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Summary

This study aimed at validating QTLs associated with intramuscular fat (IMF,84), Warner-
Blatzer shear force (SF,157), flavour (FLA,24), tenderness (TEND,56), and colour (COL,78),
in the muscles Psoas major (PM) and Flexor digitorum (FD), for the local breed cattle
Avileña-Negra Ibérica (ANI). The QTLs were previously described in other breeds, and they
were downloaded from the Animal Genome database. Those QTLs were previously found in
other breeds.. The meat quality measures came from 397 ANI calves, which were also
genotyped with the Illumina Bovine SNP50 chip. A Genome Wide Association study
(GWAS) was carried out with the QXpak v.5.05 software with the SNPs contained in QTLs
regions. After the GWAS, relevant SNPs were selected if the false discovery rate (FDR) was a
threshold of 0.10. Overall, 33 QTLs were validated, 3 for COL, 14 for TEND, 11 for SF and
8 for IMF, being in common 6 of them in TEND and SF. In BTA 26, QTLs were validated
for all the traits. There was some overlapping between all of them. The overlapping region
contained the SCD gene that codes for stearoyl-CoA desaturase (delta-9- desaturase), a key
enzyme in the synthesis of mono-unsaturated fatty acids. These results provide more
evidences about existing QTLs, indicating some overlapping among them and suggest the
existence of pleiotropic effects between meat quality characters.
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Introduction

Meat quality is of great interest in beef production to generate an added value to the
final product. Moreover, in some local cattle breeds, such as Avileña-Negra Ibérica (ANI),
whose carcass conformation is worse than that of specialized breeds, meat quality is of
particular interest because the price paid by a recognize higher quality somehow balances out
the differential in meat yield (Martín-Collado et al., 2014). In a consumers study, tenderness,
juiciness and flavour were identified as the most relevant traits to define meat quality in this
breed (Martín-Collado et al., 2012). Intramuscular fat content is another key trait for meat
quality since it is related with flavour and sometimes has been also related with tenderness
(Hocquette et al., 2010), because the correlation with the last one sometimes is quite
controversial. Finally, colour represents an important element of the consumer's perception of
a meat cut (Sawyer et al., 2009), particularly when the objective is to bring new consumers to
a product. Meat quality measures are expensive to obtain in selection programs and, hence,
good candidates to benefit from genomic and marker assisted selection. Since the early 90’s,
there has been an intense search of QTLs related to beef quality traits
(http://www.animalgenome.org). The search of QTLs for meat quality has been done in a
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variety of beef breeds and/or crosses. Many, if not all, experiments are characterized by their
limited size, partially because meat quality determinations and genotyping are costly. Results
from independent populations that point at QTLs discovered in other studies provide evidence
of a consensus relevance to multiple populations (De at al., 2014) and, hence, a validation of
the proposed QTLs. These regions have been defined in many studies by using microsatellite
markers, with a relatively low density that has resulted in extremely wide QTLs regions
where identification of causal mutations is difficult (Boichard et al., 2016), and, more
recently using SNP type markers.

The objective of this work was to validate QTLs relative to meat quality traits
previously described in a number of beef cattle breeds. To do so, we use a dense SNP panel of
markers and meat quality phenotypes of the ANI breed.

Material and methods

Phenotypes and genotypes

Meat quality information from 397 male calves of ANI breed was available in this
study. These animals were fattened in commercial feedlots during a period of 196 ± 45 days,
after weaning with the age of 228 ± 54 days, with a daily gain of 1.31 ± 0.23 kg/day. After
this period, animals went to the slaughterhouse with 503 ± 39 kg and 425 ± 51 days old.
Samples of two muscles, Psoas major (PM) and Flexor digitorum (FD), were taken 24 hours
after the carcasses were chilled. One part of the samples was vacuum-packed and kept 7 days
at 4ºC for maturing and then stored at -20 ± 2ºC until laboratory analyses and panel tasting
were performed. To obtain the meat quality measurements, the samples were thawed
overnight at 4º ± 1ºC. The traits measured in the laboratory were intramuscular fat (IMF) and
Warner-Blatzer shear force (SF). The sensorial traits were flavour (FLA) tenderness (TEND),
and colour (COL). Summary statistics for these traits appear in Table 1.

Another part of the samples taken at the slaughter-house were stored at -80ºC and later
used to genotype. Standard methods were applied to extract DNA and then to genotype with
the Illumina BeadChip BovineSNP50. SNPs were mapped to the UMD3.1 assembly.

Table 1. Number of samples (N) and summary statistics for the traits analyzed in the two
muscles Flexor digitorum (FD) and Psoas major (PM).

Source
Instrumental Organoleptic (score from 1 to 7)

Muscle
.

IMF
N (Mean ± Sd)

SF
N (Mean ± Sd)

COL
N (Mean ± Sd)

FLA
N (Mean ± Sd)

TEND
N (Mean ±

Sd)
FD 391 2.76±1.38 357 6.53±3.25 394 4.13±1.25 394 3.99±1.18 394 3.49±1.40
PM 390 1.13±0.81 351 7.86±4.70 393 3.76±1.33 393 5.28±1.06 393 5.68±1.18

IMF: Intramuscular fat, SF: Shear force, FLA: Flavour, TEND: Tenderness, COL: Colour, Sd: standard deviation.

Known QTLs regions associated to meat quality traits

The bovine QTLs database from Animal Genome Project (www.animalgenome.org)
was downloaded in the UMD3.1 ensemble format, and the QTLs were classified based on
type of marker (SNP or microsatellite (Micro)) and its associated trait. Thus, for IMF there
were 84 QTLs (11 Micro, 73 SNPs), for SF 157 (17,142), for COL 78 (24, 54), for FLA 24
(18, 6) and for TEND 56 (20, 36). The number of SNPs in the genotypes of the
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BovineSNP50 chip contained within these QTLs regions was 2481, 3720, 353, 2267 and
2629 for IMF, SF, COL, FLA and TEND respectively.

Table 2. Validated QTLs by trait and chromosome in the two muscles studied.

Trait Chromosome Nº SNP Muscle QTLs Identification Type of marker

COL 5 1 FD 9929 Microsatellite
26 2 FD 13078;13079;13080;13081;13082

TEND

1 1 PM 20757 SNP
5 4 1365

Microsatellite
7

1 FD
4876;4877

1

PM

1 20768
SNP8 1 20773

14 1 20793

15
1 1298 Microsatellite
3 20795 SNP

20
4 1340;1341

Microsatellite
1 1341
1 20811

SNP
26

3 20824
1 20823

SF 

4 1 2545 Microsatellite

7 3 20766 SNP
1 4876;4877 Microsatellite

8
1 FD

20773
SNP4

PM
1 20772

11 2 4828
Microsatellite

20 1 1341
26 1 20821; 20822; 20823;20824 SNP

IMF

1 33 FD 4819 Microsatellite
3 PM

3 1
FD

15238

SNP

4 2 15239;15240

5

29
22864

3 PM
23 FD

22866
9 PM

14 2

FD

11486;12029 Microsatellite
16 2 15260 SNP

19
12 1394 Microsatellite
30 22873 SNP

22
14

4844
Microsatellite

1 PM

26
6 FD

13083
1 PM

COL:Colour, TEND:Tenderness, SF:Shear force, IMF:Intramuscular fat, FD:Flexor digitorum, PM:Psoas major.

Genome-Wide Association Analysis

For the Genome Wide Association studies (GWAS), QXPack version 5.05 (Pérez-
Enciso and Misztal, 2011) was used. Models were as follows:
y ijkl(mn)opqr= FedYi + LFcj + SAgk + SSel +Shm + (SPan + Pano) + gSNPp + aq + er (1) ,
where y = meat quality phenotype, FedYi = year and feedlot, LFcj = length of fattening
period, SAgk = slaughter age, SSel = slaughter season and Shm = slaughterhouse, For sensory
traits, session, Spann= panel session (only for sensory traits), Pano= panelist (only for sensory
traits),gSNPp = marker, aq = polygenic effect and er = residual. To estimate the polygenic
effect, a genomic coancestry matrix was calculated with PLINK software (Purcell et al. 2007)
and incorporated to the analysis. Univariate models were run for each trait in each muscle.
For TEND and SF, set of markers were joined.
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To select relevant SNPs, a threshold of 0.10 to the false discovery rate (FDR) was
chosen. FDR was calculated as n*P/k, where n is the total number of SNPs in the analysis, P
is the p-value and k is the number of markers whose values are below the p-value threshold.

Results and discussion

The number of SNPs fulfilling the FDR criterion varied according to trait and muscle.
Thus, for COL, 3 SNPs were identified only in FD; for TEND, 1 in FD and 21 in PM, for SF,
1 in FD and 13 in PM, for IMF, 147 in FD and 18 in PM. For FLA, no SNP was found bellow
the FDR threshold. These SNPs were contained in 39 QTLs, 5 for COL, 14 for TEND, 12 for
SF and 14for IMF. There were 6 QTLs in common between TEND and SF, with the
following QTL_ID, 4876, 4877, 20773, 1341, 20823 and 20824 (Table 2).

There were several QTLs in BTA26 associated to the studied traits. QTLs 13078,
13079, 13080, 13081, 13082 and 13083 covering a region from 20.33 to 25.49 Mb were
associated to COL and IMF. This region contains the SCD gene that codes for the stearoyl-
CoA desaturase (delta-9-desaturase) in Bos taurus. This enzyme plays an important role in the
desaturation of fatty acids. Reardon et al. (2010) found associations between COL and IMF
content in two muscles, L.thoracis et lumborum and M.semimembranosus, suggesting that the
relationship between these two traits may be due the susceptibility to oxidation caused by the
mono-unsaturated fatty acids content. The QTLs 20823 and 20824, associated to TEN and SF,
contained the previously mentioned QTLs as well as the SCD gene. Therefore, these results
provide more evidences about the implication of these QTLs in meat quality traits, indicate
overlapping between existing QTLs and suggest the existence of pleiotropic effects between
meat quality characters.
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