
IDENTIFICATION AND CHARACTERIZATION OF MOLECULAR 

GENETIC DIFFERENCES AMONG Bos indicus x Bos taurus 

FEEDLOT CATTLE 

by 

YOUNG-SUN YIM, B.Ag., M.S. 

A DISSERTATION 

IN 

ANIMAL SCIENCE 

Submitted to the Graduate Faculty 
of Texas Tech University in 

Partial Fulfillment of 
the Requirements for 

the Degree of 

DOCTOR OF PHILOSOPHY 

Approved 

Accepted 

December, 1998 



ACKNOWLEDGEMENTS 

I would like to express my appreciation to my committee chairman Dr. Andy 

Herring for guiding and supporting me through my doctoral program. Without his 

patience and guidance throughout my studies and work at Texas Tech University, this 

dissertation would not have been possible. I would also like to thank my other committee 

members Drs. Scott Whisnant, David Wester, Mark Miller and Ellen Peffley for their 

assistance and positive criticism about this dissertation. 

I would like to thank Kimberly Herring for her advice and assistance with the 

research which was given when needed. I am also grateful to my fellow graduate student, 

Brett Barham for his help. 

This dissertation is dedicated to my husband, Yong-Hwan, and daughter, Theresa. 

Their continuous support and the patience helped me immensely during last three and 

half year program of study and research. To my parents, whose support and love for me 

was always there when needed. 

11 



TABLE OF CONTENTS 

ACKNOWLEDGEMENTS " 

ABSTRACT v 

LIST OF TABLES vii 

LIST OF FIGURES ix 

CHAPTER 

I. INTRODUCTION 1 

II. LITERATURE REVIEW 3 

Differences between Bos taurus and Bos indicus 3 

Growth 5 

Economically important quantitative trait loci 7 

Detection of QTL-markers association 8 

Molecular biological markers 12 

Informativeness of molecular markers 15 

Candidate genes 16 

Current status in animal science 17 

Selective genotyping 22 

Future applications 23 

III. MATERIALS AND METHODS 26 

Experimental animals 26 

Phenotypic data 27 

Laboratory protocols 27 

iii 



Statistical analysis 30 

IV. RESULTS AND DISCUSSION 32 

PCR amplification 32 

Genotyping of animals 33 

Statistical analysis 34 

V. IMPLICATIONS 70 

LITERATURE CITED 72 

APPENDICES 

A. ISOLATION OF WHITE BLOOD CELLS FROM WHOLE BLOOD 82 

B. GENOMIC DNA PURIFICATION PROTOCOL A 83 

C. GENOMIC DNA PURIFICATION PROTOCOL B 84 

IV 



ABSTRACT 

The objective of this study was to identify genotypic differences in different 

breeds of cattle and to determine their associations with growth, performance and carcass 

traits. The majority of cattle used in this study were Bos indicus influenced. All the cattle 

were identified for feedlot and carcass data such as initial weight (IWT), final weight 

(FWT), number of days on feed (DOF), average daily gain (ADG), skeletal mamrity 

(SM), overall maturity (OM), lean maturity (LM), hot carcass weight (HCW), calpastatin 

gene activity (CAL), rib-eye area (REA), kidney, pelvic and heart fat percentage (KPH), 

marbling score (MRB), and Wamer-Bratzler shear force. Blood samples were obtained 

from all animals to extract genomic DNA. Five candidate genes were investigated for 

polymorphisms related to performance traits. These genes were Growth Hormone, 

Insulin-like Growth Factor 1, Somatostatin, Leptin and Prolactin. Associations between 

genotypes and performance measured were analyzed through analyses of variance 

procedures. Genotypic and allelic frequencies were calculated for the prolactin 

microsatellite marker in animals in the upper 10% and lower 10% of the distribution for 

all traits studied. Genotypes were not able to be determined for Growth Hormone, 

Insulin-like Growth Factor 1, Leptin, and Somatostatin. 

Genotyping results indicated that our resource cattle consisted of six different 

genotypes, AA, AB, AC, BB, BC, and CC. Genotypic frequencies and allelic frequencies 

were calculated across all animals, and across animals within each breed. The vast 

majority of our resource cattle had BB genotype (85.6%). However, animals with AA, 



AC, and CC genotypes were very scarce at 0.8, 0.8, and 0.2%. Allelic frequencies of 

overall set of animals were, f (A) = .053, f (B) = .919, and f (C) = .028. 

The frequency of breed, genotype, and implant in upper and lower tails of each 

traits revealed that there were proportional differences in distribution of genotypes for 

IWT and DOF. Implant treatment also had significant proportional differences between 

two tails in some of the traits (P < .05), IWT, FWT, DOF, CAL, SM, HCW, REA. and 

W21. Additionally, breed type had significant proportional differences between two tails 

in most of the traits (P < .05), IWT, FWT, DOF, CAL, SM, LM, OM, MRB, FT, AFT, 

HCW, REA, KPH, YG, W3, W7, W14, and W21. 

Results of the analysis of variance showed that genotypes of prolactin 

microsatellite marker had an effect on Wamer-Bratzler shear force 21 days after aging (P 

= .0012). Least squares means for prolactin microsatellite genotype suggested that cattle 

with AB genotypes had significandy lower shear force value (1.91 kilograms) than 

animals with AA, BB, BC, or CC genotypes. There was no significant difference between 

the shear force values of the animals with BB or CC genotypes. Cattle with AA 

genotypes had highest shear force (4.8 kilograms) than animals with other genotypes. The 

analyses did not indicate the genotypes of prolactin microsatellite marker to have an 

effect on any of the other traits measured (P > .05). 

Breed was a significant source of variation for many traits, skeletal maturity, lean 

maturity, overall maturity, hot carcass weight, adjusted fat thickness, rib-eye area, and 

yield grade. Implant treatment was also an important source of variation for FWT, ADG, 

HCW, and CAL. The regression of day entering the feedlot was a statistically significant 

source of variation for FT, AFT, KPH, W3, W7, W14, and W21. 
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CHAPTER I 

INTRODUCTION 

The U.S. beef industry demands a better production system to meet consumers' 

needs for meat quality and to develop breeding systems to pursue profit. The quality of a 

carcass is determined by measurement such as palatability, leanness, tenderness and 

cutability (Lunt et al., 1985). When using the traditional methods to determine the carcass 

quality, this can not be determined until the slaughter of cattle. Genetic improvement of 

livestock has been accomplished by mating animals with admired phenotypes and 

development and utilization of expected progeny differences (EPDs), however these 

methods are very time consuming and, in these cases, the results of the test can not be 

known until the animals reach the certain end point. However, molecular biological 

techniques such as genetic markers can potentially make selection easier and faster by 

identifying animals with specific genes of interest that relate to predicted performance. 

Bos indicus influenced crossbred cattle are favored over Bos taurus influenced 

cattle in subtropical environments because of their heat and disease resistance (Cartwright, 

1980). The percentage oiBos indicus influence in crossbred cattle is an important element 

for carcass trait prediction. Because, as the percentage oiBos indicus increases, meat 

tendemess decreases and variability of tendemess increases (Whipple et al., 1990; Wheeler 

et al., 1990). 

Polymorphisms in cattle have been identified with probes fi^om several genes 

including callipyge (Cockett et al., 1994), calpastatin (Bishop et al., 1993; Lonergan et al.. 



1995), Y crystallin and fibronectin (Adkison et al., 1988b; Komblihtt et al., 1983), growth 

hormone (Beckmann et al., 1986; Hallerman et al., 1987), the major histocompatibility 

complex (Andersson and Rask, 1988), a- and P-interferons (Adkison et al., 1988a), 

osteonectin (Theilmann et al., 1989), and prolactin (Hallerman et al., 1987). To develop a 

linkage map, which can be used for the detection of markers of economically important 

traits, polymorphic markers are needed. Several types of different markers are reported, 

such as Restriction Fragments Length Polymorphisms (RFLP) (Botstein et al., 1980; 

Beckmann and Soller, 1983), Random Amplified Polymorphic DNA (RAPD) (Saiki et al., 

1988), minisatellites (Jeffreys et al., 1985; Nakamura et al., 1987), and microsatellites (Litt 

and Luty, 1989). These molecular markers were isolated and characterized to detect 

polymorphisms at the DNA level. In this study, microsatellite markers were selected as the 

marker of choice because they are highly polymorphic and occur at high fi^equency 

throughout the genome (Litt and Luty, 1989). 

The objectives of this study were: (I) to identify polymorphic microsatellite 

markers for genes such as growth hormone, IGF-I, prolactin, and somatostatin; (2) 

identify PCR-RFLP genotypes for leptin gene; (3) apply statistical analyses to determine 

associations between these marker genotypes and feedlot and carcass performance traits in 

Bos indicus influenced cattle; (4) relate genotypic differences to breed types of cattle. 



CHAPTER n 

LITERATURE REVIEW 

Differences between Bos taurus and Bos indicus 

It has been widely accepted as a fact that the aurochs {Bos primigenius 

primigenius) in early Neolithic phase of the agricultural society in the east (circa 8000-

9000 BP) is a single wild ancestor of all domesticated cattle in the world. Evidence 

suggests that. Bos indicus populations are divergent fi^om Bos taurus cattle by breeding 

and selection (MacHugh et al, 1997). 

Crossbreeding programs have been utilized by cattle producers to take advantage 

of hybrid vigor and additive genetic variation among breeds to improve efficiency and 

productivity of beef production (Cartwright, 1980; Arthur et al., 1994). In addition, 

information about matemal effect on the performance of the offspring is also needed to 

plan a sound breeding program. Because of their heat and disease resistance. Bos indicus 

breeds are used frequently to maximize heterosis (Cartwright, 1980). Estimates of genetic 

effects are useful in explaining differences in performance among the genotypes. Arthur et 

al. (1994) reported Brahman - Hereford crossbred steers and heifers were superior for 

post-weaning liveweights and ADG (average daily gain) than Hereford animals, and this 

superiority is mainly caused by direct heterosis. Increase in post-weaning height is 

observed as Brahman content increased, this effect is largely due to the positive Brahman 

direct additive effect. Heamshaw et al. (1994) suggested that straightbred and crossbred 

Brahman females reach puberty at an older age than Bos taurus influenced females. It was 



also reported that Brahman sires and dams produce progeny with larger pelvic size than 

do Bos taurus sires and dams. 

Consumer's demand for beef is greatly affected by palatability, leanness and 

tendemess. Meat from Bos indicus breeds of cattle has been shown to be less tender on 

average than meat from Bos taurus cattle, with the level of tendemess being inversely 

proportional to the percentage oiBos indicus influence (Wheeler et al., 1990; Whipple et 

al, 1990), with the variability in tendemess directly proportional to the Bos indicus 

influence. The Bos indicus influence (when greater than 1/4) has been reported to 

produces less tender meat (Wheeler et al, 1990; Whipple et al, 1990). The percentage of 

Bos indicus is thought by some to be one of the most important factors for the explanation 

of the variation in meat tendemess. It has been suggested that problems associated with 

palatability must be solved before Bos indicus breeds of cattle can be utilized to optimize 

production efficiency in breeding programs without consideration of the negative impact 

oiBos indicus inheritance on meat palatability (Whipple et al, 1990; Crouse et al, 1989; 

Wheeler etal, 1990). 

Whipple et al. (1990) reported that the difference in tendemess between Bos 

indicus and Bos taurus may caused by reduced postmortem proteolysis of myofibrillar 

proteins in Bos indicus cattle, affecting its longissimus muscles. Postmortem tenderization 

of aged beef is controlled by a complicated proteolytic enzyme mechanism, and one of the 

major effectors is the calpain system. The calpain system consists of two calcium-requiring 

enzymes, |i-calpain and m-calpain, and an inhibitor, calpastatin (Koohmaraie, 1988). 



Tendemess and calpastatin activity have been shown to be moderately to highly heritable 

within breeds, and the two traits are correlated genetically (O'Connor et al., 1997) 

Growth 

To increase beef production eflBciency, selection for liveweight gains has been 

widely favored worldwide over the years. Liveweight during various stages of animal's life 

is highly correlated to the eflBciency of gains, (jenetic correlations of birth weight with 

weights and gains later in post-weaning period has been shown to be moderate (Brinks et 

al., 1964). The most rapid way of improving growth rate in cattle is thought to be as the 

selection for liveweight at yearling or older ages (Rollins et al., 1962; Brinks et al., 1964; 

Martin et al., 1970). In addition, weight for age is highly related to lean growth (Martin et 

al., 1970; Seifert, 1975), and to eflBciency of gains (Rollins et al., 1962; Bailey et al., 1971; 

Seifert, 1975). Growth rate has been shown to be more highly genetically correlated with 

muscular development than with fat deposition. Genes related to fast growth are not 

antagonistic to those for the production of desirable carcasses, except that a small increase 

in backfat thickness may occur. However, selection for quality carcass grade was 

genetically antagonistic to percent retail cuts (Cundiff et al., 1964). Direct genetic effects 

(individual's genotype), matemal genetic eflfects (dam's genotype) and associated 

environmental eflfects aflfect the rate of preweaning growth (Barlow, 1978). Weight for 

age at older ages (post-weaning period) is mainly fi-ee of matemal influences. Because it is 

measured over an extended period in the life of an animal, short-term fluctuations in gains 

are probably not matemally influenced. For that reason, weight for age at older ages 



appears to be a single most important measure in selecting beef cattle to improve growth 

rate (Seifert, 1975). 

The heritability estimate for 18-month weight of various cattle is known to be 

moderate. Brinks et al (1964) reported an estimate of 0.50 among patemal half-sib 

Hereford heifers. Koch and Clark's (1955) estimate was 0.47 in Hereford heifers. Rollins 

et al. (1962) was 0.41 in Hereford bull calves and Seifert (1975) was 0.52 for Afrikaner 

crossbred and Brahman crossbred animals. However, Rollins' estimate in Hereford bull 

calves maybe biased downwards since the progenies of the better bulls yielded fatter 

carcasses on average than those of the poorer bulls (Rollins et. al, 1962). 

Both phenotypically and genetically, birth weight was more highly correlated with 

post-weaning than with pre-weaning gain. The high genetic correlation of birth weight 

with total gain to final weight shows that the same genes may control different stages of 

growth in animals. Therefore, birth weight may be a useful indicator of an animal's genetic 

potential for growth (Seifert, 1975). Selection for faster growth (primarily among bulls) 

will increase birth weights of calves before it increases cow size. Incompatibility between 

fetal size and dam pelvic size is the major cause of calving difficulties. Therefore, efforts to 

limit such increases in birth weight are important. Direct selection for shorter gestation is 

hardly possible in applied beef production because individual breeding dates are not 

available, usually. However, selecting animals with smaller birth weight will eventually 

shorten the gestation length and permit more rapid prenatal growth without increasing 

calving diflBculty (Dickerson et al, 1974). 



Correlation between weights at diflferent ages are positive, however the magnitude 

of correlation differs by age (Barlow, 1978). Based on these results, we can speculate that 

probably different subsets of genes may exist for the diflferent stages of growth throughout 

life, and genes may be developmentally regulated (Trenkle and Marple, 1983). Therefore, 

by using various genetic marker techniques, we may get a better understanding for the 

mechanisms of growth, and ultimately, help us to identify genes that are directly related to 

growth. 

Economicallv important Ouantitative Trait Loci (OTL) 

Some of the traits in animals such as specific disease resistances, certain 

morphological traits and color pattems are usually determined by allelic differences at one 

or two loci (Beckmann and Soller, 1986). However, most of the economically important 

traits in livestock are thought to be quantitatively inherited. The phenotypic appearance of 

an animal for a particular trait is the result of many genes, known as quantitative trait loci, 

and environmental effects. Genetic markers can be used to map linked loci aflfecting 

quantitative traits of economic importance, such as growth, development, carcass 

characteristic, egg production, milk production or disease resistance (Beckmann and 

Soller, 1986; Clamp et al, 1992). The detection of QTL by association with DNA markers 

has many important applications. Curtently, the detailed linkage maps based on DNA 

markers such as RFLP and microsatellites make it possible to investigate inheritance of 

quantitative traits. The statistical method used to form a linkage map is usually maximum 

likelihood interval mapping. By using the regression method of analysis we can estimate 



the environmental eflfects and QTL eflfects (Beckmann and Soller, 1986) simultaneously. 

This eliminates the environmental background effect and increases the chance of detecting 

QTLs. Use of markers to assist selection of cattle for quantitative traits requires 

segregating alleles at reasonable frequencies in animals with superior breeding values for 

production characteristics (Andersson et al., 1994). 

Many researchers have attempted to identify QTL by using detectable molecular 

marker polymorphisms, which are based on the investigation of linkage disequilibrium 

between the QTL locus and marker loci. Lande and Thompson (1990) reported that there 

is a major limitation in utilizing these associations for artificial selection because 

recombination will reduce the linkage disequilibrium and eventually diminish the 

effectiveness of selection on the marker loci, unless the markers and QTLs are very tightly 

linked (should be less than 20 cM apart on the same chromosomes). Linkage 

disequilibrium can happen naturally in finite populations such as if the marker and the QTL 

are located in a single locus, the two loci are located so closely that insignificant 

recombination occurs between them, random genetic drift, and epistatic selection 

phenomenon due to a small effective population size (Hill and Robertson, 1968; Lande 

and Thompson, 1990). 

Detection of OTL-markers association 

In domestic animals, molecular biological techniques contribute many diflferent 

tools; however, the most important contribution is to allow identification and mapping of 

the polymorphic gene loci in the genome. It is assumed that the DNA of domesticated 
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mammals has the same degree of polymorphism as humans, with approximately one 

polymorphic site in every one hundred nucleotide pair (Wommack, 1987). Development of 

'saturated' gene maps in farm animals are cmcial for marker assisted selection for 

economically important, quantitative traits. Approximately 215 randomly distributed 

markers are necessary to generate gene map with a 95% chance that any quantitative-trait 

locus is located within 20 cM of a polymorphic marker (Wommack, 1987). In mapping 

QTL in a crossbred population, the inbred lines also have to be scored for all polymorphic 

markers, with a subset of marker differences formed that covers as much of the genome as 

possible (Beckmann and Soller, 1983). 

Lande and Thompson (1990) suggested that if the markers and the quantitative 

trait loci were far apart, there would be a major draw back in using linkage associations 

for artificial selection. When using MAS (marker-assisted selection) for individual 

selection, the MAS has the largest efficiency for characters with low heritability, because 

the animals' phenotype is a very poor indicator of its breeding value. Weller and Femando, 

(1991) reported that MAS can improve genetic selection of animal within a line by several 

different ways, such as increasing the accuracy of genetic evaluation, increasing the 

selection intensity, and shortening the generation interval. If DNA markers are identified 

to have significant effects on trait of interest (such as carcass, growth, and production 

traits), these markers could be used to evaluate potential breeding stock more accurately 

and at earlier ages than with conventional methods. Therefore, production of the ideal 

market animal could be facilitated by using marker assisted selection (Tank et al, 1994). 



Since 1970, many studies have been done on the methodologies and diflferent types 

of experimental designs to detect linkage between marker loci and QTL (Jayakar, 1970; 

Knott and Haley, 1992; Mackinnon and Georges, 1992). Knott and Haley (1992) 

proposed that backcross (crosses between two distinctive families such as to inbred lines) 

groups are ideal for the detection of marker loci-QTL associations because the QTL and 

markers should have high levels of heterozygosity. Soller et al. (1976) also reported that 

inbred lines are expected to have differences in some of the quantitative and marker loci, 

even though they are come fi^om the same base population. Therefore, quantitative effects 

associated with marker loci segregating in crosses between inbred lines can be attributed 

to differences between the inbred lines in quantitative loci linked to the marker locus. 

However, for many animals, these kinds of populations are not available (Knott and Haley, 

1992). Numerous studies have evaluated use of daughter or granddaughter designs to 

detect economical traits loci in dairy cattle. In daughter designs, marker genotype and 

quantitative trait values are assessed on many daughters of sires (heterozygous for the 

markers) and in the granddaughter design (also called as grand progeny design), which is 

an altemative analysis for the daughter design, marker genotype is determined on sons of 

heterozygous sires and quantitative trait value measured on daughters of the sons of sires. 

Maximum likelihood can be used to estimate parameter values for both the daughter and 

granddaughter designs (Ron et al., 1995; Moody et al., 1996; Weller et al, 1990) When 

the same number of animals for granddaughter design and daughter design are genotyped, 

the former has a major advantage over the latter by increasing the probabihty of 

identifying a QTL, or power of QTL detection (Moody et al., 1996; Weller et al, 1990). 
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Soller et al. (1976) reported that the detection of the marker-QTL linkage was 

done by using t-tests based on single markers. However, this method is not so useful 

because it can not give information about QTL location and often misjudges its effects or 

distance fi*om the marker. Therefore, more complicated methods such as maximum 

likelihood methods or a multiple regression approach are utilized to measure separate 

estimation of QTL positions and effects. These methods have greater power (Haley and 

Knott, 1992; Muranty, 1996). In human genetic analyses, maximum likelihood methods 

are used under the assumption that the QTL accounts for all the genetic variance and 

ignoring any common environmental eflfects. Maximum likelihood methods provide 

accurate estimates of parameters and allow hypothesis testing, however, they also have 

several disadvantages such as complicated computations and need of customized software 

(Knott and Haley, 1992). Asins and Carbonell (1988) proposed that there are widespread 

mistakes in other researchers' works because they considered the genetic variance within 

marker class as having a common value and assumed the environmental component of the 

variance is negligible. Multiple regression statistical procedures combined with interval 

mapping can be used as altematives to maximum likelihood method (Haley et al, 1994). 

Multiple regression approaches can be employed to detect quantitative trait loci for inbred 

line crosses or for outbred lines (Haley and Knott, 1992; Haley et al, 1994). 

Mackinnon and Georges, (1992) reported that large number of progeny, hundreds 

or even thousands, are needed to obtain reasonable statistical power to identify the QTL 

with alleles of medium to small eflfect (less than half a phenotypic standard deviation). 

However, selection is inevitable in many experiments using large herds of commercial 
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animals or field populations of plants. This selection within the experimental population 

can severely bias the magnitude of the QTL eflfect and decrease the power of test. So, the 

experiment should sample animals cautiously to minimize the selection eflfects. 

Molecular biological markers 

Restriction Fragment Length Polymorphisms (RFLP) are based on a principle that 

base changes in DNA sequence abohshes or creates new sites for certain restriction 

enzymes to recognize and cleave DNA. As a result, a given restriction enzyme will not 

cleave DNA molecules at the same site. The DNA of the individual is digested into 

restriction fi'agments of different lengths. These fi-agments can be separated according to 

their length by agarose gel electrophoresis. The fragments are transferred fi"om the gel to 

a nitrocellulose membrane filter. Then, individual fragments can be screened by 

hybridizing them to an appropriately labeled DNA probe. Each band pattem then 

represents a diflferent genotype of the gene locus defined by the combination of the 

restriction enzyme and DNA probes utilized. These polymorphic markers have a wide 

variety of applications in animal breeding systems. They are especially useful for 

identification and evaluation of polymorhic loci aflfecting quantitative trait loci related to 

the economically important traits (Beckmann and Soller, 1983; Beckmann and Soller, 

1986). One of the advantages of the RFLP is the ability to provide extensive genomic 

coverage. The polymorphic marker saturated bovine gene map makes it possible to 

identify important genes by linkage association. RFLPs also provide the potential for a 
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valuable battery of markers or testing parentage or the discrimination of breeds 

(Theihnann et al., 1989). 

RAPD (random amplified polymorphic DNA) markers amplify the segments of 

genomic DNA, fi-om a wide variety of species, with PCR (polymerase chain reaction) 

(Saiki et al., 1988) by using short random nucleotide sequence as primers. Polymorphisms 

among the amplification products can be viewed easily by ethidium bromide-stained 

agarose gel. In some cases, RAPD markers can find single base variation in genomic 

DNA (Williams et al., 1990). The RAPD method has several limitations such as low 

heterozygosity, low allele number and poor repeatability. Teale et al. (1995) suggested 

that RAPD-PCR is not a reliable technique, because the outcome of this technique is very 

much susceptible to amplification conditions. RAPD markers have several good points 

when compared with other molecular markers. First, a common set of primers can be used 

for genomic analysis in many diflferent species. Second, no preparatory steps are required. 

Third, each RAPD marker is the equivalent of a Sequence Tagged Site, which can greatly 

simplify information transfer in collaborative research programs (Williams et al, 1990). 

Another marker relies on the concept that certain loci contain a set of tandem 

repeats of a short (11 to 60 base pairs) oligonucleotide sequence called as minisatellites 

(JeflB-eys et al, 1985) or VNTR (variable number of tandem repeats) (Nakamura et al, 

1987). This marker creates polymorphisms by allelic differences in the number of repeats 

(JeflB̂ eys et al, 1985; Nakamura et al., 1987). Multiallelic variation and high 

heterozygosity make minisatellites excellent markers (JeflB-eys et al., 1985). However the 
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limitation of this marker is caused by its asymmetrical distribution around telomeres 

(Royleetal, 1988). 

Simple sequence repeats of two to four nucleotide units have been discovered and 

are called microsatellites. These microsatellites have been selected as the markers of 

choice for gene mapping in livestock because they are highly polymorphic and occur at 

high fi-equency throughout the mammalian genome, with little tendency to cluster (Litt and 

Luty, 1989). In mammals, the (TG)n motif is likely the most widely distributed among 

species and is also the most abundant dinucleotide repeats (EUegren et al, 1992). Function 

of the (TG)n motif is still uncertain. However, some researchers suggested that (TG)n 

motif may act as hot spots for recombination or involved in gene regulations (Weber and 

May, 1989; Hamada et al, 1984). Because of their nature, microsatellite markers are 

easily identified by using the polymerase chain reaction (PCR) and polyacrylamide gel 

electrophoresis. As a result, microsatellites have been determined to be a useful genetic 

marker for genome analysis by reducing the time needed for genome mapping in farm 

animal species (Ma et al, 1996). Microsatellite polymorphisms also have been widely used 

to determine the genetic origins of human populations (MacHugh et al, 1997). 

Microsatellite markers are usually inherited in a simple Mendelian fashion and this 

characteristic makes microsatellites accepted more widely (Tyler-Smith and Brown, 1987; 

EUegren et al, 1992). In chromosomes, microsatellite DNA is usually found in constitutive 

heterochromatin regions (Tyler-Smith and Brown, 1987). 
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Informativeness of molecular markers 

Molecular markers have attracted an enormous amount of interest from 

agricultural scientists, because the markers can give us molecular level data about 

genotypes that are not affected by environmental factors. Another important merit of 

markers is that they potentially let us make decisions about traits of interest without 

waiting a long period of time for the actual appearance (Smith and Simpson, 1986). More 

accurate genetic evaluation of animals can be made by combining information provided by 

genetic markers, phenotypic appearance and pedigree. Informativeness of a molecular 

marker is determined by measuring the segregation of diflferent alleles at the marker locus 

to a given oflfspring from a parent carrying the alleles, and this value is related to 

polymorphic information content (PIC). An ideal marker should be polymorphic for the 

sequences detected, with easily detectable allelic systems for single loci (Botstein et al, 

1980). Botstein et al. (1980) also suggested that marker loci with many alleles and a PIC 

near 1 are most favorable. 

Most of the RAPD markers are dominantly inherited. This means that it is not 

possible to distinguish whether a DNA segment is amplified from a locus that is 

heterozygous (1 copy) or homozygous (2 copy) with a dominant RAPD marker. 

However, in case of RFLP markers we can detect the differences between homozygous or 

heterozygous. So, RFLP markers are codominantly inherited. (Williams et al, 1990). 

Usually, informativeness of microsatellite markers increases as the average number 

of repeats increases (EUegren et al, 1992; Weber, 1990), especially in the range of about 

11-17 repeats (Weber, 1990). EUegren et al. (1992) also proposed that perfect repeats 
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were more polymorphic than intermpted repeats. MacHugh et al. (1997) reported that 

microsatellite markers used in animal genotyping can provide two kinds of information. 

First, it provides aUele fi^equency differences among populations. Second, based on the 

diflferences in alleUc repeat length it also gives information about the cladistic relationships 

between alleles and groups of aUeles. Weber (1990) proposed that microsateUites and 

minisatellites are better markers than RFLP because they generally have greater PIC 

(polymorphic information content) values. However, only few numbers of minisateUite 

markers have an informativeness value near one (JeflB'eys et al, 1988). 

Candidate genes 

To identify QTL and utilize marker assisted selection, the first step will be either 

identification of candidate genes or anonymous genetic markers associated with the traits 

of interest. Candidate genes are often used to identify major genes on a trait of interest. 

Candidate gene approach is justified when genes previously identified in the species of 

interest or other species have functions related to the traits of interest (Yu et al, 1995). 

After the evaluation of gene eflfects, the differences at the genetic level should be 

associated to phenotypic diflferences by using appropriate statistical analysis. 

The research about apoUpoprotein E polymorphism was one of the first studies 

using the candidate gene approach. This research was done to identify the underlying 

genetic information for phenotypic variabUity in lipid metabolism (Boerwinkle and Sing, 

1987). Another example is Pompe's disease in cattle and acid a-glucosidase gene. 

Hoefsloot et al. (1988) suggested that cattle with Pompe's disease have very low level of 
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a-glucosidase enzyme activity. If genetic markers are not available for to identify 

genotype diflferences at the candidate gene, this can be a huge drawback for this approach 

(Beckmann and SoUer, 1983). 

Current status in animal science 

By using the candidate gene approach, many investigations have been done about 

both qualitative and quantitative traits in Uvestock species. Beckmann and Soller, (1986) 

reported that the term ETL is used to explain economically important trait loci that are 

both qualitative traits and quantitative traits. 

Georges et al. (1993b) recently mapped the gene responsible for the horn/polled 

status of cattle to the centromeric end of bovine chromosome 1. It is a common view that 

homed cattle are undesirable because they cause bmising carcasses of other cattle and also 

cause hide damage (Meischke et al, 1974). However, Frisch et al. (1980) argued that 

there is no difference in productivity of horn/polled cattle. The GMPOLL-1 and 

GMPOLL-2 markers are mapped to approximately 15 cM from the horn/polled locus but 

they are thought to be too far away from the horn/polled locus to determine genotype of 

heterozygote (Georges et al, 1993b). 

The gene related to Weaver disease (progressive degenerative 

myeloencephalopathy) in Brown Swiss cattle has been mapped to chromosome 4 by 

Georges et al. (1993a). Microsatellite marker (TOLA 116) for Weaver disease has been 

reported to lie approximately 3 cM from the Weaver locus, however, the two loci are 
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apparently in linkage equiUbrium within the Brown Swiss breed. So, the application of this 

marker in determining the risk status of animals has been Umited (Barendse et al, 1994). 

In sheep, Booroola fecundity gene (FecB locus) has been mapped. This gene was 

thought to be responsible for high fertUity, increased ovulation rate, and large litter size. 

Microsatellite markers have been recently identified that localize the FecB locus to ovine 

Unkage group D and this region is homologous to human chromosome 4q (Montgomery 

etal, 1993). 

Recently, a mutation causing extreme muscling in domestic sheep has been 

reported (Cockett et al, 1994; Koohmarie et al, 1995). Preliminary resuhs found an 

autosomal dominant gene may be responsible for the major effect on muscular 

hypertrophy condition, which was termed the caUipyge locus (Jackson and Green, 1993; 

Cockett et al, 1994; Koohmaraie et al., 1995). This gene appears to be distinctive from 

the "double muscUng" gene in cattle, and the locus responsible for increased muscularity in 

swine. CaUipyge animals usually have superior feed efficiency, over 30% more muscle, and 

decreased carcass fatness and longissimus tendemess (Koohmaraie et al, 1995, 1996). 

Moreover, the eflfect of the caUipyge gene on muscling is diflferent on muscles based on 

their types or origin (Koohmaraie et al, 1995). Carpenter et al. (1996) suggested that the 

accumulation of protein necessary for myofiber enlargement in callipyge animals occurred 

without diflferences in the translational or transcriptional activity of caUipyge muscle. The 

callipyge condition however, was caused by the decrease in rate of protein degradation 

and higher capacity for protein synthesis (Koohmaraie et al., 1995). Utilizing a battery of 
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microsateUite markers from bovine chromosome 21, Cockett et al. (1994) mapped the 

caUipyge locus to ovine chromosome number 18. 

Mastitis is responsible for decrease in milk production and increase in veterinary 

care expenditure in dairy cattle. Traditional mastitis regulation methods, injection of 

antibiotics into infected glands and use of various chemical teat dips, are not as efficient as 

expected and also have a risk of contamination to milk (AshweU et al. 1996). The 

heritabUity of mastitis is low and milk somatic ceU score and mastitis incidence rate is 

highly correlated genetically (Coffey et al, 1986). AshweU et al, (1996) conducted 

research to find economically important trait loci for somatic cell score, which may 

decrease mastitis incidents rate without decreasing milk production, and mapped a QTL to 

chromosome 23. 

For a potential genetic screening tool to predict tendemess in beef cattle, 

polymorphisms of the calpastatin enzyme have been investigated extensively (Lonergan et 

al, 1995; (jreen et al, 1995). Postmortem meat tenderization during storage at 

refrigeration temperature is regulated by calpain-mediated degradation of myofibrillar 

proteins. Furthermore, calpastatin enzyme, which is the endogenous and specific inhibitor 

of calpains, seems to inhibit the calpains in postmortem tissue and thus regulates the rate 

and extent of postmortem tenderization (Koohmaraie, 1988). Shackelford et al. (1994) 

reported that the decreased tendemess associated with Bos indicus breeding seems to be 

highly related to increased calpastatin activity at 24 hour postmortem. The heritability of 

calpastatin activity is reported to be high (ĥ  =. 65 ±19) . Unfortunately, research has 

shown there is lack of relationship between these calpastatin RFLP polymorphisms 
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pattems and meat tendemess (Bishop et al., 1993; Lonergan et al., 1995; Cockett et al, 

1995) in Bos taurus cattle. Calpastatin locus has been assigned to bovine synteny group 

U22 located on bovine chromosome 7 by Unkage analysis (Bishop et al., 1993; Cockett et 

al, 1995). 

Leptin was discovered in 1994 and provided a major breakthrough for obesity 

research (Bray and York, 1997). The gene product of o^ locus is important in the 

regulation of body weight (Halaas et al., 1995). Mutation of the obese gene in the mouse 

results in a syndrome that includes obesity, increased body fat deposition, hyperglycemia, 

hyperinsuUnemia, and hypothermia. Obese mice (ob/ob) lacks a blood -home factor, 

protein caUed as leptin. Leptin has been reported to reduce body weight and adipose tissue 

mass by decreasing food intake and enhancing energy expenditure in ob/ob mice (Halaas 

et al, 1995; PeUeymounter et al, 1995; CoUins et al., 1996). Recently, several works have 

been done to identify the polymorphisms of bovine and porcine leptin. Linkage analysis 

mapped leptin to bovine chromosome 4 (Pomp et al., 1997) and porcine chromosome 18 

(Sasaki et al., 1996). 

It has been believed that many different kinds of hormones, growth factors, cellular 

receptors for hormones, and metaboUc clearance of hormones are all together involved in 

growth of animals (Trenkle and Marple, 1983). In cattle, a major part of cellular 

maturation and growth is regulated by insulin-like growth factors (IGFs). Both IGF I and 

IGF II seem like partially controlled by pituitary growth hormone secretion (Merimee et 

al, 1982; Hannon and Trenkle, 1991). Growth hormone (GH) also has growth promoting 

action. However, GH secretion has been reported to decrease with age in many species, 
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including bovine, and with stage of lactation in dairy cows. So, it is relevant to measure 

the variations of IGF-I concentration in relation to these physiological conditions (Abribat 

et al, 1990). Pit-I has been characterized as a protein produced in the pituitary gland 

which is a positive regulatory factor of growth hormone, prolactin, and thyrotroph-

stimulating hormone P subunit in several mammals (Yu et al., 1995). Hence, genes for 

GH, IGFs, and PIT-I are aU possible logical candidates for molecular markers of growth 

trait. Yu et al. (1995) reported that polymorphisms of PIT-I may be related to birth weight 

and carcass fat traits in swine. 

Prolactin , Placental lactogen (chorionbic somatomammotropin) and growth 

hormone are related each other and belong to a same family (MUler et al, 1981; Camper 

et al., 1984; HaUerman et al, 1987). These three hormones are related by amino acid 

sequence, immunochemistry, and partiaUy overlapping biological functions (MiUer et al, 

1981). Many diflferent factors including cAMP, glucocorticoids, dopamine, estrogens, 

epidermal growth factor, calcium, and thyrotropin-releasing hormone (TRH) are involved 

in the expression of the prolactin gene (Camper et al., 1984). 

Prolactin and growth hormones are important candidate genes for the quantitative 

trait loci because of their control for mammary growth, lactogenesis and lactation 

(HaUerman et al., 1987; Cowan et al., 1989). Since, both are involved in lactation, these 

genes can potentially be used as markers for quantitative trait loci such as milk production. 

Cowan et al. (1990) reported that prolactin polymorphisms are associated with milk 

production. There is also an association between amylase-1 locus polymorphisms and milk 

fat percentage (Andersson-Eklund and Rendel, 1993). 
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Selective genotyping 

Over the years, by using molecular markers, genetic analyses of quantitative traits 

have been carried out quite successfully. However, if the eflfect of linkage between marker 

loci and quantitative trait loci (QTL) is weak or moderate in size, then it requires large 

number of samples for useful statistical power. The power of QTL detection is rather low 

in an experiment with smaU number of samples and the QTL that can be detected are those 

individuaUy explaining a significant portion of the variance (>10%). QTL with small 

eflfects (1% or less) can not be detected unless you use a sample group with thousands of 

animals. So, the expenses of marker genotyping analyses for these applications are 

comparatively high and this can be a main reason to limit their utilization for genetic 

analysis and genetic improvement (Darvasi and Soller, 1994; Lin and Ritland, 1996; 

Muranty, 1997). Darvasi and SoUer (1992) proposed that selective genotyping can be a 

useful way to decrease the genotyping expenses. 

Darvasi and SoUer (1992) suggested that the detection of Unkage between marker 

loci and quantitative trait loci (QTL) can be performed by genotyping only upper and 

lower taU groups of animals of the phenotypic distribution. This is called selective 

genotyping. At a given power, selective genotyping can dramatically reduce the number of 

individuals needed for genotyping at the expense of an increase in the number of 

individuals phenotyped. When detecting QTLs in single trait studies, genotyping only the 

individuals from both the upper and lower 25% of a phenotypic distribution curve is 

almost as effective as genotyping the entire phenotypic distribution (Darvasi and Soller, 

1992; Lin and Ritland, 1996). 
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Selective genotyping is a very useful technique to decrease the actual number of 

genotyping individuals (AshweU et al, 1996). In spite of the fact that this technique can 

potentiaUy increase the power of experiment, it has not been widely used in agricultural 

genetic studies. In addition, not much work has been done about the statistical aspects of 

this approach. To use selective genotyping properly, it is critical to invent specific methods 

that correctly handle missing data because genotyped individuals are not chosen at random 

(Muranty, 1997). 

Future applications 

In domestic animals, the genetic control of phenotypic traits with economic 

importance can be enhanced by genomic analysis. Genome analysis is essential for gene 

mapping (Fries, 1993). Restriction fragment length polymorphism has been frequently 

used for gene mapping. However, restriction fragment length polymorphisms are generally 

diaUelic and suffer from low heterozygosities and low polymorphic information content 

(PIC) (Botstein et al, 1980). Microsatellite markers appear to be a breakthrough for many 

obstacles related to other polymorphic markers (Usha et al, 1995). 

Fries (1993) remarked that the successful linkage analysis depends on a complete 

marker map. The marker map is cmcial for the systematic mapping of QTL. The 

information from the marker map will be directly used in marker-assisted selection for 

economically important phenotypes. Theilmann et al. (1989) also suggested that the 

saturation of the bovine gene map with polymorphic markers wiU ultimately allow us to 

identify important genes by linkage association. 
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Human genetic research has been revolutionized by the identification and mapping 

of restriction fragment length polymorphisms by providing marker-assisted diagnosis and 

counseUng for a variety of genetic diseases (Womack 1987). For example, RFLP markers 

will be useful for in utero assays by using amniocentesis fluid to detect inherited disease 

such as cancers. Therefore, this technique can be a powerful tool for preventive medicine 

(Botstein et al, 1980). Womack (1987) also stated that another important role of RFLP 

analysis in the future might be in observing the forfeiture or conservation of variety in gene 

pool. 

This new technology can also benefit human cytogenetic analysis. Frequently, birth 

defects phenotypicaUy resemble known chromosomal deletions but does not show any 

missing bands on the suspect chromosome. With a map of RFLPs, people could look for 

areas where the aUeles of one parent were entirely missing and infer a deletion too small to 

be detected by standard techniques. Similarly, trisomies would produce unique pattems, 

which could reveal smaU translocations (Botstein et al, 1980). 

The increased number of avaUable polymorphic markers make it possible to verify 

parentage of animal more comprehensively and accurately. The "finger-printing" 

techniques with hypervariable DNA minisateUite sites may be particularly useful for this 

kind of parentage analysis or discrimination of breeds (Smith and Simpson, 1986; 

Theilmann et al, 1989). RFLP and microsatellite markers are also suggested as markers 

for parentage verification and individual identification (Beckmann and Soller, 1983; Usha 

et al, 1995). These markers have vast amount of potential for domestic animal 

improvement. 
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I personaUy think marker assisted selection (MAS) has large potential for animal 

breeding and Uvestock industry improvement. MAS can improve genetic selection of 

animals within Unes (WeUer and Femando, 1991). However, MAS can not be valuable if 

the marker loci has smaUer additive genetic variance than heritabiUty of the target trait 

under research (Lande and Thompson, 1990). 

The objectives of this study were: (I) identify polymorphic microsateUite markers 

for genes such as growth hormone, IGF-I, prolactin, and somatostatm; (2) identify PCR-

RFLP genotypes for leptin gene; (3) apply statistical analyses to determine associations 

between these marker genotypes and feedlot and carcass performance traits in Bos indicus 

influenced cattle; (4) relate genotypic diflferences to breed types of cattle. 
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CHAPTER m 

MATERL\LS AND METHODS 

Experimental animals 

The majority of the cattle in this project were Bos indicus influenced. Resource 

beef cattle, in target progeny groups of 12 per sire, aU came from producers of Texas. All 

calves were weaned at 6 to 8 months of age, and were fed in a commercial feedlot in 

Gmver, TX or in Lubbock, TX. Upon arrival, animals were vaccinated against Clostridia 

bacterial and bovine respiratory diseases. Each animal was also individuaUy weighed and 

ear tagged. In addition, they were subjectively evaluated for temperament score, muscle 

score and breed type score by 1 to 5 scales. 

AU the cattle were held at ranches for at least 30 days after weaning before being 

sent to feedlot. Upon arrival, animals were given one of three treatments of implants, such 

as control (no implant), double Synovex-S, and Synovex-S foUowed by Revalor-S 

(Brooks, 1997). AU implant treatments were represented in aU sire groups. These implants 

are readily avaUable as commercial products. Implants were administered on 0 day and 

about 90 days after initial implant according to manufacture's instmction. 

Approximately 20 ml of blood was taken from each animal upon arrival at the 

feedlot. Within 48 hours, white blood ceUs were isolated from whole blood samples 

(Appendbc A). White blood cell samples were kept at -70°C untU DNA was extracted. 

The feedlot manager along with Texas Tech personnel made the decision when 

cattle should sent to the packing plant, based on number of days in feedlot and estimated 
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extemal fat thickness. AU animals were slaughtered and processed at a commercial beef 

plant in Plainview, TX (Excel Corporation, Plainview, TX). 

Phenotypic data 

Phenotypic data such as feedlot and carcass traits was collected on these cattle. 

Data for initial weight (IWT), final weight (FWT), number of days on feed (DOF) and 

average daily gain (ADG) are avaUable on 618, 542, 550 and 542 progeny, respectively. 

All carcasses were evaluated by trained Texas Tech personnel within 48 hours after 

slaughter. Skeletal maturity (SM), overall maturity (OM) and lean maturity (LM) data are 

available on 542 progeny. Data for hot carcass weight (HCW), calpastatin gene activity 

(CAL), rib-eye area (REA) and kidney, pelvic and heart fat percentage (KPH) are 

avaUable on 535, 449, 539 and 540 progeny, respectively. Data for marbling scores 

(MRB), fat thickness (FT), adjusted fat thickness (AFT), yield grade (YG) are available on 

543, 539 and 531 progeny, respectively. Data on Wamer-Bratzler shear force 3 days after 

aging (W3) and 7 days after aging are availabe on 496 progeny, 14 days after aging (W14) 

and 21 days after aging (W21) are 476 and 448 progeny, respectively. 

Laboratory protocols 

Bovine genomic DNA was extracted from leukocytes layer derived from whole 

blood samples on each animal by according to the procedures of Maniatis et al. (1982) or 

using QIAamp blood kits and tissue kits for rapid purification of genomic DNA 

(QIAGEN). Both methods have diflferent merits. Maniatis' procedure (Appendix B) is 
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ideal for the extraction of high molecular weight DNA without breakage. However, 

QIAamp kits (Appendbc C) allow fast and efficient DNA purification from up to 200 ̂ il 

samples in less than 20 minutes. Another merit of this kit is no use of toxic or hazardous 

reagents such as phenol and chloroform. The principle of genomic DNA extraction is also 

different in 2 methods. Maniatis' method use proteinase K to lyse the cells then use 

phenol:chloroform:isoamylalcohol (PCI; volume ratios of each chemicals 25:24:1) to 

extract DNA and DNA finally spooled out by adding alcohol (Maniatis et al, 1982). 

QIAamp Kit uses special sUica gel packed spin column to capture nucleic acid while 

contaminants pass through the column. Nucleic acid then recovered by water or Tris 

elution (QIAGEN, 1995). 

PCR primer sequences for candidate genes such as somatostatin (Bishop et al, 

1994), insuUn-like growth factors 1 (Bishop et al, 1994), Growth hormone (Herring, 

1995), prolactin (Fries et al, 1993) and leptin (Pomp et al, 1997) were obtained from 

published scientific joumals. Based on these reports, primers for growth hormone, 

somatostatin, insulin-like growth factors 1 and prolactin were designed to produce PCR 

products of about 150-200 base pair size. However, the primer for leptin is a PCR-RFLP 

marker and produced 1,820 base pair product. 

Once the primers were synthesized for a particular gene by Research Genetic, Inc., 

they were cold tested (non-labelled) on cattle genomic DNA to verify the ideal PCR 

conditions such as MgCb concentration and specific annealing temperature for each 

primer. This cold PCR test is a crucial step for getting a clean, nice PCR product. After 

cold testing, radio labeled PCR was performed by either end labeling or direct labeling. In 
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case of end-labeling, reverse primer was end-labeled with y-̂ ^P-dATP at 37°C for 1 hour 

(20 pil reactions containing approximately 0.5 fiM of primer, 6 |il of y- P-dATP at 

lO îCi/nl, 10 ^M MgCb, 8 units of T4 polynucleotide kinase enzyme, and 2 1̂ of lOX 

PNK buffer. Then, hot PCR was performed in a GeneE thermal cycler (Techne) using the 

genomic DNA extracted from resource cattle. For direct labeling, radioactive was directly 

added to PCR reaction (in a ratio of 0.006^1 of a-^¥-dCTP (10 mCi/ml) per 1 ̂ il of PCR 

reaction) immediately before mnning the PCR. 

Each PCR reaction contained about 100 ng of genomic DNA as template, 5 pM y-

P-dATP end-labeled reverse primer, 5 pM unlabeled forward primer, 200 |iM each of 

dATP, dCTP, dGTP, and dTTP, 1-2 mM MgCb (use specific concentration of MgCbfor 

each primers), 2.5 jil Taq lOX buffer (Promega), lunit Taq polymerase (Promega), and 

enough water to produce a final volume of 25 jil All reactions were overlaid with light 

mineral oU to prevent evaporation. The condition of PCR for somatostatin microsatellite 

marker is: (1) 95°C for 5 minutes for initial step, (2) 95°C for 30 seconds, 58°C for 30 

seconds, 72°C for 1 minute for a total of 35 cycles for amplification step, (3) final 

elongation step was 72°C for 10 minutes. The condition of PCR for prolactin 

microsatellite marker was same as for somatostatin except the annealing temperature, 

57°C. 

After PCR, 10 |il of sequencing gel loading buffer was added to each reaction, spin 

briefly and the reactions were denatured for 5 minutes at 95°C to terminate the reaction. 

Three îl of each denatured PCR reaction was electrophoresed on an 8% denatured 

29 



polyacrylamide gel. Gels were mn for 2.5 hours to 3.5 hours at 85 Watts. The gels were 

then blotted onto filter paper support, vacuum dried (25 minutes at 80°C), and exposed to 

autoradiography fihn (Fuji RX) for 36 to 48 hours at -20°C. Genotypes were scored based 

on the size of the diflferent microsateUite aUeles of marker in relation to their relative 

mobUity on the gel 

Statistical analysis 

Animals in upper 10% and lower 10% tails of each phenotypic trait data were 

identified by calculated Z-score [Z = (Y - |i)/a] for each trait. Then, find the value of Z 

corresponding to an area of. 10 to the right and left of the mean were about 1.28 and 

-1.28, respectively. AUeUc frequencies and genotypic frequencies for prolactin 

microsateUite marker were also calculated in animals found in the upper 10% and lower 

10% of the phenotypic traits distribution. Selective genotyping (Darvasi and SoUer, 1992) 

is genotyping only upper and lower taUs of phenotypic distribution of the entire sample 

population to detect linkage between marker loci and quantitative trait loci (QTL). At a 

given power, selective genotyping can reduce the number of individuals needed for 

genotyping at the expense of an increase in number of individuals phenotyped. Chi-square 

tests were conducted to compare frequencies of breeds, genotypes and implant treatments 

between the two tails for each trait. 

The phenotypic data were analyzed through mixed model analyses of variance by 

using the SAS statistical program (1992). Least square means (LSM) were calculated on 
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the each phenotypic trait data to determine which marker genotypes or implants were 

diflferent from others by two-taUed t-tests. 

The analysis of variance model is presented below: 

Yijklmn = |J. + Ai + Bj + Ck "•" D l + Fm(I) + ejjklmn 

where: 

Yijklmn = observation on the quantitative trait score for the n**" cattle; 

|i = a constant common to aU observations; 

Ai = regresston on date (year) entering feedlot; 

Bj = fixed genotype eflfect due to the j*^ genotype; 

Ck = fixed implant effect due to the k* treatment of implant; 

Di = fixed breed eflfect associated with the 1* breed; 

Fm(i) = random family eflfect associated with the m*** sire (breed); 

eijkimn = random residual eflfects. 

For traits where significant marker variance existed, eflfects of prolactin 

microsatellite marker genotypes was estimated. The frequencies of the genotypes for each 

breed and overall animals were calculated. Analyses of variance were performed on all 

dependent variables and were tested for significance by F-tests. Breed effect was tested 

against sire (breed) eflfect by using F-test. The eflfect of random variable sire (breed) was 

tested by Z-test. Least square means for all independent variables on each growth and 

carcass traits were also calculated. 
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CHAPTER rV 

RESULTS AND DISCUSSION 

PCR Amplification 

Cjenotyping was attempted with 5 candidate genes, growth hormone, IGF-I, leptin, 

prolactin, and somatostatin. However, only somatostatin and prolactin were successfully 

PCR ampUfied during cold test. Optimal PCR condition for prolactin and somatostatin are 

the same except MgCl2 concentration was determined to be 2 mM MgCb for prolactin and 

1 mM MgCb for somatostatin. Growth hormone was not included for genotyping because 

of failure in PCR amplification. Leptin and IGF-I were also not included because of poor 

PCR amplification and a large number of shadowy bands and partially amplified products. 

Many attempts were made to optimizing the PCR amplification conditions, but no major 

improvements were accomplished. 

Somatostatin PCR products were End-labeled with y- P-dATP. Even though, 

sufiRcient amounts of microsatellite products were produced by PCR, and the band was 

confirmed by 1 % agarose gel electrophoresis (about 200 bp size single band was 

detected; expected size of somatostatin aUeles were 191-209 bp), labeUng of somatostatin 

microsatellite product (Figure I) was unsuccessfiil To improve the signal of microsatellite 

bands on X-ray film, several different labeling methods were used: (1) changed radioactive 

label to y-̂ ^P-dCTP, (2) tried direct-labeUng method by using a-̂ ^P-dCTP, (3) eliminated 

dCTP concentrations within 4dNTP, and (4) direct-labeled with mixture of a-̂ ^P-dATP 

and a- P-dCTP. The fourth method appeared to increase signal of somatostatin 
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microsateUite markers. Unfortunately, this radioactive mbcture not only increased the 

signal of somatostatin microsateUite band but also significantly increased the the 

background noise. Prolactin microsatellite marker was direct-labeled with a-̂ ^P-dCTP and 

scored for individual genotypes. 

Genotvping of Animals 

Total number of our resource animals are 618. We did not genotyped animals with 

sire code 0 (this means they have unknown sires), so total of 518 animals were genotyped. 

However, 18 of them did not show any band with PRL primer or the band is not clear 

enough for me to score genotypes. Thus, a total of 500 animals were genotyped for 

prolactin microsatellite marker. Amplified PCR products were scored for individual 

genotypes. Three diflferent alleles were detected by the PCR amplification of the cattle 

genomic DNA with prolactin primers, as reported by Fries et al. (1993). They are 

designated as aUele A (156 bp), allele B (159 bp), and allele C (162 bp) (Figure 2 and 3). 

Genotyping results indicated that our resource cattle consisted of all six diflferent 

genotypes, AA, AB, AC, BB, BC, and CC. Genotypic frequencies and aUeUc frequencies 

were calculated across aU animals, and across animals within each breed (Table 1). The 

vast majority of our resource cattle had BB genotype (85.6%). However, animals with 

AA, AC, and CC genotypes were very scarce at 0.8, 0.8, and 0.2%. Animals with AB and 

BC genotypes were 8.8 and 3.8% respectively. Allelic frequencies of overaU set of animals 

were, f (A) = .053, f (B) = .919, and f (C) = .028. 
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Bishop et al. (1994) calculated average heterozygosity for 369 markers 

(microsatellite and RFLP markers) for reference parents grouped according to species and 

cross. The results indicated that Bos taurus x Bos indicus Fi crosses were most 

heterozygous (74.7 % ± 1.5 %, P < 0.001) across aU genes. Further research with Bos 

taurus X Bos indicus Fi cross animals could be very interesting. 

Statistical Analyses 

Animals were selected from the upper and lower 10 % taUs of the phenotypic 

distribution to perform selective genotyping with prolactin microsatellite marker (Tables 1 

to 19). The frequencies of breeds, implants, and genotypes were calculated. The chi-

square test was also performed to see the proportional differences of breeds, implant 

treatments, and genotypes in upper and lower taUs. 

The frequency of breed, genotype, and implant in upper and lower taUs of each 

traits revealed that there were proportional differences in distribution of genotypes for 

initial weight (P = .021) (Table 2) and number of days on feed (P = .023) (Table 4). The 

diflferences in distribution of genotypes for number of days on feed was caused by a 

management difference. 

Implant treatment also had statistically significant proportional diflferences between 

two tails in some of the traits (P < 0.05), initial weight, final weight, number of days on 

feed, average daily gain, calpastatin gene activity, hot carcass weight, and rib-eye area. 

Initial weight was measured from cattle at same day when they were given first implants. 
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So, the differences in initial weight between implant treatments were caused by random 

error that animals are not spUtted into implant treatments equaUy. 

AdditionaUy, breed type had statisticaUy significant proportional differences 

between two taUs in most of the traits (P < 0.05), initial weight, final weight, number of 

days on feed, calpastatin gene activity, skeletal maturity, lean maturity, overall maturity, 

marbling score, fat thickness, adjusted fat thickness, hot carcass weight, rib-eye area, 

kidney, pelvic and heart fat percentage, yield grade, W3, W7, W14, and W21. 

AU eleven animals of the breed 4 showed up in the lower-taU for initial weight 

(Table 2). Five animals of this breed also were present in the lower-tail for final weight 

(Table 3). Eight animals of breed 7 (n = 50) showed up in lower-taU for calpastatin gene 

activity. Four animals of the breed 4 (n = 11) and aU breed 8 (n = 2) animals were present 

in lower-taU of calpastatin gene activity (Table 6). Twenty three animals of breed 7 (n = 

50) were found in lower-tail of lean maturity; however, none of this breed were in upper-

taU (Table 8). For rib-eye area, four out of five breed 6 animals showed up in the upper-

taU. Fifteen animals of breed 3 showed up in lower-tail of this trait but none of this breed 

showed up in upper tail (Table 14). Ten out of 71 animals of breed 3 showed up in the 

lower-tail for W14, but only one animal was in the upper tail (Table 19). This type of 

breed information could be very usefiil for the breeding programs of individual cattle 

producers. 

As expected, breed type of cattle was a statisticaUy significant source of variation 

for some phenotypic traits such as skeletal maturity (P = .0386), lean maturity (P = .0002), 
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and overaU maturity (P = .0350) among the animals (Table 21). Least squares means for 

these independent variable are in Table 24. 

Breed type was also a significant source of variation for some carcass traits among 

cattle. Breed type had a significant eflfect on hot carcass weight (P = .0026), adjusted fat 

thickness (P = .0437), rib-eye area (P = .0012), and yield grade (P = .0092) (Tables 21 

and 22). Tables 24 and 25 show least square means for these independent variables. 

For calpastatin gene activity, breed 7 animals were highest (approximately 2.83 

units of calpastatin gene activity per one gram of muscle) and breed 3 animals were lowest 

(average 0.12 units of calpastatin gene activity per one gram of muscle). However, 21 of 

breed 7 animals (n = 50) were in lower tail for calpastatin gene activity, so there maybe a 

huge variation for the calpastatin gene activity in this breed. Across breed 1, breed 2, 

breed 5 and breed 6 there were no significant differences in calpastatin gene activity. 

Breed 6 animals had the highest hot carcass weight (average of 449.87 kilograms) 

and largest rib-eye area (118.90 square centimeters), and they also had lowest yield grade 

(0.91). Cattle from the breed 4 had lowest hot carcass weight (227.02 kilograms). For rib-

eye area, breed 3 (average 66.78 square cm) and breed 7 (average 61.24 square cm) 

animals had smaller value when compared with other breeds (P < .05). Additionally, breed 

3 and breed 7 animals had higher yield grade than animals from other breeds (P < .05) 

(Table 25). 

For adjusted fat thickness, animals sired by breed 3, breed 7, and breed 9, there 

were no significant differences in adjusted fat thickness (average about 1.5 cm). Breed 1 
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and breed 2 also had no significant difference in adjusted fat thickness (approximately 0.8 

cm) (Table 25). 

Implant treatment was an important source of variation for growth traits of final 

weight (P = .0009) and average daUy gain (P = .0003) (Table 21). On average, animals 

belonging to implant treatment 1 (control group: no implant) were approximately 94.5 -

101.93 kilograms lighter than animals given implant treatment 2 (Synovex-S and Revalor-

S) and implant treatment 3 (double implants of Synovex-S). Cattle with no implant (IM 1) 

also had significantly lower average daily gain (about 0.45 - 0.39 kilograms less than other 

implant group animals) (Table 23). 

Across animals in two tails of distribution, implant treatment was not a statistically 

significant source of variation for carcass traits, such as marbling score, fat thickness, 

adjusted fat thickness, rib-eye area, kidney, pelvic and heart fat percentage, yield grade, 

Wamer-Bratzler shear force 3 days after aging (W3), W7 (7 days after aging), W14 (14 

days after aging), and W2l (21 days after aging). However, implant treatment was a 

statistically significant source of variation for hot carcass weight (P = .0001) and 

calpastatin gene activity (P = .0340) (Table 21). Animals from implant treatment 1 

(control) had lowest hot carcass weight (average 291.53 kilograms). No significant 

difference was seen between the implant treatment 2 and 3 for carcass weight. 

The genotype of prolactin microsatellite marker was not a statistically significant 

source of variation among these feedlot cattle for most of the growth and carcass traits 

(Table 21). However, for Wamer-Bratzler shear force after 21 days of aging (W21), 

genotype of prolactin microsatellite marker was a significant source of variation (P = 
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.0012) (Table 21). Least squares means for this independent variable are in Table 26. 

Cattle with AB genotypes (n = 2) had significantly lower shear force value (1.91 

kilograms) than animals with AA (n = 2), BB (n = 61), BC (n = 1), or CC (n = 1) 

genotypes. There was no significant difference between the shearing force values of the 

animals with BB or CC genotypes. Cattle with AA genotypes had highest shear force (4.8 

kilograms) than animals with other genotypes (Table 26). 

Regression on time of year entering the feedlot was a statistical!}' significant source 

of variation for initial weight, dates of feed, average daUy gain, lean maturity, overall 

maturity, hot carcass weight, kidney, pelvic and heart fat percentage, W3, W7, and W21. 

Sire was also a statisticaUy significant source of variation for fat thickness, adjusted fat 

thickness, kidney, pelvic and heart fat percentage, W3, W7, W14, and W21. 

Many researchers have reported that prolactin , placental lactogen (chorionic 

somatomammotropin) and growth hormone are related to each other by amino acid 

sequence, immunochemistry, and partiaUy overlapping biological fiinctions (Camper et al, 

1984; HaUerman et al., 1987; MUler et al, 1981). Prolactin and growth hormone are 

important candidate genes for the quantitative trait loci (HaUerman et al, 1987; Cowan et 

al., 1989). Since, their Sanctions are closely related and partially overlapped, investigating 

the association between prolactin marker and growth and developmental trait should be 

interesting. However, analysis of variance results of this study indicated that there are not 

many associations between prolactin microsatelUte marker and growth or carcass traits in 

these cattle, except W21 (P = .0012). It was suspected that there maybe an interaction 

between breed and genotypes. However, our data was very unbalanced data because more 
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than 250 animals belong to breed 1 and some breed such as, breed 6, breed 8, and breed 9 

had less than five animals per each group. Because of this unbalance in breed, we could 

not test for the interaction term. I think it is possible that because of this we can miss 

relation between prolactin marker genotypes and growth and carcass traits. 

Machugh et al. (1998) reported that microsateUite markers can be a very effective 

tool to identify breed in cattle. They assigned and identified 4 British Isles breeds and the 

Swiss Simmental breed cattle by using only eight microsateUites. The accuracy of breed 

identification was more than 99%. 

MacHugh et al. (1997) also performed research with 20 different microsateUite 

markers to verify the genetic relationships among different groups of cattle (twenty 

distinct populations from Africa, Europe and Asia) and to characterize the extent and 

pattem of zebu genetic introgression in African populations. Ten of the microsatelUte 

markers displayed a large aUelic diflferences when comparing taurine and zebu cattle 

populations. These 10 marker loci showed a single aUele or group of aUeles that were 

present at high frequencies in Asian zebu breeds, intermediate frequencies in crossbred 

Afiican zebu populations, low frequencies in Afiican taurine populations, and either absent 

or prsent at very low frequencies in European taurine populations. 

Since, prolactin and growth hormone are involved in lactation, these genes can 

potentially be used as markers for quantitative trait loci such as milk production. Cowan et 

al (1990) reported that prolactin polymorphisms were associated with milk production. 

Much research has been done to reveal the association between different DNA 

markers and growth and carcass traits in cattle. Herring (1995) reported that growth 
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hormone microsatelUte marker genotype had a significant effect on kidney, pelvic and 

heart fat percentage and slaughter hip height. Tank et al. (1994) reported that the 

genotypes of growth hormone PCR-RFLP marker had significant effects on hot carcass 

weight, rib section, and longissimus dorsi muscle. Growth hormone-Taq I polymorphism 

were related to birth weight and shoulder width at birth in beef cattle (Rocha et al, 1992). 

These types of information are valuable for additional genetic characterization of 

domestic cattle and future development of marker assisted selection program for livestock 

industry breeders. However, none of these researchers found a single genetic marker that 

is powerflil enough to become a selection tool for growth, development and carcass traits 

in cattle. This is another point that should be considered, that the economically important 

traits are regulated by combinations of smaU effects from several different genes. This 

makes sense that why there are not many associations between prolactin microsatellite 

genotypes and growth and carcass traits found in this study, and why no many individual 

genes have been identified that have very large eflfects on most economically important 

traits. Animals within and across breeds need to be continuaUy studied where molecular 

genetic information is gathered in combination with economically important performance 

data. 
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Table 2. The frequency of implants, breeds, and genotypes in upper and lower 10% 
taUs for initial weight. 

Number 

Breed 

Genotype 

Implant'* 

Upper-taU 

61 

1(39)\2(7),7(15) 

AA(1)^AB(2), 

BB (56), BC (2) 

I ( 7)^ 2 (30), 3 (24) 

Lower-tail 

25 

1(14), 4 (11) 

AB (2), BB (16), 

BC (5), CC (1) 

1(13), 2 (7), 3 (5) 

X -value 

36.038 

11.600 

16.339 

P-value* 

0.001 

0.021 

0.001 

*ProbabUity from chi-square test that proportions of between two taUs are equal. 
^ # inside the parentheses are number of each breed. 
^# inside the parentheses are number of each genotype. 
^ # inside the parentheses are number of each implant treatment. 
'̂ IM (Implant) 1: control (no implant treatment), IM 2: Synovex S followed by Revalor S, 
IM3: Synovex S followed by Synovex S. 
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Table 3. The frequency of implants, breeds, and genotypes in upper and lower 10% 
tails for final weight. 

Upper-tail Lower-tail x^-value P-value' 

Number 52 48 

Breed 1 (43)\ 2 (6), 1 (18), 2 (2), 3 (13), 39.435 0.001 

3(1), 5 (2) 4 (5), 7 (7), 8 (2), 9(1) 

Genotype AB (3)^ BB (43) AB (6), BB (37), 2.773 0.428 

BC (1) BC (2), CC (1) 

Implant̂  1 (4)^ 2 (30), 3(18) 1 (31), 2 (8), 3 (9) 36.464 0.001 

"^^See notes on Table 2. 
"̂ IM (Implant) 1: control (no implant treatment), IM 2: Synovex S foUowed by Revalor S, 
IM3: Synovex S followed by Synovex S. 
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Table 4. The frequency of implants, breeds, and genotypes in upper and lower 10% 
taUs for number of days on feed. 

Number 

Breed 

Genotype 

Implant' 

Upper-taU 

28 

1(17)\4(11) 

AB (3)^ BB (19), 

BC (4), CC (1) 

1 (14)^ 2 (6), 3 (8) 

Lower-tail 

86 

1 (44), 2 (5), 7 (37), 

AA (2), AB (5), 

BB (76), BC (2) 

1(11), 2 (39), 3 (36) 

X -value 

47.820 

11.384 

17.364 

P-value' 

0.001 

0.023 

0.001 

"'^See notes on Table 2. 
4 IM (Implant) 1: control (no implant treatment), IM 2: Synovex S followed by Revalor S, 
IM3: Synovex S followed by Synovex S. 
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Table 5. The frequency of implants, breeds, and genotypes in upper and lower 10% 
tails for average daily gain. 

Number 

Breed 

Genotype 

Implant' 

Upper-tail 

53 

1 (36)\ 2 (8), 3 (3), 

5 (1), 7 (5) 

AA(1)^ AB(1), 

BB (42), BC (2) 

1 (2)^ 2 (28), 3 (23) 

Lower-tail 

53 

1 (30), 2 (3), 3 (10), 

4 (3), 7 (4), 8 (2), 9(1) 

AB (3), BB (46), 

BC (1), CC (1) 

1(28), 2 (12), 3 (13) 

X -value 

13.699 

3.266 

31.711 

P-value* 

0.057 

0.514 

0.001 

'^^See notes on Table 2 
4 IM (Implant) 1: control (no implant treatment), IM 2: Synovex S foUowed by Revalor S, 
IM3: Synovex S foUowed by Synovex S. 

45 



Table 6. The frequency of implants, breeds, and genotypes in upper and lower 10% 
taUs for calpastatin gene activity. 

Number 

Breed 

Genotype 

Implant' 

Upper-taU 

47 

1 (34)\ 2 (2), 4 (1), 

5 (6), 6 (1), 7 (3) 

AB (3)^ BB (41), 

BC(1) 

1 (7)^ 2 (19), 3 (21) 

Lower-tail 

40 

1 (17), 2 (1), 3 (8), 

4 (4), 7 (8), 8 (2) 

AB(3),BB(31), 

BC (2), CC (1) 

1(19), 2 (10), 3 (11) 

X -value 

26.682 

1.960 

10.964 

P-value' 

0.001 

0.581 

0.004 

'̂ ^̂ See notes on Table 2 
4 IM (Implant) I: control (no implant treatment), IM 2: Synovex S foUowed by Revalor S, 
IM3: Synovex S followed by Synovex S. 
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Table 7. The frequency of implants, breeds, and genotypes in upper and lower 10% 
taUs for skeletal maturity. 

Number 

Breed 

Genotype 

Implant' 

Upper-tail 

36 

1 (33)\ 3 (1), 5 (1), 

6(1) 

AA(1)^ AB(2), 

BB (27) 

1 (7)^ 2 (19), 3 (10) 

'̂ ^̂ See notes on Table 2. 

Lower-tail 

48 

1 (32), 2 (5), 3 (1), 

7 (9), 8 (1) 

AB (4), BB (40), 

BC (2), CC (1) 

1(14), 2 (13), 3 (21) 

X -̂value 

15.620 

3.612 

5.765 

P-value' 

0.016 

0.461 

0.056 

'IM (Implant) 1: control (no implant treatment), IM 2: Synovex S foUowed by Revalor S, 
IM3: Synovex S foUowed by Synovex S. 
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Table 8. The frequency of implants, breeds, and genotypes in upper and lower 10% 
taUs for lean maturity. 

Upper-taU Lower-taU x^-value P-value' 

Number 52 75 

Breed 1 (40)\ 2 (3), 3 (3), 1 (17), 2 (1), 3 (27), 63.395 0.001 

5 (3), 6 (3) 4 (4), 7 (23), 8 (2), 9 (1) 

Genotype AA(1)^ AB (5), BB (41), AB (12), BB (58), 2.521 0.641 

BB (1), CC (1) BC (1), CC (1) 

Implan' 1 (19)^ 2 (14), 3 (19) 1 (26), 2 (21), 3 (28) 0.048 0.976 

'^^See notes on Table 2. 
'IM (Implant) 1: control (no implant treatment), IM 2; Synovex S foUowed by Revalor S, 
IM3: Synovex S foUowed by Synovex S. 
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Table 9. The frequency of implants, breeds, and genotypes in upper and lower 10% 
taUs for overall maturity. 

Upper-taU Lower-tail X -̂value P-value' 

Number 21 29 

Breed 1 (\9)\ 5 (1), 6 (1), 1 (13), 2 (1), 3 (2), 18.314 0.019 

4(1), 7 (8), 8 (2), 9(1) 

Genotype 

Implant' 

AB (2)^ BB (17) 

1 (10)^ 2 (5), 3 (6) 

AB (5), BB (23), 

1(11), 2 (7), 3 (11) 

0.480 0.488 

0.587 0.746 

'^^See notes on Table 2. 
4 IM (Implant) 1: control (no implant treatment), IM 2: Synovex S followed by Revalor S, 
IM3: Synovex S followed by Synovex S. 
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Table 10. The frequency of implants, breeds, and genotypes in upper and lower 10% 
taUs for marbling score. 

Upper-taU Lower-tail x -̂̂ alue P-value" 

Number 43 32 

Breed 1 (25)\ 2 (5), 3 (1), 1 (27), 3 (1), 4 (1), 14.100 0.049 

4 (2), 5 (3), 7 (6), 9 (1) 5 (1), 6 (2) 

Genotype AB (4)^ BB (33), AB (2), BB (28), 2.873 0.412 

BC (5), CC (1) BC (1) 

Implant' 1 (l8)^ 2 (13), 3 (12) 1 (15), 2 (11), 3 (6) 0.844 0.656 

'̂ ^̂ See notes on Table 2. 
'IM (Implant) 1: control (no implant treatment), IM 2: Synovex S followed by Revalor S, 
IM3: Synovex S foUowed by Synovex S. 
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Table 11. The frequency of implants, breeds, and genotypes in upper and lower 10% 
taUs for fat thickness. 

Upper-tail Lower-taU x^-value P-value' 

Number 45 55 

Breed 1 (19)\ 2 (1), 3 (16), 1 (46), 2 (3), 3 (2), 32.429 0.001 

4 (5), 7 (3), 9 (1) 5 (2), 6 (1), 7 (1) 

Genotype AA(1)^AB(5), AB (4), BB (47), 3.058 0.548 

BB (35), BC (2), CC (1) BC (2) 

Implant' 1 (16)^ 2 (15), 3 (14) 1 (21), 2 (16), 3 (18) 0.210 0.900 

^*^See notes on Table 2. 
'IM (Implant) I: control (no implant treatment), IM 2: Synovex S followed by Revalor S, 
IM3; Synovex S foUowed by Synovex S. 
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Table 12. The frequency of implants, breeds, and genotypes in upper and lower 10% 
taUs for adjusted fat thickness. 

Number 

Breed 

(jenotype 

Implant' 

Upper-taU 

43 

1 (19)\ 2 (1), 3 (14), 

4 (5), 7 (3), 9 (1) 

AA(1)^AB(4), 

BB (34), BC (2), CC (1) 

l(15)^2(15),3(13) 

Lower-taU x -̂̂ alue P-value' 

39 

1 (32), 2 (3), 5 (2), 31.527 0.001 

6(3) 

AB (2), BB (36), 2.950 0.566 

BC(1) 

1(13), 2(12), 3(14) 0.319 0.853 

*'^See notes on Table 2. 
'IM (Implant) 1: control (no implant treatment), IM 2: Synovex S followed by Revalor S, 
IM3: Synovex S foUowed by Synovex S. 
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Table 13. The frequency of implants, breeds, and genotypes in upper and lower 10% 
tails for hot carcass weight. 

Number 

Breed 

Genotype 

Implant' 

Upper-tail 

53 

1(41)\2(6) ,3(1) , 

5 (2), 6 (2), 7 (1) 

AB (3)^ BB (48), 

BC(1) 

1 (6)^ 2 (28), 3(19) 

Lower-tail 

36 

1 (19), 3 (7), 

4 (5), 7(5) 

AB (4), BB (25), 

BC (2), CC (1) 

1 (25), 2 (4), 3 (7) 

X -value 

28.008 

4.199 

33.146 

P-value' 

0.001 

0.241 

0.001 

'^^See notes on Table 2. 
'IM (Implant) 1: control (no implant treatment), IM 2: Synovex S followed by Revalor S, 
IM3: Synovex S foUowed by Synovex S. 
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Table 14. The frequency of implants, breeds, and genotypes in upper and lower 10% 
tails for rib-eye area. 

Upper-taU Lower-tail x^-value P-value" 

Number 42 31 

Breed 1 (30)', 2 (4), 5 (3), 1 (7), 2 (1), 3 (15), 42.914 0.001 

6 (4), 7(1) 7 (7), 9(1) 

Genotype AB (4)^ BB (37), AA(1), AB(7), 4.530 0.210 

BC (1) BB (23) 

Implant' 1 (5)^ 2 (24), 3 (13) 1 (13), 2 (9), 3 (9) 9.663 0.008 

"'^See notes on Table 2. 
'IM (Implant) 1: control (no implant treatment), IM 2: Synovex S foUowed by Revalor S, 
IM3: Synovex S followed by Synovex S. 
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Table 15. The frequency of implants, breeds, and genotypes in upper and lower 10% 
taUs for kidney, pelvic and heart fat percentage. 

Number 

Breed 

(jenotype 

Implant' 

Upper-taU 

64 

1 (36)\ 2 (7), 3 (2), 

4 (7), 5 (I), 7 (10), 9(1) 

AA(1)^AB(3), 

BB (53), BC (4) 

1 (26)^ 2 (19), 3 (19) 

Lower-taU 

76 

1 (66), 2 (3), 3 (3), 

5 (2), 6 (2) 

AA (2), AB (2), 

BB (69), BC (3) 

1 (22), 2 (27), 3 (27) 

X -̂value 

30.150 

1.146 

2.103 

P-value' 

0.001 

0.766 

0.349 

'^^See notes on Table 2 
4 IM (Implant) 1: control (no implant treatment), IM 2: Synovex S followed by Revalor S, 
IM3: Synovex S foUowed by Synovex S. 
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Table 16. The frequency of implants, breeds, and genotypes in upper and lower 10% 
taUs for yield grade. 

Upper-tail Lower-tail x -value P-value 

Number 39 49 

Breed I (15)\ 3 (17), 4 (2), 1 (37), 2 (3), 3 (1), 4 (1) 34.979 0.001 

7 (4), 9(1) 5 (2), 6 (4), 7(1) 

Genotype AA(1)^AB(3), AB (6), BB (40), 1.422 0.700 

BB(31),BC(1) BC(2) 

Implant' 1 (13)^ 2 (11), 3 (15) 1(17), 2 (16), 3 (16) 0.360 0.835 

'^^See notes on Table 2. 
'IM (Implant) 1: control (no implant treatment), IM 2: Synovex S followed by Revalor S, 
IM3: Synovex S followed by Synovex S. 
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Table 17. The frequency of implants, breeds, and genotypes in upper and lower 10% 
taUs for Wamer-Bratzler shear force after 3 days aging. 

Number 

Breed 

(jenotype 

Implant' 

Upper-taU 

49 

1(47) \2(1) ,3(1) 

AB (1)^ BB (46), 

BC(1) 

l ( l l )^2(18) ,3(20) 

Lower-tail 

27 

1 (13), 2 (1), 3 (8), 

4(1), 7 (4), 9(1) 

AB (2), BB (23), 

BC (1), CC (1) 

1(9), 2 (10), 3 (8) 

X -̂value 

25.478 

3.385 

1.375 

P-value' 

0.001 

0.336 

0.503 

'*^See notes on Table 2 
4 IM (Implant) 1: control (no implant treatment), IM 2: Synovex S followed by Revalor S, 
IM3: Synovex foUowed by Synovex S. 
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Table 18. The frequency of implants, breeds, and genotypes in upper and lower 10% 
taUs for Wamer-Bratzler shear force after 7 days aging. 

Number 

Breed 

Genotype 

Implant' 

Upper-taU 

47 

1 (37)\ 2 (3), 3 (7) 

AA(1)^AB(4), 

BB (41) 

l(14)^2(18),3(15) 

Lower-taU 

33 

1(16), 2 (3), 3 (11), 

7(4) 

AB (1), BB (32) 

1(10), 2 (19), 3 (14) 

X -value 

11.306 

1.820 

1.291 

P-value* 

0.010 

0.403 

0.524 

'^^See notes on Table 2. 
'IM (Implant) 1: control (no implant treatment), IM 2: Synovex S followed by Revalor S, 
IM3: Synovex S foUowed by Synovex S. 
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Table 19. The frequency of implants, breeds, and genotypes in upper and lower 10% 
taUs for Wamer-Bratzler shear force after 14 days aging. 

Upper-tail Lower-taU x^-value P-value* 

Number 42 25 

Breed 1 (37)\ 2 (2), 1 (9), 2 (2), 3 (10), 27.889 0.001 

3 (1), 4 (2) 7 (4) 

Genotype AA(1)^AB(1), AB (1), BB (23), 0.850 0.837 

BB (32), BC (2) BC (1) 

Implant' 1 (16)^ 2 (11), 3 (15) 1(11), 2 (7), 3 (7) 1.439 0.803 

*'^See notes on Table 2. 
'IM (Implant) 1: control (no implant treatment), IM 2: Synovex S followed by Revalor S, 
IM3: Synovex S followed by Synovex S. 
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Table 20. The frequency of implants, breeds, and genotypes in upper and lower 10% 
tails for Wamer-Bratzler shear force after 21 days aging. 

Number 

Breed 

Genotype 

Implant' 

Upper-tail 

40 

1 (30)\ 2 (6), 3 (1) 

5 (2), 7 (1) 

AA(2)^AB(1), 

BB (34), BC (1) 

1 (7)^ 2 (10), 3 (25) 

Lower-tail 

28 

1 (18), 3 (7), 

7 (2), 9 (1) 

AB (1), BB (26), 

CC(1) 

1(9), 2 (10), 3 (9) 

X -value 

15.576 

3.608 

5.187 

P-value* 

0.008 

0.462 

0.075 

*̂ ^̂ See notes on Table 2 
4 IM (Implant) 1: control (no implant treatment), IM 2: Synovex S foUowed by Revalor S, 
IM3: Synovex S followed by Synovex S. 
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Table 21. Results from mixed model analyses of variance. 

Traits* 

IWT 

FWT 

DOF 

ADG 

CAL 

SM 

LM 

OM 

MRB 

HCW 

IM*" 

0.3739 

0.0009 

0.4292 

0.0003 

0.0340 

0.1048 

0.6434 

0.3828 

0.8562 

0.0001 

GENE* 

0.9841 

0.2218 

0.9970 

0.1044 

0.3781 

0.6430 

0.1775 

0.8715 

0.7347 

0.1422 

EFFECT IN MODEL 
RDE(YE)'' 

0.0001 

0.8502 

0.0001 

0.0022 

0.5106 

0.0873 

0.0006 

0.0413 

0.3007 

0.0296 

BD" 

0.6496 

0.0794 

0.1452 

0.4451 

0.0328 

0.0386 

0.0002 

0.0350 

0.1661 

0.0026 

SR^ 

0.1008 

0.3180 

0.1575 

0.2532 

0.2040 

0.1281 

0.4029 

0.6947 

0.3013 

0.4845 

*IWT: initial weight, FWT: final weight, DOF: dates of feed, ADG: average daily gain, 
CAL: calpastatin gene activity, SM: skeletal maturity, LM: lean maturity, OM: overall 
maturity, MRB: marbling scores, HCW: hot carcass weight. 

'̂ Probability of F-test on implant treatments effect. 
1*robabUity of F-test on genotype eflfect. 
''Probability of F-test on year effect. 
TrobabiUty of F-test on breed effect. 
^Probability of no difference from Z-test on sire effect. 
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Table 22. Results from mixed model analyses of variance. 

EFFECT IN MODEL 
Traits* IM^ GENE* RDE(YE)*' BD' SR^ 

0.1203 0.0101 

0.0437 0.0058 

0.0012 0.3096 

0.2766 0.0030 

0.0092 0.0563 

0.1288 0.0155 

0.1765 0.0074 

0.1961 0.0499 

0.0641 0.0023 

FT 

AFT 

REA 

KPH 

YG 

W3 

W7 

WI4 

W21 

0.6604 

0.7430 

0.9391 

0.1067 

0.6169 

0.4230 

0.1122 

0.5486 

0.1913 

0.2565 

0.5041 

0.9679 

0.9069 

0.1909 

0.4946 

0.3882 

0.6788 

0.0012 

0.1078 

0.1969 

0.1643 

0.0130 

0.1247 

0.0018 

0.0001 

0.0587 

0.0022 

*'^^See notes on page 61. 
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Table 23. Least squares means and standard errors for final weight, average daily gain, 
calpastatin gene activity, and hot carcass weight across implant 
treatments. 

Implant 

IMl 

IM2 

IM3 

IMl 

IM2 

IM3 

treatments 

# of animals 

32 

32 

24 

19 

26 

29 

FWT 

470.37 ±34.10* 

572.50 ±38.93'' 

566.69 ± 41.77** 

CAL 

1.25 ± 0.36* 

1.82 ± 0.40*'' 

1.99 ± 0.37*' 

TRAITS' 

# of animals 

26 

33 

31 

25 

32 

24 

ADG 

1.29 ± 0.16* 

1.74 ± o.n*" 

1.68 ± 0.16'* 

HCW 

291.53 ± 22.44* 

367.70 ± 22.78'' 

371.59 ± 24.21** 

'FWT: final weight (in kUograms), ADG: average daUy gain (in kUograms per day), 
CAL: calpastatin gene activity (units of activity per g of muscle), HCW: hot carcass 
weight (in kilograms) 

*'*Means with different superscripts within a trait differ (P<.05). 
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Table 26. Least squares means and standard errors for Wamer-Bratzler shear force after 
21 days aging. 

Independent variable # of animals W21' 

(jenotype AA 

AB 

BB 

BC 

CC 

2 

2 

61 

1 

1 

4.80 ± 0.72' 

1.91 ± 0.71* 

3.47 ± 0.48'' 

4.34 ± 1.61''" 

3.96 ± 0.78** 

'W21: Wamer-Bratzler shear force at 21 days after aging (in kilograms). 
*''*^eans with different superscripts differ (P<.05). 
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Figure 1. Agarose gel picture of somatostatin PCR product. 
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Figure 2. Agarose gel picture of prolactin PCR product. 
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Fig;ure3. Genotyping of prolactin microsatellite marker. 
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CHAPTER V 

IMPLICATIONS 

Traditional breeding techniques, such as selection of superior animals based on 

phenotypic data or prediction of the genetic value of animals by additive genetic variation 

are not suflBcient enough to meet the needs of current beef industry. The beef cattle 

industry needs more accurate tools and faster techniques for genetic improvement of 

economically important traits. Molecular markers can be used to measure the actual 

genetic variation or genotypes of genes, which maybe related to our traits of interest. The 

advantage of molecular data for specific genotypes is that they are not affected by the 

environment and, can make a decision in relatively short time, because breeders don't have 

to wait for a long period of time to observe performance or carcass data. 

This study was done to verify the association of prolactin and other candidate gene 

markers to growth and carcass traits. Results show that the prolactin marker did not have 

statistically significant effect on any trait except W21 (P = .0012). However, as expected 

analysis of variance revealed that breed was a statistically significant source of variation 

for skeletal maturity, lean maturity, overall maturity, hot carcass weight, adjusted fat 

thickness, rib-eye area, and yield grade. Implant treatments were also an important source 

of variation for final weight, average daily gain, hot carcass weight, and calpastatin gene 

activity (P < .05). 

The year entering the feedlot was a statistically significant source of variation for 

initial weight, dates of feed, average daily gain, lean maturity, overall maturity, hot carcass 
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weight, kidney, pelvic and heart fat percentage, W3, W7, and W21. Sire was also a 

statistically significant source of variation for fat thickness, adjusted fat thickness, kidney, 

pelvic and heart fat percentage, W3, W7, W14, and W21. 

Much research has been done to reveal the association between different DNA 

markers and growth and carcass traits in cattle. However, none of these researchers found 

a single genetic marker that is powerfiil enough to become a selection tool for growth, 

development and carcass traits in cattle. This is another point that should be considered, 

that the economicaUy important traits are not governed by single gene effect, but rather 

small effects fi^om several different genes work together for these traits. This explains that 

why there are not many associations between prolactin microsatellite genotypes and 

growth and carcass traits found in this study, and why not many individual genes have 

been identified that have very large effects on most economically important traits. Animals 

within and across breeds need to be continually studied where molecular genetic 

information is gathered in combination with economically important performance data. 

This small amount association between prolactin microsatellite genotypes and 

carcass trait found in this study can help us to understand the small effect of fiiture 

candidate genes for carcass, growth and development traits. 

Further study with more different breeds of cattle and different candidate genes 

such as, somatostatin, insulin-like growth factor 1 and 2 and their receptor, and growth 

hormone receptor, would be usefiil. Identification and characterization of the relationship 

between molecular genetic markers and candidate genes involved in growth and carcass 

traits will make marker-assisted selection possible for the livestock industry. 
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APPENDDC A 

ISOLATING WHITE BLOOD CELLS FROM WHOLE BLOOD* 

1. Centrifiige whole blood sample in 15 ml Coming tube at 3000 rpm for 10 minutes 

using a swing bucket rotor. 

2. Transfer leukocyte layer to an eppendorf tube. 

3. Add an equal amount of 2X Sucrose-Triton and store on ice for 5-10 minutes. 

4. Spin in microfiige at 8000 rpm for 5 minutes. 

5. Pour off supematant and suspend in 500 \i\ of saUne. 

6. Spin in a microfiige at 8000 rpm for 5 minutes. 

7. Let leukocyte peUet air dry for 5-10 minutes and freeze. 

* Adapted from Animal Genetics Laboratory, Department of Animal Science, Texas 
A&M University 

82 



APPENDDC B 

Genomic DNA purification protocol A"* 

1. Resuspend the white blood ceUs in 5 ml saUne-EDTA (digestion buffer). 

2. Add an additional 5 ml saline-EDTA and mix gently. 

3. Add 1 ml of 10% SDS and mix. 

4. Add 1 ml of 1 mg/ml proteinase K. 

5. Incubate 3 7°C for overnight. 

6. Tris-saturated phenol extraction (same volume). Centrifiige at 2200 x g (4000 rpm) 

for 20 - 30 minutes. 

7. PCI extraction. Centrifiige at 2200 x g for 15 minutes. 

8. Add 500 îl of 2 M KCl to DNA sample. 

9. CarefiiUy layer the 20 ml cold 95% ethanol on top of the aqueous sample. 

10. 'Spool' the DNA onto the tip of pasteur pipet. 

11. DNA air dry. 

12. Resuspend DNA in 200 nl TE buffer. 

* Maniatis et al., 1982. 
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APPENDIX C 

Genomic DNA purification protocol B* 

1 Pipet 200 \i\ of white blood ceUs into a 1.5 ml microfiige tube. 

2. Add 25 nl of Proteinase K stock sol. And 200 (1 of Buffer AL to the sample. 

3. Mix immediately by vortexing for 15 seconds. 

4. Incubate at 70°C for 10 minutes. Add 210 1̂ of 95% ethanol to the sample, mix by 

vortexing. 

5. Place a QIAamp spin column in a 2 ml coUection tube. 

6. CarefiiUy apply the mixture from microfiige tube to the spin column. Close the cap. 

7. Centrifiige at 6000 x g (or 8000 rpm) for 1 minute. 

8. Place the spin colunm in a clean 2 ml coUection tube. 

9. Add 500 îl of Buffer AW into spin column. Centrifiige at 6000 x g (or 8000 rpm) for 

1 minute. 

10. Place the spin column in a new, clean 2 ml collection tube. 

11. Add another 500 |xl of Buffer AW into spin column. Centrifiige at fiiU speed for 3 

minutes. 

12. Place the spin column in a clean 1.5 ml microfiige tube. 

13. Elute DNA with 200 îl of D.W. preheated to 70°C. Incubate at room temperature for 

1 minute then centrifiige at 6000 x g for I minute. 

QIAGEN, 1996 
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