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Abstract

Background

Consuming moderate amounts of lean red meat as part of a balarncedugibly contribute
to intakes of essential nutrients. In this study, we merged phenotyplcgenotypi
information to characterize the variation in lipid profile and sengmsameters and
represent the diversity among 15 cattle populations. Correlations dretfa¢ content,
organoleptic characteristics and lipid profiles were also investigated.
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Methods

A sample of 436 largely unrelated purebred bulls belonging to 15 breddsared under
comparable management conditions was analyzed. Phenotypic data -in¢aidess score
fat percentage, individual fatty acids (FA) profiles and sensanelptests- and genotyf
information from 11 polymorphisms was used.
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Results

The correlation coefficients between muscle total lipid measmamand absolute Vs.
relative amounts of polyunsaturated FA (PUFA) were in oppositetdins. Increasing
carcass fat leads to an increasing amount of FAs in triglierbut at the same time the
relative amount of PUFAs is decreasing, which is in concordante twe negative
correlation obtained here between the percentage of PUFA and sunemants, as well as
the weaker correlation between total phospholipids and total lipidlenasntent compargd
with neutral lipids. Concerning organoleptic characteristicsggative correlation betwee
flavour scores and the percentage of total PUFA, particularly téracon, was found. The
correlation between juiciness and texture is higher than with flaa@ares. The distributign
of SNPs plotted by principal components analysis (PCA) maitilgcte their known trait
associations, although influenced by their specific breed allele frequencies

Conclusions

The results presented here help to understand the phenotypic and gebatkgoound
underlying variations in FA composition and sensory parameters éetreeds. The wide
range of traits and breeds studied, along with the genotypic informan polymorphism
previously associated with different lipid traits, provide a broadacherization of beef meat,
which allows giving a better response to the variety of consurpee$érences. Also, the
development and implementation of low-density SNP panels with predictitee for
economically important traits, such as those summarized herebenaysed to improve
production efficiency and meat quality in the beef industry.

[72)
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Background

Cattle meat provides several nutrients necessary for a bdlagiee and for health
preservation, especially high value proteins, minerals, B-conwilexins and essential fatty
acids (FA), and also can have an important role as a dietaryesafume3 FA and conjugated
linoleic acids (CLA) [1,2]. A number of epidemiological studies haseociated red meat
consumption with increased disease risks [3-5], whereas other authdrsytdhe beneficial
effects of the moderate consumption of unprocessed red meat -lotershblesterol, LDL
cholesterol and triglycerides (TG) [6,7], as well as blood preg8iirelowever, the isolation
of the effects of red meat alone is difficult to accompli2@h Moreover, the level of
intramuscular fat content and FA composition are among the maordat#termining meat
palatability and consumers satisfaction [9]. Muscle lipid charstics determine meat
flavour and lipid oxidation, which contributes to beef colour, and can $momsible for
abnormal odours, and influences the juiciness and tenderness of me&tdiu@jer, meat
quality traits are very complex, involve many genes and aaglgrinfluenced by a variety of
environmental factors, such as diet sex, season, age, etc. [11].df&oudt and expensive
to measure [12], they are usually not included in selection progoased on phenotypic
performance, and difficult application of traditional selection methaslsvell as the state-of-
the-art Genomic Selection (GS) [13].

An alternative approach is to identify genes with an effectabwomposition and include
these in selection objectives. Thanks to the genomic revolution of shdepayears, more
information and technology are available that can be used to improveqoeddy. Many
studies have identified QTL involved in meat quality related traitdeef cattle (e.g.
[14,15]); however, the dissection of these QTL has not identified igareatants explaining
a large portion of phenotypic variance [16]. More recently, singldeotide polymorphisms
(SNP) within candidate genes have been tested for predictive faalwarcass traits, and
some commercial tests to genotype animals based on SNP markky @& being proposed
to breeders (see the review in [17]). The significant progrestenm characterizing changes
in tissue FA composition to diet, feeding system and genotype, highligltpotential for
further progress to be made through genomic or marker-assistetiosele livestock and the
formulation of diets to exploit the genetic potential [18]. Nevéetdge the full development
of these technologies greatly depends on the precise identificafi the genes and
polymorphisms that have a measurable effect on muscle physiagldgynameat quality, and
the validation of their effects on different breeds.

In this study, we merged phenotypic and genotypic information [19-21] raathaze the
variation in lipid profile and sensory parametersLohgissimus thoracisnuscle and to
represent the diversity among 15 cattle populations, reared under aebieparanagement
conditions. Correlations between fat content, organoleptic charéiceersd lipid profiles
were also investigated.

Methods

Animals and feed system

A total of 436 muscle samples from unrelated bulls belonging to 15p&amocattle breeds
were studied in the frame of the GeMQual (EC QLK5 — CT2000-0147) Eamgpeject and
genotyped. The breeds included specialized beef breeds, dairy brektx;aieef breeds.



The whole sample included 31 Jersey (JER), 27 South Devon (SD), 30 Abé&mudges

(AA), and 29 Highland (HIG) from United Kingdom; 29 Holstein (HORQ Danish Red
(DR), and 20 Simmental (SM), from Denmark; 30 Asturiana de lose¥aAST), 31

Asturiana de la Montafia (CAS), 30 Avilefia-Negra Ibérica (A&t 31 Pirenaica (PI) from
Spain; 30 Piedmontese (PIE), and 28 Marchigiana (MAR) from Il&ahgt 31 Limousin
(LIM), and 30 Charolais (CHA) from France.

Bulls were reared in each country in a unique location and under a uhiéainmanagement
system representative of those used in the European Union (EU) esuRtzed composition

and management details are described in [22]. The diet was dksigaehieve the slaughter
weight of 75% of mature weight for each breed within a window of 13 to 17 months. Animals
from each breed were slaughtered the same day in eithemexamal or experimental
abattoirs, depending on the experimental facilities of each country.

Sampling and phenotype measurements

Carcass processing after slaughter was described byf22]23]. For lipid measurements,
Longissimus thoracimuscle was excised at 24 h postmortem from the left sideeafarcass
between the 6th and the 13th rib and a sample was taken immediately and frozen iftalchem
analysis including fat concentration. The remainder was stdare@ 4C =1 °C until 48 h
post-mortem. Also, samples were taken from the 48 h post-mortéionsecdetermine total

lipid content. Samples for individual FA analysis were taken fromstrae position on
Longissimus thoracifom all animals and vacuum packed, frozen and transported on dry ice
to University of Bristol (United Kingdom) to determine total lipid content.

Fatness score (FS) corresponds to the visual fatness cover estimated agdaEistl = very
low, 5 = very high), and fat percentage (FP) is the proportion of sarmois and
intermuscular fat in the rib dissection. Fat was extractetthdynethod of [24] separated into
neutral lipid and phospholipid, methylated, separated by gas-liquidatwgraphy (GLC)
and the individual peaks identified and quantified as described in Qgtf@b]. Total lipid
content was taken as the sum of the neutral lipid (NL) and phosphollpidréetions. Some
additional phenotypes were set as are saturated FA (SFA), monoateshtdA (MUFA),
polyunsaturated FA (PUFA), n-6/n-3 ratios, polyunsaturated to saturatéd:&) ratios and
antithrombotic potential (ATT), which is the ratio between the stithe antithrombogenic
FAs eicosatrienoic acid (20:3 n-6) and eicosapentaenoic acid (20:5 an@),the
thrombogenic FA arachidonic acid (20:4 n-6) [(20:3 n-6 + 20:5 n-3)/20:4 n-6] $&Bisory
panel tests assessed meat using an eight-point scale abatest{R7]. The criteria assessed
were flavour, texture and juiciness -the higher scores corresgpnalithe characteristic
flavour of beef, and very tender and juicy meat, respectively. Seédi2dé¢tailed phenotype
values per breed.

Marker selection

The allele frequencies of 11 polymorphisms found to be associatediiférent lipid traits
across breeds and causing increases in traits ranging betweenaBd%9% for one
homozygous genotype compared to the other homozygous genotype (Table 1) {1&x20],
used for a principal components analysis (PCA) to represent thsijhaanong the 15 cattle
populations: calpastatiiCAST) g.2959G < A [20]; cofilin 1CFL1) ss77831721 [19]; EP300
interacting inhibitor of differentiation 1CQRI1) ss778332128 [19]; myostatinGDF8)
ss77831865 [20]; insulin-like growth factor 2 recept@H2R) ss77831885 [19]; lipoprotein



lipase (PL) ss65478732 [20]; matrix metalloproteinaseMIMP1) ss77831916, ss77831924
[19]; myozenin 1 MYOZ) ss77831945 [20]; phospholipid transfer protein (PLTP)
ss77832104 [19]; peroxisome proliferator activated recept@PARQ ss62850198 [20].
The six SNPs from [19] were genotyped by Kbioscience using theigtapr Kaspar©
methodology; the five SNPs from [20] were genotyped by SNP meptipihd Primer
Extension amplification.



Table 1Allele frequencies per breed of 11 polymorphisms with effects rangg between 3.3% and 19% on different lipid traits based on
results from [19,20]

Locus dbSNP'  Alleles’  Effect of the Frequency of bold allele
symbol homozygous JER® SD° AA® HIG® HOL® DR® SM® LIM® CHA® PIE® MAR® AST® CAS® AvI® PI®
gerE)OtI)(/jpellfolr the (n =30)(n=27)(n = 30) (n=29) (n=29) (n=29) (n=20) (n=31)n=31)(n=30)n=28)(n=30)(n=31) (n=30) (n=31)
old allele
CAST" g.2959G <A A/G 1 5% FS 077 083 088 094 069 0.66 078 068 065 0.7.640 073 0.84 0.85 0.65
CFL1"  ss77831721 CIT 18%18:2/18:3 048 0.02 012 0.09 014 043 0.29 470. 061 047 059 039 0.29 0.14 0.22
CRI1 ss77832128 G/T 113.4% N 22:4n-6 0.95 1 1 0.67 0.75 1 0.75 09 091 075 092 096.890 0.72 0.9
GDF8  ss77831865 G/del 115% FS 1 0.65 1 1 1 1 1 1 1 1 1 0.32 0.98 1 0.89
IGF2R" ss77831885 Ak  14.4%Flavour 004 044 032 052 0.06 0.33 0.3 801044 0.18 0.09 0.13 0.1 0.2 0.22
LPL" ss65478732 TIC 1N n-6 0 0 0.06 0 0.1 0.05 0.06 0 0.1 0.05 0 0 0.08 0.090.02
MMP1" ss77831916 A/G 13.3% CLA 1 095 079 076 082 0.85 1 0.97 0095 950. 0.74 0.85 0.98 0.91 0.91
MMP1b ss77831924 T 1 14% 22:6n-3 05 037 055 044 0.5 0.5 0.5 0.5 80.40.47 054 0.47 0.5 0.52 0.5

MYOZ1" ss77831945 {1/ 1 8% 18:2/18:3 0.48 0.94 1 0.44 0.63 0.83 0.91 0.8 .910 0.87 0.82 0.83 0.92 0.92 0.94
PLTP ss77832104 G/A 1 8% n-6/n-3 0.5 0.33 0.58 0.25 0.27 0.2 0.38 0.71 .4 0 0.63 0.7 0.57 0.08 0.56 0.5

PPARG" ss62850198 @ i n-3' 0.13 0.21 0.28 0.04 0.12 0.19 0.14 0.18 0.25 0.1P.11 0.1 0.1 0.06 0.16

" Genes for which allele frequencies are statiggiadifferent among breed$(< 0.0001).

! dbSNPs accession number of SNPs found to be assdaiith different production traits by [19,20].

2 In bold, favourable allele, i.e. allele which iropes animal performance and/or meat quality by mishing n-6 and/or n-6:n-3 ratio, by increasing, reBby improving
organoleptic characteristics.

3 Complete breed names: Jersey (JER), South Ded); ferdeen Angus (AA), Highland (HIG), Holsteid@L), Danish Red (DR), Simmental (SM), Limousin K,

Charolais (CHA), Piedmontese (PIE), Marchigiana ®R)AAsturiana de los Valles (AST), Asturiana deMantafia (CAS), Avilefia-Negra Ibérica (AVI), Pirecai(Pl).
Between brackets: maximum n.

* Fatness score.

> N: neutral fatty acid.

®1 16% neutral 20:3 n-6; 19% neutral 20:4 n-6.

"1 9% 22:5 n-37 15% 20:5 n-31 18% 22:6 n-3.




Statistical analysis

Spearman correlations were determined between fatness, $abrpercentage, flavour,
juiciness, texture, and different lipid profilesladngissimus thoracisuscle in 15 European
cattle breeds using the CORR procedure of SAS and consideringnthe set of data on all
animals. Allele frequency data were subjected to ANOVA, utieg?PROC GLM procedure
of SAS and considering breed as independent variable. A PCA proogdsrperformed
using the mean of phenotypic measurements by breed and &éxicencies from 11
polymorphisms to determine the main traits and SNPs that explaiosdof the variation
among the 15 cattle populations. The frequency of the allele showingiteg@@orrelation
with the trait was used (bold allele in Table 1). All thes¢istical analyses were carried out
using the SAS statistical package v. 9.1.3 [28].

Results

Trait correlations

Table 2 shows the main correlations between FS, FP, flavour, juacteature, and different
lipid profiles of Longissimus thoracid=S correlated positively with FP (r = 0.62, P < 0.001),
and both of them with absolute amounts of lipids in muscle, includingRatahd NL, SFA,
MUFA, PUFA, n-3 and n-6 content, as well as with flavour score. é¥ew both of them
displayed a negative correlation to P:S ratios -explained by their highelations with SFA
content (FSr=0.4, P <0.001; FP r = 0.68, P < 0.001) than to PUFAHBY, P < 0.001;
FP r=0.44, P <0.001)-, and to n-6/n-3 ratios -because of their lowelatimns to n-6 (FS r
=0.13, P <0.01; FP r = 0.37, P < 0.001) compared to n-3 (FSr =0.28, P < 0.00%; FP
0.56, P < 0.001)-. The correlation between total PL and FS (r = 0.11, P aQd%P (r =
0.44, P < 0.001) is lower than between total NL and these traits{f&4d, P < 0.001; FP r

= 0.78, P < 0.001). Similar correlation coefficients were also obséetseen PL and total
lipid (r = 0.7, P <0.001) and SFA (r = 0.66, P < 0.001), compared to NL withtdiai lipid
and SFA (r =0.99, P <0.001). The correlation between SFA and MUFA (r = 0.99, P < 0.001)
was higher than between SFA and PUFA (r = 0.7, P < 0.001). The proportik#i2oh-6
declines in muscle as fat deposition increases (correlationg®it = —-0.77, P < 0.001, total
lipid r = -0.86, P < 0.001, and SFA r =-0.88, P < 0.001).



Table 2 Correlations between fatness score, fat percentage, flavour, juicinessxtiare,
and different lipid profiles of Longissimus thoracis muscle in 15 European cattle breeds

Fst FP? Flavour Juiciness  Texture Total Lipid SFA
FP 0.62***
Flavour 0.12* 0.31***
Juiciness 0.07 0.01 0.21%**
Texture 0.06 0.01 0.16*** 0.57***
Total Lipid 0.43*** 0.77*** 0.3*** -0.04 -0.02
SFAS 0.4%** 0.68*** 0.3%* -0.01 0.06 0.95%**
MUFA* 0.41%** 0.67*** 0.28*** -0.02 0.06 0.99*** 0.99***
PUFA 0.17%%* 0.44%* 0.27%+* -0.1* -0.02 0.73%** 0.7%x*
% PUFA —0.51%* —0.77%* —0.25%** -0.01 -0.02 —0.9%** —0.92%**
% 18:2 n-6 —0.53*** =0.77*** —0.25*** -0.01 -0.02 -0.86*** —0.88***
Total PL 0.11* 0.44%* 0.26%** -0.13** -0.06 0.7%x* 0.66***
Total NL 0.44%x* 0.78%** 0.3%* -0.03 -0.01 0.99*** 0.99***
n-3 PUFA 0.28*** 0.56*** 0.42%** 0.07 -0.02 0.63*** 0.62***
% n-3PUFA —0.24%* —0.34%* -0.01 0.08 -0.06 —0.62*** —0.62%*
n-6 PUFA 0.13* 0.37*** 0.21*** -0.13** -0.02 0.68*** 0.64***
% n-6PUFA —0.53*** —0.79*** —0.27*** -0.02 -0.02 —0.9%** —0.91***
p:SE —0.44%* —-0.68*** -0.16%** -0.01 -0.02 —0.85%* —-0.87***
p:s? —0.44*** —0.69*** —0.18*** -0.01 -0.01 —0.9%** —0.92***
n-6/n-3 —0.28*** —0.47%* —0.24%* -0.08 0.04 —-0.26** —0.27*%*
18:2/18:3 —0.38*** —0.67** —0.28*** -0.02 0.04 —-0.6*** —-0.61***
22:6/18:3 0.04 —0.29*** —0.26*** -0.06 -0.03 —0.38*** —0.38***
ATTY 0.35%*+ 0.44%%+ 0.22%** 0.13** 0.01 0.06 0.2k

Level of significance: *** (P < 0.001), ** (P < 0.01), * (P < 0.05).

! Fatness score: visual fatness cover estimated by UE standard.

2 Fatness percentage: proportion of fat (subcutaneous and intermusculéte rib
Dissection.

$12:0 + 14:0 + 16:0 + 18:0.

416:1 + t18:1 + 9¢18:1+ 11¢18:1 + 20:1.

®18:2n-6 + 18:3n-3 + 20:3n-6 + 20:4n-6 + 20:5n-3 + 22:4n-6 + 22:5n-3 + 22:6n-3.
®18:3n-3 + 20:5n-3 + 22:5n-3 + 22:6n-3.

718:2n-6 + 20:3n-6 + 20:4n-6 + 22:4n-6.

8(18:2n-6 + 18:3n-3) / (12:0 + 14:0 + 16:0 + 18:0).

%(18:2n-6 + 18:3n-3 + 20:3n-6 + 20:4n-6 + 20:5n-3 + 22:4n-6 + 22:5n-3 + 22:6n-3) / (12:0 +
14:0 + 16:0 + 18:0).

1920:3n-6 + 20:5n-3)/20:4n-6.

Flavour correlated positively with the organoleptic charactesigtiiciness (r = 0.21, P <
0.001) and texture (r = 0.16, P < 0.001). A higher positive correlation auasl foetween
juiciness and texture (r = 0.57, P < 0.001). Finally, beef juiciness shaveenall negative
correlation to the amount of PL (r = -0.13, P < 0.01) and PUFA (r = —04,0R05),
particularly to n-6 content (r = -0.13, P < 0.01).

Apart from results in Table 2, it is worth highlighting the positbeerelation between 18:1
trans-vaccenic FA (t18:1) and CLA cis-9,trans-11 (r = 0.62, P < 0.001).

Phenotype and genotype variation among breeds

The plot of factor pattern of the 15 cattle breeds showing thelaiiores to lipid traits and
genotypic data from 11 polymorphisms with the two principal components is shown ia Figu
1. The first two dimensions (Factor 1, 42.2%; Factor 2, 16.6%) explained 58.8p& of



variation among breeds (Figure 1). When considering the differemwt trpits, the first
dimension was mainly influenced by total lipid measurements amdut score, whereas on
the opposite side muscle percentages of PUFA and of n-6, as wBliSas P:S2 and
18:2/18:3 ratios are plotted . The second dimension was mainly inflibgdbe ATT index,
n-3,% n-3, and juiciness. Therefore, AA, HIG, HOL, DR and JER breedshwimsplayed
higher fatness [21], appeared in the positive area of the firetndiion and split into two
groups by the influence of the higher n-3 muscle content and flavous swfof\ and HIG
breeds, and by the higher n-6 and MUFA content of HOL and DR daiegiarén contrast,
lean breeds with high proportion of PUFAs, and high P:S and n-6 to n-3 metasas PIE
and AST [21], appeared at the bottom of the plot (Figure 1). Finallybreed stands out
because of its highest ATT ratio and percentage of n-3 in muscle (Figure 1).

Figure 1 Plot of factor pattern for factors 1 and 2 of 15 European breeds showing the
correlations to lipid traits (in black) and genotypic data (in green) from11
polymorphisms with the two principal components.Abbreviations: TL total lipids, NL
neutral lipids, PL phospholipids, FP fatness percentage, FS fatness score, FlaTiaxour
texture, Jui juiciness, JER Jersey, SD South Devon, AA Aberdeen Angus, Hitardl,
HOL Holstein, DR Danish Red, SM Simmental, LIM Limousin, CHA Charolais, PIE
Piedmontese, MAR Marchigiana, AST Asturiana de los Valles, CAS Astul@ia
Montafa, AVI Avilefia-Negra Ibérica, Pl Pirenaica.

Concerning SNPs distribution, they plotted mainly according to tpesvious trait
associations, although also influenced by their allele frequencies per Dadxel 1).

Discussion

All animals included in this project (GeMQual QLK5 — CT2000-0147) were fed a sidigar
and reared intensively under comparable management conditions betwe#nes. The
effects of all factors other than breed (country, diet, sladghtere controlled to minimize
differences and were confounded with the breed effect. Inevitadaye sariations might
have occurred but special emphasis has been put to respect tltendpesition in the
different countries. The higher absolute n-3 PUFA muscle content fouie idK breeds,
especially in the Aberdeen Angus breed, cannot be due to a graddisdgenerally used in
UK [29] inexistent in this study, but rather to a specific characteristitiofdt breed.

Trait correlations

The correlation coefficients between total muscle lipid measemessm(FS, FP, total lipids,
SFA), and absolute vs. proportional (%) amounts of PUFA, n-6 and n-8&wksin opposite
directions [30,31]. For example, the sum of n-3 FA showed a positivioreta FS (r =
0.28), FP (r = 0.56), total lipids (r = 0.63) and SFA (r = 0.62) for absahtaunts, but there
were negative correlations between those traits and n-3 relative progb&iors —0.24, FP r
= —-0.34, total lipids r = -0.62, SFA r = -0.62) (Table 2). In particulbe, negative
correlation obtained here between the percentage of 18:2 n-6 and fatremeents, as well
as the weaker correlation between total PL and FS, FP, ifmthlahd SFA muscle content
compared with NL (Table 2) [32], is in accordance with the exdgeteportions of PL vs.
NL as animal fattens. Long chain PUFAs are mainly storeduscta PL in cattle, which is
an essential component of cell membranes and its amount remaipscdaistant as the
animal fattens, whereas NL increases in overall FA composiieA.and MUFA are mainly



stored in the NL fraction in triglycerides. This means increpgiarcass fat leads to an
increasing amount of FAs in triglycerides, but at the same tiiva relative amount of PUFAs
is decreasing [32], which is in concordance with the negativeelation obtained here
between the percentage of PUFA and fat measurements, aaswek weaker correlation
between total PL and total lipid (r = 0.7) muscle content comparidNid (r = 0.99) (Table
2).

In agreement also with previous studies [33,34], we found a positivelat@mn between
t18:1 and CLA (r = 0.62P < 0.001), explained by the metabolic relationships between both
FA —in ruminants the SCD enzyme forms also CLA from t18:1 in adipose tissue [29,32].

Although high levels of long chain n-3 PUFA have been described as havimgpact on
flavour to produce a ‘grass fed’ taste [35,36], and [37] found no correlatétween n-6
PUFA and flavour in two beef breeds, here there was only atimegcorrelation to the
percentage of total PUFA, particularly to n-6 fraction, wheras percentage of n-3 in
muscle did not seem to influence meat flavour in cattle not fed with a grassedetsed

As expected, the correlation between juiciness and texturghserhiihan with flavour scores
given that juiciness depends mainly on the meat water-bindpagitg and plays a key role
in meat texture [38-40], contributing to its variability [41], whearegavour is mainly
influenced by FA composition and marbling [42], as reflected by its positivelatons with
all absolute fat content measurements obtained here (Table 2). Althexturel and
juiciness properties also are dependent on other characteristiesagfincluding fat content
[40], both of them showed few or no correlation with muscle fat cootelRA profile (Table
2).

Phenotype and genotype variation among breeds

The distribution of breeds plotted by PCA analysis fell intoghmain groups (Figure 1): one
group defined as having a high absolute fat content, which splitgviat blocks —AA and
HIG breeds on one hand, characterized by higher n-3 muscle comtietid\aour scores, and
in the other hand HOL and DR dairy breeds, which displayed higher \all#dFA and n-
6-; a second group with lower fat content and higher proportion of BU&Awell as PUFA
vs. SFA ratios (healthier meat) -PIE and AST-; and a largepggathering the rest of breeds
with intermediate fat content, among which it is worth highlight8D because of its highest
ATT ratio (index higher values better for health) and percentage of n-3 in muscle

Regarding SNPs distribution, most of them plotted according to iheivious trait
associations and also influenced by their allele frequenciesrped lfTable 1, Figure 1):
PPARG which influences the amount of 22:5 n-3, 20:5 n-3 and 22:6 n-3 in muscle [20],
appeared near n-3 and ATT ratio -calculated as (20:3 n-6 + 20:2M48B-6- factor
patterns, as well as almost equidistant to the three bredudigiter allele frequencies for
the A allele —AA, CHA and SD-CFL1, PLTP andMYOZ1 which were associated with n-6
to n-3 ratio [19], correlated with 18:2 n-6/18:3 n-3 and specially witmr3aatio in Factor

1; IGF2R, previously linked to an increase in flavour [19], shared Factor 2 patigh
flavour and was placed almost equidistant to the three breeds wlir latlele frequencies
for the G allele —HIG, CHA and SDCAST was associated with an increase in FS and
appeared closely related to the two breeds with higher aledledncies for the A allele —AA
and HIG-, sharing also Factor 1 pattern with EBL, associated with the increase of several
neutral n-6 [20], plotted in the same Factor 2 pattern than n-@rdoriut closer to and



almost equidistant from the three breeds with higher alledgiémecies for the T allele —-HOL,
AVI and CAS-; and, as expectddDF8 SNP was placed near the trait FS [20].

Finally, there were no relationships between the two SNPs MRl gene and the SNP in
CRI1 neither with their main trait associations —CLA, 22:6 n-3 and 22:4raspectively
[19]-, nor with breed allele frequencies, which may be causetidogther trait associations
of this SNPs with lower or unknown effects [19].

Conclusions

The wide range of traits and breeds studied, along with the genatfprenation on
polymorphisms previously associated with different lipid traitspvige a broad
characterization of the phenotypic and genotypic background underlyiregivasi in FA
composition and sensory parameters between breeds, which allong gibetter response
to the variety of consumers’ preferences. Also, the developmenigheimentation of low-
density SNP panels with predictive value for economically impotiants, such as those
summarized here, may be used to improve production efficiencgnaatquality in the beef
industry as a molecular signature of GTTdelGCACCAA @AST (g.2959G < A),CFL1
(ss77831721),CRI1 (ss77832128),GDF8 (ss77831865),IGF2R (ss77831885),LPL
(ss65478732), MMP1 (ss77831916, ss77831924)MYOZ1 (ss77831945), PLTP
(ss77832104), andPARG(ss62850198), respectively, which would correspond to the “most
favourable” allele combination.
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