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Abstract
Relationship of polymorphisms in the FSH beta subunit gene with reproducBas taurus

andBos indicuscattle

Two experiments were conducted to characterize polymorphisms (SNP) in the bovine
FSH3 gene promoter region to examine breed differences in SNP, and to determirsecéffect
SNP on reproduction in beef cattle. Experiment 1 - DNA samples were collemte8d Angus
(ANG), 13 Balancer (BAL), & 16 Brahman influenced (BI) bulls. Polymorphism&wer
identified by sequencing of 3 sequential PCR products from the promoter reggatece17
SNP & 4 insertion/deletions (INDEL). Semen samples were collected amd gpality
variables determined viacomputer assisted sperm analysis (CASAhedstenears. The
MIXED procedure for ANG & BAL indicated interactions of week and SNP 485for LIREA,
& MINAB (P <0.05), effects of SNP 169 & 170 on MINAB & TOTAB £P0.07), SNP 485 on
MOT, PROG, RAP, VAP, VSL, VCL, ALH, BCF, AREA, & LIVE (R 0.05),and SNP 1130 on
VCL, ALH, LIN (P < 0.05), & STR (P = 0.06). For Bl bulls effects of SNP 171, 225, 353, 410,
411,412, & INDEL 413-414 on MINAB & TOTAB (R 0.09), SNP 783 on MINAB & TOTAB
(P<0.03), BCF & MAJAB (P< 0.09), SNP 1130 on VCL (P = 0.05), VAP, & VSL<{M.09),
and SNP 1702 on MINAB & TOTAB (R 0.04). Experiment 2 - DNA samples were collected
from early & late pubertal Brahman heifers and SNPwere identifiegkgyencing 2 upstream
segments of FSBpromoter region. Chi square revealed effects upon pubertyfor SNP 783 (P =
0.02) and 171 (P = 0.08), breed differences in frequency of occurrence forl0 SNP (171, 225,
321, 353, 410, 411, 412, 783, 887, 1702), and 2 INDEL (411-412 INDEL & 413-414 INDEL).

Results indicate breed differences in frequency of occurrence of SNP phf&idoter region,



and that SNP may be useful as markers related to semen quality in bulls and puBerbynan

heifers.
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Chapter 1: Literature Review

FSH Structure and Function

Follicle Stimulating Hormone (FSH) is a glycoprotein secreted by the@npiuitary
gland primarily in response to gonadotropin-releasing hormone (GnRH) and ptdgsrathe
growth, development, and function of the ovaries and testes. Follicle Stimulatimphkk is a
heterodimer consisting of a non-covalently linked alpha(d betaff) subunit. Thex subunit
of FSH is identical to that of luteinizing hormone (LH), thyroid stimulating hormo8éifTand
chorionic gonadotropin (CG), whereas thsubunit is responsible for the specific biological
actions of FSH and its interaction with the FSH-receptor (Bernard, et al., 2010).

The sequence of the bovine HBslLibunit gene has been reported by Kim, et al., (1988).
The 6,610 bp gene is located on chromosome 15 and consists of a 1,787 bp promoter region
located in the 5’ region upstream of the transcription start site, followedds/ ékons and two
introns. The ATG translation start site occurs at bp 2579 within exon 2, stops at bp 4536 withi
exon 3, and encodes a 119 amino acid precursor peptide that is cleaved to produce a 110 amino
acid mature peptide.

Factors that influence the biological activity or the pattern of secretibBldfcan alter
the development and function of the ovaries and testes and thereby affett (Beilhard, et al.,
2010). In females FSH is responsible for follicular development by binding to receptors
granulosa cells leading to the conversion of testosterone to estradiol. Estmaclioins in
expression of sexual behavior, regulation of GnRH, uterine secretions, and aagspoitr of
sperm through the female reproductive tract (Senger, et al., 2003). MutatiomsthetHSH

gene and its promoter in females have been associated with primary and seapredeyhea



(absence of a menstrual period in women) and arrested follicular developmegot@@aj et al.,
2010).

In males, FSH promotes spermatogenesis, the process of sperm development, in the
seminiferous tubules primarily via actions on Sertoli cells (Sairam,, &0#l1). For this reason,
polymorphisms within the FSHgene and its promoter are of particular interest to male fertility.

The proliferation of Sertoli cells is activated by FSH during fetal and nalonat
development as well as during the pubertal phase (Grigorova, et al., 2010). Skstaliecthe
only somatic cells found within the seminiferous tubules and serve as nurse aiés for
developing male germ cells (Amann, et al., 1983). Sertoli cells are langausts with
overflowing cytoplasmic envelopes extending to the lumen of the seminiferous fubules
providing the only communication link across the blood-testes barrier, which functions to
prevent haploid sperm from causing an immune reaction (Amann, et al., 1983).

Spermatogenesis is the developmental process in which spermatogonia toarieghs
into spermatozoa. FSH plays a critical role in the hormonal control of spermascgby
binding to FSH-receptors on Sertoli cells and stimulating primary speryasao undergo the
first meiotic division to form secondary spermatocytes (Senger., €08I3). Since each Sertoli
cell can only support a limited number of developing male germ cells at a tismempartant
that we understand how polymorphisms of the FStbunit gene can affect male fertility
(Sairam, et al., 2001)

The synthesis and release of FSH is controlled by a number of factors inchaling t
pulsatile release of gonadotropin releasing hormone (GnRH), the goreadalstestrogen ¢

progesterone (p, testosterone (T), as well as activin, inhibin, and follistatin (FS; Burgatl., et



2004). The rate limiting step in FSH production is the synthesis of the FSH beta subcimit whi

is controlled by the FSIg-subunit gene (Dai, et al., 2009).

Hypothalamic-Pituitary-Gonadotropic Axis

The expression of gonadotropins is a complex system controlled by endocrine and
paracrine interactions between the hypothalamus, pituitary, and gonads (Buatje£094).
The hypothalamus is located at the base of the brain and is connected to the piguntavyag
the pituitary stalk. The pituitary gland is divided into two regions based on the stnarce
which they derive during embryonic development.

The posterior pituitary is derived from an outgrowth of neural tissue from the
hypothalamus while the anterior pituitary develops from the upward growth oyenntr
pharyngeal epithelium (Guyton, et al., 2006). The anterior pituitary consisie otll types
which secrete six hormones controlling important functions within the body. Apprekyn3at -
40% of the cells of the anterior pituitary are somatotropes secreting gromtione while
another 20% are corticotropes which secrete adrenocorticotropin (ACTHtHdrecell types
are the thyrotropes, which produce TSH, lactotropes, responsible for producingp(&IRdts),
and the gonadotropes which secrete LH and FSH (Guyton, et al., 2006). Théisforeiéw

will focus on factors affecting the expression of FSH.

GNRH Regulation of FSH
Expression of FSH occurs in response to the hypothalamic release of gonadotropin
releasing hormone (GnRH) and positive/negative feedback regulation upon GnRHiiroioh S

and peptide hormones (Burger, et al., 2004). The hypothalamus consists of clusters of nerve



cells, known as hypothalamic nuclei. The hypothalamic nuclei found to influenogluepon
in females, by releasing GnRH, are referred to as the surge and toeic CEm tonic center of
the hypothalamus is responsible for releasing small pulses of GnRH ovesiaesiperiod of
time favoring the small pulsatile release of FSH and LH, and is redutgtnegative feedback
mechanisms of the steroid hormones estrogen and progesterone. The surge ¢enter of t
hypothalamus is responsible for the high amplitude, high frequency GnRH surgegeaaust
rapid increase in LH and FSH prior to ovulation (Maeda, et al., 2010).

In females FSH binds to receptors on ovarian granulosa cells, stimutatiagldr
growth development and the conversion of testosterone to estradiol via the ae@natase
(Senger, et al., 2003). Studies involving ovariectomized rats revealed rapasesie serum
FSH concentrations, FEHNRNA, and FSH primary transcript (PT) due to elevated
transcription rates resulting from the loss ghiggative feedback regulation upon the
hypothalamus. Primary transcripts are new RNA molecules that contain exartrand i
sequences, and are therefore closely associated to gene transcriptionfamdatien of
MRNA. Although administration of a GnRH agonist gré&sulted in decreased production of
LHB PT and mRNA, a milder effect was observed for BH and mRNA indicating the
importance of inhibin, activin, or FS regulation of FSH expression (Burger, et al., 2004).

GnRH induced regulation of FSH is different in males as opposed to females.efy mal
lack of development of the hypothalamic surge center results in smallrtgmuses of GnRH
stimulating the pulsatile release of LH and FSH (Senger, et al., 2003)ct&ldon the Leydig
cells of the testes to produce testosterone while FSH binds to receptors ondiheedls of the
seminiferous tubules promoting the process of spermatogenesis and the conversion of

testosterone to dihydrotestosterone (DHT) an(Senger, et al., 2003). Increased GnRH



secretion following castration in male rats resulted in increasgdainil FSH mMRNA but not
FSH3 PT (Burger, et al., 2004). However Huang, et al., (2001) reported increaspd FSH
transcription via increased promoter activity in ovine B3litiferase reporter gene transgenic

mice.

Steroid Hormone Regulation of FSH

By binding to receptors on granulosa cells, FSH facilitates the conversiotostéesne
to estradiol resulting in the expression of sexual behavior, regulation of GhnRH, pradfcti
uterine secretions, and aids in transport of sperm through the female reprottactif®@enger,
et al., 2003). Studies in rodents have shown that ovariectomy resulted in increasatbgyrcul
LH and FSH concentrations. Studies involving knock out models have revealed that theenegati
feedback regulation of Ripon the gonadotropes occurs through theeEeptor. However, it
appears that Fonly partially regulates suppression of FSH aadininistration following
ovariectomy resulted in decreased, but not total, suppression of FSH (Thackrap GGl
Thackray, et al.,(2010) proposed that regulation of FSHymak occur indirectly through
actions upon GnRH or activin since expression of F8HRNA was not altered by,Eh GnRH
antagonized ovariectomized rats or by insertion of a muringf&bdioter in the BT2 cell line
(Thackray, et al., 2006). There is also evidence thatdfeased pituitary induced secretion of
FS primary transcript and mRNA in female rodents and decreased the pyodiidhe activin
BB subunit mMRNA in pituitary cells of sheep (Burger, et al., 2007).

One of the functions of Hs to stimulate the expression of the progesterone receptor.
Progesterone @Phas been shown to act upon gonadotropin synthesis through direct regulation

of the anterior pituitary and indirect regulation of GhnRH production; however, therapijoesr



to be differences among species. Administrationy@frfel & resulted in increased FEHNRNA
in rats while i was found to suppress FBIFARNA in sheep (Burger, et al., 2004).

Studies involving the overexpression of progesterone receptor in the immortflizad
cell line upon LH revealed a region on thefLLpfomoter essential for suppression of LH,as
deletion in this region abolished progesterone suppression (Thackray, et al., 2018yeHow
studies involving the Anduced expression of F$Hevealed increased levels of HBHRNA
in rats treated with andR(Attardi, et al., 1990) and thagdhtagonist, such as the antiprogestins
RU486 and ZK98299, blocked FSH production and expression of FSH mRNA during pre-
ovulatory and secondary FSH surges (Ringstrom, et al., 1997). Progestesdoemnaato
induce the FSPBi promoter in the BT2 cells as a reporter gene containing the [Fgidmoter
from rats and sheep was shown to be responsive to progesterone treatment of rat and ovine
pituitary cultures; as opposed to thefl,Hirect binding and transactivation of the progesterone
reporter was required for the progesterone activation of the muring H®khoter (Thackray, et
al., 2006). Based on these observations Thackray, et al. (2010), concluded that progestéerone ac
in a direct manner to regulate FSExpression instead of altering the activin/inhibin/follistatin
feedback regulation.

Along with estrogens and progestins, testosterone appears to stimulatei@xmfess
FSHB via the pituitary gonadotropes (Spady, et al., 2004). Spady, et al., (2004) suggésted tha
androgen indirectly stimulates F8lgroduction by modification of the pituitaries activin/FS
pathway based on a two fold increase in B®HRNA observed in GnRH antagonist treated
rodents following administration of T and in pituitary cell cultures from raatkfemale rats.
Through the use of theBI2 cell line, Spady, et al.,(2004) showed that androgen stimulates

FSH3 expression in a dose dependent manner and that mutation of either of the two known



androgen response elements proximal to thepfR@ihe promoter eliminates androgen
stimulation. Research conducted by Thackray, et al (2006) revealed that hoesyorese
elements exist within the first 500 bp of the FBSptomoter for not only T, but progestins and
glucocorticoids as well. The receptors for androgens, progestins, and glicoodewre all

similar in that they are members of the class | family of steroid r@epinding directly to the
DNA at six hormone response elements containing the TGTTCT half site (Thaekad,

2006). Receptor binding of androgens, progestins, and glucocorticoids at the -381 site of the
FSH3 promoter has been found to stimulate BSjdne expression. Although the -230 and -273
site is necessary for the expression of 8k androgens and progestins, it is not essential for

glucocorticoid induced expression of the BSk¢ne (Thackray, et al., 2006).

Activin, Inhibin, and Follistatin Regulation of FSH

Activin and inhibin, which are glycoproteins consisting of an alpha and beta subunit,
belong to the transforming growth factor beta (Bguperfamily which also includes bone
morphogenetic proteins (BMP), growth differentiation factors (GDF), andhdiiterian
hormone (AMH; Bilezikjian, et al., 2011). Activin is a dimer of two beta subunits reypessa
four different isoformsf{a —Bp), but only theB, andpg appear to regulate FSH expression.
Activin stimulates FSH expression on the transcriptional level by increasing the amount of
FSH3 mRNA (Burger, et al., 2004). Signaling for members of the @family occurs through
two types of transmembrane receptor serine/threonine kinases: typptbre¢ActRIB/ALK4)
and type Il receptors (ActRIl and ActRIIB; Bilezikjian, et al., 2011). Thegseof activin
binding to its type Il receptor results in the formation of a heteromeric crraplée cell

surface due to paring with the type | receptor. The type | receptor then phdsigsoayclass of



intracellular signaling proteins known as mothers against decapentg|@ewid; Burger, et al.,
2004).

Eight Smads are responsible for the intracellular signaling from thptoede the
nucleus. Smads2 and 3 appear to be required for activin signaling as they bind to lthe type
receptor and partner with Smad4, which in turn binds to DNA thereby alteriegagtmity.
However Smad7 is an inhibitory Smad which prevents the phosphorylation of Smad2 and 3 by
binding to the type | receptor (Burger, et al., 2004).

It is important to limit the actions of activin upon the body as overexpression ai&HS
been related to infertility in gain-of-function transgenic mice (Kyragal., 1999). In addition
to Smad7, inhibin effectively regulates H5ekpression by preventing activin from binding to
its type Il receptors inhibiting the phosphorylation of the type | receBtaggér, et al., 2004).
Inhibin is a heterodimer of an activin subunit and a unique alpha subunit, which is produced by
the granulosa cells of the ovary upon selection of a dominant follicle to suppress FSldrsec
in females. In males, inhibin is produced by the Sertoli cells of the serausfeubules in
response to androgen stimulation (Anderson, et al., 2000 and Luisi, et al., 2005). Although the
mechanism by which inhibin suppress FBSkanscription remain unclear, inhibin appears to
bind with the type Il receptors without stimulating the formation of the complexekatthe
type | and Il receptors, suggesting that inhibin functions as an activigoagayvia the activin
receptor (Burger, et al., 2004).

Another inhibitor of activin induced expression of FSH is follistatin. Follistatan is
glycoprotein produced by pituitary folliculostellate cells and functionsaallcontrol of FSIH
and LH3 gene expression (Blount, et al., 2009). Follistatin functions as a ligand antagonist

blocking activin stimulation of FSfHgene expression and is also produced by granulosa cells of



dominant follicles where it was first isolated (Ueno, et al., 1987). Folhgpagivents the
binding of activin to its type | receptor by binding activin directly in a 2:1 ratiorakezihg the
activin receptor binding site (Thompson, et al., 2005). Because of its high affinggti\an,
the binding of follistatin to activin is considered permanent as the dissociatiaf fallestatin
from activin is relatively low. Studies involving rat pituitary cultures hdes that follistatin
production was increased by activin, GnRH, and adenylatecyclase-actpalypgptide, but
decreased by testosterone and follistatin itself. However, studies irtggiheve shown that
follistatin production is increased by testosterone and unaffected by GnRidasibn (Burger,

et al., 2004).

Puberty

FSH levels decline following fetal and neonatal development for both sexes unttypube
Puberty has been defined as a period of time leading to the cascade of morphological
physiological, and behavioral events leading to increased gonadalya@gishnamurthy, et al.,
2001). Simply puberty is the point at which an animal is capable of reproducing exhikd s
maturity is the point at which an animal reaches its full reproductive potenga.atAvhich an
animal reaches puberty is influenced by body weight, breed, genetic, nutritionedneremtal,
social, and hormonal factors (Abeygunawardena and Dematawewa, 2004; Cammigck, et a
2009). As FSH functions in follicular growth and recruitment in females and promoting the
process of spermatogenesis in males (Ulloa-Aguirre and Timossi, 199¢)o#sible that
differences in age at puberty could be dueat least in part to mutations in thg&sHpromoter

region.



Heritability of female reproductive traits is low; however, studiegltdemonstrated that
age at puberty in heifers is correlated to scrotal circumference in bull$)ly Igitable trait
(Brinks, 2010). Smith, et al. (1989) showed that Hereford, Angus, and Red Angus bulls with
larger scrotal circumferences have the ability to sire offsprinlg larger testicles, improved
milking ability, and daughters that reached puberty at an earlier agenilarsiesult was
observed by Vargas, et al. (1998) between increased scrotal circumfereBcaisman bulls
and earlier ages at puberty in Brahman heifers. Increased testizelegsailts in greater
capacity for sperm production due to increased Sertoli cell numbers. Bull cabkegoing
FSH treatment from 4 to 8 weeks of age displayed increased testimvdh gncreased Sertoli
cell proliferation, and attainment of puberty at an earlier age compditethase treated with
LH and control calves (Bagu, et al., 2004). However, great diversity existeefage of puberty
betweerBos taurusandBos indicuscattle, as well as, within species (Freetly, et al., 2011).

The incorporation of Brahman cattle have proven advantageous to cattle producers due to
their increased tolerance to high temperatures and humidity, parastanes, and their ability
to more effectively utilize poor quality forages. However a drawback assdewth Brahman
cattle is a lower reproductive rate tlBas tauruscattle (Randel, 2000). It has been estimated
thatBos taurusheifers reach puberty at earlier ages thas indicusheifers (Randel, 2011).
Freetly, et al. (2011) conducted a study to determine the relationship of diffesarnh curves
in heifers to mature size and puberty. Crossbred cows sired by three breestd@thent bulls
(Brahman, Boran, and Tuli) as well as Angus, Hereford, and Belgian Blue leuésused in this
study. Hereford and Angus sired cows were found to have the heaviest mature igbdy. we
Angus sired cows matured faster than cows sired by Hereford, Brahman, @drdnbulls, but

did not differ from Belgian Blue sired cows. Brahman sired cows took the longestuiee r(8

10



weeks versus 49 weeks for Angus and Hereford sired cows, respectfully) dnetiraagreater
percentage of their mature body weight at puberty than Hereford, Tuli, andrBBlge sired

cows. Within species, the proportion of mature body weight at puberty ranged from 56 — 58%
for cow sired fronBos taurusbulls and 60% for cows sired Bps indicusbulls (Freetly, et al.,
2011).

Although reducing the amount of time it takes for an animal to reach puberty has
tremendous potential to increase profitability of producers, little reseatthden done to
determine if there is a link between age of puberty and mutations of tifedesid. Several
case studies in men and women have reported mutations of tiffege8él affecting
development of secondary sex characteristics and infertility. In a spudgdthnamurthy, et al.
(2001), on testicular function and spermatogenesis ofF8eeptor knockout (FORKO) mice,
their data showed that compared to wild-type heterozygous males, 7 day old FORKiQicea
displayed severely reduced testicular weight and seminiferous tubulksgf@iwhich continued
into adulthood for male FORKO. By day 21 of the study, wild-type heterozygous male
displayed plentiful round spermatids in the seminiferous tubules as opposed to FORKO mic
which displayed delayed puberty. At day 35, no elongated spermatids were observed in the
tubules of FORKO mice. By day 49 continuing into adulthood, only abnormal sperm was
detected. Delayed testicular development and impaired spermatogenesinierted to loss

of signal between FSH and its receptor (Krishnamurthy, et al., 2001).

Previous Research

Females Polymorphisms of the F§Hsubunit gene were found to positively affect the

litter size and the total number of pigs born alive to multiparous Beijing Blackoiig
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(Luoreng, et al., 2007) with similar results being observed by Humpolicek, @046) in the
Czech Large White sows. Studies with female Japanese Flounder revpalgah@rphism in
exon 3 associated with increased serum testosterone concentrations and s@dncrea
gonadosomaticindex, defined as the gonad mass represented as a portion of the totakbody
(Feng, et al., 2010).

Matthews, et al. (1993) reported the first mutation of thefF§¢he found to occur in a
female. The patient, a 27 year old Italian woman, displayed primag@rhea, infertility, and
lacked breast development. DNA sequencing revealed the patient to havedrd&rbp
deletion (TG) in codon 61 resulting in a frame shift in transcription, alteénm@mino acids 61 —
86 before leading to a premature stop codon (Val61X). The last 24 amino acids of the protein
were found to be missing, leading to impaired dimerization of thed=&HttI subunits required
to form bioactive FSH (Matthews, et al., 1993). A similar observation was madeymah, et
al., (1997) who reported a compound heterozygous mutation of thg ¢g€td, in the coding
region of exon 3, in a 15 year old girl that resulted in delayed puberty. The patieayetispl
poor breast development, amenorrhea, undetectable serum FSH concentrations,assatlincre
LH concentrations. DNA sequencing revealed the patient to have inherited th2 bpme
deletion described by Matthews (et al., 1993) from her mother and a missensermtedidon
51 from her father that changed a cysteine to a glycine (Cys51Gly). Bottiamsiianpaired
dimerization of the FSHK andf subunits resulting in failure to activate the FSH receptor
(Layman, et al., 1997).

The first FSH mutation found to affect siblings was reported by Layman, et al., (2002)in
Brazil. The female sibling (32 years old) exhibited poor breast developmemdrpri

amenorrhea, and infertility, while her brother (30 years old) exhibited rédestcular size and
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azoospermia. Both patients were found to be homozygous for a C to A nonsense substitution in
codon 76, resulting in the change of a tyrosine to a premature stop codon (Tyr76X). Althoug
the two patients in this case displayed at least partial pubertal developmearedno those
previously reported, patients suffering the Val61X, Cys51Gly, and Tyr76X iongall
exhibited undetectable FSH concentrations (Layman, et al., 2002).

Berger et al., (2005) also reported a case study involving a loss-of-functiananf
the FSHB subunit gene in a 16 year old Brazilian female. The patient displayed delayety,pube
primary amenorrhea, and partial breast development. DNA sequencing of therpatated
the same C to A substitution in codon 76 of exon 3 reported by Layman, et al., (2002). The

patient’'s mother was found to heterozygous for the same mutation.

Males. A case study of an eighteen year old male seeking medical attention j@ddela
puberty was investigated by Phillip, et al., (1998). Although the patient reported) mavmal
erections and ejaculations, he exhibited small soft testicles, abnornedmeent of secondary
sex characteristics, and white ejaculates with no sperm. Radioimmunacassagd low serum
FSH, total and free testosterone concentrations, and increased serum lutboizioge (LH)
concentrations. Two asymptomatic male family members, the patient’s ydarogeer and
father, were also examined. These individuals exhibited normal FSH concentrational
development of secondary sex characteristics, and were considered to betelgrfegtile.

DNA sequencing of the coding region of the Bdibunit gene revealed a homozygous deletion
of two bp (TG) in codon 61 causing a frame shift in transcription resulting ienagpure stop

codon (Val61X; Phillip, et al., 1998).
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Although the homozygous deletion identified in this study may explain the decreased
serum FSH concentration, the basis for the relationship between polymorphismsraadetkec
testosterone and increased LH concentrations is not clear. Secretion of (tieH b
hypothalamus results in the pulsatile release of LH and FSH from the anteniarpiMaeda,
et al., 2010). While FSH acts upon the Sertoli cells, LH binds to receptors upon the dadlgdig
of the testes stimulating the production of testosterone (Nalbant, et al., 1998)orEhire low
testosterone concentration observed in this study is curious. The authors supgesivsdiived
low testosterone concentrations may have been due to the absence of an unidentifiedesubst
normally produced when FSH binds to Sertoli cells, which stimulates Leysgae@roduce
testosterone (Phillip, et al., 1998).

A study was conducted comparing the frequency of occurrence of polymorphism of the
FSH3 gene and its promoter on two Caucasian populations, Danes and Finns. Two hundred
DNA samples were collected from healthy randomly selected individwaisthe two
populations (Finland n = 101, Denmark n = 99). Polymerase chain reaction (PCR) avis use
amplify DNA of 50 individuals from each population for the coding region of the gene while
only 15 Finnish and 10 Danish samples were used to investigate the frequencyreihocecof
polymorphisms in a 430 bp segment upstream of exon 1. A known polymorphism occurring in
exon 3, Y76 TAF>TAC which may be associated to polycystic ovarian syndrome in obese
women, was isolated using PCR amplification and digestion via a restriozgme
(Lamminen, et al., 2005).

When compared to the published FS$€quence, two previously unreported and one
previously reported polymorphism were detected. All SNP identified withinatieg region of

exon 3 were found to be silent, resulting in no change in the amino acid structureroteire p
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The frequency of occurrence of the novel SNP were different between the two ijpogulath

SNP K58 AAG—AAA only occurring in 16 percent of the Danish population and SNP K104
AAG—AAA in 8 percent of the Finnish population. Although samples used in this study were
limited and represent only healthy individuals, data suggests population differetioes

frequency of occurrence of polymorphisms even though the authors determined the gene to be
highly conserved (Lamminen, et al., 2005).

The first SNP of the FSHgene promoter region shown to affect serum FSH
concentrations in men was discovered by Grigorova, et al. (2008). This study was abnducte
over a two year period on 554 voluntary normal healthy men (ages 19.2 £ 1.7 yearsefrom t
Centre of Andrology, Tartu University Hospital, Estonia. After the subjedisdf@vernight, a
single blood sample was collected from 8:00 — 10:00 am for analysis of serum FSiHdldéxa
hormone binding globulin (SHBG), testosterone, and estradipt@centrations. Semen
samples were collected in a collection tube via masturbation and semen volumenspiéty,
concentration, and sperm count determined. Patients were subject to a physicatexam
order to determine the total testes volume.

Variations in DNA sequences were investigated by PCR and restrictipmenz
digestion. A G211T SNP was identified upstream of the mRNA transcriptiorsis¢arfour
hundred and twenty three individuals were found to be homozygous for the major allele (GG,
76.4%), 125 heterozygotes (GT, 22.6%), and 6 were homozygous for the minor allele (TT, 1.1%;
Grigorova, et al., 2008).Linear regression analysis revealed SNP G211T tatbeé telserum
FSH concentrations and the free testosterone index (FTI). The GG genotype had highe
concentrations of FSH and FTI over heterozygotes which were higher than TT homozygous

individuals. The difference between the lower FTI in the heterozygous males cortaptre
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GG homozygous males was attributed to the lower overall testosterone cormenwatile the
difference between the GG and TT homozygous males was due to increased dantenfra
SHBG. Data also suggested that SNP G211T may be related to the decreaseddtesatas
volume, increasedtoncentrations, and increased semen volume of TT homozygous males
(Grigorova, et al., 2008).

A subsequent study was conducted by Grigorovia, et al., (2010) to discover if ggnetical
reduced FSH concentrations affected male reproduction and to replicatstiogation between
the SNP G211T and serum FSH concentration among infertile males. The authorssigedth
that since FSH is essential for normal spermatogenesis, abnormalihiesaictiobns of FSH
during post fetal development could result in decreased FSH concentratemsgffnale
reproduction. The study was performed on a group of 1029 infertile men with low sperm counts
from couples who had tried and failed to conceive a child for at least one yehis @bup of
men, 750 were classified with idiopathic infertility, while 279 were clesbivith causal factors
affecting male fertility such as obstructions, cryptorchidism, chromosabmarmalities,
hypogonadotrophichypogonadism, etc. The control group used in this experiment was the 554
normal healthy men described from the previous study (Grigorova, et al., 2010).

A blood sample was collected between 8:00 to 10:00 am following an overnight fast or
light morning meal and DNA extracted. Serum concentrations of FSH, LBstesine, E and
inhibin B were determined. Semen samples were collected via masturbatisteriea
collection tube. Semen volume, sperm motility, and concentration were calculaiteel] s
smears were prepared to determine morphology, and a physical examinatiomextimr
determine the combined testes volume. Genotyping of alternative allelger@sned using

PCR and restriction enzyme technique reported byGrigorova, et al., (2010).
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Genotyping of the 1029 infertile men in this study revealed 746 GG homozygotes,
(72.5%), 258 heterozygotes (25.1%), and 25 TT homozygous males (2.4%). When compared to
the control group, differences were observed for both the allele and genotype fregjuenci
between the infertile and healthy men. Compared to normal health maledeinfefés were
found to have increased frequencies of T-alleles and increased frequencies ofgg&iofyyl
TT over healthy males. TT homozygous males exhibited approximately a 508askenr
serum FSH concentrations which were correlated to decreasing FSHia$1 r&maller
combined testes weights and decreased sperm motility were also t@sbaaila TT
homozygous males. Researchers suggest that infertility observed iteTcatlgers, may be due
to reduced FSH concentrations during fetal and neonatal development or during thé puberta
phase (Grigorova, et al., 2010).

Dai, et al. (2009) conducted a study in bulls evaluating the effects of SNPs of the FSH

gene on semen quality and fertility of 56 normal bulls in both fresh and frozem sdrhirty
five Simmental, 13 Charolais, and 8 Limousin bulls (avg age was 37.5 £ 1.3 months) from the
Institute of High-quality Cattle, Changchun, Julin, Northeast China were udesl study.
Semen was collected via artificial vagina every 3 to 4 days for 3 ¢otleaduring May.
Following collection, ejaculates were evaluated for fresh sperm qualiigbles then prepared
for cryopreservation. Following cryopreservation for 4 to 5 days, two stravesramgiomly
selected from each ejaculate, thawed, and examined for frozen semen qualigsamNon-
returned rates were determined for the analyzed batches from 14,416 insemofataws with
a post-partum anestrus period of at least 60 days.

DNA was isolated from blood samples containing acid citrate dextrose. tSixfse

primers were used to amplify bases in the 5’ upstream regulatory region, exon 1, exn 2, a
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exon 3. Single strand conformation polymorphism (SSCP) was used for identify polymsphis
based of differing migration patterns observed in the SSCP gels. Following pianfi¢2CR
products were cloned into Escherichia coli component cells and transformed with the
recombinant plasmid. Plasmid DNA was then extracted from cultures, incubatetybty, and
positive inserts confirmed by PCR and digested using restriction enzymes s&gNAncing was
performed for at least 4 positive clones of selected amplifications or worRE€R

amplifications from the same bulls. FSH concentrations were determined fsothdaimples

free of anticoagulant via radioimmunoassay (Dai, et al., 2009).

Six SNP (G782A, T170C, C224G, C352A, G409T, and G500T) and one insertion
(409_500insTAAC) were identified in the 5’ upstream regulatory region of the gene. afet)-b
software TFSEARCH (1.3) allowed Dai, et al, (2009) to confirm that the mojymsms
observed in the 5" upstream regulatory region of the gene altered potentiaiptaorstactor
binding sites. Radioimmunoassay revealed that bulls with mutations in the proegote of
the FSHB gene tended to have decreased serum FSH concentration over the control group.

Seven SNP were also observed in the coding region of exon 3 (T4338C, C4341T,
G4350A, C4452T, A4453C, C4461T, A4489C). The polymorphism A4453C resulted in a
change in the amino acid structure of the protein, Ser103Arg, while the otheve3alBilent.
Bioinformatics analysis indicated linkage among SNP and that bulls witgeh@type exhibited
decreased sperm concentrations, increased percentage of abnormal sperm, asetdeereent
acrosome integrity in fresh semen. In frozen semen, SNP resulted in an ohenegaber of
abnormal sperm, decreased percent acrosome integrity, and decreased spiymLooter

non-return rates (NRR) were observed for bulls with this genotype as welhuiies
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suggested that mutations within the regulatory region of the gene aleamedription factor

binding sites possibly resulting in alterations in serum FSH concentratione(@h, 2009).

Summary

Data on polymorphisms suggest that polymorphisms of thd[§8He and its promoter
are related to: decreased serum FSH concentrations, decreased spetyn aectiéased
acrosome integrity, increased number of abnormal sperm, and delayed pubertgripitiamasl
regulation is an important component in control of gene expression. Initiation afippéos is
the first rate limiting step in gene expression and is regulated bydmb@sof transcription
factors with transcription factor binding sites in the promoter region (Dal,, €009). Since
transcription controls the synthesis of FSH, mutations of the regulatory recaageok could
result in either altered transcription factor binding sites or transmmiptitiation sites resulting
in altered gene expression (Dai, et al., 2009). Effects of FSH on Sertoliotédrption and
development of spermatids can potentially alter male fertility and prevesaeanch suggests that
polymorphism of the FSBisubunit gene have been associated with decreased FSH, delayed
puberty, and male fertility. Therefore, the objectives of this study wasat@acterize
polymorphisms (SNP) in the promoter region of the bovineFg#he, examine breed
differences in SNP, and determine the relationship of SNPin th@ §&hie promoter region

with measures of semen quality in bulls and early and late puberty in Brahrfeas.hei
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Chapter 2: Relationship of Polymorphisms in the FSH Beta Subunit Genwith

Reproduction in Bos Taurus and Bos Indicus Cattle

Abstract

Two experiments were conducted to characterize polymorphisms (SNP) in the bovi
FSH3 gene promoter region to examine breed differences in SNP, and to determirseoéffect
SNP on reproduction in beef cattle. Experiment 1 - DNA samples were collemte8d Angus
(ANG), 13 Balancer (BAL), & 16 Brahman influenced (BI) bulls. Polymorphism&wer
identified by sequencing of 3 sequential PCR products from the promoter regialedei/é
SNP & 4 insertion/deletions (INDEL). Semen samples were collected amd gpality
variables determined viacomputer assisted sperm analysis (CASA)edssanears. The
MIXED procedure for ANG & BAL indicated interactions of week and SNP 485for LIREA,
& MINAB (P <0.05), effects of SNP 169 & 170 on MINAB & TOTAB £P0.07), SNP 485 on
MOT, PROG, RAP, VAP, VSL, VCL, ALH, BCF, AREA, & LIVE (R 0.05),and SNP 1130 on
VCL, ALH, LIN (P < 0.05), & STR (P = 0.06). For Bl bulls effects of SNP 171, 225, 353, 410,
411,412, & INDEL 413-414 on MINAB & TOTAB (R 0.09), SNP 783 on MINAB & TOTAB
(P<0.03), BCF & MAJAB (P< 0.09), SNP 1130 on VCL (P = 0.05), VAP, & VSL<{M.09),
and SNP 1702 on MINAB & TOTAB (R 0.04). Experiment 2 - DNA samples were collected
from early & late pubertal Brahman heifers and SNP were identifiegtyencing 2 upstream
segments of FSBpromoter region. Chi square revealed effects upon puberty for SNP 783 (P =
0.02) and 171 (P = 0.08), breed differences in frequency of occurrence for 10 SNP (171, 225,
321, 353, 410, 411, 412, 783, 887, 1702), and 2 INDEL (411-412 INDEL & 413-414 INDEL).

Results indicate breed differences in frequency of occurrence of SNP phf&idoter region,
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and that SNP may be useful as markers related to semen quality in bulls and puBerbynan

heifers.

Introduction

Follicle stimulating hormone (FSH) is an important reproductive hormonedainaj in
follicular maturation in females, spermatogenesis in males, and stmeglg (Bernard, et al.,
2010).Follicle stimulating hormone belongs to thesame glycoprotein familgiaghing
hormone (LH), thyroid stimulating hormone (TSH), and chorionic gonadotropin (CGg. Lik
other glycoproteins from this gene family, FSH is a heterodimer congeamalpha (FS&) and
beta (FSH) subunit. While the alpha subunit is the same for FSH, LH, TSH, and CG, the beta
subunit is unique and is responsible for the protein’s specific biological actiorge(Bet al.,

2004).

Sequencing of the bovine F8IRubunit gene was successfully completed by Kim, et al.,
(1988). The gene was found be approximately 6,610 kb consisting of 3 exons separated by two
introns, with a 1787 bp promoter region located upstream from the transcription initiggion s
(Kim, et al., 1988). Regulation of F8Hynthesis and secretion occurs through control of the
hypothalamic-pituitary-gonadal axis. Although the most prominent regulator ofsR&H
pulsatile release of gonadotropin releasing hormone (GnRH), additionallsantiude steroid
hormones, activin, inhibin, and follistatin (Burger, et al., 2004).

Transcriptionof the FSBisubunit is the rate limiting step in production of the mature
hormone, as it is the amount of HSBlLIbunit created that determines the quantity of mature

protein produced (Bernard, et al., 2010). Mutations occurring in th@ B&@buinit genes 5’
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regulatory region have the potential to alter transcription factor bind sitemectiption
initiation sites leading to altered gene expression (Dai, et al., 2009).

Follicle stimulating hormone is integral in the process of spermatogendsisdayg to
receptors on Sertoli cell membranes stimulating the meiotic division oagyispermatocytes to
secondary spermatocytes (Senger, et al., 2003). Fetal and neonatal expresdibis al$¢5
essential for normal testicular development and expression of secondary setecishics
(Sharpe, et al., 2003).An increase in Sertoli cell proliferation occurs detal{neonatal
development and the pre-pubertal phase primarily due to FSH stimulation (Shakp&068Ga.
As testicular size and daily sperm production is dependent upon the number of mature Sertol
cells, it is reasonable to determine that factors affecting fetal andtakSe&oli cell
development will affect adult testicular function (Sharpe, et al., 2003). Exogenbus FS
administration every two days to bull calves at four to eight weeks aicigderated onset of
puberty and resulted in greater Sertoli cell proliferation, increased numélengated
spermatids and spermatocytes per seminiferous tubule by the time #®wahe 56 weeks old
(Bagu, et al., 2004).

Several case studies have reported mutations of thf &8¥init gene resulted in
delayed puberty, with primary amenorrhea and arrested follicular developmvemtnen, and
azoospermia in men (Huhtaniemi, 2000). The first study indicating polymorphismsH8itfie
subunit gene to affect serum FSH concentrations in men was conducted by Grigaabya, e
(2008) on a cohort of normal healthy men. Results indicated that compared to men homozygous
for the primary allele, heterozygotes and men homozygous for the minorhaltelies. 7% and
40% decreased serum FSH concentrations, respectfully. The association ioiothallele to

reduced serum FSH concentrations was further confirmed by increageericy of occurrence
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among infertile men (Grigorova, et al., 2010). Dai, et al., (2009) showed that polymaphism
occurring in the regulatory and coding region of the F8kne in bulls resulted in decreased
serum FSH concentration along with decreased sperm concentrations, thperasat
abnormal sperm, and decreased percent acrosome integrity in freshwdgolebecame even
more pronounced in frozen semen.

The objective of this study was to characterize polymorphisms (SNP) in the promot
region of the bovine FSHgene, examine breed differences in SNP, and to determine the
relationship of polymorphisms of the Fgigene with measures of semen quality in bulls, as

well as, and early and late maturity in Brahman heifers.

Materials and Methods
All animal procedures used in this study were approved by the University of Askans
Animal Care and Use Committee (Protocol # 11001) or the Committee of Animalré/elf

USDA-ARS Dale Bumpers Small Farms Research Center in Booneville, AR.

Experiment 1

Animal management and semen collection.

Angus and Balancer bullsFive Angus and 13 Balancer bulls, located at the University
of Arkansas Beef Research Unit located near Savoy, AR were used. Bulls degage 1.47
years of age. Animals were managed in dry lots in two separate groups t® stdas
associated with dominance and were fed a 0.45 kg high concentrate ratiomtbsgeer week
with ad libitum access to grass hay. Semen samples were collected viaaailation prior

to the start of the trial to ensure that sperm variables exceeded minimatdsenedaired to pass
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a breeding soundness evaluation (BSE). Thereafter, semen samples wetedookekly for a

period of nine weeks from July through September 2010 via electro-ejaculation.

Brahman-influenced bullsBrahman-influenced bulls (n = 16), at a mean age of 15.13
0.34 months at the start of the trial, were located at the USDA-ARS Dale BuBmalisFarms
Research Center in Booneville, AR. Prior to the start of semen collectionsybrdl&ept on
common Bermudagrass pastures overseeded with Elbon rye. Semen sampledautzd col

monthly from June through August 2007 via electro-ejaculation.

Semen analysis Within five minutes post collection, ejaculates were analyzed by
computer assisted sperm analysis (CASA; Hamilton Thorne Bioscienees 3 MA) to
evaluate percent motile, progressive, and rapid sperm. Each sample was dilu2dllvecco’s
PBS to achieve a concentration of ~ 25%4erm/ml then loaded onto a 2X-CEL (Hamilton
Thorne Biosciences, Beverly, MA) slide. Eight to ten areas along the lenit sifde were
scanned while capturing thirty video frames per viewing area to create@osite of the sperm
motility variables. A minimum of 400 sperm cells were counted per slide to ac@neaecurate
representation of each semen sample. Percent live/dead sperm and sperm mor@sology w
determined by applying nigrosin-eosin live dead stain to a microscope&gaiitining a diluted
sperm sample. Sperm morphology measurements included the percent major (MAIMB), m
(MINAB), & total abnormalities (TOTAB). Sperm quality variables (Appg&x A) measured via
CASA were as follows: the percent motile (MOT), progressive (PROG)Y (BR#P), & live

(LIVE) sperm; path velocity (VAP), progressive velocity (VSL), &kapeed (VCL); lateral
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amplitude (ALH); beat frequency (BCF); percent straightness (STR)e&rdity (LIN);

minor:major axes of all sperm heads (ELONG); and average size of spermAiREds.(

Blood collection and DNA extraction Blood samples were collected from the median
caudal vein into 8 ml EDTA vacuum tubes, placed on ice, and transported to the laboratory.
Following centrifugation at 1,200 x g for 20 minutes at room temperature, buffy caats we
removed and stored at -20°C until genomic DNA was extracted. A Puregene DNéapionif
kit (cat. no. 158445, Quiagen, Valencia, CA) was used for extracting DNA from whole blood.
The manufacturer’s protocol was used as described for DNA extractiopt éxae100 pl of

buffy coat was used rather than 300 pul of whole blood (Appendix B).

Primer design and Polymerase Chain ReactianThree successive regions of the
promoter of the FSpisubunit gene were amplified via PCR in order to determine the DNA
sequence of the majority of the promoter region of the gene. Primers were ddsidhaner3
version 0.4.0 (Rozen&Skaletsky, 2000; Whitehead Institute for Biomedical Resear
Cambridge, MA) and purchased from Invitrogen (Invitrogen, Eugene, OR; Table 1).

Amplification was achieved at a final reaction volume of 50 ul. Reagents weredtha
and stored on ice prior to and during use. Samples were prepared by adding 34.4 |ddeCR gr
H,0, 5 pl of 10xNH PCR reaction buffer, 2 ul 50 mM MgCR.6 pl 4 mMdNTP mix, 1 pl
Biolase Red DNA Polymerase (Bioline USA Inc., Taunton, MA), and 2 ul 25 uM fdrarad
reverse primers (Invitrogen, Eugene, OR) to a 1.5 pl microcentrifuge tube ardlbyixe

inversion. Polymerase chain reaction tubes were labeled and 49 pl of PCR modeddo
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each tube followed by 1 pl DNA template(~ 20 ng/ul), mixed by inversion, arftylspein to
remove droplets from the lid.

Polymerase chain reaction was performed using a Veriti 96 well theyaiat ¢Applied
Biosystems, Life Technologies, Foster City, CA) and programmed|as/folstage 1 - DNA
denaturing process performed in one cycle at 95°C for 5 minutes; stage 2 - périio/30
alternating cycles of denaturing (95°C — 1 % minutes), annealing (56°C — 1 minute), and
extension (72°C - 1 % minutes); with stage 3 - final extension occurring atai27Qrfinutes;
and held indefinitely at 4°C upon completion. Following PCR, the appearance of a simjle ba
of appropriate size was confirmed by electrophoresis of PCR products on a 6 1/2 cm 1%0
agarose (cat. no. BIO-41026, Bioline USA Inc., Taunton, MA) gel in 1x TBE buffer at 85 volts
for 35 minutes. Hyperladder | (BIO-33053, Bioline USA Inc., Taunton, MA) was included in
each gel as a reference standard, and bands were visualized on a UVP LyaBoodiats
EpiChemi Il Darkroom imaging system. Two PCR reactions for eachi@nplere done
simultaneously and combined to yield adequate DNA for subsequent purification and

sequencing.

PCR product purification, quantification, and sequencing Following PCR, duplicate
products were combined and then purified using a Qiagen: QIAquick PCR Purificati@at<i
no. 28104, Qiagen, Valencia, CA; Appendix C) according to manufacturer’s instructions and
guantified on a Qubit® 2.0 Fluorometer (Invitrogen, Eugene, OR). Purified PCR prochrets
prepared for sequencing as follows. Three point four pl of 1uM forward primepipetted
into labeled PCR tubes followed by 8.6 pl of PRC graglé &hd 1 ul of purified PCR product

(=~ 20 ng/ul). If product concentrations were below 15 ng/ul, the amount of purified pwakic
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increased and the amount of PCR grad® Was decreased to give a final volume of 13 pl.
Process was repeated for the reverse primer and samples submitted to thetiJoiv&rkansas
DNA Resource Center for sequencing using a ABI 3100 DNA Sequencer (ApplisstiBins;

Foster City, CA).

Identification of polymorphisms. Polymorphisms were identified by comparing
amplicons to the published sequence of the bovineglFsBHunit gene (GenBank: M83753.1,

G1:163063, NCBI) using ClustalW _(http://www.ebi.ac.uk/Tools/msa/clustalarii

electropherograms were individually examined via Finch TV (Geospiza, IrattleS8VA).

Statistical analysis Chi square was used to examine breed differences in the frequency
of occurrence of SNP identified in the 5 Angus, 13 Balancer, and 16 Brahman influenced bulls
by Chi square using JMFStatistical Discovery Software (SAS Inst. Inc., Cary, NC). The
PROC MIXED procedure of SAS (SAS Inst. Inc., Cary, NC) was used tanatereffects of
week and SNP upon semen quality for the Angus & Balancer bulls, and the effectslofimibnt

SNP upon semen quality for the Brahman influenced bulls.

Experiment 2

Animal management and classification DNA samples from registered Brahman
heifers (n = 35) from the Texas AgriLife Research and Extension Cenkas A&M
University System, Overton, TX were used in this study. Heifers were kept omngsast
coastal Bermudagrassoverseeded with ryegrass. Costal hay, grain, and sugdlea

supplements were provided as needed. At 12 months of age, heifers were placdalivith a
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proven fertility and remained with a fertile bull continually until they corest Heifers were
classified as early or late puberty based on the age at first caAgegat conception was
determined by subtracting 292 days from their age at first calving. Hedmiag at 24 to 26
months of age were classified as early pubertal (n = 18) while those calving ah8& rof age

were classified as late pubertal (n = 17).

Blood collection and DNA extraction Blood was collected by venipuncture into
vacuum tubes containing EDTA, frozen, and shipped to the University of Arkansas, Departme
of Animal Science in Fayetteville, AR. Genomic DNA was extractedrdang to
manufacturer’s instructions using the QiagenQlAamp DNA Mini Kit (cat. no. 51364,
Valencia, CA; Appendix D). Due to difficulty in the PCR procedure with these sanipNA
samples were further purified to ensure PCR amplification as describedopiaopk (300 ul)
and 3M Na Acetate (20 pul) were added to a 1.5 ml microcentrifuge tube containing2Ré\ pl
solution with approximately 2.95 to 18.1 ng/pl DNA and mixed by inversion. Samples wer
centrifuged at 16,000 x g for 15 minutes. The isopropanol was carefully decanted and the DNA
pellet rinsed by adding 200 pl 80% ethanol and mixing by inversion. Samples wiere aga
centrifuged at 16,000 x g for 15 minutes, the ethanol decanted, and allowed to air dry for 15

minutes. DNA pellet was resuspended in 50 pul PCR gra@eaidd stored at -20°C.

Primer design and Polymerase Chain ReactianTwo regions of DNA covering a 1215
bp section of the upstream FSKHene promoter region were amplified via PCR in order to
determine the DNA sequence. Primers used (primer set 1 and 2, Table 1) wcelittethose

used in Experiment 1. Due to the low DNA concentrations obtained, PCR amplificason w
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performed in duplicate for each sample and the appearance of a single endoofdct size

confirmed by electrophoresis as described in Experiment 1.

PCR product purification, quantification, sequencing, and identifiation of
polymorphisms. Polymerase chain reaction products were purified using a Qiagen: QkAqui
PCR Purification Kit (cat. no. 28104, Qiagen, Valencia, CA; Appendix C) according to
manufacturer’s instructions and quantified on a Qubit® 2.0 Fluorometer (Invitrogen, Eugene
OR). Purified PCR products were prepared for sequencing as described imerpérand
submitted to the University of Arkansas DNA Resource Center for sequencing. Rulisne
were identified by comparing amplicons to the published sequence of the bovifeHSHit
gene (GenBank: M83753.1 GI:163063, NCBI) using ClustalW

(http://www.ebi.ac.uk/Tools/msa/clustalyind electropherograms were individually examined

via Finch TV (Geospiza, Inc., Seattle, WA).

Statistical analysis Breed differences in the frequency of occurrence of SNP were
identified in the 5 Angus, 13 Balancer, 16 Brahman influenced bulls, and 35 Brahman heifers
and effects of SNP upon maturity in early and late pubertal Brahman heifeggQlsiSquare in

the PROC FREQ procedure of SAS (SAS Inst. Inc., Cary, NC).

Results

This study was conducted to identify polymorphisms (SNP) in the promoter regiom of

bovine FSH gene and to determine the effects of polymorphisms of th§d E8blnit gene
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upon measures of semen quality in bulls and sexual maturity in early and lat@lfBikshman

heifers.

Experiment 1

Genomic DNA samples were collected from 5 Angus (ANG), 13 BalaBadr)( & 16
Brahman influenced (BI) bulls. Polymorphisms were identified by sequencing 3 sebB&R
products from the FSHpromoter region. Seventeen SNP (A169G, G170T, T171C, C225G,
C353A, G410T, G411T, T412A, G485A, A643G, G783A, A887G, C1130G, C1369T, C1376T,
A1494T, C1702T) and 4 insertion/deletions (INDEL: CC413-414CAC, TC1063-1064TCC,
TG1256-1257TCG, GA1703-1704GCA) were identified by comparing amplicons to the bovine

FSH3 published sequence (GenBank: M83753.1 GI:163063; NCBI).

Effects of SNP upon semen quality Semen samples were collected monthly from BI
bulls and weekly from the ANG and BAL bulls. Within five minutes of collectionsgesem
samples were analyzed via computer assisted sperm analysis and st&iaexiveere prepared
to determine semen quality variables. The MIXED procedure of SAS (SAmsiCary, NC)
was used to determine the following: effects of week and SNP upon semen quaheyAdiG

& BAL bulls, and the effects of month and SNP upon semen quality for the Bl bulls.

Angus and Balancer bulls. Four SNP appeared to affect semen quality for ANG and
BAL bulls. Results indicate that SNP G485A affected the most semen qualitylearia
(Table2). Animals homozygous for the major allele (GG) had a decreasetage of motile

(MOT), progressive (PROG), rapid (RAP), and live (LIVE) sperm comparedéoozggous
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bulls (P<0.01). Homozygous GG bulls also had a decreased path velocity (VAP), progressive
velocity (VSL), track speed (VCL), and lateral amplitude (ALH), and an isectaverage size
of sperm heads (AREA) and beat frequency (BCF) compared to heterozygous SOIOHH.

Bulls homozygous for the major allele occurring at SNP C1130G (Table3) hahsed
track speed (VCL) and lateral amplitude (ALH), and an increased percenit}iffeHy)
compared to CG heterozygous bulls(B.05). Sperm from CC homozygous bulls also had a
strong tendency to move in a straighter pattern compared to heterozygous [R|I® (ST.06).

Fewer total abnormalities (TOTAB) tended to occur in bulls homozygous for the major
allele at SNP A169G (Table 4) and SNP G170T (Table 5) than for bulls homozygdus for t
minor allele (P = 0.06). These bulls also tended to have fewer minor abnormislitizss; P
=0.07).

Interactions between week and genotype for SNP G485A were observed for the
following semen quality measurements: LIN, AREA, and MINAB<(@.05). Genotype
differences were observed for SNP G485A on percent linearity for weeks 1 andveaf se
collections (Figure 2). Linearity is a measure of sperm motility dapithe ration of the
progressive velocity (VSL) to the track speed, commonly referred to astaéhdistance traveled
by the sperm (VCL). Bulls homozygous for the primary allele (GG) had agaised percent
linearity (LIN) compared to heterozygous bulls (55.60 versus 47.08%, respectivligek 1 (P
= 0.02) which became drastically reduced by week 5 (P < 0.01).

Differences were observed between genotypes on weeks 1 and 4 for sperm head area
(AREA, Figure 3). Sperm head area gradually increased for heterozygousdmliseek 1
through 7 of the study before beginning to decrease on weeks 8 through 9. Measurements of

sperm head area were more variable for GG bulls however. On week 1 GG bulls had an
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increased sperm head area (4.96 /s 0.01) which became drastically reduced (4.53) jirm
week 2 before beginning an upward trend in weeks 3 and 4. By week 4 sperm head area peaked
(4.96 uni, P = 0.03) for GG bulls before declining in weeks 5 and 6 and increasing again in
weeks 7 through 9.

Interactions between week 4 and genotype were also observed for the percent minor
abnormalities (MINAB; Figure 4). GG bulls had decreased percent minomaalitees on week
1 (1.02%) which increased to 2.9% by week 4 (P = 0.01) before dropping to 0.67% in week 8.
Although heterozygous bulls also exhibited an increased percentage of abnormédtempe

week 1 to week 4 (1.21 to 1.59%), the change was not as drastic as that observed in the GG bulls.

Brahman influenced bulls. Bulls homozygous for the major allele at SNP G783A
(Table6) had a decreased percentage of minor (MINAB, P = 0.03) and total abtesmali
(TOTAB, P =0.03) compared to heterozygous animals. GG homozygous bulls also tended to
have fewer sperm with major abnormalities (MAJAB, P = 0.09) and an increasdtdogiency
(BCF, P =0.07) over heterozygous animals.

Three genotypes were observed at SNP C1702T (Table7). Heterozygous CT bulls had an
increased number of minor (MINAB, P = 0.04) and total abnormalities (TOTAB, P = 0.03)
compared to bulls homozygous for the major allele, but only tended to differ from bulls
homozygous for the minor allele (TT). TT bulls tended to have a decreased pertent tota
abnormalities (TOTAB, P = 0.06) compared to heterozygous bulls. CC homozygous bulls
tended to have an increased beat frequency (BCF, P = 0.07) and fewer major abesi(Ratiti

0.09) compared to heterozygous animals.
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The SNP C1130G had a strong tendency to affect track speed (VCL; Table8) as
heterozygous bulls exhibited increased track speed compared to CC homozygous bylR (VCL
=0.06); as well as, increased path velocity (VAP; P = 0.07) and progressive val&tityA<
0.09).

Bulls homozygous for the major allele at T171C (Table 9), C225G (Table 10), C353A
(Table 11), G410T (Table 12), G411T (Table 13), T412A (Table 14), and bulls without the
insertion at INDEL CC413-414CAC (Table 15) tended to have fewer minor and total
abnormalities (MINAB, TOTAB; X 0.08) over heterozygotes and bulls with insertions. No
affect was observed upon the sperm quality measurements tested for thentpBdNR for the

Brahman influenced animals: G485A, C1369T, A1494T, and INDEL GA1703-1704GCA.

Experiment 2

Genomic DNA samples were collected from early and late pubertalrpdrBbahman
heifers. Polymorphisms were identified by sequencing two PCR products from a 1215 bp
section of the upstream F8romoter region. Twelve SNP (T171C, C225G, G321A, C353A,
G410T, G411T, T412A, C620T, T622A, C623T, G783A, A887G) and 3 insertion/deletions
(INDEL, GT411-412GAACTT, CC413-414CAC, TC1063-1064TCC) were identified by
comparing amplicons to the most recent bovine [F8tiblished sequence (GenBank: M83753.1

GI:163063, NCBI).

Relationship of SNP with puberty Effects of SNP in the F§Hpromoter region upon

puberty were determined for 35 early and late pubertal BRAH heifers usirgg@re.Although

9 SNP and 3 INDEL were identified in the BRAH heifers, few were found to gftdurty. The
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G783A SNP was a guanine to adenine substitution occurring in early and late pulfersal he
(Table 16). One hundred percent of the heifers heterozygous for SNP G783A displayed earl
puberty (P = 0.02). Although the GG genotype was not observed in any of the early or late
pubertal heifers in this study, 100% of the late and 72% of the early pubertad nafer
homozygous for the minor allele (AA).The only other SNP appearing to affeattypwaes a

thiamine to cytosinesubstitution occurring at bp 171 (SNP T171C, Table 17). While nbee of t
early pubertal heifers were homozygous for the primary allele, 22.22% werezlygteus and
77.78% were homozygous for the minor allele. Unlike late pubertal heifers df 28.83%

were homozygous for the primary allele, 11.76% were heterozygous, and 64.71% homozygous

for the minor allele (P = 0.08).

Breed differences in the frequency of occurrence of SNRChi square was used to
determine breed differences in the frequency of occurrence of SNP idemtiiadipstream
section of the FSBipromoter region (starting at bp 1324 and proceeding upstream to bp 109) in
early and late pubertal Brahman heifers, and the corresponding amplifieasregthe Angus,
Balancer, and Brahman influenced bulls from Experiment 1. In this 1215 bp regiotea grea
number of SNP and INDEL were observed in the Brahman heifers (9 SNP and 3 INREL) a
Brahman influenced bulls (11 SNP and 3 INDEL) than in the Angus (4 SNP and O INDEL) and
Balancer (6 SNP and 1 INDEL) bulls. Of the SNP identified, Chi square indicated br
differences in the frequency of occurrence for 9 SNP (A169G, G170T, T171C, C225G, C353A,
G410T, G411T, T412A, and G783A) and 2 INDEL (GT411-412GAACTT and CC413-

414CAC).
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The A169G and G170T SNP occurred in 80% of the Angus bulls, 30.77% of the
Balancer, and did not occur in any of the Brahman influenced bulls nor the Brahieas (fek
0.01, Table 18). Eight SNP were found to be unique to the Brahman influenced bulls and 7 to
the Brahman heifers as they did not occur in any of the Angus and BalansdiThble 18).
Over forty percent of Brahman influenced bulls (43.75%) were found to be heterotggous
SNP T171C, C225G, C353A, G410T, G411T, and T412A, while the percent Brahman heifers
heterozygous and homozygous for the minor allele were as follows: SNP T171C = 17.14 and
71.43%, SNP C225G and G411T = 31.43 and 60%, SNP C353A = 22.86 and 71.43%, SNP
G410T = 34.29 and 57.14% (P < 0.01), and SNP T412A = 31.43 and 0% (P = 0.02). The SNP
G783A also did not occur in any of the Angus and Balancer bulls, but occurred in Brahma
influenced bulls (31.25% heterozygous) and Brahman heifers (14.29% heterozygous and 85.71%
homozygous for the minor allele; P < 0.01). Additional sequencing of a section of the FSH
promoter region from bp 1276 — 1897 (5’ to 3’) revealed breed differences in the frequency of
occurrence of one additional SNP (C1702T) among Angus, Balancer, and Brahmnamciedi
bulls. One hundred percent of the Angus and Balancer bulls and 56.25 % of Brahman influenced
bulls were homozygous for the major allele; while 37.5% of Brahman influenced bu#is wer
heterozygous and 6.25% were homozygous for the minor allele (P = 0.01, Table 18).

The insertion GT411-412GAACTT was unique to the Brahman heifers (Tablel19). The
majority of heifers homozygous for the minor allele at SNP G410T and G411 Tomeckto
have a homozygous insertion of 4 base pairs (AACT) between bp 411 and 412 when compared
to the published sequence (P < 0.01,Figure 1). Although Brahman heifers and Brahman
influenced bulls heterozygous at SNP G410T and G411T did not have INDEL GT411-

412GAACTT, they were heterozygous at SNP T412A as well as having an inseion of
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adenine between two cytosine bases at bp 413-414 (INDEL CC413-414CAC). The INDEL
CC413-414CAC was found in 31.43% of Brahman heifers and 43.75% of Brahman influenced

bulls, but did not occur in Angus or Balancer bulls (P = 0.02,Table 20).

Discussion
Effects of SNP upon semen quality

In males, FSH functions in the hormonal control of spermatogenesis by binding to
receptors on Sertoli cells stimulating the meiotic division of primary speeytes to secondary
spermatocytes (Senger, et al., 2003).Sertoli cells are large structtireverflowing
cytoplasmic envelopes extending to the lumen of the seminiferous tubules providomdythe
communication link across the blood-testes barrier, preventing haploid spemadusing an
immune reaction (Amann, et al., 1983 andSenger, et al., 2003). Therefore it is imnjoorta
understand how polymorphisms occurring in the promoter region of thp §igHinit gene can
affect male reproduction.

Seventeen SNP (A169G, G170T, T171C, C225G, C353A, G410T, G411T, T412A,
G485A, A643G, G783A, A887G, C1130G, C1369T, C1376T, A1494T, C1702T) and 4
insertion/deletions (INDEL; CC413-414CAC, TC1063-1064TCC, TG1256-1257TCG, GA1703-
1704GCA) were identified in Experiment 1. Of those, 4 SNP (T171C, C225G, C353A, and
G410T) appear to coincide with finding presented by Dai, et al. (2009) in Simmental,aizharol
and Limousin bulls. Dai, et al., (2009) reported five SNP and one INDEL to occur in the 5’
upstream regulatory region of the Hbgkne at bp 170(T > C), 224 (C > G), 352 (C > A), 409
(G>T),500 (G>T),and 409 500 (TAAC insertion). Comparison of SNP identified by Dai, et

al., (2009) to the most recent F@Hublished sequence (GenBank: M83753.1 GI1:163063,
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NCBI) revealed the following SNP to coincide with SNP identified in thisystlido(T > C)
with T171C, 224 (C > G) with C225G, 352 (C > A) with C353A, and 409 (G > T) coincided
with G410T.

Angus and Balancer bulls heterozygous for the SNP identified in this study were
associated with an increased percentage of live, motile, rapid, and progyassitild sperm.
These bulls also exhibited increased path velocity, progressive velocity, ek and lateral
amplitude, but a reduced sperm head area, beat frequency, and percent linear&ygndess.
Heterozygous Brahman influenced bulls were also associated with increasespieed, path,
and progressive velocity. Although most of the sperm quality measures edadpaeared to be
positively influenced by polymorphisms, Angus, Balancer, and Brahman influendgd bul
heterozygous for the SNP identified appear to have an increased percentags ahichtotal
abnormalities when compared to bulls homozygous for the major allele.

Similar effects of polymorphisms in the FgHromoter region upon semen quality were
observed by Dali, et al, (2009) in fresh and frozen semen. Bulls exhibiting mutatibas in t
regulatory region of the F§Hyene were also found to have mutations in exon 3. Bulls with this
genotype expressed decreased serum FSH concentrations, decreased spetnati@ma
fresh semen, decreased percentage of acrosome integrity in fresh andémes,and increased
percentage of abnormal sperm in fresh semen, which became more pronounced in frozen
semenand decreased sperm motility in frozen semen. A transcription factoglsitdidatabase
allowed Dai, et al., (2009) to conclude that mutations occurring in the regulegpoy of the
gene altered transcription factor binding sites resulting in altgred transcription.

A study investigating the occurrence of polymorphisms in the promoter region of the

FSH3 subunit gene in infertile men suggested that SNP occurring in the promaberwege
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associated with infertility and reduced serum FSH concentration compar@uatitol men
(Grigorova, et al., 2010). Case studies involving nonsense mutations in men reposted dela
puberty, reduced testicular size, and azoospermia. Phillip, et al., (1998) repdri®Ba
mutation occurring in an 18 year old Israeli male due to a homozygous deletion of two bp
occurring in codon 61 of exon 3 (Val61X) while Layman, et al., (2002) reported a 30 gear ol
Brazilian man with a homozygous C to A substitution in codon 76 (Tyr76X). Both mutations
caused in a change in the amino acid structure of the protein resulting in &upeestep codon.

In this study interaction between genotype and week were observed for SNP G485A for
the percent linearity, sperm head area, and the percent minor abnormalities. Plegecom
process of spermatogenesis takes 61 days in bulls (Senger, et al., 2003). &ect@msasethod
of semen collection, environment, genetics, and breedhave the potential toesffectciality
measurement (Foote, 1978). Therefore changes in anyof these factors 6icddagsnmeks 1,

4, and 5 could explain the genotype by week interactions observed for SNP G485A.

Semen was collected via electroejaculation twice weekly for 9 weaksJuly through
September for Angus and Balancer bulls. Although artificial vagireeipreferred method of
collection for bulls due to higher quality ejaculates than those observed witlogjl@culation,
electroejaculation is often the easiest method of collection for bulls thdiffeselt to handle or
that have not been trained to mount a dummy or teaser animal (Foote, 1978). Frequency of
collection also has the potential to alter semen quality charactesisteesit affects the sperm
reservoirs of the epididymis influencing the number of spermatozoa availakbjadatation
(Foote, 1978).

An environmental factor possibly contributing to the week by genotype interactions

observed for SNP G485A is temperature. According to past weather rep@tsifaggdale, AR
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from the United States Government’s National Oceanic and Atmosphericisthation

(WeatherSource; http://weathersource.péhdays prior to beginning of the trial, the

temperature highs ranged from 64.4 to 73.4°F with the exception of one day in whicththe hig
was 82.4°F. Temperature highs 61 days prior to week 4 and 5 ranged from 82.4 to 89.6°F.
Although temperature highs in the upper 80° are typically not considered as extreme
temperatures, it is possible that heat stress could have been a contributinigéaiing to
interaction between week and genotype for SNP G485A. Other factors potentedtingff

semen quality could have been animal health, periods of prolonged stress, and nutritimal sta

of the animal (Foote, 1978).

Relationship between SNP and puberty

Bos indicukeifers typically have reduced reproductive performance and increased age at
puberty tharBos taurusheifers (Randel, 2011). Thus the identification of polymorphisms that
can serve as genetic markers for improved reproductive performangeigant to improving
Bos indicuscattle breeds. Although 9 SNP and 3 INDEL were identified in the 5’ upstream
regulatory region of the F§Hyene in BRAH heifers, only two SNP (G783A and T171C)
appeared to affect puberty. One hundred percent of the heifers heterozygdBsGIEBA
displayed early puberty while all late pubertal heifers were homozygotisef minor allele. For
SNP T171C all early pubertal heifers were C allele carriers (22.22%d C7a78 % CC) where
as 23.53% of the late pubertal heifers were homozygous for the major allele and 76.47 wer
allele carriers (23.53% TT, 11.76% TC, and 64.71% CC).

Polymorphisms of the FSHyene in women have been associated with delayed puberty

and infertility (Matthews, et al., 1993,Layman, et al., 1997, and Layman, et al., 2002).
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Matthews, et al. (1993) reported a nonsense deletion of two bp (TG) in codon 61 of exon 3 of the
FSH3 gene in a 27 year old Italian woman. The patient displayed primary amenorrhea
infertility, and lacked breast development. A similar observation was madayhyan, et al.,
(1997) in a 15 year old girl with delayed puberty. The patient displayed poor breast
development, amenorrhea, and undetectable serum FSH concentrations. Gene sequencing
revealed the patient to have a compound heterozygous mutation of tfeg&saHin the coding
region of exon 3. The patient inherited the same two bp deletion described by Mattrews, e
(1993) from her mother and a missense mutation in codon 51 from her father changtega cys
to a glycine (Cys51Gly). Both mutations impaired dimerization of the &8kt subunits
resulting in failure to activate the FSH receptor (Layman, et al., 1997). rBe#rgle, (2005) also
reported a case study involving a loss-of-function mutation of théd E8blnit gene in a 16
year old Brazilian female. The patient displayed delayed puberty, pramagorrhea, and
partial breast development. Analysis of the patientsfr@#the DNA sequence revealed a C to
A substitution in codon 76 of exon 3 changing the amino acid structure from atywsaine
premature stop codon (Tyr76X).

Although FSH knockout male mice were considered fertile even though they displayed
impaired spermatogenesis with reduced testicular size, femalg Krfaldkout mice were
infertile displaying small thin ovaries and uteri, lacking corpus luteum develapind blocked
follicular maturation prior to antral follicle formation (Kumar, et al., 199&n additional study
investigating testicular function and spermatogenesis irfF8eeptor knockout (FORKO) mice
indicated that when compared to control mice, FORKO displayed delayed pubertytiantates
development as well as impaired spermatogenesis due to loss of signal bebesamdFts

receptor (Krishnamurthy, et al., 2001).
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Breed differences in the frequency of occurrence of SNP

Breed differences in the frequency of occurrence of SNP in the promoter redien of t
FSH3 gene were found in the majority of SNP identified in animals from this study. Cisopar
of amplicons in a 1215 bp region from bp 109 — 1324 (5’ to 3’) revealed breed differences for 9
SNP and 2 INDEL. A greater number of SNP were observed in the Brahman hedfers a
Brahman influenced bulls compared to Angus and Balancer bulls.

The Brahman influenced bulls used in this study were Angus sired calves with
approximately 1/8 to 3/16 Brahman influence, raising the question as to whether or nahg was
Brahman influence in these crossbred bulls attributing to the increased fregfiencyrrence
of SNP. The majority oBos indicuscattle found in the United States today are Brahman. The
Brahman breed was developed in the Gulf Coast region of the United Statessbyemdmg
native U.S. cattle dBos taurusorigin to various breeds &os indicuscattle from India and later
Brazil (Randel, 2011; and Sanders, 1980). It is possible that the greater numier of S
identified in this study in the Brahman and Brahman influenced cattle was dagasdtic
diversity among the native cattle aBds indicuscattle used to develop the Brahman breed.

At the time of this study, no research has been found reporting breed relateshdéte
in the frequency of occurrence of polymorphisms in the =§&he. A genome-wide association
study was performed for the age at first corpus luteum (AGECL) anggoash anestrous
interval (PPAI) using the bovine SNP50 chip in Brahman and Tropical Composite
(approximately %2 Brahman and ¥z non-tropically adapieslitaurusoreeds consisting of a
mixture of Red Angus, Hereford, Shorthorn, Red Poll and Charolais) breeddeo{ldattken,

et al., 2012). One hundred sixty nine SNP were found to be associated with AGECL imBrahm
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cattle compared to 84 SNP for Tropical Composite cattle. PolymorphisnediredadGECL

were primarily located on chromosome 14 (41%, respectfully) and chromosome 5 (9%
respectfully) compared to Tropical Composite cattle which displayed@even distribution of
SNP throughout the genome. Sixty six SNP were related to PPAI in Brahman (14%
chromosome 3, 17% - chromosome 14, and 9% - chromosome 21, respectfully) versus 113 SNP
in Tropical Composite cattle (19% - chromosome 5, and 17% - chromosomel6, respectfully
Although a large number of SNP were identified to affect AGECL and PPAI, compaifis

SNP between breeds only indicated one SNP to affect AGECL between both bresgtle of
indicatingbreed difference in the distribution of SNP (Hawken, et al., 2012). Fasstudy was
conducted to determine association of SNP for genomic prediction in Holstein, Jersey, and
Brown Swiss bulls (Wiggans, et al., 2009). Data suggested that although thousaNBs of S
observed in Holsteins were polymorphic, the same SNP were monomorphic in der8zg\an

Swiss cattle indicating breed specific polymorphisms.

Conclusion
Although the number of animals used in this study was limited, data suggests breed
differences in the frequency of occurrence of SNP in thefRj&He promoter region, and that
SNP may be useful as markers related to semen quality in bulls and pubediinmaBrheifers.
Further research is needed to verify these results, and to determine if thenpblgms
identified herein resulted in altered transcription factor binding or trigtisn initiation sites

therefore potentially altering gene expression.
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Table 1: Primers Used in PCR to Amplify the F8#&ene Promoter Region

Experiment 1
Length Amplified

Set : Forward Primer (5’ — 3’)
(bp)  Region
ACACACCAGTCAGGATTT
booarm 9860109 raerec
2 811 1324 - 513 _lC_:_IC_ZAAACCCAGTTTCAGCA
3 621 1897 - 1276 _|C_5$TGGGTAAGCAAGGACA

Experiment 2
Length Amplified

Set : Forward Primer (5’ — 3’)
(bp)  Region
ACACACCAGTCAGGATTT
Looarm 9860109 gaerec
CCAAACCCAGTTTCAGCA

2 811 1324 - 513 TT

Reverse Primer (5 — 3’)

TCTGGGAGTCATTGACATA
AGC
TCTGCTGATTCATTTCTCTA
GCTC
CCTTGTCTGGGGAAAGCTG
TAG

Reverse Primer (5’ — 3’)

TCTGGGAGTCATTGACATA
AGC
TCTGCTGATTCATTTCTCTA
GCTC
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Table 2 Effect of SNP G485A on me4esemen quality measurements for Angus and Balancer
bulls

SNP G485A
Variable GG GA SE P Value
MOT 46.32 64.66 4.65 <0.01
PROG 33.16 44,99 3.64 <0.01
RAP 43.89 60.95 4.77 <0.01
VAP 120.48 133.72 5.23 0.02
VSL 94.73 105.38 4.28 0.02
VCL 210.83 231.91 9.00 0.03
ALH 7.91 8.76 0.34 0.02
BCF 23.59 21.44 1.04 0.05
STR 78.71 78.76 1.15 0.97
LIN 48.33 48.32 1.26 1.00
ELONG 43.97 44.79 0.78 0.31
AREA 4.73 4.58 0.07 0.04
LIVE 66.40 76.22 3.08 <0.01
TOTAB 2.63 2.69 0.46 0.91
MAJAB 1.11 1.36 0.28 0.38
MINAB 1.53 1.34 0.31 0.54

& Least square means
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Table 3 Effect of SNP C1130G on méasemen quality measurements for Angus and Balancer
bulls

SNP C1130G
Variable CcC CG SE P Value
MOT 58.79 66.83 6.31 0.22
PROG 41.55 43.83 4.90 0.65
RAP 55.43 63.33 6.37 0.23
VAP 128.66 140.03 6.84 0.12
VSL 101.94 106.47 5.73 0.44
VCL 222.30 251.35 11.66 0.02
ALH 8.37 9.59 0.45 0.02
BCF 22.07 22.11 1.41 0.98
STR 79.16 76.06 1.51 0.06
LIN 48.81 45.17 1.68 0.05
ELONG 44.44 45.56 0.99 0.28
AREA 4.61 4.68 0.09 0.46
LIVE 73.53 75.56 4.29 0.64
TOTAB 2.75 2.32 0.59 0.48
MAJAB 1.32 1.02 0.36 0.41
MINAB 1.43 1.32 0.42 0.79

& Least square means
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Table 4 Effect of SNP A169G on meé4esemen quality measurements for Angus and Balancer
bulls

SNP A169G
Variable AA GG SE P Value
MOT 59.48 60.16 4.30 0.88
PROG 40.98 42.77 3.33 0.60
RAP 56.00 56.89 4.35 0.84
VAP 129.73 130.19 4.71 0.92
VSL 101.53 103.42 3.88 0.63
VCL 227.49 223.73 8.16 0.65
ALH 8.56 8.47 0.32 0.77
BCF 21.69 22.58 0.93 0.35
STR 78.45 79.18 1.01 0.48
LIN 47.67 49.18 1.12 0.19
ELONG 44.08 45.13 0.66 0.13
AREA 4.60 4.65 0.06 0.36
LIVE 74.11 73.48 2.79 0.82
TOTAB 2.31 3.09 0.38 0.06
MAJAB 1.15 1.42 0.24 0.28
MINAB 1.16 1.68 0.27 0.07

& Least square means
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Table 5: Effect of SNP G170T on melsemen quality measurements for Angus and Balancer
bulls

SNP G170T
Variable GG TT SE P Value
MOT 59.48 60.16 4.30 0.88
PROG 41.00 42.77 3.31 0.60
RAP 56.00 56.89 4.35 0.84
VAP 129.73 130.19 471 0.92
VSL 101.53 103.42 3.88 0.63
VCL 227.49 223.73 8.16 0.65
ALH 8.56 8.47 0.32 0.77
BCF 21.69 22.58 0.93 0.35
STR 78.45 79.18 1.01 0.48
LIN 47.67 49.18 1.12 0.19
ELONG 44.08 45.13 0.66 0.13
AREA 4.60 4.65 0.06 0.36
LIVE 74.11 73.48 2.79 0.82
TOTAB 2.31 3.09 0.38 0.06
MAJAB 1.15 1.42 0.24 0.28
MINAB 1.16 1.68 0.27 0.07

& Least square means
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Table 6. Effect of SNP G783A on meéAsemen quality measurements for Brahman influenced
bulls

SNP G783A

Variable GG GA SE P Value
MOT 65.33 55.80 8.28 0.27
PROG 49.82 42.33 7.67 0.35
RAP 58.39 49.60 8.45 0.32
VAP 114.07 109.69 9.52 0.65
VSL 97.64 94.18 8.88 0.70
VCL 187.25 177.75 14.44 0.52
ALH 7.19 6.63 0.48 0.27
BCF 28.33 25.02 1.68 0.07
STR 84.15 78.80 3.83 0.18
LIN 54.03 51.73 3.27 0.49
ELONG 46.36 43.07 2.15 0.15
AREA 4.83 455 0.23 0.24
LIVE 77.48 73.00 4.97 0.38
MAJAB 10.09 14.80 2.57 0.09
MINAB 13.24 23.33 4.22 0.03
TOTAB 23.33 38.13 5.94 0.03

& Least square means
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Table 7: Effect of SNP C1702T on least squares means of semen quality measufements
Brahman influenced bulls

SNP C1702T
Variable CcC CT TT SE P Value
MOT 65.11 55.50 78.67 16.80 0.31
PROG 49.30 42.00 64.00 15.71 0.35
RAP 57.81 49.72 71.67 17.27 0.40
VAP 113.68 111.49 111.07 19.89 0.97
VSL 97.24 95.33 97.87 18.65 0.98
VCL 186.94 182.23 172.77 29.52 0.86
ALH 7.24 6.81 6.27 0.97 0.48
BCF 28.41 25.09 30.47 3.44 0.12
STR 83.74 79.78 87.33 8.00 0.49
LIN 53.33 52.50 58.00 6.65 0.72
ELONG 46.00 43.89 48.00 4.57 0.53
AREA 4.86 4.58 4.73 0.49 0.53
LIVE 76.70 73.56 85.67 10.10 0.49
MAJAB 10.07 14.78 5.67 5.26 0.09
MINAB 13.11° 22.89 7.00 8.70 0.09
TOTAB 23.19 37.67 12.67 12.09 0.06

3 east squares means tended to differ. P = 0.09

¢“dp=0.06
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Table 8 Effect of SNP C1130G on measemen quality measurements for Brahman influenced
bulls

SNP C1130G
Variable CcC CG SE P Value
MOT 59.98 79.33 16.17 0.25
PROG 44.98 66.00 15.04 0.19
RAP 52.98 77.00 16.44 0.17
VAP 110.30 147.87 19.05 0.07
VSL 94.32 126.60 17.88 0.09
VCL 180.98 242.07 28.78 0.05
ALH 6.97 8.47 0.96 0.14
BCF 26.95 29.00 3.58 0.58
STR 81.93 85.33 8.22 0.69
LIN 52.88 54.67 6.75 0.80
ELONG 45.12 45.67 4.56 0.91
AREA 4.74 4.83 0.48 0.85
LIVE 74.81 84.33 9.73 0.35
MAJAB 12.21 8.33 5.19 0.47
MINAB 17.52 10.00 8.83 0.41
TOTAB 29.74 18.33 12.31 0.37

& Least square means
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Table9: Effect of SNP T171C on measemen quality measurements for Brahman influenced
bulls

SNP T171C
Variable TT TC SE P Value
MOT 65.11 58.81 7.77 0.43
PROG 49.30 45.14 7.25 0.58
RAP 57.81 52.86 7.95 0.54
VAP 113.68 111.43 9.02 0.81
VSL 97.24 95.69 8.47 0.86
VCL 186.94 180.88 13.47 0.66
ALH 7.24 6.73 0.44 0.28
BCF 28.41 25.86 1.61 0.14
STR 83.74 80.86 3.70 0.45
LIN 53.33 53.29 3.06 0.99
ELONG 46.00 44.48 2.08 0.48
AREA 4.86 4.60 0.22 0.27
LIVE 76.70 75.29 4.63 0.76
MAJAB 10.07 13.48 2.45 0.19
MINAB 13.11 20.62 4.08 0.09
TOTAB 23.19 34.10 5.73 0.08

& Least square means
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Table1Q Effect of SNP C225G on meéasemen quality measurements for Brahman influenced
bulls

SNP C225G
Variable CcC CG SE P Value
MOT 65.11 58.81 7.77 0.43
PROG 49.30 45.14 7.25 0.58
RAP 57.81 52.86 7.95 0.54
VAP 113.68 111.43 9.02 0.81
VSL 97.24 95.69 8.47 0.86
VCL 186.94 180.88 13.47 0.66
ALH 7.24 6.73 0.44 0.28
BCF 28.41 25.86 1.61 0.14
STR 83.74 80.86 3.70 0.45
LIN 53.33 53.29 3.06 0.99
ELONG 46.00 44.48 2.08 0.48
AREA 4.86 4.60 0.22 0.27
LIVE 76.70 75.29 4.63 0.76
MAJAB 10.07 13.48 2.45 0.19
MINAB 13.11 20.62 4.08 0.09
TOTAB 23.19 34.10 5.73 0.08

& Least square means
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Table11: Effect of SNP C353A on meéArsemen quality measurements for Brahman influenced
bulls

SNP C353A
Variable CcC CA SE P Value
MOT 65.11 58.81 7.77 0.43
PROG 49.30 45.14 7.25 0.58
RAP 57.81 52.86 7.95 0.54
VAP 113.68 111.43 9.02 0.81
VSL 97.24 95.69 8.47 0.86
VCL 186.94 180.88 13.47 0.66
ALH 7.24 6.73 0.44 0.28
BCF 28.41 25.86 1.61 0.14
STR 83.74 80.86 3.70 0.45
LIN 53.33 53.29 3.06 0.99
ELONG 46.00 44.48 2.08 0.48
AREA 4.86 4.60 0.22 0.27
LIVE 76.70 75.29 4.63 0.76
MAJAB 10.07 13.48 2.45 0.19
MINAB 13.11 20.62 4.08 0.09
TOTAB 23.19 34.10 5.73 0.08

& Least square means
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Table 12 Effect of SNP G410T on melsemen quality measurements for Brahman influenced
bulls

SNP G410T
Variable GG GT SE P Value
MOT 65.11 58.81 7.77 0.43
PROG 49.30 45.14 7.25 0.58
RAP 57.81 52.86 7.95 0.54
VAP 113.68 111.43 9.02 0.81
VSL 97.24 95.69 8.47 0.86
VCL 186.94 180.88 13.47 0.66
ALH 7.24 6.73 0.44 0.28
BCF 28.41 25.86 1.61 0.14
STR 83.74 80.86 3.70 0.45
LIN 53.33 53.29 3.06 0.99
ELONG 46.00 44.48 2.08 0.48
AREA 4.86 4.60 0.22 0.27
LIVE 76.70 75.29 4.63 0.76
MAJAB 10.07 13.48 2.45 0.19
MINAB 13.11 20.62 4.08 0.09
TOTAB 23.19 34.10 5.73 0.08

& Least square means
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Table 13 Effect of SNP G411T on melsemen quality measurements for Brahman influenced
bulls

SNP G411T
Variable GG GT SE P Value
MOT 65.11 58.81 7.77 0.43
PROG 49.30 45.14 7.25 0.58
RAP 57.81 52.86 7.95 0.54
VAP 113.68 111.43 9.02 0.81
VSL 97.24 95.69 8.47 0.86
VCL 186.94 180.88 13.47 0.66
ALH 7.24 6.73 0.44 0.28
BCF 28.41 25.86 1.61 0.14
STR 83.74 80.86 3.70 0.45
LIN 53.33 53.29 3.06 0.99
ELONG 46.00 44.48 2.08 0.48
AREA 4.86 4.60 0.22 0.27
LIVE 76.70 75.29 4.63 0.76
MAJAB 10.07 13.48 2.45 0.19
MINAB 13.11 20.62 4.08 0.09
TOTAB 23.19 34.10 5.73 0.08

& Least square means
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Table 14 Effect of SNP T412A on medsemen quality measurements for Brahman influenced
bulls

SNP T412A
Variable TT TA SE P Value
MOT 65.11 58.81 7.77 0.43
PROG 49.30 45.14 7.25 0.58
RAP 57.81 52.86 7.95 0.54
VAP 113.68 111.43 9.02 0.81
VSL 97.24 95.69 8.47 0.86
VCL 186.94 180.88 13.47 0.66
ALH 7.24 6.73 0.44 0.28
BCF 28.41 25.86 1.61 0.14
STR 83.74 80.86 3.70 0.45
LIN 53.33 53.29 3.06 0.99
ELONG 46.00 44.48 2.08 0.48
AREA 4.86 4.60 0.22 0.27
LIVE 76.70 75.29 4.63 0.76
MAJAB 10.07 13.48 2.45 0.19
MINAB 13.11 20.62 4.08 0.09
TOTAB 23.19 34.10 5.73 0.08

& Least square means
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Table 15 Effect of INDEL CC413-414CAC on meAgemen quality measurements for
Brahman influenced bulls

INDEL CC413-414CAC

Variable CcC CAC SE P Value
MOT 65.11 58.81 7.77 0.43
PROG 49.30 45.14 7.25 0.58
RAP 57.81 52.86 7.95 0.54
VAP 113.68 111.43 9.02 0.81
VSL 97.24 95.69 8.47 0.86
VCL 186.94 180.88 13.47 0.66
ALH 7.24 6.73 0.44 0.28
BCF 28.41 25.86 1.61 0.14
STR 83.74 80.86 3.70 0.45
LIN 53.33 53.29 3.06 0.99
ELONG 46.00 44.48 2.08 0.48
AREA 4.86 4.60 0.22 0.27
LIVE 76.70 75.29 4.63 0.76
MAJAB 10.07 13.48 2.45 0.19
MINAB 13.11 20.62 4.08 0.09
TOTAB 23.19 34.10 5.73 0.08

& Least square means
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Table 16 Effect of SNP G783A upon maturity in Brahman heifers

SNP G783A
Puberty GG GA AA PAE MAF¢ P Value
Early (n = 18) 0 5 13 13.89 86.11 0.02
Late (n =17) 0 0 17 0.00 100.00

®SNP, Single nucleotide polymorphism occurred at the base pair representeitst Tesbelr
represents the dominant allele according to the boving fgablished sequence (GenBank:
M83753.1 GI:163063, NCBI) while the letter following the base pair number is the rgsultin
minor allele.

PPAF, Percent Primary Allele Frequency

‘MAF, Percent Minor Allele Frequency
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Table 17 Effect of SNP T171C upon maturity in Brahman heifers

SNP T171C
Puberty TT TC CC PAF MAF¢ P Value
Early (n = 18) 0 4 14 11.11 88.89 0.08
Late (n =17) 4 2 11 29.41 70.59

®SNP, Single nucleotide polymorphism occurred at the base pair representedstTagei
represents the dominant allele according to the boving fgablished sequence (GenBank:
M83753.1 GI:163063, NCBI) while the letter following the base pair number is the rgsultin
minor allele.

PPAF, Percent Primary Allele Frequency

‘MAF, Percent Minor Allele Frequency
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Tablel8 Genotype and allele frequencies of SNP found in theBR8bimoter region of Angus,
Balancer, Brahman influenced, and Brahman cattle.

SNP Breed HPA HET® HMA® PAF® MAF' P Value
ANG (n=5) 1 0 4 20.00 80.00
ALBOG BAL (n=13) 9 0 4 69.23 3077 _ 0.01
Bl (n=16) 16 0 0 100.00 0.00 '
BRAH (n=35) 35 0 0 100.00 0.00

ANG (n=5) 1 0 4 20.00  80.00

c17or BAL (0=13) 9 0 4 69.23 3077 _ .
Bl (n=16) 16 0 0 100.00 0.00 '
BRAH (n=35) 35 0 0 100.00 0.00
ANG (n=5) 5 0 0 100.00 0.00

1171c BAL(h=13) 13 0 0 100.00 000 _ ..
Bl (n=16) 9 7 0 7812  21.88 '
BRAH (n=35) 4 6 25 20.00  80.00
ANG (n=5) 5 0 0 100.00 0.00

cops BAL(n=13) 13 0 0 100.00 000 _ ..
Bl (n=16) 9 7 0 7812  21.88 '
BRAH (n=35) 3 11 21 2429  75.71
ANG (n=5) 5 0 0 100.00 0.00

casan BAL(n1=13) 13 0 0 100.00 000 _ ..
Bl (n=16) 9 7 0 7812  21.88 '
BRAH (n=35) 2 8 25 17.14  82.86
ANG (n=5) 5 0 0 100.00 0.00

caror BAL(0=13) 13 0 0 100.00 000 _ ..
Bl (n=16) 9 7 0 7812  21.88 '
BRAH (n=35) 3 12 20 2571  74.29
ANG (n=5) 5 0 0 100.00 0.00

cargr BAL(0=13) 13 0 0 100.00 000 _ ..
Bl (n=16) 9 7 0 7812  21.88 '

BRAH (n=35) 3 11 21 24.29 75.71

66



Tablel8:Continued

SNFP Breed HPA HET® HMA® PAF® MAF' P Value

ANG (n=5) 5 0 0 100.00 0.00
BAL (n=13) 13 0 0 100.00 0.00

T412A  B| (n=16) 9 7 0 78.12 2188 002
BRAH (n=35) 24 11 0 84.29 15.71
ANG (n=5) 5 0 0 100.00 0.00

57834 BAL (n=13) 13 0 0 100.00 0.00 <001
Bl (n=16) 11 5 0 84.37 15.63 '
BRAH (n=35) 0 5 30 7.14 92.86

C1702T ANG (n=5) 5 0 0 100.00 0.00
BAL (n=13) 13 0 0 100.00 0.00 0.01
Bl (n=16) 9 6 1 75.00 25.00

®SNP, Single nucleotide polymorphism occurred at the base pair representedstTagei
represents the dominant allele according to the boving fgablished sequence (GenBank:
M83753.1 GI1:163063, NCBI) while the letter following the base pair number is the mgsulti
minor allele.

PHPA, Homozygous Primary Allele

‘HET, Heterozygous

YHMA, Homozygous Minor Allele

*PAF, Percent Primary Allele Frequency
'MAF, Percent Minor Allele Frequency
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Tablel9 Genotype and allele frequencies of INDEL GT411-413GAACTT found in thesFSH
promoter region of Angus, Balancer, Brahman influenced, and Brahman cattle.

INDEL? Breed P8 INS  HET PSE INSF HETFE P Value
ANG (n=5) 5 0 0 100.00 0.00 0.00
GT411- BAL (n=13) 13 0 0 100.00 0.00 0.00
412GAA  B| (n=16) 16 0 0 100.00 0.00 0.00 <0.01
CTT BRAH
(n=35) 3 21 11 857 60.00  31.43

{INDEL, Insertion/deletion occurred at the base pair represented. L@eeeding the base

paid number represents the published sequence (GenBank: M83753.1 GI:163063, NCBI) while
the letter following the base pair number is the resulting insertionfeleti

PS, Published sequence

INS, Insertion of a four base pairs (AACT) compared to the published sequence

YHET, No INDEL but heterozygous at the base pair 411 & 412

*PSF, Frequency of published sequence in percentage

"INSF, Frequency of the four bp insertion frequency in percentage

YHETF, Frequency of heterozygous at bp 411 & 412 with no INDEL in percentage
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Table20. Genotype and allele frequencies of INDEL CC413-414CAC found in th@ FSH
promoter region of Angus, Balancer, Brahman influenced, and Brahman cattle.

INDEL? Breed P& INSE PSE INSF° P Value
coata ANG (n=5) 5 0 100.00 0.00
ALACAC BAL (n=13) 13 0 100.00 0.00 0.02
INDEL Bl (n=16) 9 7 56.25 43.75
BRAH (n=35) 24 11 68.57 31.43

{INDEL, Insertion/deletion occurred at the base pair represented. L@eeeding the base
paid number represents the published sequence (GenBank: M83753.1 GI:163063, NCBI) while

the letter following the base pair number is the resulting insertion/deletion.

PS, Published sequence
‘INS, Insertion of an adenine between two cysteine bases compared to thecouddiguence

*PSF, Frequency of published sequence in percentage
"INSF, Frequency of the four bp insertion frequency in percentage
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Figures
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Figure 1: INDEL GT411412GAACTT
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Published Sequence
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Homozygous insertion of an AACT

Published Sequence: TCTACCCTT(----TCCTTTTAAC
Homozygous insertion of 4 bp: TCTACCCTTAACTTCCTTTTAAC

A) Picture of an electropherogram depicting the tmesent FSH published sequenc

(GenBank: M83753.1 G1:163063; NCBI). B) Homozygausertion o four bp (AACT)
between bp 411 and 412.
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Figure 2: Interaction between week and SNP G485A for LIN
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Figure 3: Interaction between week and SNP G485A for AREA
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Figure 4: Interaction between week and SNP G485A for MINAB
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Appendices
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Appendix A: Description of sperm quality variables measured

Measured by a Hamilton-Thorne Sperm Analyzer

% Motile (MOT) - The population of cells that is moving at or above a spasgéed. Itis a
ratio of the motile to total cells counted. Measured as millions/ml.

% Progressive (PROG) - Fraction of all motile cells moving with a path #eld6AP) greater
than the progressive cell VAP. VAP50 micrometers per second (um/s) and STR
70%.

% Rapid (RAP) - Percent PROG with a path velocity > 50um/s.

% Live (LIVE) - The percent live sperm. Measured as millions/ml.

Path Velocity (VAP) - The average velocity of the smoothed cell pathureshs pm/s.

Progressive Velocity (VSL) - The average velocity measured iniglstiane from the
beginning to end of the track in um/s.

Track Speed (VCL) - The average velocity measured over the actuat@@ioitat track
followed by the cell. Total distance traveled by the sperm measured in pm/s

Lateral Amplitude (ALH) - Displacement corresponds to the mean width of tidedsedlation
as the sperm swims.

Beat/Cross Frequency (BCF) - The frequency at which the sperm headback&wend forth in
its track across the path measured in microns/second.

% Straightness (STR) - A ratio of the progressive velocity (VSL) to theveddcity (VAP) for
the selected track, expressed as a percent.

% Linearity (LIN) - A ratio of the progressive velocity (VSL) to tihack speed (VCL) for the

selected track, expressed as a percent.

76



% Elongation (ELONG) - The ratio of sperm head width to length for the seleatéd tr
expressed as a percent.

Average size of sperm heads (AREA) - The calculated head area of thedsetgkin pum.

Sperm morphology determined using Orcein stain

% Major Abnormalities (MAJAB) - Includes sperm with a malformed/imag®n, cratered,
pyriform, and small or giant head; abnormal acrosome; proximal droplet; wedpie
defect; and sperm with a strongly folded tail.

% Minor Abnormalities (MINAB) - Includes sperm with a distal droplet, cibent tail, and
those that are headless or tailless.

% Total Abnormalities (TOTAB) - The total percent of sperm with abnorieslit
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Appendix B:Puregene DNA Purification Kit (cat. no. 158445, Quiagen, Valencia, CA).
Protocol: DNA purification from whole blood or bone marrow using the GentraPuregen Blood
Kit.
1. Add 900 pl RBC Lysis Solution into a 1.5 ml tube.
2. Add 300 pl whole blood, and mix by inverting 10 times.
3. Incubate 1 minute at room temperature inverting at least once duringtioouba
4. Centrifuge for 20 seconds at 13,000 x g to pellet the white blood cells.
5. Carefully discard the supernatant by pipetting off the residual liquid lgavitO ul of
the residual liquid and the red blood cell pellet.
6. Vortex the tube vigorously to resuspend the pellet.
7. Add 300 pl Cell Lysis Solution and vortex vigorously for 10 seconds.
8. Add 100 pul Protein Precipitation Solultion, and vortex vigorously for 20 seconds at high
speed.
9. Centrifuge for 1 minute at 13,000 x g allowing the precipitated proteins for form a tight
dark pellet.
10.Pipet 300 ul isopropanol into a clean 1.5 ml tube and carefully pour off the supernatant
from the previous step.
11.Mix by inverting gently 50 times until the DNA is visible as threads oumpl
12. Centrifuge for 1 minute at 13,000 x g.
13. Carefully discard the supernatant and drain the tube by carefully inydrartube on a
clean piece of absorbent paper.
14.Add 300 pl 70% ethanol and invert several times to wash the DNA pellet.

15. Centrifuge for 1 minute at 13,000 x g.

78



16. Carefully discard the supernatant and drain the tube by carefully inydrartube on a
clean piece of absorbent paper and allow to air dry for 5 minutes.

17.Add 100 pl DNA Hydration Solution and vortex for 5 seconds at medium speed.

18.Incubate sample in a bio-oven for 5 minutes at 65°C to dissolve the DNA.

19.Incubate overnight at room temperature then store at -20°C until readsefor u

79



Appendix C:QiagenQIlAquick PCR Purification Kit (Quiagen, Valencia, CA).
Protocol: QIAquick PCR purification kit protocol using a microcentrifuge
1. Add 5 volumes of Buffer PB to 1 volume of the PCR sample and mix.
a. First add PCR sample to a 1.5 ml microcentrifuge tube followed by Buffer BP and
pipette up and down to mix.
2. Place a QIAquick spin column in a provided 2 ml collection tube.
3. To bind DNA, apply the sample to the QIAquick column and centrifuge for 1 minute at
13,000 x g.
4. Discard flow-through. Place the QIAquick column back into the same tube.
5. To wash, add 750 ul Buffer PE to the QIAquick column and centrifuge for 1 minute.
6. Discard flow-through and place the QIAquick column back in the same tube. Centrifuge
again for an additional 1 minute.
7. Place the QIAquick column in a clean 1.5 ml microcentrifuge tube.
8. To elute DNA, add 50 ul Buffer EB to the center of the QIAquick membrane, let stand
for 1 minute, and centrifuge the column for 1 minute.

9. Store purified PCR products at -20°C until ready for use.
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Appendix D:QlAamp DNA Mini Kit (Quiagen, Valencia, CA).

Protocol: DNA purification from blood or body fluids (spin protocol).

1.

2.

3.

Pipet 20 pl Qiagen Protease into a 1.5 ml tube.

Add 200 pl whole blood to the tube.

Add 200 pul Buffer AL to the sample and mix by pulse-vortexing for 15 seconds.
Incubate in a bio-oven for 10 minutes at 56°C.

Briefly centrifuge the 1.5 ml tube to remove drops from inside the lid.

Add 200 pl ethanol (96 — 100%) to the sample, and mix by pulse-vortexing for 15
seconds. After mixing, briefly centrifuge the tube to remove drops from insidel.the |
Carefully apply the mixture from the previous step to the QIAamp Mini spin column (in a
2 ml collection tube) without wetting the rim. Close the cap, and centrifuge at 6,000 x g
for 1 minute. Place the QlAamp Mini spin column in a clean 2 ml collection tube, and
discard the tube containing the filtrate.

Carefully open the QlAamp Mini spin column and add 500 ul Buffer AW1 without
wetting the rim. Close the cap and centrifuge at 6,000 x g for 1 minute. Place the
QIAamp Mini spin column in a clean 2 ml collection tube, and discard the collection tube
with the filtrate.

Carefully open the QlAamp Mimi spin column and add 500 pl Buffer AW2 without

wetting the rim. Close the cap and centrifuge at 16,000 x g for 3 minutes.

10.Place the QlAamp Mini spin column in a new 2 ml collection tube and discard the old

collection tube with the filtrate. Centrifuge at 16,000 x g for 1 minutes.

11.Place the QlAamp Mini spin column in a clean 1.5 ml tube, and discard the collection

tube containing the filtrate. Carefully open the QIAamp Mini spin column and add 200
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pl Buffer AE. Incubate at room temperature for 5 minute, and then centaifég@00 x
g for 1 minute.

12. Store samples at -20°C until ready for use.
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