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Summary Two half-sib families of backcross progeny were produced by mating F; Line 1 Hereford
(L1) x composite gene combination (CGC) bulls with L1 and CGC cows. Feed intake and
periodic weights were measured for 218 backcross progeny. These progenies were geno-
typed using 232 microsatellite markers that spanned the 29 BTA. Progeny from L1 and
CGC females was analysed separately using composite interval mapping to find quantitative
trait loci (QTL) affecting daily dry matter intake (DMI), average daily gain (ADG), feed
conversion (FCR) and residual feed intake (RFI). Results from both backcrosses were pooled
to find additional QTL. In the backcross to L1, QTL were detected for RFI and DMI on
BTA11, FCR on BTA16, and ADG on BTA9. In the backcross to CGC, QTL were detected for
RFI on BTA10, FCR on BTA12 and 16 and ADG on BTA15 and 17. After pooling, QTL were
detected for RFI on BTA 2, 6, 7, 10, 11, 13 and 16; for FCR on BTA 9, 12, 16, 17 and 21;

for ADG on BTA 9, 14, 15, 17; and for DMI on BTA 2, 5, 6, 9, 10, 11, 20 and 23.
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Improved efficiency of feed utilization should reduce cost of
beef production (Crews 2005). Selection based on ratio
measures of feed efficiency may cause undesired increases in
mature size and feed requirements (Archer et al. 1999).
Alternatively, residual feed intake (RFI; Koch et al. 1963)
has sufficient genetic variation for use as a selection tool
with little risk of increased cow size (Hoque et al. 2006;
Nkrumah et al. 2007a). Therefore, our objective was to find
QTL affecting measures of feed intake and associated mea-
sures of efficiency.

Data were obtained from 218 backcross progeny of two
F, Line 1 Hereford (L1) by composite gene combination
(CGC) composite bulls bred to L1 (N =120) and CGC
(N =98) cows previously described by MacNeil & Grosz
(2002). Animals were weighed twice at the beginning and
end of the test period in which feed intake was measured. As
a result of serial harvest for collection of carcass data, time
on feed varied from 82 to 167 days. Calves were individu-
ally fed a ration with 45% DM, 2.7 Mcal metabolizable
energy/kg DM and 11% crude protein using electronic
feeding gates (American Calan, Inc.).
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Feed conversion (FCR) was DMI/ADG, where DMI is the
average daily dry matter intake (kg/day) and ADG is the
average daily gain (kg/day) during the test period. Pheno-
typic RFI was calculated using multiple regression:

DMI = by + by x ADG + b, x WT + b3 x yearyggy
+ by x sex, + RFI
where WT is the average weight (kg) during test, year is the
year of birth (1996 or 1997), sex denotes steer or heifer, b,
is the intercept, b;—b, are the partial regression coefficients
and RFI is the residual assumedN(0, ogg).

Beyond the 229 microsatellites used previously (MacNeil
& Grosz 2002), three microsatellites were identified from the
USDA-MARC map (Kappes et al. 1997) to enhance coverage
of a QTL on BTA16. A new linkage map of BTA16 (Table 1)
was constructed using cri-map version 2.4 (Green et al.
1990). Markers (relative position) on BTA16 were: BM6430
(0.0), BMS1348 (4.1), BM121 (12.0), BM1311 (20.2),
BM9034 (31.6), BMS1907 (48.5), CSSMO028 (60.9),
BM719 (76.3), MB103 (86.2) and HUJ623 (90.3).

Within each backcross, QTL effects were identified by
composite interval mapping (CIM) using QTL cartographer
(Wang et al. 2007). Experiment-wise and chromosome-wise
significance thresholds were established by permutation
analysis (Churchill & Doerge 1994). Threshold levels were
chosen for type I error rates of 0.10, 0.05 and 0.01.
Empirical 95% confidence intervals were determined by
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Table 1 Quantitative trait loci detected in backcross progeny of Line 1
Hereford (L1) and CGC composite females by composite interval

mapping.

Trait Cross BTA Location (cM) LOD  Effect 95% ClI
RFI (kg/day) L1 11 23.0 4.0** -0.50 13-34
CGC 10 286 25" 0.34 17-39
FCR (kg/kg) L1 16 10.0 3.1** 21 0-124
CGC 12 77.8 2.7* 1.32 58-90
CGC 16 303 3.8%* 2.8 25-40.1
CGC 16 50.2 3.1** 32  49-56
ADG (kg) L1 9 21.0 3.0* -0.14 10-28
CGC 15 292 19%  —021 28-41
CGC 17 50.2 1.9* 0.58 46-64
DMI (kg/day) L1 11 231 27%  -048 6-33
CGC 16 402 25" -1.04 35-46

Effect measures substitution of an allele from L1 for one from CGC.
Chromosome-wise significance thresholds, #P < 0.10, *P < 0.05,
**P < 0.01

RFI, residual feed intake; QTL, feed conversion ratio; ADG, average
daily gain; DMI, daily dry matter intake.

identifying positions flanking the QTL peak with LOD score
two less than the maximum LOD. Results from CIM in both
backcrosses were pooled to identify QTL that were signifi-
cant across backcrosses by converting likelihood ratios to
P-values (Ott 1991). For LR <0.1, the P-values were set to
0.72 to remove bias from the distribution of the P-values

i (—ZIHPI)

which is distributed as y* with 2n degrees of freedom was
used as a test statistic (Province 2001). Correction for
multiple comparisons followed Cheverud (2001) and 95%
confidence intervals were estimated following Darvasi &
Soller (1997). Confidence intervals were wide, because of
marker spacing and number of observations.

Daily gain and feed intake averaged 1.11 kg/day (SD
0.36) and 8.37 kg/day (SD 0.68) respectively. Shown in
Table 1 are QTL detected from each backcross. The effect
indicates substitution of an allele from L1 for one from CGC.
The QTL affecting RFI differ from those of Nkrumah et al.
(2007b). However, the QTL affecting: FCR at 30.3 cM
on BTA 16, ADG on BTA17, and DMI on BTA11l were
co-located with QTL found by Nkrumah et al. (2007b).

Pooled results from both backcrosses considered jointly
are shown in Table 2. All QTL found previously within the
backcrosses remained significant. Additional QTL affecting
RFI were found on BTA 2, 6, 7 and 13. The additional QTL
affecting: RFI on BTA 2 and 7, FCR on BTA16 and 17, ADG
on BTA14 and 17, and DMI on BTAS5 and 11 validate those
reported by Nkrumabh et al. (2007b). Results from this study
also support the QTL affecting ADG found by Alexander
et al. (2007) on BTA9 and 17 and by Kneeland et al. (2004)
on BTA14. The QTL on BTA11 found here affecting RFI is

QTL affecting feed efficiency

Table 2 Quantitative trait loci detected pooling results from backcross
progenies of Line 1 Hereford (L1) and CGC composite females.

Bonferroni
Location  adjusted 95% Cl

Trait BTA (cM) P-value Effect  width (cM)
RFI (kg/day) 2 126 <0.01 031 52
55 <0.01 -0.24 79
7 93 <0.05 -0.27 55
10 31 <0.001 0.47 50
1M1 29 <0.001 -0.17 30
13 18 <0.05 0.10 81
16 43 <0.05 0.16 19
FCR (kg intake 9 25 <0.05 0.75 73
/kg gain) 12 73 <0.01 0.87 53
16 10 <0.01 -1.2 32
16 28 <0.001 1.9 24
16 50 <0.01 -1.7 23
17 32 <0.05 -0.17 71
21 62 <0.05 030 64
ADG (kg) 9 17 <0.01 -0.10 45
14 20 <0.05 0.01 94
15 29 <0.05 -0.11 88
17 20 <0.01 0.01 58
DMI (kg/day) 2 126 <0.001 -0.33 45
5 14 <0.01 -0.01 68
6 81 <0.05 -0.13 63
9 42 <0.001 -0.38 34
10 35 <0.05 025 73
11 18 <0.05 -0.24 46
16 37 <0.01 034 17
20 25 <0.05 024 70
23 44 <0.05 0.08 77

RFI, residual feed intake; FCR, feed conversion ratio; ADG, average
daily gain; DMI, daily dry matter intake.
Effect measures substitution of an allele from L1 for one from CGC.

also supported by Sherman et al. (2009). The lack of further
agreement between studies may point to either population
specific differences in segregation or experimental differ-
ences in protocol that lead to differences among conceptu-
ally similar phenotypes.

Acknowledgements

We thank K. Meidinger and H. Stroh for work in the labo-
ratory. Reference to any commercial product or service is
made understanding that no discrimination is intended and
no endorsement implied by U.S. Department of Agriculture
(USDA) or the authors. The USDA prohibits discrimination
in all its programmes and activities on the basis of race,
colour, national origin, age, disability, sex, marital status,
familial status, parental status, religion, sexual orientation,
genetic information, political beliefs, reprisal, or because all
or part of an individual’s income is derived from any public
assistance programme. USDA is an equal opportunity
employer.

Published 2009. This article is a US Government work and is in the public domain in the USA,
Journal compilation © 2009 Stichting International Foundation for Animal Genetics, Animal Genetics, 40, 986-988



988

Marquez et al.

References

Alexander L.J., Geary T.W., Snelling W.M. & MacNeil M.D. (2007)
Quantitative trait loci with additive effects on growth and carcass
traits in a Wagyu—Limousin F, population. Animal Genetics 38,
413-6.

Archer J.A., Richardson E.C., Herd R.M. & Arthur P.F. (1999) Po-
tential for selection to improve efficiency of feed use in beef cattle:
a review. Australian Journal of Agricultural Research 50, 147-61.

Cheverud J.M. (2001) A simple correction of multiple comparisons
in interval mapping. Heredity 87, 52-8.

Churchill G.A. & Doerge R.W. (1994 ) Empirical threshold values for
quantitative trait mapping. Genetics 138, 963-71.

Crews D.H. (2005) Genetics of efficient feed utilization and national
cattle evaluation: a review. Genetics and Molecular Research 4,
152-65.

Darvasi A. & Soller M. (1997) A simple method to calculate
resolving power and confidence interval of QTL map location.
Behavior Genetics 27, 125-31.

Green P., Falls K. & Crooke S. (1990) Documentation for cri-map. Ver
2.4. Washington School of Medicine, St Louis, MO.

Hoque M., Arthur P., Hiramoto K. & Oikawa T. (2006) Genetic
relationship between different measures of feed efficiency and its
component traits in Japanese black (Wagyu) bulls. Livestock
Production Science 99, 111-8.

Kappes S.M., Keele ].W., Stone R.T., McGraw R.A., Sonstegard T.S.,
Smith T.P., Lopez-Corrales N.L. & Beattie C.W. (1997) A second-
generation linkage map of the bovine genome. Genome Research
7, 235-49.

Kneeland J., Li C., Basarab J., Snelling W.M., Benkel B., Murdoch B.,
Hansen C. & Moore S.S. (2004) Identification and fine mapping of

quantitative trait loci for growth traits on bovine chromosomes 2,
6, 14, 19, 21, and 23 within one commercial line of Bos taurus.
Journal of Animal Science 82, 3405-14.

Koch R.M., Swiger L.A., Chambers D. & Gregory K.E. (1963) Effi-
ciency of feed use in beef cattle. Journal of Animal Science 22, 486—
94.

MacNeil M.D. & Grosz M.D. (2002) Genome-wide scans for QTL
affecting carcass traits in Hereford x composite double backcross
populations. Journal of Animal Science 80, 2316—24.

Nkrumah J.D., Basarab J.A., Wang Z., Li C., Price M.A., Okine E.K.,
Crews D.H.J. & Moore S.S. (2007a) Genetic and phenotypic
relationships of feed intake and measures of efficiency with
growth and carcass merit of beef cattle. Journal of Animal Science
85, 2711-20.

Nkrumah ].D., Sherman E.L., Li C., Marques E., Crews D.H.]J.,
Bartusiak R., Murdoch B., Wang Z., Basarab ]J.A. & Moore S.S.
(2007b) Primary genome scan to identify putative quantitative
trait loci for feedlot growth rate, feed intake, and feed efficiency of
beef cattle. Journal of Animal Science 85, 3170-81.

Ott J. (1991) Analysis of Human Genetic Linkage. John’s Hopkins
University Press, Baltimore, MD.

Province M.A. (2001) The significance of not finding a gene.
American Journal of Human Genetics 69, 660-3.

Sherman E.L., Nkrumah J.D., Li C., Bartusiak R., Murdoch B. &
Moore S.S. (2009) Fine mapping quantitative trait loci for feed
intake and feed efficiency in beef cattle. Journal of Animal Science
87, 37-45.

Wang S., Basten C.J. & Zeng Z.-B. (2007) Windows QTL cartographer
2.5. Department of Statistics, North Carolina State University,
Raleigh, NC. (http://statgen.ncsu.edu/qtlcart/ WQTLCart.htm).

Published 2009. This article is a US Government work and is in the public domain in the USA,
Journal compilation © 2009 Stichting International Foundation for Animal Genetics, Animal Genetics, 40, 986-988



Copyright of Animal Genetics is the property of Blackwell Publishing Limited and its content may
not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's
express written permission. However, users may print, download, or email articles for individual
use.



