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MARKERS ON BOVINE CHROMOSOME
20 ASSOCIATED WITH CARCASS QUALITY
AND COMPOSITION TRAITS AND INCIDENCE
OF CONTRACTING INFECTIOUS BOVINE
KERATOCONJUNCTIVITIS

M. D. Garcia1, L. Matukumalli2, T. L. Wheeler1,
S. D. Shackelford1, T. P. L. Smith1, and E. Casas1
1USDA, ARS, U.S. Meat Animal Research Center, Clay Center,
Nebraska, USA
2USDA, ARS, Beltsville Animal Research Center, Bovine Functional
Genomics Laboratory, Beltsville, Maryland, USA

The objective of this study was to use single nucleotide polymorphisms (SNP) located on

bovine chromosome 20 to fine map a previously identified QTL associated with the incidence

of infectious bovine keratoconjunctivitis (IBK). Crossbred steers (GPE 7; n¼ 539) derived

from sires of 7 Bos taurus breeds and having veterinary records related to IBK were used to

test the association of a total of 105 SNP located under the most relevant region of the QTL.

Five SNP were significantly associated with IBK (P< 0.05), as animals inheriting differing

genotypes from individual SNP exhibited significantly different incidence rates of IBK. The

population also had numerous other phenotypes, supporting evaluation of association of the

105 markers with carcass traits to identify potential antagonistic effects of implementing a

marker-assisted selection program for IBK susceptibility. An association of 2 SNP for

marbling and tenderness was identified, along with 3 SNP associated with the percentage of

carcasses classified as choice. Four SNP were significantly associated with fat yield, 2 SNP

with longissimus muscle area, and 2 additional SNP with dressing percentage. The association

of these markers indicates that the evaluated QTL region may, in fact, harbor the causative

mutations responsible for the variation observed in IBK susceptibility and carcass quality

and composition traits. Thus, further evaluation of SNP in this region is necessary in order

to identify mutations accounting for the largest degree of variation for IBK and carcass traits.

Keywords: Beef cattle; Carcass traits; Health; Pinkeye; Selection

INTRODUCTION

Although selection for disease resistance is an attractive alternative to prevent
or reduce monetary losses associated with disease, undesirable genetic relationships
may exist. In dairy cattle, selection for increased milk yield has been associated with
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decreased levels of fertility.1 The phenotypic and genotypic associations between
health and production traits have only recently been evaluated.2 However, prior
to incorporating health traits into selection indices, it is important to understand
the antagonistic relationships that may exist between health and production traits.

Infectious bovine keratoconjunctivitis (IBK) is an economically relevant
disease in cattle. Initial genetic studies indicate IBK has a genetic component,
although heritability estimates are generally low, ranging from 0.00 to 0.28.3 A
QTL has been reported on bovine chromosome 20 that may harbor genes associated
with the probability of contracting IBK.4,5

MATERIALS AND METHODS

A total of 539 F1 crossbred steers of Bos taurus decent (Angus, Hereford,
Gelbvieh, Simmental, Charolais, Limousin, and Red Angus) comprising Cycle 7 of
the Germplasm Evaluation project (GPE 7);6 and were used to assess the association
of SNP on BTA20 with IBK and carcass traits. The population was born in 1999 and
2000, with steers harvested in 2000 and 2001. Approximately 10% of the population
was treated for pinkeye (n¼ 57). Carcass traits included hot carcass weight (kg),
adjusted fat thickness (cm), longissimus muscle area (cm), yield grade, percentage
of animals classified as choice, dressing percentage, estimated kidney, pelvic, and
heart fat, marbling score, meat tenderness, and retail, fat, and bone yield.

Calves were monitored daily by a staff veterinarian, as well as the beef cattle
research technicians. Diagnosis was determined by physical examination after
expression of symptoms was noted. Records included unilateral and bilateral
frequency, but severity of infection was not recorded. Infection was recorded as a
binary trait with animals that were treated for pinkeye coded as 1 and unaffected
animals as 0. Animals that presented symptoms of IBK at least once in their lifetimes
were coded as treated.

Single nucleotide polymorphism markers utilized in the current study have been
previously reported.7 Single nucleotide polymorphisms selected on chromosome 20
(supplementary Tables 1a–1d) were within a 10 megabase (Mb) region, either 5Mb
upstream or downstream from the highest F-statistic of the IBK QTL region.4

Genotyping was performed using a mass spectrometry-based analysis of the extension
products on a MassArray system as suggested by Sequenom Inc. (San Diego, CA).

The GPE 7 population was analyzed using the Mixed Model procedure of SAS
(SAS Inst., Cary, NC) with pinkeye or fat related carcass traits treated as dependent
variables. The model included fixed effects of sire line, dam line, the interaction
between sire line and dam line, year of birth, slaughter group within year, and
BTA20 marker genotype. Weaning age was included as a linear covariate. Sire
was included in the model as a random effect nested within sire line. Statistical
analyses were conducted using similar methods reported in previous studies.8

RESULTS

Five SNP were significantly associated with incidence of IBK (Table 1).
Animals inheriting the minor allele genotype or the heterozygous genotype for
marker BFGL-NGS-107368 were similar in their levels of IBK incidence, but had
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a significantly (P< 0.05) higher incidence of IBK than animals that inherited the
major allele genotype. Animals that were homozygous for the minor allele genotype
for markers BTA-51496-no-rs and BTB-01950117 had significantly different
(P< 0.05) levels of IBK incidence than animals that inherited either the heterozygous
genotype or the homozygous major allele genotype who were similar in their levels of
IBK incidence. Furthermore, animals inheriting the homozygous minor allele geno-
types from markers BFGL-NGA-92754 and rs17870710 were not significantly differ-
ent in their levels of IBK incidence from animals inheriting the heterozygous or
major allele genotypes. However, animals inheriting the heterozygous genotypes
from these 2 markers had significantly lower rates of infection with IBK than
animals inheriting the major allele genotype.

Ten unique SNP were significantly associated with carcass quality and compo-
sition, and 3 SNP were significantly associated with multiple traits (Table 2). The
traits identified as being significantly associated with SNP included percentage of
animals classified as choice, marbling score, dressing percent, fat yield LM area,
and shear force measurements.

Animals inheriting the homozygous minor allele genotype from 7 markers had
higher levels of performance for multiple carcass traits. Animals that were homo-
zygous for the minor allele genotype had a higher percentage of animals classified
as choice (BTA-51461-no-rs BTB-00775721), had a higher degree of marbling
(BTA-51461-no-rs), higher dressing percentage (rs42819483_K, Hapmap29398-
BTA-134941), higher fat yields (BFGL-NGS-47410, BTB-00774515), and lower
shear force measurements (rs17870710_R1), indicating more tender meat (Table 2).
Animals that were heterozygous for 4 of these markers (BTA-51461-no-rs,
rs17870710_R1, BTB-00774515, Hapmap29398-BTA-134941) had lower levels of
performance than the animals that inherited the homozygous minor allele genotypes
but were similar to animals that had inherited the homozygous major allele genotype
(Table 2). Animals inheriting the heterozygous genotype for 4 markers (BTB-
00775721, rs42819483_K, BFGL-NGS-47410, BFGL-NGS-76487) had performance
levels that were similar to their homozygous minor allele counterparts (Table 2).
However, inheritance of the major allele genotype resulted in higher levels of per-
formance in some instances. Inheritance of the major allele resulted in an increase
of performance for the following traits, percentage of animals classified as choice,
fat yield and LM area. However, the 2 SNP (BTB-00772611 and BTB-00770178,
respectively) that accounted for this affect lacked individuals that inherited the
minor allele genotype.

DISCUSSION

The importance of evaluating marker associations for multiple traits in
putative QTL regions is necessary as previously observed,9 that intensive selection
for individual markers or traits can be antagonistic to other important traits.
Furthermore, it was important that carcass trait association studies were conducted
as previous studies10,11 have identified QTL associated with carcass yield and quality
traits located near or in the current region of interest. The hypothesis that markers in
a proposed animal health QTL region could be significantly associated with other
unrelated traits was further validated in the current study with the discovery of

192 M. D. GARCIA ET AL.

D
ow

nl
oa

de
d 

by
 [

N
at

io
na

l A
gr

ic
ul

tu
ra

l L
ib

ra
ry

] 
at

 1
0:

58
 2

2 
Ju

ly
 2

01
1 



multiple markers associated with both IBK and fat related carcass traits. The
concept that a single marker could be associated with more than a single trait was
also observed. When evaluating the marker BTA-51461-no-rs, a significant
association was reported for Marbling and a trend observed for IBK.

Subsequently, it could be concluded from the data presented herein that
selection for alleles associated with IBKmay, in fact, affect carcass traits as these mar-
kers may be closely linked. However, the advent of large SNP libraries creates a
dilemma for this and future SNP association studies. Presently, there are >2,000
reported SNP residing in the presently evaluated QTL region utilized in this study.
Identification of specific markers that are in coding regions or residing on candidates
of known physiological function would allow future studies a more accurate method-
ology to conduct association analyses in this QTL region. The validation of the cur-
rently presented SNP in other populations and a greater number of SNP overall in
this region is necessary to properly understand the physiological effects and properly
select animals for increased disease resistance without detriment to performance. The
ultimate goal of this type of research is to generate information about molecular mar-
kers that could be utilized in marker assisted selection programs. The identification of
the causative mutations accounting for the largest amount of variability for these
traits would not only allow for increased accuracy of selection but would also allow
for focused genotyping of markers essential for selection of a specific trait. Thus,
continued evaluation of this region and the markers contained within must be further
evaluated prior to being implemented into a marker assisted selection program.
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