy.
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CHAPTER 5
CONCLUSIONS

Frequencies of E2FB, T945M, UA1, and UA2 genetic marker genotypes in this
sample of cows were generally similar to frequencies reported in the literature. Only one
cow had the TT genotype in genetic marker T945M and Angus cows had only the CC
genotype for T945M. Brahman cows had only the CC genotype for genetic marker UA2.
T945M and UA2 genetic markers had relatively low frequencies for the T allele. Hardy
Weinberg equilibrium was not expected as the cows that were sampled in this study
were not from random mating populations.

Because the least squares model used to analyze the response traits included
fixed effects cow breed group, cow age, and the four genetic markers, significance for
any of the independent variables would mean that factor had a significant influence after
the response trait was adjusted for the other fixed effects. Including only the genetic
markers in the analyses could give significance for a response that was partially due to
either cow breed group or cow age.

Genetic markers E2FB, UA1 and UA2 appear to have important effects on
variation in cow Julian calving date and calving rate. The T allele in E2FB, UA1 and
UA2 appears to code for earlier calving. The C allele in UA1 and T allele in UA2 appear
to code for higher calving rate.

Plasma leptin concentration in mid gestation pregnant cows was not influenced

by genotypes in the T945M genetic marker.

35



LITERATURE CITED

Ahima, R. S., D. Prabakaran, C. Mantzoros, D. Qu, B. Lowell, E. Maratos-Flier, and J.
S. Flier. 1996. Role of leptin in the neuroedocrine responses to fasting. Nature
382:250-252.

Almeida, S. E. M., E. A. Almeida, J. C. F. Moraes, and T. A. Weimer. 2003. Molecular
markers in the LEP gene and reproductive performance of beef cattle. J. Anim.
Breed. Genet. 120:106-113.

Almeida, S.E.M., E.A. de Almeida, G. Terra, J.P. Neves, P.B.D. Concalves, T. de
Azevedo Weimer. 2007. Association between molecular markers linked to the
Leptin gene and weight gain in postpartum beef cows. Ciencia Rural, Santa
Maria, 37:206-211.

Armstrong, J. D., and J. H. Britt. 1987. Nutritionally-induced anestrous in gilts: Metabolic
and endocrine changes associated with cessation and resumption of estrous
cycles. J. Anim. Sci. 65:508-523.

Aubert, M. J., and P. C. Sizonenko. 1996. Environmental factors and sexual maturation
in rodents. Acta Pediatr. 417:86-88.

Banks, A. S., S. M. Davis, S. H. Bates, and M. G. Myers. 2000. Activation of
downstream signals by the long form of the leptin receptor. J. Biol. Chem.
275:14563-14572.

Banks, W. A., A. J. Kastin, W. Huang, J. B. Jaspan, and L. M. Maness. 1996. Leptin
enters the brain by a saturable system independent of insulin. Peptides 17:305-
311.

Barash, I. A., C. C. Cheung, D. S. Weigle, H. Ren, E. B. Kabigting, J. L. Kuijper, D. K.
Cliftion, and R. A. Steiner. 1996. Leptin is a metabolic signal to the reproductive
system. Endocrinology 137:3144-3147.

Barendse, W., S. M. Armitage, L. M. Kossarek, A. Shalom, B. W. Kirkpatrick, A. M.
Ryan, d. Clayton, L. Li, H. L. Neibergs, N. Zhang, W. M. Grosse, J. Weiss, P.
Creighton, F. McCarthy, M. Ron, A. J. Teale, R. Fries, R. A. McGraw, S. S.
Moore, M. Georges, M. Soller, J. E. Womack, and D. J. S. Hetzel. 1994. A
genetic linkage map of the bovine genome. Nat. Genet. 6:227.

Batt, R., D. Everard, G. Gillies, M. Wilkinson, C. Wilson, and T. Yeo. 1982. Investigation

into the hypogonadism of the obese mouse (genotype ob/ob). J. Reprod. Fertil.
64:363-371.

36



Berg, E. P., E. L. McFadin, K. R. Maddock, R. N. Goodwin, T. J. Baas, and D. H.
Keisler. 2003. Serum concentrations of leptin in six genetic lines of swine and
relationship with growth and carcass characteristics. J. Anim. Sci. 81:167-171.

Berti, L., M. Kellerer, E. Capp, and H. U. Haring. 1997. Leptin stimulates glucose
transport and glycogen synthesis in C2C12 myotubes: Evidence for a PI13-kinase
mediated effect. Diabetologia 40:606-609.

Billington, C. J., J. E. Briggs, M. Grace, and A. S. Levine. 1991. Effects of
intracerebroventricular injection of neuropeptide Y on energy metabolism. Am. J.
Physiol. 260:R321-R327.

Bjorbaek, C., R. M. Buchholz, S. M. Davis, S.H. Bates, D. D. Pierroz, H. Gu, B. G. Neel,
M. G. Myers, Jr, and J. S. Flier. 2001. Divergent roles of SHP-2 in ERK activation
by leptin receptors. J. Biol. Chem. 276:4747-4755.

Bonner, J. C., and A. R. Brody. 1995. Cytokine-binding proteins in the lung. Am. J.
Physiol. 268:L869-L878.

Bornstein, S. R., K. Uhimann, A. Haidan, M. Ehrhart-Bornstein, and W. A. Scherbaum.
1997. Evidence for a novel peripheral action of leptin as a metabolic signal to the
adrenal gland. Leptin inhibits cortisol release directly. Diabetes 46:1235-1238.

Bronson, F. H. 1986. Food-restricted, prepubertal, female rats: Rapid recovery of
luteinizing hormone pulsing with excess food, and full recovery of pubertal
development with gonadotropin-releasing hormone. Endocrinology 118:2483-
2487.

Buchanan, F. C., C.J. Fitzsimmons, A.G. van Kessel, T.D. Thue, D.C. Winkelman-Sim,
S.M. Schmutz. 2002. Association of a missense mutation in the bovine leptin
gene with carcass fat content and leptin mRNA levels. Genet. Sel. Evol. 34:105-
116.

Buchanan, F.C., A.G. Van Kessel, C. Waldner, D.A. Christensen, B. Laarveld, S.M.
Schmutz. 2003. Hot Topic: An Association Between a Leptin Single Nucleotide
Polymorphism and Milk and Protein Yield. J. Dairy Sci. 86:3164-3166.

Carro, E., R. Senaris, R. V. considine, F. F. Casanueva, and C. Dieguez. 1997.
Regulation of in vivo growth hormone secretion by leptin. Endocrinology
138:2203-2206.

Cartmill, J. A., D. L. Thompson Jr.2, W. A. Storer, L. R. Gentry, and N. K. Huff. 2003.
Endocrine responses in mares and geldings with high body condition scores
grouped by high vs. low resting leptin concentrations. J. Anim. Sci. 81:2311-
2321.

37



Chehab, F. F., K. Mounzih, R. Lu, and M. E. Lim. 1997. Early onset of reproductive
function in normal female mice treated with leptin. Science (Wash DC) 275:88-
90.

Chen, H., O. Chariat, L. A. Tartaglia, E. A. Woof, X. Weng, S. J. Ellis, N\. D. Lakey, J.
Culpepper, K. J. Moore, R. E. Breibart, G. M . Duyk, R. |. Tepper, and J. P.
Morgenstern. 1996. Evidence that the diabetes gene encodes the leptin receptor:
Identification of a mutation in the leptin receptor gene in db/db mice. Cell 84:491-
495.

Chilardi, N., S. Zieglar, A. Wiestner, R. Stoffel, M. H. Heim, and R. C. Skoda. 1996.
Defective STAT signaling by the leptin receptor in diabetic mice. Proc. Natl.
Acad. Sci. USA 93:6231-6235.

Choudhary, V., P. Kumar, T.K. Bhattacharya, B Bhushan, A. Sharma. 2005. DNA
polymorphism of leptin gene in Bos indicus and Bos tauras cattle. Genetics and
Molecular Biology 28:740-742.

Christy, R. J., V. W. Yang, J. M. Ntambi, D. E. Geiman, W. M. Landschulz, A. D.
Friedman, Y. Nakabeppu, T. J. Kelly, and M. D. Lane. 1989. Differentiation-
induced gene expression in 3T3-L1 preadipocytes: CCAAT/enhancer binding
protein interacts with and activates the promoters of two adipocyte-specific
genes. Genes Dev. 3:1323-1335.

Chua, S. C., W. K. Chung, X. S. Wu-Peng, Y. Zhang, S. M. Liu, L. Tartaglia, and R. L.
Leibel. 1996. Phenotypes of mouse diabetes and rat fatty due to mutation in the
OB (Leptin) receptor. Science (Wash DC) 271:994-996.

Cioffi, J. A., A. W. Shafer, T. J. Zupancic, J. Smith-Gbur, A. Mikhail, D. Platika, and H.
R. Snodgrass. 1996. Novel B219/0OB receptor isoforms: Possible role of leptin in
hematopoiesis and reproduction. Nat. Men. 2:5858-593.

Cohen, B., D. Novick, and M. Rubinstein. 1996. Modulation of insulin activities by leptin.
Science (Wash DC) 274:1185-1188.

Coleman, D. L., and K. P. Hummel. 1969. Effects of parabiosis of normal with
genetically diabetic mice. Am. J. Physiol. 217:1298-1304.

Considine, R. V., M. Sinha, M. Heiman, A. Kriauciunas, T. Stephens, M. Nyce, J.
Ohannesian, and C. Marco. 1996. Serum immunoreactive-leptin concentrations
in normal-weight and obese humans. N. Engl. J. Med. 334:292-295.

Cunningham, M.J., D.K. Clifton, R.A. Steiner. 1999. Leptin’s Actions on the
Reproductive Axis: Perspectives and Mechanisms. Biology of Reproduction
60:216-222.

38



Cusin, I., A. Sainsbury, P. Doyle, R. Rohner-deanrenaud, and B. Jeanrenaud. 1995.
The ob gene and insulin. A relationship leading to clues to the understanding of
obesity. Diabetes 44:1467-1470.

Delavaud, C., A. Ferlay, Y. Faulconnier, F. Bocquier, G. Kann, Y. Chilliard. 2002.
Plasma leptin concentration in adult cattle: Effects of breed, adiposity, feeding
level, and meal intake. J. Anim. Sci. 80:1317-1328.

Devos, R., J. G. Richards, L. A. Campfield, L. A. tartaglia, Y. Guisez, J. Van der
Heyden, J. Travernier, G. Plaetinck, and P. Burn. 1996. OB protein binds
specifically to the choroid plexus of mice and rats. Proc. Natl. Acad. Sci. USA
93:5668-5673.

Dryden, S., and G. Williams. 1996. The role of hypothalamic peptides in the control of
energy balance and body weight. Curr. Opin. Endocrinol. Diabetes 3:51-58.

Ducy, P., M. Amling, S. Takeda, M. Priemel, A. Schilling, F. Beil, J. Shen, C. Vinson, J.
Rueger, G. Karsenty. 2000. Leptin inhibits bone formation through a
hypothalamic relay: a central control of bone mass. Cell 100:197-207.

Dyer, C. J., J. M. Simmons, R. L. Matteri, and D. H. Keisler. 1997. Leptin receptor
MRNA is expressed in ewe anterior pituitary and adipose tissues and is
differentially expressed in hypothalamic regions of well-fed and feed-restricted
ewes. Domest. Anim. Endocrinol. 14:119-128.

Ehrhardt, R.A., R.M. Slepetis, J. Siegal-Willott, M.E. Van Amburgh, A.W. Bell, Y.R.
Boisclair. 2000. Development of a specific radioimmunoassay to measure
physiological changes of circulating leptin in cattle and sheep. J. Endocrinol.
166:519-528.

Elmquist, J. K., r. S. Ahima, E. Maratos-Flier, J. S. Flier, and C. B. Saper. 1997. Leptin
activates neurons in ventrobasal hypothalamus and brainstem. Endocrinology
138:839-842.

Emilsson, V., Y. Liu, M. a. Cawthorn, N. M. Morton, and M. Davenport. 1997.
Expression of the functional leptin receptor mMRNA in pancreatic islets and direct
inhibitory action of leptin on insulin secretion. Diabetes 46:313-316.

Erickson, J. C., G. Hollopeter, and R. D. Palmiter. 1996. Attenuation of the obesity
syndrome of ob/ob mice by the loss of neuropeptide Y. Science (Wash DC)
274:1704-1707.

Field, T. G. 2007. Beef production and management decisions. 5" Ed. Prentice Hall.

39



Foster, D. L., and D. H. Olster. 1985. Effect of restricted nutrition on puberty in the lamb:
Patterns of tonic luteinizing hormone (LH) secretion and competency of the LH
surge system. Endocrinology 116:375-381.

Frederich, R. C., B. Lollmann, A. Hamann, A. Napolitano-Rosen, B. B. Kahn, B. B.
Lowell, and J. S. Flier. 1995. Expression of ob mRNA and its encoded protein in
rodents. Impact of nutrition and obesity. J Clin. Invest. 96:1658-1663.

Freytag, S. O., and T. J. Geddes. 1992. Reciprocal regulation of adipogenesis by Myc
and C/EBP alpha. Science (Wash DC) 256:379-382.

Friedman, J. M., and J. L. Halaa. 1998. Leptin and the regulation of body weight in
mammals. Nature 395, 763-770.

Geary, T. W., E. L. McFadin, M. D. MacNeil, E. F. Grings, R. R. Short, R. N. Funston, D.
H. Keisler. 2003. Leptin as a predictor of carcass composition in beef cattle. J.
Anim. Sci. 81:1-8.

Gettys, T. W., P. J. Harkness, and P. M. Watson. 1996. The p3-adrenergic receptor
inhibits insulin-stimulated leptin secretion from isolated rat adipocytes.
Endocrinology 37:4054-4057.

Glaum, S. R., M. Hara, V. P. Bindokas, C. C. Lee, K. S. Polonsky, G. I. Bell, and R. J.
Miller. 1996. Leptin, the obese gene product, rapidly modulates synaptic
transmission in the hypothalamus. Mol. Pharmacol. 50:230-235.

Gong, D. W., S. Bi, r. E. Tratley, and B. D. Weintraub. 1996. Genomic structure and
promoter analysis of the human obese gene. J. Biol. Chem. 271:3971-3974.

Grasso, P., M. C. Leinung, S. P. Ingher, and D. W. Lee. 1997. In vivo effects of leptin-
related synthetic peptides on body weight and food intake in female ob/ob mice:
Localization of leptin activity to domains between amino acid residues 106-140.
Endocrinology 138:1413-1418.

Guerra, J. L. L., D. E. Franke, and D. C. Blouin. 2006. Genetic parameters for calving
rate and calf survival from linear, threshold, and logistic models in a multi-breed
beef cattle population. J. Anim. Sci. 84:3197-3203.

Halaas, J. L., K. S. Gajiwala, M. Maffei, S. L. Cohen, B. T. Chait, D. Rabinowitz, R. L.
Lalone, s. K. Burley, and J. M. Friedman. 1995. Weight reducing effects of the
plasma protein encoded by the obese gene. Science (Wash DC) 269:543-546.

Hamann, A., and S. Matthaei. 1996. Regulation of energy balance by leptin. Exp. Clin.
Endocrinol. Diabetes. 104:293-300.

40



Hassink, S. G., D. V. Sheslow, E. de Lancy, I. Opentanova, R. V. Considine, and J. F.
Caro. 1996. Serum leptin in children with obesity: Relationship to gender and
development. Pediatrics 98:201-203.

Hausberger, F. X. 1959. Parabiosis and transplantation experiments in hereditarily
obese mice. Anat. Rec. 130:313.

He, Y., H. Chen, M. J. Quon, and M. Reitman. 1995. The mouse obese gene. Genomic
organization, promoter activity, and activation by CCAAT/enhancer-binding
protein alpha. J. Biol. Chem. 270:28887-28891.

Heaney,M. L., and D. W. Golde. 1993. Soluble hormone receptors. Blood 82:1945-
1948.

Herrera, R., H. S. Ro, K. G. Robinson, K. G. Xanthopoulos, and B. M. Spiegelman.
1989. A direct role for C/EBP and the AP-1 binding site in gene expression linked
to adipocyte differentiation. Mol. Cell. Biol. 9:5331-5339.

Hervey, G. R. 1958. The effects of lesions in the hypothalamus in parabolic rats. J.
Physiol. 145:336-352.

Hollenberg, A. N., V. S. Susulic, J. P. Madura, B. Zhang, D. E. Moller, P. Tontonoz, P.
Sarraf, B. M. Spiegelman, and B. B. Lowell. 1997. Functional antagonism
between CCAAT/enhancer binding protein-a and peroxisome proliferator
activated receptor-y on the leptin promoter. J. Biol. Chem. 272:5283-5290.

Houseknecht, K. L., S. N. Flier, R. C. Frederich, E. U. Frevert, J. S. Flier, and B. B.
Kahn. 1996a. Secretionof leptin and TNF-a by the adipocyte in vitro: Regulation
with genetic and dietary induced obesity. J. Anim. Sci. 74(Suppl. 1):81 (Abstr).

Houseknecht, K. L., S. N. Flier, E. U. Frevert, R. C. Frederich, J. S. Flier, and B. B.
Kahn. 1996b. Leptin secretion correlates with adipocyte size in genetic and
dietary obesity. Diabetes 45:(Suppl. 2)41A (Abstr.).

Houseknecht, K.L., Clifton A. Baile, Robert L. Matteri, Michael E. Spurlock. 1998. The
Biology of Leptin: A Review. J. Anim. Sci. 76:1405-1420.

Howland, B. E. 1971. Gonadotropin levels in female rats subjected to restricted feed
intake. J. Reprod. Fertil. 27:467-470.

Hwang, c., S. Mandrup, O. A. MacDougald, d. E. Geiman, and M. D. Lane. 1996.

Transcriptional activation of the mouse obese (Ob) gene by CCAAT/enhancer
binding protein a. Proc. Natl. Acad. Sci. USA 93:873-877.

41



Isse, N., Y. Ogawa, N. Tamura, H. Masuzaki, K. Mori, T. Okazaki, N. Satoh, M.
Shigemoto, Y. Yoshimasa, S. Nishi, K. Hosoda, J. Inazawa, and K. Nakao. 1995.
Structural organization and chromosomal assignment of the human obese gene.
J. Biol. Chem. 270:27728-27733.

Imagawa, K., Y. Numata, G. Katsuura, |. Sakaguchi, A. Morita, S. Kikuoka, Y.
Matumoto, T. Tsuji, M. Tamaki, K. Sasakura, H. Teraoka, K. Hosoda, Y. Ogawa,
and K. Nakao. 1998. Structure-function studies of human leptin. J. Biol. Chem.
273:35245-35249.

Kennedy, G. C. 1953. The role of depot fat in the hypothalamic control of food intake in
the rat. Proc. R. Soc. 140:578-592.

Kieffer, T. J., R. S. Heller, and J. F. Haberner. 1996. Leptin receptors expressed on
pancreatic b-cells. Biochem. Biophys. Res. Commun. 224:522-527.

Kieffer, T. J., R. S. Heller, C. A. Leech, G. G. Holz, and J. F. Habener. 1997. Leptin
suppression of insulin secretion by the activation of ATP-sensitive K+ channels in
pancreatic b-cells. Diabetes 46:1087-1093.

Kline, A. D., G. W. Becker, L. M. Churgay, B. E. Landen, D. K. Marin, W. L. Muth, T.
Rathnachalam, J. M. Richardson, B. Schoner, M. Ulmer, and J. E. Hale. 1997.
Leptin is a four-helix bundle: Secondary structure by NMR. FEBS Lett. 407:239-
242.

Kolaczynski, J. W., R. V. Considine, J. P. Ohannesian, C. Marco, |. Opentanova, M. R.
Nyce, M. Myint, and J. F. Caro. 1996. Responses of leptin to short-term fasting
and refeeding in humans. A Link with ketogenesis but not ketones themselves.
Diabetes 45:1511-1515.

Kononoff, P. J., H. M. Deobald, E. L. Stewart, A. D. Laycock, F. L. S. Marquess. 2005.
The effect of a leptin single nucleotide polymorphism on quality grade, yield
grade, ad carcass weight of beef cattle. J. Anim. Sci. 83:927-932.

Kroder, G., M. Kellerer, and H. U. Haring. 1996. Effect of leptin on insulin signaling in
rat-1 fibroblasts overexpressing IHR. Exp. Clin. Endocrinol Diabetes 104(Suppl.
2):66 (Abstr.).

La Cava, A., and G. Matarese. 2004. The weight of leptin in immunity. Nature 4:371-
379.

Lee, G. H., R. Proenca, J. M . Montez, K. M. Carroll, J. G. Darvishzadeh, J. |. Lee, and

J. M. Friedman. 1996. Abnormal splicing of the leptin receptor in diabetic mice.
Nature (Lond.) 379:632-635.

42



Lehmann, J. M., L. B. Moore, T. A. Smith-Oliver, W. O. Wilkison, T. M . Willson, and S.
A. Kliewer. 1995. An antidiabetic thiazolidinedione is a high affinity ligand for
peroxisome proliferator-activated receptor y (PPARYy). J. Biol. Chem. 270:12953-
12956.

Levin, N., C. Nelson, A. Gurney, R. Vadlen, and F. J. de Sauvage. 1996. Decreased
food intake does not completely account for adiposity reduction after ob protein
infusion. Proc. Natl. Acad. Sci. USA 93:1726-1730.

Licinio, J., C. Mantzoros, A. B. Negrao, G. Cizza, M. Wong, P. B. Bongiorno, G. P.
Chrousos, B. Karp, C. Allen, J. S. Flier, and P. W. Gould. 1997. Human leptin |
evels are pulsatile and inversely related to pituitary-adrenal function. Nat. Med. 3
:575-579.

Liefers, S.C., R.F. Veerkamp, M.F.W. te Pas, C. Delavaud, Y. van der Lende. 2004. A
missense mutation in the bovine leptin receptor gene is associated with leptin
concentrations during late pregnancy. Anim. Gen. 35.138-141.

Liefers, S.C., R.F. Veerkamp, M.F.W. te Pas, C. Delavaud, Y. van der Lende. 2004.
Leptin Concentrations in Relation to Energy Balance, Milk Yield, Intake, Live
Weight and Estrus in Dairy Cows. J. Dairy Sci. 86:799-807.

Lord, G. M., G. Matarese, J. K. Howard, R. J. Baker, S. R. Bloom, and R. |. Lechler.
1998. Leptin modulates the T-cell immune response and reverses starvation-
induced immuinosuppression. Nature 394:897-901.

MacDougald, O. A., C. Hwang, H. Fan, and M. D. Lane. 1995. Regulated expression of
the obese gene product (leptin) in white adipose tissue and 3T3-L1 adipocytes.
Proc. Natl. Acad. Sci. 92:9034-9037.

Madej, T., M. S. Boguski, and S. H. Bryant. 1995. Threading analysis suggests that the
obese gene product may be a helical cytokine. FEBS Lett. 373:13-18.

Madeja, Z., T. Adamowicz, A. Chmurzynska, T. Jankowski, J. Melonek, M. Switonski, T.
Strabel. 2004. Short Communication: Effect of Leptin Gene Polymorphisms on
Breeding Values for Milk Production Traits. J. Dairy Sci. 87:3925-3927.

Mantzoros, C. S., D. Qu, R. C. Frederich, V. S. Susulic, B. B. Lowell, E. Maratos-Flier,
and J. S. Fleir. 1996. Activation of beta3 adrenergic receptors suppresses leptin
expression and mediates a leptin-independent inhibition of food intake in mice.
Diabetes 45:909-914.

Matarese, G. et al. 2002. Balancing susceptibility to infectionand autoimmunity: a role
for leptin? Trends Immunol. 23:182-187.

43



Matteri, R. L., J. A. Carroll, T. L. Veum, R. S. MacDonald, J. A. Pardalos, and L. S.
Hillman. 1997. Leptin and growth hormone (GH) receptor gene expression in
adipose tissue of young pigs treated with growth hormone. J. Anim. Sci.
75(Suppl.1)215(Abstr.).

Mercer, J. G., N. Hoggard, L. M. Williams, C. B. Lawrence, L. T. Hannah, and P.
Trayhurn. 1996. Localization of leptin receptor mRNA and the long form splice
variant (Ob-Rb) in mouse hypothalamus and adjacent brain regions by in situ
hyridiaztion. FEBS Lett. 387:113-116.

Moon, B. C., and J. M. Friedman. 1997. The Molecular Basis of the Obese Mutation in
ob? Mice. Genomics 42:152-156.

Nkrumanh, J. D., C. Li, J. Yu, C. Hansen, D. H. Keisler, S. S. Moore. 2005.
Polymorphisms in the bovine leptin promoter associated with serum leptin
concentration, growth, feed intake, feeding behavior, and measures of carcass
merit. J. Anim. Sci. 83:20-28.

Oberkofler, H., A. Beer, D. Breban, E. Hell, F. Krempler, and W. Patsch. 1997. Human
obese gene expression: Alternative splicing of mRNA and relation to adipose
tissue localization. Obesity Surgery 7:390-396.

Park, H. Y., H. M. Kwon , H. J. Lim , B. K. Hong, J. Y. Lee ,B. E. Park , Y. Jang , S. Y.
Cho ,and H. S. Kim . 2001. Potential role of leptin in angiogenesis: leptin induces
endothelial cell proliferation and expression of matrix metalloproteinases in vivo
and in vitro. Exp. Mol. Med. 33:95-102.

Peelman, F., W. Waelput, H. Iserentant, D. Lavens, S. Eyckerman, L. Zabeau, and J.
Tavernier. 2004. Leptin: Linking adipocyte metabolism with cardiovascular and
autoimmune diseases. Prog. Lipid Res. 43:283-301.

Pelleymounter. M. A., M. J. Cullen, M. B. Baker, R. Hecht, D. Winters, T. Boone, and F.
Collins. 1995. Effects of the obese gene product on body weight regulation in
ob/ob mice. Science (Wash DC) 269:540-543.

Ramsay, T. G., X. Yan, C. Morrison. 1998. The Obesity Gene in Swine: Sequence and
Expression of Porcine Leptin. J. Anim. Sci. 76:484-90.

Rock, F. L., S. W. Altmann, M. Van Heek, R. A. Kastelein, and J. F. Bazan. 1996. The
leptin haemopoeitic cytokine fold is stabilized by an intrachain disulfide bond.
Horm. Metabol. Res. 28:649-652.

Saladin, R., P. De Vos, M. Guerre-Millo, A. Leturque, J. Girard, B. Staels, and J.
Auwerx. 1995. Transient increase in obese gene expression after food intake or
insulin administration. Nature 377:527-529.

44



Saltiel, A., and J. M. Olefsky. 1996. Thiazolidinediones in the treatment of insulin
resistance and Type |l diabetes. Diabetes 45:1661-1669.

Sanchez-Margalet, V., C. Martin-Romero, J. Santos-Alvarez, R. Goberna, S. Najib, and
C. Gonzales-Yanes. 2003. Role of leptin as an immunomodulator of blood
mononuclear cells: mechanisms of action. Clin. Exp. Immunol. 133(1):11-19.

Schenkel, F. S., S. P. Miller, X. Ye, S. S. Moore, J. D. Nkrumah, C. Li, J. Yu, I. B.
Mandell, J. W. Wilton, J. L. Williams. 2005. Association of single nucleotide
polymorphisms in the leptin gene with carcass and meat quality traits of beef
cattle. J. Anim. Sci. 83:2009-2020.

Schwartz, M. W., D. G. Baskin, T. R. Bukowski, J. L. Kujiper, D. Foster, G. Lasser, D. E.
Prunkard, D. Porte, S. C. Woods, R. J. Seeley, and D. S. Weigle. 1996.
Specificity of leptin action on elevated blood glucose levels and hypothalamic
Neuropeptide Y gene expression in ob/ob ice. Diabetes 45:531-535.

Sierra-Honigmann M. R., A. K. Nath, C. Murakami , G. Garcia-Cardefa , A.

Papapetropoulos , W. C. Sessa, L. A. Madge , J. S. Schechner , M. B. Schwabb,
P. J. Polverini, J. R. Flores-Riveros . 1998. Biological action of leptin as an
angiogenic factor. Science 281:1683-1686.

Sinha, M. K., J. P. Ohannesian, M. L. Heiman, A. Kriauciunas, T. W. Stephens, S
Magosin, C. Marco, and J. F. Caro. 1996. Nocturnal rise of leptin in lean, obese,
and non-insulin-dependent diabetes mellitus subjects. J. Clin. Invest. 97:1344-
1347.

Slieker, L. J., K. W. Sloop, P. L. Surface, A. Kriauciunas, F. LaQuier, J. Manetta, J. Bue-
Valleskey, and T. W. Stephens. 1996. Regulationof expression of oo mRNA and
protein by Glucocorticoids and cAMP. J. Biol. Chem. 271:5301-5304.

Speigelman, B. M., and J. S. Flier. 1996. Adipogenesis and obesity: Rounding out the
big picture. Cell 87:377-3809.

Stephens T. W., M. Basinski, P. K. Bristow, J. M . Bue-Valleskey, S. G. Burgett, L. Craft,
J. Hale, J. Joffmann, J. M .Hsiung, A. Kriauciunas, W. MacKellar, P. R. Rosteck,
Jr., B. Schoner, D. Smith, F. C. Tinsley, X. Y. Zhang, and M. Heiman. 1995. The
role of neuropeptide Y in the antiobesity action of the obese gene product.
Nature (Lond.) 377:530-532.

Sweeney, G. 2002. Leptin Signaling. Cell Signal 14:655-663.

45



Swerdloff, R. S., M. Peterson, A. Vera, R. A. Batt, D. Hever, and G. A. Bray. 1978. The
hypothalamic-pituitary axis in genetically obese (ob/ob) mice: Response to
luteinizing hormone-releasing hormone. Endocrinology 103:542-547.

Tartaglia, L. A., M. Dembski, X. Weng, N. Deng, J. Culpepper, R. Devos, G. J.
Richards, L. A. Campfield, F. T. Clark, J. Deeds, C. Muir, S. Sanker, a. Moriarty,
K. J. Moore, J. S. Smutko, G. G. Mays, E. A. Woolf, C. A. Monroe, and R. I.
Tepper. 1995. Identification and expression cloning of a leptin receptor, OB-R.
Cell 83:1263-1271.

Tartaglia, L. A. 1997. The leptin receptor. J. Biol. Chem. 272:6093-6100.

Trayhurn, P., M. E. A. Thomas, J. S. Duncan, and D. V. Rayner. 1995. Effects of fasting
and refeeding on Ob gene expression in white adipose tissue of lean and obese
mice. FEBS Lett. 368:488-490.

Trayhurn, P., J. S. Duncan, D. V. Rayner, and L. J. Hardie. 1996. Rapid inhibition of ob
gene expression and circulating leptin levels in lean mice by the b3-adrenoceptor
agonists BRL 35135A and ZD2079. Biochem. Biophys. Res. Commun. 228:605-
610.

Umek, R. M., A. D. Friedman, and S. L. McKnight. 1991. CCAAT/enhancer binding
protein: A component of a differentiation switch. Science (Wash DC) 251:288-
292.

Utriainen, T., R. Malmstrom, S. Makimattila, and H. Yki-Jarvinen. 1996.
Supraphysiological Hyperinsulinemia increases plasma leptin concentration after
4 h in normal subjects. Diabetes 45:1364-1366.

Vaisse, C., J. L. Halaas, C. M . Horvath, J. E. Darnell, M. Stoffel, and J. M. Friedman.
1996. Leptin activation of Stat3 in the hypothalamus of wild-type and ob/ob mice
but not db/db mice. Nat. Gen. 14:95-97.

Verploegen, S. A. B. W., G. Plaetinck, R. Devos, J. Van der Heyden, and Y. Guisez.
1997. A human leptin mutant induces weight gain in normal mice. FEBS Lett.
405:237-240.

Vidal, H., D. Auboeuf, P. De Vos, B. Staels, J. P. Riou, J. Auwerx, and M. Laville. 1996.
The expression of ob gene is not acutely regulated by insulin and fasting in
human abdominal subcutaneous adipose tissue. J. Clin. Invest. 989:251-255.

Vigersky, R. A., A. E. Andersen, R. H. Thompson, and D. L. Loriaux. 1977.

Hypothalamic dysfunction in secondary amenorrhea associated with simple
weight loss. N. Engl. J. Med. 297:1141-1145.

46



White, D. W., and L. A. Tartaglia, 1996, Leptin and OB-R: Body weight regulation by a
cytokine receptor. Cell Growth Factor Rev. 7:303-309.

Yu, W. H., M. Kimura, A. Walczewska, s. Karanth, and S. M. McCann. 1997. Role of
leptin in hypothalamic-pituitary function. Proc. Natl. Acad. Sci. USA 94:1023-
1028.

Zamorano, P.L., V. B. Mahesh, L. M. De Seuvilla, L. P. Chorich, G. K. Bhat, and D. W.
Brann. 1997. Expression and localization of the leptin receptor in endocrine and
neuroendocrine tissues of the rat. Neuroendocrinology 65:223-228.

Zhang, F., M. Basinske, J. M. Beals, S. L. Briggs, L. M. Churgay, D. K. Clawson, R.
Dimarchi, T. C. Furman, J. E. Hale, H. M. Hsiung, B. E. Schoner, D. P. Smith, X.
Y. Zhang, J. Wery, and R. W. Schevitz. 1997. Crystal structure of the obese
protein leptin E-100. Nature (Lond.) 387:206-209.

Zhang, Y., R. Proenca, M. Maffei, M. Barone, L. Leopold, and J. M. Friedman. 1994.

Positional cloning of the mouse obese gene and its human homologue. Nature
(Lond.) 372:425-432.

47



VITA
Douglas H. Fischer, Jr., is the first son of Douglas H. and Sherry O. Fischer.

Douglas attended high school at Pearl River High School in Pearl River, Louisiana.
While in high school, Douglas took four years of agricultural classes where his interest
in animal science was nurtured and grew. Douglas graduated with honors from Pearl
River High in 2001.

In the fall of 2001, Douglas was accepted to Louisiana State University. At
Louisiana State University, Douglas majored in animal sciences focusing in animal dairy
and poultry sciences. While attending class at Louisiana State University, Douglas took
classes taught by Dr. Donald Franke. In these classes, Douglas’s interest in quantitative
genetics grew. Douglas graduated from Louisiana State University in December 2005
with a Bachelor of Science degree.

Prior to graduation from Louisiana State University, Douglas decided to attend
graduate school at Louisiana State University. Douglas was accepted and began
studying quantitative genetics under Dr. Donald Franke in January of 2006. On
December 22, 2006, Douglas married his longtime fiancé, Dora Louise Phelps. Douglas
and Dora welcomed their first child, Christina Lillian Fischer, on March 15, 2007. Upon
completion of his Master of Science degree, Douglas intends to attend Texas
Agricultural and Mechanical University in College Station, Texas. At Texas Agricultural
and Mechanical University, Douglas intends to pursue a Doctor of Philosophy in

molecular genetics.

48



