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Introduction 
Traditional approaches of selection and crossbreeding 

have been effective for the genetic improvement of beef cat- 
tle and will continue to provide benefits. As statistical 
methodology, such as the mixed model approach to Best 
Linear Unbiased Prediction (BLUP), and computer technol- 
ogy have evolved, analyses of breed society data bases 
using sophisticated Animal and Reduced Animal models 
have provided estimates of expected progeny differences 
(EPDs) for identification of elite animals for growth and 
weight traits. For traits that are directly measurable in both 
sexes, sufficient data can be collected to allow cost- 
effective and reliable estimation of EPDs. However, carcass 
merit traits are not all directly measurable on animals con- 
sidered for selection. Hence, calculation of EPDs for these 
traits will require implementation of a progeny test design, 
for which strategic and economic constraints will limit the 
potential for genetic improvement. Progeny testing 
increases generation interval by increasing the age of tested 
sires when selected to enter artificial insemination (AI) pro- 
grams. The cost and difficulty of gathering carcass data 
reduces the number of sires tested (which reduces the 
intensity of sire selection) and also reduces the number of 
progeny per sire (which reduces accuracy of EPDs). The 
intensity of selection and accuracy (precision of estimation) 
of EPDs both influence the rate at which genetic improve- 
ments can be achieved and the cost effectiveness of these 
improvements. In view of the intrinsic difficulties of progeny 
testing for carcass merit traits, alternative approaches to 
genetic improvement must be evaluated. 

Historically, the beef industry has overfed cattle to 
increase dressing percent and USDA Quality Grade. In a 
functional value-based marketing system, the challenge to 
the producer will be to produce cattle of the desired quality 
without excess fat. Research is underway in a number of 
institutions to allow genetic improvement of the 24 million 
head of cattle fed per year. There is a critical need to pro- 
vide the genetic tools to allow the industry to respond to 
changing market signals of carcass value. Development of 
EPDs for carcass traits will be restricted for traits that can- 
not be measured on live animals, and progeny testing may 
be unable to provide the selection response necessary to 
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react to public concerns about diet/health or to implement a 
value-based marketing system. Marker-assisted selection 
offers the potential to identify the genetics for carcass merit 
and achieve the necessary genetic changes. This paper dis- 
cusses a strategy utilizing the most recent advances in mol- 
ecular genetics, by which the search for the genetics of car- 
cass merit can be accomplished. 

Genetic Approaches 
Molecular genetics is the study of individual gene struc- 

ture and function. The study of gene action at the molecular 
level has demonstrated that the bovine genome is comprised 
of a finite number of genes and that relatively few loci influ- 
ence many quantitative limits. If we consider 5 gene loci each 
with 3 different allelic forms of the gene, there are (ignoring 
linkage) a total of 7,776 possible genotypes. The number of 
different possible genotypes increases very rapidly as either 
the number of loci or alleles at each locus increases. Clearly, 
it is possible that very few genes may be responsible for the 
genetic differences observed among animals for some quan- 
titative traits. Such loci are referred to as quantitative trait loci 
(QTL). Variation in individual genes may be responsible for a 
relatively large fraction of the total genetic variance (additive 
and non-additive genetic variance combined). Such genes are 
termed major genes. The existence of major genes influenc- 
ing quantitative traits has been documented. Examples 
include the polled and recessive dwarf genes in cattle, the 
Booroola fecundity gene in Merino sheep and muscle hyper- 
trophy (double muscling) in cattle and pigs. 

One of the best examples of the existence of major 
genes that impact a quantitative trait is given by human 
serum cholesterol. Everyone is now aware that a great deal 
of variation exists for serum cholesterol and that this varia- 
tion may affect an individual’s risk for heart disease. This 
phenotypic variation has a significant genetic basis; 58% of 
the variation for serum cholesterol levels can be explained 
by genetic variation in the population (VJ, and 42% can be 
explained by environmental variation (Ve; Boerwinkle and 
Sing, 1987). Of the variation due to genes, 59% can be 
explained by a person’s genotype at three loci which encode 
apolipoproteins A IV, B and E (Talmud and Humphries, 1986; 
Boerwinkle and Sing, 1987). Over one-third of the phenotypic 
variation in human serum cholesterol is determined by only 
three genes. Furthermore, by knowing an individual’s geno- 
type for these loci, it is possible to determine the individual’s 
genetic propensity for high serum cholesterol and also the 
expected liability of their children. This is directly analogous 
to our use of EPDs to predict progeny performance. 
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Schematic representation of marker loci (M, and M2) bracketing a 
quantitative trait locus at a distance of 10 centimorgans. 

Detectable differences at the DNA level are called 
marker loci. The term "market" is used to infer that these 
genes or DNA sequences may be sufficiently closely linked 
(by proximity) to certain major genes, that the marker and 
major genes are inherited together as indicated in Figure 1. 
Historically, marker loci used by breeders and geneticists 
as selection aids were physiological and included coat color 
and polledness genes. These ideas are not new, and the 
use of visible markers to detect QTLs began in the 1920's 
(Sax, 1923). A major limitation of these early studies was 
the lack of sufficient numbers of variable markers to satu- 
rate the genomes of the target species. The detection of 
markers using Restriction Fragment Length Polymorphism 
(RFLP), Randomly Amplified Polymorphic DNA (RAPD) and 
DNA microsatellite techniques provides an additional suite 
of biochemically identifiable markers to allow the detection 
of major genes. 

Polymorphic genetic markers have been identified that 
explain significant amounts of phenotypic variation for 
quantitative characters in plants and animals. The most 
exhaustive studies reported are those by Paterson et al. 
(1990, 1991) who used a restriction fragment length poly- 
morphism (RFLP) map and data from interspecific crosses 
of tomato. Animal research has found significant marker 
genotype effects for serum cholesterol in humans (Boer- 
winkle and Sing, 1987; Boerwinkle et al., 1989), and for milk 
production (Cowan et at., 1990), post weaning growth and 

Table 1. Number of Chromosomes and 
Mapped Loci for a Sample of Species.a 

SDecies (Common name) 2N Mamed loci 
Homo sapiens (Human)b 46 4,831 
Mus musculus (Mouse) 40 2,502 
60s taurus (Cow) 60 140 
Sus scrofa domestica L. (Pig) 38 42 
Ovis aries (Sheep) 54 41 
Equus cabullus (Horse) 64 25 
aO'Brien (1 990) 
b2,235 loci had not been fully characterized at the time of publication 

carcass lean content (Beever et al., 1990), and Weaver dis- 
ease and polled (Georges et al., 1992a,b) in cattle. 

The major determinant of success in analyses of quanti- 
tative characters using marker genotypes is the number of 
detected genetic polymorphisms and their physical map 
locations. As of 1990, the bovine genetic map comprised 
160 identified genes and was the 3rd most complete map in 
existence (Womack, 1990; and Table 1). These genes have 
been assigned to syntenic groups (genes that reside on the 
same chromosome) representing all of the bovine chromo- 
somes and 12 of these syntenic groups have been specifi- 
cally identified by chromosome (X and Y sex chromosomes 
identified separately). Of these genes, 44 are known to have 
RFLP markers. RFLPs are commonly used genetic markers 
that require cloned segments of DNA as probes to identify 
markers in the region of the genome containing the clone. 
The 44 RFLPs known in cattle mark 16 of the 29 bovine 
autosomes and the sex chromosomes. Ten chromosomes 
are marked by at least two RFLPs and one chromosome by 
11 RFLPS. Microsatellite markers are now available in suffi- 
cient numbers (at least 233) to produce a saturated map of 
all bovine chromosomes (Georges et al, 1992a,b). 

Once DNA markers have been detected and their syn- 
teny and linkage relationships established, reverse genet- 
ics studies can be designed involving families of animals 
segregating for the trait of interest to identify economically 
important QTLs for marker-assisted selection schemes. The 
potential for success of such studies depends on: 

1) The degree of saturation of the marker map, which 
determines the likelihood of detecting a QTL through a) hav- 
ing a marker in the region where the gene resides, and b) 
the ability to detect the QTL depending on its magnitude of 
observable effect, 

2) The ability to use the marker to identify animals pos- 
sessing the desirable QTL allele so that selection errors are 
avoided, and 

3) The cost effectiveness of the technology over more con- 
ventional (and potentially lower cost) breeding technologies. 

It should now be apparent that gene mapping is a some- 
what nebulous term that is often used to encapsulate all 
areas of research focused on determining the relationship 
between differences at the genomic DNA with differences 
in the observed phenotype. In the remainder of this paper, 
we will focus on two components of gene mapping, namely, 
constructing linkage maps and localizing a gene to a posi- 
tion on a chromosome. These components are part of a 
research program at Texas A&M designed to identify genes 
associated with carcass quality traits in beef cattle. Our 
rationale for a molecular approach to this problem is based 
on the current inability of ultrasound technology to reliably 
identify differences in marbling and tenderness traits in cat- 
tle. This necessitates a progeny test as the only alternative 
for calculation of EPDs for these traits. The limitations in 
obtaining sufficient sires and progeny for high selection dif- 
ferentials and accuracies, coupled with the increase in gen- 
eration interval and high recurrent program maintenance 
cost, justifies the high initial cost of identifying gene mark- 
ers for these traits given the relatively low cost of subse- 
quent animal genotyping in a marker-assisted selection 
scheme. 
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Figure 2 
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Comparison of Human Chromosome 12 with bovine and mouse 
chromosomes. 
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Comparison of Human Chromosome 9 with bovine and mouse 
chromosomes. 

Assignment of Synteny and Linkage 
The localization of genes of large effect influencing eco- 

nomically important production traits for use in marker- 
assisted selection requires the development of highly satu- 
rated linkage maps. First, DNA markers are assigned to 
syntenic groups using a panel of rodent-bovine hybrid cell 
lines. Each line contains a complete set of rodent chromo- 
somes and a partial set of bovine chromosomes. Markers 
that hybridize to replicate lines within each somatic cell 
hybrid panel are denoted concordant, and assigned to a 
homologous syntenic group. Experience with bovine gene 
mapping indicates that correctly assigned syntenic genes 
are concordant at least 90% of the time, and nonsyntenic 
genes are concordant less than 50% of the time. In this 

manner, all detected markers may be assigned to syntenic 
groups, where a syntenic group defines an individual bovine 
chromosome. 

Due to the high degree of homology between mam- 
malian species, markers mapped in one species are very 
likely to map to others. Research at Texas A&M has docu- 
mented extensive conservation of synteny between humans 
and cattle (Womack and Moll, 1986). For example, the 
majority of the genes found on human chromosome twelve 
are found on bovine chromosome U3 (Figure 2). In addition, 
the majority of the genes found on human chromosome nine 
are found on bovine chromosome U18 (Figure 3), thus 
markers detected in human genetic research will probably 
also map to a bovine chromosome. 

All markers that lie on the same chromosome tend to be 
inherited together. The degree to which they are inherited 
together is determined by their physical separation, called 
the map distance and measured in centimorgans (cM). 
Linkage analysis is used to determine map distances 
among syntenic markers from recombination events among 
families of cattle segregating for both markers. The con- 
struction of a saturated linkage map of markers is critical 
to the use of gene mapping technology for identifying genes 
of effect large enough to be of use in marker-assisted selec- 
tion for the improvement of economic importance in cattle. 
By the term “saturated,” we mean that we have a sufficient 
number of evenly spaced markers distributed throughout the 
genome to allow the detection of economically important 
QTLs in planned breeding experiments. A commonly used 
term is a 20 cM (centimorgan) map, which would require 
about 180 evenly spaced markers. Such a map allows a high 
likelihood of detecting QTLs when marker genotypes are 
compared statistically against trait observations 

The development of a bovine syntenic map using RFLPs 
has progressed slowly due to the need for genes mapped in 
the human or mouse genomes or cDNAs for use as RFLP 
probes (Womack, 1990). The status of the bovine RFLP 
map is given in Table 2 and known RFLPs are in Table 3. 

Microsatellites were described by Weber and May (1 989) 
and define a new tool with enormous potential for rapidly 
screening genomes for DNA polymorphisms. The 
microsatellite technique amplifies DNA fragments using the 
polymerase chain reaction with oligonucleotide primers 
designed to amplify a region varying for e.g., a simple dinu- 
cleotide repeat. Microsatellites offer some advantages over 
RFLPs because the technique is quicker, safer and more 
cost efficient (Weber and May, 1989) and because the mark- 
ers tend to be very highly polymorphic. However, microsatel- 
lite markers are not as useful for comparative gene mapping, 
because the sequences detected are generally not con- 
served between distantly related species. This relatively new 
technology has been used to produce a saturated marker 
map of the bovine genome (Georges et al., 1992a,b) 

Localizing Genes to Specific 
Chromosomal Regions 

A saturated marker map is used to identify chromoso- 
mal segments associated with specific phenotypic differ- 
ences in segregating families. The practicality of this 
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Table 2. Bovine Gene Map. 
Svntenic Grom Chromosome Gene Locus 

u1 
u2 

5 
u3  

u4 
u5  
U6 
u7  
U8 
u9  

u10 

u11 
u12 
U13 
U14 
U15 

U16 
U17 

U18 
u19 
u20 

u21 
u22 
U23 
U24 
U25 
U26 
U27 
U28 
U29 
X 
Y 

21 
10 

18 

6 

8 

15 
23 

19 

14 

X 
Y 

PGD, ENO1, AT3, ABLL, REN 
SOD2, ME1, PGM3 
GAPD, LDHB, TPl1, PEPB, IFNG, A2M, INT1, 
HOX3, LALBA, KRAS2, GLI, PAH, NKNB, 
KRTB, GDH, LYS, PFKM, lGFl 
MPI, CYPllA, FES, IGH, D21S16 
PKM2, NP, HEXA, FOS, KRT8L1, B2M 
PGM1, AMY1 
LDHA, TYR 
MDH2, ASL, PRM, GUSB, HBAl 
GPI, DIA4 
SODl, EFREC, PRGS, PAlS, CRYAL, SST, APP 
ETS2, SlOOB, COL6A1, COL6A2, CBS, GAP43, 
PFKL, CD18, TF CP, SI 
ITPA, ADA, VIM, IL2R, SRC, HCK 
ACY1, RHO, GPXl 
HOXI, MET, COLlA2, ESD, IL6 
GSR, PLAT 
PGM2, PEPS, CASASl, CASAS2, CASB, 
CASK, ADH2, IGJ, EF 
ABL, ASS, AKI, GRP78, LGB, J, IGHML1 
IDH1, FN1, CRYG, VILl 
ACO1, IFNA1, IFNA2, IFNB, GSN, GGTB2, 
ALDOB, ALDH1, C5, ITIL, NEFM, NEFL, CLTLA2 
CAT, A, VM, HBB, CRYA2, FSHB 
GLO1, CYP21, BOLAA, BOLAB, BOLAD, PRL, 
TCP1, M, HSPAl, MUT 
GH, HOX2, KRTA 
AMH, SPARC, CLTLB 
ALDH2, IL2, IGL, FGB, FGG 
TG, MOS, CA2, MYC, CYPl lB 
CLTLA1 
GOT1 , CYP17A, ADRA2R 
POLR2 
MBP, YES1 

GGPD, HPRT, PGKl, GLA, F9, DMD 
DYZB, DYZ1 

approach has been demonstrated repeatedly. Edwards et 
al. (1987) used 25 variable genetic markers to search for 
QTLs affecting 82 traits of commercial importance in corn. 
They were able to locate QTLs for every trait of interest. In 
a subset of 25 traits examined in detail, 8% to 40% of the 
phenotypic variation could be explained by the markers, 
with individual markers explaining up to 16% of the phe- 
notypic variation. In combination, the markers explained 
30% of the variation in the trait of greatest economic import- 
ance; grain yield. Although the small percentage of vari- 
ance accounted for by a single marker may seem minor, 
each may actually be of great importance. For example, 
the ADH 1 locus explained only 3.5% of the variation in 
grain yield, yet the alternate homozygote classes differed, 
on average, by 20 gm per plant, roughly 16% of the aver- 
age grain yield. This reveals that genetic variation is a 
function of both gene effect and gene frequency. Desirable 

alleles, such as at the ADH 1 locus, may themselves be of 
large effect but contribute relatively little to total variation 
due to their low frequency. Such loci can contribute greatly 
to genetic improvement, since there is a large effect of a 
change in gene frequency on the genotypic mean when the 
desirable allele is at low frequency. 

Successful searches for QTLs with major effects are not 
limited to plants. Beever et al. (1990) used six polymorphic 
marker loci to look for genes of major effect in a large 
(n=146) half-sib family of Angus cattle. They detected mark- 
ers that had a significant effect on preweanling growth and 
lean muscle content. This study examined only a very small 
fraction of the bovine genome and suggests that an exhaus- 
tive survey should reveal numerous QTLs of economic 
importance. Rocha et al. (1 992) found associations between 
three RFLP alleles for growth hormone-Taq I that were 
associated with decreases in birth weight as a maternal 
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Table 3. Known Bovine RFLPs. 

111 

Svntenic GrOUD Gene Locus Enzvrne 
u 3  
u 3  
u 4  
u 4  
u 4  
u 5  

u10 
u10 
u10 
u10 
u10 
u10 
u10 
u10 
u10 
u10 
u10 
U13 
U15 
U15 
U15 
U15 
U16 
U17 
U17 
U18 
U18 
U18 
U18 
U18 
u19 
u19 
u19 
u20 
u20 
u20 
u 20 
u21 
u22 
u22 
U23 
U24 
U24 

U26 

LALBA 

IGHM 
IGHG4 
CYP11A 
B2M 
APP 
s1 OOB 
ETS2 
GAP43 
COL6A1 
COL6A2 
SOD1 
CD18 
CBS 
TF 
CP 
ESD(M) 
CASAS1 
CASAS2 
CAS6 
CASK 
LG B 
FN 
CRYG 
lFNAl(3) 
IFNA2(M) 
IFNB(2) 
GGBT2 
ALDH1 
CRY A2 
HBB 
PTH 
HSPAl (M) 
BOLAD( M) 
CYP21 
PRL 
GH 
SPARC 
PDEA 
IGL 
TG 
CYPl lB 

LYS(3) 

CYPl7A 

trait and calf shoulder width in Bos indicus and Bos taurus 
crossbred cattle. From our laboratory, Rohrer et al. (1991) 
screened DNA for RAPD markers from a sample of 50 
4-way cross goats that were screened biweekly for fecal 
Haemonchus contortus eggs (EPG), Coccidia oocysts 
(COC) per gram of feces and blood packed cell volume 
(PCV). Of the five different primers initially tested, one 
(AP9, sequence 5'-ACGGTACACT-3') produced easily 
repeatable polymorphic bands differing in length by approx- 

Eco RI, Hind Ill, Msp I, Taq I 
Eco RI 
Bam HI, Bgl ( I ,  Eco RI, Hind Ill 
Barn HI, Bgl II, Eco RI, Hind 111 
Hind 111, Msp I, Pvu II 
Eco RI 
Eco RI, Hind Ill, Msp I, Pst I, Taq I 
Bgl I I ,  Hind Ill, Msp I, Taq I 
Msp I, Taq I 
Hind Ill, Msp I, Taq I 
Bam HI 
Pst I 
Eco RI, Hind Ill, Msp I, Pst I, Taq I 
Taq I 
Eco RI, Taq I 
Hind Ill, Msp I ,  Pst I, Taq I 
Eco RI, Hind Ill, Taq I 
Bgl II 
Eco RI, Hind Ill, Msp I, Taq I 
Eco RI, Hind Ill 
Hind 111, Msp I, Taq I 
Hind Ill, Msp I, Taq I 
Eco RI, Hind 111, Msp I, Taq I 
Msp I, Taq I 
Eco RI 
Eco RI, Hind Ill 
Eco RI, Hind Ill 
Eco RI, Hind Ill 
Bgl 11, Taq I 
Hind Ill, Msp I 
Bam HI, Eco RI 
Hind 111 
Msp I 
Eco RI, Pst I, Pvu II, Taq I 
Barn HI, Eco RI, Pvu II, Taq I 
Pst I 
Barn HI, Eco RI, Msp I 
Barn HI, Bgl 11, Eco RI, Hind Ill, Msp I, Taq I 
Bgl II, Eco RI, Hind Ill 
Eco RI, Hind 111 
Bam HI, Bgl II, Eco RI, Hind Ill 
Bgl II, Eco RI, Pvu I I  
Bgl I, Bst E II, Eco RI, Hind Ill, Msp I, Pst I, 
Pvu II 
Bam HI, Bcl II, Bgl I, Bst E II, Hind Ill, Msp I, 
Pst I, Pvu II, Taq I 

imately 10 base pairs. Animals were scored for their geno- 
type at the AP9:905/AP9:915 locus, yielding 20 AP9:915 
homozygotes, 24 heterozygotes and 6 AP9:905 homozy- 
gotes, with corresponding allele frequencies of p = .64 for 
AP9:915 and q = .36 for AP9:905. Also, animals were 
scored for either the presence or absence of a band at a 
second polymorphic locus revealed by the same primer with 
an approximate length of 500 base pairs (AP9:500). Four- 
teen individuals displayed the band and 36 did not. Marker 
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loci were not linked (P < .05). Marker genotypes were 
included in mixed linear model analyses under an animal 
model (Henderson, 1984) to detect associations with phe- 
notype for resistance. Estimates of variance components 
were computed using restricted maximum likelihood proce- 
dures (REML) as described by Patterson and Thompson 
(1971). Genotype at the AP9:500 locus was associated with 
PCV (P < .Ol), with goats possessing the AP9:500 allele 
having a PCV 1.73% higher than homozygous individuals 
without this allele. Assuming no dominance at this locus, the 
distance between alternate homozygotes was ,903 pheno- 
typic SD for PCV, suggesting the presence of a quantitative 
trait locus (loci) of large effect segregating with this marker. 

The Angleton Project 

Texas A&M University and the Texas Agricultural Exper- 
iment Station have dedicated the Angleton Research Sta- 
tion and all of its cattle and technical resources to the devel- 
opment of a resource herd segregating for carcass merit 
traits. The Angleton Research Station has 218 Brahman x 
Hereford cows of breeding age that serve as recipients for a 
MOET program. This program is currently producing back- 
cross and F, embryos from F,, Brahman and Angus cattle. 
The mating scheme includes two replicates of all possible 
reciprocal crosses as follows: 

A d  X A*BQ 
A d  X B-AQ 
B d  X A*BQ 
B d  X B-AQ 

A*Bd X AQ 
A*Bd X BQ 
B - A d  X AQ 
B*Ad X BQ 

where A*BQ denotes an F, female, derived from mating an 
Angus sire to a Brahman cow. This design requires a mini- 
mum of 16 bulls and 16 donor cows. To maximize the poten- 
tial genetic information derived from the cross, we must 
also have access to tissue samples for DNA extraction and 
analysis from the purebred sires and dams of the F, par- 
ents used in the MOET project. To date, we have obtained 
the required 32 foundation animals for which we have 
access to tissue samples from purebred parents, with the 
collaboration of Texas breeders and the USDA MARC, Clay 
Center, Nebraska. Cows are implanted up to three times per 
breeding season to maximize the conception rate. 

Facilities available at Angleton allow for up to 200 calves 
per year. The average conception rate per transfer was 52% 
for 1991, and the overall conception rate was 70% with 109 
recipients (out of 156 spring calving recipients) carrying an 
embryo to term. Open cows are carried over to the next 
breeding season, or disposed of as necessary. The MOET 
program is currently designed to run for three years. This 
will result in the production of approximately 600 calves, 
with 32 families of approximately 20 full-sibs per family. The 
MOET program can be implemented for up to two additional 
years of matings in order to ensure that this number of 
calves, and additional F, families are produced. The result 
of the Angleton program will be a set of at least 32 large 
full-sib families from a carefully designed breeding program 
with genetic material available on all parents and grandpar- 
ents. While all progeny will be slaughtered, a DNA library 
will be maintained representing every animal involved in the 
breeding program, to allow for future analysis as new gene 

probes become available, and surplus embryos of each fam- 
ily will be stored to provide a resource for future studies. 
This program will provide a unique and highly valuable 
resource for the beef industry. The cost of generating this 
resource is estimated at more than 1.1 million dollars and 
will be borne by the National Live Stock and Meat Board, 
Texas A&M University and the Texas Agricultural Experi- 
ment Station. Currently there are 255 MOET progeny and 
confirmed pregnancies from the Angleton project distrib- 
uted as follows: A*Bd X AQ family 1 n=14, family 2 n=O, 
family 3 n=O, family 4 n=9; B*Ad X A? family 1 n= 11, fam- 
ily 2 n= 1, family 3 n=8, family 4 n=lO; A d  X A*B9 family 1 
n=O, family 2 n=5, family 3 n=9, family 4 n=21; B d  X A*BQ 
family 1 n=16, family 2 n=10, family 3 n=13, family 4 n=10; 
A d  X BOA? family 1 n=14, family 2 n=O, family 3 n=l ,  fam- 
ily 4 n=7; B d  X B*AQ family 1 n=12, family 2 n=4, family 3 
n=5, family 4 n=2; A*Bd X BQ family 1 n = l l ,  family 2 n=O, 
family 3 n=O, family 4 n=4; B*Ad X BQ family 1 n = l l ,  fam- 
ily 2 n=12, family 3 n=7, family 4 n=O; F2 family 1 n= 14, 
family 2 n= 16. 

The Angleton progeny will be recorded for structural, 
health, weight for age and growth characteristics. All prog- 
eny will be carried through feedlot and carcass evaluation 
stages. Animals will be individually fed, with slaughter after 
a 120-day feeding period. Rate of gain on test and feed con- 
version rates will be gathered on a subsample of individual 
animals. Carcass evaluation data will be obtained at slaugh- 
ter describing maturity, marbling, quality grade, yield grade, 
fat thickness, ribeye area, percentage kidney-pelvic-heart 
fat and carcass weight. Tissue samples will be brought to 
the Meats and Muscle Biology Laboratory at Texas A&M 
University for determination of extractable lipids, moisture 
content, protein content, collagen analysis, 9-1 0-11th rib dis- 
section, Warner-Bratzler shear force, descriptive sensory 
analysis (taste panel), fragmentation index, calcium depen- 
dent protease analysis, sarcomere length, fatty acid and 
cholesterol composition of longissimus dorsi, and stearyl coA 
desaturase and fatty acid elongase activity in longissimus 
dorsi. We will record the following measures for intermuscu- 
lar and subcutaneous adipose tissue: rates of incorporation 
of acetate, glucose, and palmitate; activity of ATP citrate 
lyase, malic enzyme, GGPDH, GPGDH, fatty acid binding 
protein, fatty acid elongase, and stearyl coA desaturase; 
fatty acid composition; cholesterol content; and cellularity. 
Once the carcass data are collected, we will test for associ- 
ations between carcass traits and molecular markers, using 
the same analytical strategy used to define the association 
between the AP9 markers and PCV in grants. 

Technology Transfer 
The molecular markers for specific genes of major effect 

will be made available to industry through the development 
of a series of tests which will determine individual animal 
genotypes from blood samples. These tests will determine 
which allelic form of the critical region that each animal pos- 
sesses. Since the magnitude of effect and mode of gene 
action will be determined by this study, evaluation of each 
genotype's predicted carcass merit and those of progeny 
produced by each genotype will be possible. 
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These tests will have numerous applications. AI sires can 
be genotyped and their EPDs (due to identified QTLS) for 
economically important traits determined. This will allow 
wide dissemination of high-quality germplasm in a short time 
frame. Most desirably, both sires and cows will be geno- 
typed. This will allow each producer to select the matings to 

optimize production characters in the progeny and will be 
particularly useful for bull producers who combine superior 
genetic attributes into each animal. Animals can be evalu- 
ated as soon after birth as is practical, thus a producer could 
test calves before they were weaned to determine which 
individuals to keep and which individuals to cull or castrate. 
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