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Annex 1

Els edudis de deteccio de QTLs en porci han edat I'objectiu de diversos grups de
recerca durant € dares anys. El 1994, Andersson et al. publicaren @ primer trebdl
desenvolupat en aguest camp. Agquest trebdl descrivia I'exiténcia d'un QTL d cromosoma 4
amb efecte sobre la depoddod de greix dorsd, la longitud de la cand i la longtud de I'intesti
prim. Agues QTL fou confirma en andiss poderiors en d maeix maeriad animd, aribuint
li finsi tot dtres efectes sobre carecters de quditat de la cand i de la carn (Andersson-Ekiund
et al., 1996; Knott et al., 1998, Maklund et al., 1999; ec...) i en dtres pedigrees (Wdling et
al., 1998; 2000; Wang et al.,. 1998, Rohrer et al., 1998 1998b; Bidand et al., 2001; etc...).
Marklund et al. (1999) anomenaren aquest QTL FATL

Fins a la data de publicacié d'aguest atidle no hi havia descrit cap trebdl de deteccio
de QTLs per acaracters de quditat del greix en animals domestics.

L'objectiu dd present trebadl condgeix en presentar s primes efectes dun QTL
sobre la compodcid en acids greixosos dd  teixit adipds subcutani dorsd. Aquest QTL
coincideix per la seva poscio i per efectes pad- lds sobre dtres caracters amb d FATL
Aquests resultals es varen obtenir en I'andis prdiminar de 250 animds F,, agrupas en 33
families de gemans complels, duna poblacid experimentad creada expressament per a
'estudi de regions gendliqgues amb efecte sobre caracters dinterés  econdmic-productiu.
Aquedta poblacio es va formar mitjancant I'encreuament de 3 mascles de la linia consanguinia
de porc Iberic coneguda com a Guadyerbas amb 31 femdles de la raga Landrace. Després
dhaver desenvolupat un mapa de lligament amb 7 microsatd- lits didribui ts per tot d
comosoma 4, es va etima d genotip dun possble QTL en una podcid concreta de
genoma, condicionat d genotip dds dos marcadors polimorfics que flanqugaven agudla
pogico. El genotip tedric dd QTL en cada individu F, es va comparar amb d seu fenotip per
ds cardcters anditzats mitjancant € métode de regressio descrit per Haey et al. (1994) i
utilitzant com acovariable bé d pesdelacand o béd gruix dd grex dorsd.

L'interes practic daguest resultat es deu a la creixent importancia que tenen ds

caracters de quditat del greix pels seus efectes en la sdut i en I'gptitud tecnologica de les
peces carnigues.
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Annex 1

En concret, aguest QTL va presentar efectes importants sobre @ gruix del greix dorsd,
I'area dd muscul Longissimus i @ percentatge d'acid linoleic en d panicdle adipds dorsd. Els
resultets intui en la preséncia d'un efecte sobre @ percentatge d'acid olec i sobre I'index de
dobles enllagos (DBI) dd conjunt d'acids grassos dd teixit anditzat, motiveda probablement
per la influencia dd QTL sobre d pecentaige dacid linoleic. L'd- | lberic redui a
percentage de linolec mentre augmentava € dolec i, consqUentment, disminui a DBI.
Aquestes dades concorden amb ds resultats obtinguts per Sara e al. (1998) en comparar
fenotipicament individus de la poblacid dd porc Guadyerbas amb animds de la maexa linia
Landrace utilitzada per crear  pedigree anditzat en I’ article.

L'efecte dd QTL sobre d percentatge de linoleic, obtingut quan la covaiable era €
pes de la cand, no coincidia amb I'obtingut quan Sutilitzava com a covaiable d gruix dd
greix dorsd. En aguest segon cas, tots es efectes es redui en fins a nivells suggetius, la qud
cosa suggeri que I'efecte dd QTL sobre € percentatge de linoleic estava lligat a I’ efecte sobre
I'espessor dedl greix dorsd | que per tant, es tractava, en definitiva, de dues mesures diferents

o mateix caracter.
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ABSTRACT: Three Iberian boars were bred to 31
Landrace sows to produce 79 F; pigs. Six F; boars were
mated to 73 F; sows. The Fy progeny from 33 full-sib
families (250 individuals) were genotyped for seven mi-
crosatellites spanning the length of chromosome 4.
Least squares procedures for interval mapping were
used to detect quantitative trait loci (QTL). A permuta-
tion test was used to establish nominal significance
levels associated with QTL effects, and resulting proba-
bility levels were corrected to a genomewide basis. Ob-
served QTL effects were (genomewide significance, po-
sition of maximum significance in centimorgans): per-
centage of linoleic acid in subcutaneous adipose tissue

(< 0.01, 81); backfat thickness (< 0.01, 83); backfat
weight (< 0.01, 80); longissimus muscle area (0.02, 83);
live weight (0.19, 88); and percentage of oleic acid in
subcutaneous adipose tissue (0.25, 81). Gene action was
primarily additive. The Iberian genotypes were fatter,
slower growing, and had lower linoleic and higher oleic
acid contents than Landrace genotypes. The interval
from 80 to 83 cM contains the FAT1 and A-FABP loci
that have been shown previously to affect fat deposition
in pigs. This is the first report of a QTL affecting fatty
acid composition of subcutaneous adipose tissue in pigs
and provides a guide for the metabolic pathways af-
fected by candidate genes described in this region of
chromosome 4.
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Introduction

There is ample evidence for a quantitative trait locus
(QTL) affecting fat deposition and growth located on
porcine chromosome 4. Such a QTL has been found in
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experiments with Fy crosses involving wild boar (An-
dersson et al., 1994; Knott et al., 1998) and Meishan
(Bidanel et al., 1998; Walling et al., 1998; Paszek et al.,
1999). This locus has been named FAT1 after Marklund
et al. (1999).

We developed an Fy cross between Iberian x Lan-
drance pigs (the IBMAP cross) to study the differential
genetic basis of growth, carcass, meat quality, and his-
tochemical traits in the Iberian and the Landrace
breeds (IBMAP Consortium, 1998). The Iberian breed
is the most important Mediterranean type, and one of
the few “unimproved” breeds that survive in modern pig
breeding schemes. It is also a very interesting genetic
material for the study of meat quality (Serra et al.,
1998). Iberian pigs are characterized by early maturity,
dark coat, high subcutaneous and intramuscular fat

2These two authors contributed equally to this work.

3Present address and correspondence: INRA, Station d’Améliora-
tion Génétique des Animaux, 31326 Castanet-Tolosan cedex, France
(phone: 33 5 61 28 56 66; fax: 33 5 61 28 53 53; E-mail: mperez@
toulouse.inra.fr).
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content, and appetite. At present, almost all meat from
Iberian pigs is consumed as cured products, which are
highly appreciated and priced (Lopez-Bote, 1998). The
objective of this research was to confirm the effects of
the FAT1 locus in the IBMAP genetic material and
characterize the effects of this region of chromosome 4
on metabolism of fatty acids.

Materials and Methods

Experimental Design and Traits Analyzed. The Ibe-
rian line used, Guadyerbas, is a unique black hairless
line that has been genetically isolated since 1945. It
has an average inbreeding coefficient above 0.3 (Rodri-
ganez et al., 1997) and extremely low prolificacy. The
Landrace line used is a non-inbred lean maternal line
from the experimental farm Nova Genetica S.A. (Lleida,
Spain). This line is currently selected for an index com-
bining litter size, backfat, and growth performance.
Thus, the two lines used in this experiment are highly
divergent for the traits studied (Serra et al., 1998).

The population studied consisted of three Iberian
boars, 31 Landrace sows, 79 F; individuals (6 male and
73 female), and 577 F, pigs. Here we report results
based on 250 Fy pigs from 33 full-sib families. The pa-
rental Landrace sows were homozygous for the Hal¥
allele, and the Iberian breed is free from the Ryr1l muta-
tion. The F, pigs were raised under normal intensive
conditions in the experimental farm of Nova Genetica.
Feeding was ad libitum, and males were not castrated.
The pigs were slaughtered in four contemporary groups
between December 1997 and March 1998 following a
commercial protocol. The average age at slaughter was
1755 £ 0.3 d.

The traits analyzed are liveweight, carcass weight,
backfat thickness, backfat weight, longissimus muscle
area, and fatty acid composition of subcutaneous back-
fat. Liveweight was recorded 1 or 3 d before slaughter
and carcass weight was obtained 30 min postmortem.
Backfat from the left half-carcass was weighed after
a commercial cutting procedure 24 h postmortem. A
sample from the loin starting from the last rib and
spanning four ribs was removed for various meat qual-
ity and laboratory analyses. Subcutaneous fat thick-
ness between the 3rd and 4th last ribs and longissimus
muscle area were measured on the transverse cut of
the longissimus thoracis between the 3rd and 4th last
rib at 24 h postmortem.

Fatty acid composition was analyzed from a sample
of backfat by gas chromatography. The average chain
length of fatty acid composition was calculated as ACL
= X(F,; x ni)/100, where F,; is the percentage of fatty
acids with a chain length of ni number of carbon atoms.
The double bond index was calculated as DBI = Z(UF};
x bi)/100, where UFy; is the percentage of unsaturated
fatty acids with bi number of double bonds. The unsatu-
rated index is UI = DBI/percentage of saturated fatty
acids. These metabolic ratios provide indirect evidence
about physiological mechanisms involved in fatty acid
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differences; changes in Ul or DBI suggest different de-
saturase activities, whereas ACL is related to chain
elongation reactions (Pamplona et al., 1998).

Genotyping. DNA from the parental individuals was
extracted from blood using a saline precipitation proto-
col, and DNA from F; and F, pigs was extracted using
a commercial saline precipitation-based protocol (Boeh-
ringer Mannheim). Animals were genotyped for seven
microsatellites (SW2404, S0301, S0001, SW839, S0214,
SW445, S0097). These were chosen because they had
been found to be highly informative based on the index
of Ron et al. (1995) and because they provided complete
and uniform coverage of the chromosome. An automatic
PCR ABI PRISM 877 integrated thermal cycler (Perkin
Elmer) was used for PCR. The PCR products were ana-
lyzed with Genescan software on capillary electrophore-
sis equipment with fluorescent detection (ABI PRISM
310 genetic analyzer). Genotypes were stored in the
Gemma database (Iannuccelli et al., 1996).

Statistical Analyses. Linkage analysis was carried out
with the CRI-MAP program, option “build” (Green et
al., 1990). Marker information contents were obtained
as in Knott et al. (1998). We employed a regression
method for QTL detection (Haley et al., 1994). The
method assumes that the putative QTL is diallelic with
alternative alleles fixed in each parental breed, here
QQ for the Iberian genotype (with effect a) and qq for
the Landrace genotype (with effect —a). The statistical
model used was

y = sex + family + covariate + c,a +cgd +e [1]

where y is the phenotype, family is the full-sib family
(here 33 levels), the covariate was the age at weight
for liveweight, age at slaughter for carcass weight, and
carcass weight for backfat thickness, backfat weight,
and longissimus muscle area. Fatty acid percentage
was corrected either for carcass weight or backfat thick-
ness. The coefficient ¢, is the probability P(QQ) — P(qq),
and cq4 is P(Qq), at the chromosome position of interest.
The dominance deviation (d) and additive effect (a) are
the parameters to be estimated. The residuals are rep-
resented by e. Model [1] was fitted every centimorgan
using the average sex distances. The regression F-sta-
tistics that resulted from testing model [1] vs a model
without fitting a and d was computed at each position.
A two-QTL model was also explored but in no case
was a second QTL significant and the results are not
presented. The additive fraction of Fs phenotypic vari-

ance (03) explained by a QTL was computed assuming
that alternative alleles were fixed in each breed; i.e.,
13 = %2 o2,

Genomewide and chromosomewise significance levels
were obtained. Chromosomewise significance thresh-
olds were calculated by permuting 20,000 times the
records within family and sex, in order to maintain
the data structure. A preliminary study showed critical
values of the distributions of F-statistics were similar
for all traits so that we used backfat thickness data
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permutations to obtain significance levels for all traits.
Approximate genomewide thresholds were obtained
applying the Bonferroni correction as described in
Knott et al. (1998). Suppose that a given value F corres-
ponds to a chromosome significance level P, the genome
significance level associated is given by P =1 - (1 -
P.)'; 19 is the haploid number of pig chromosomes.
This formula assumes lengths and marker spacing in
all chromosomes are identical so that results are to be
taken only as approximate. The 5 and 1% significance
thresholds were F' = 5.26 and 7.11, respectively, for
the chromosomewise test. The corresponding 5 and 1%
genomewide statistics were F = 8.82 and 10.71, respec-
tively. These statistics are very similar to those re-
ported in the literature (e.g., Knott et al., 1998). Confi-
dence intervals (CI) for QTL location were obtained
using the chi-square drop approximation (equivalent to
the LOD score drop approximation). An F-statistic is
equal to x3/p, approximately, where p is the number of
parameters estimated, here two, the additive and domi-
nance effects. The 95% threshold is X%, 95 = 3.85. Thus,
the 95% confidence interval limits were obtained at the
chromosome locations where the F-statistics decreased
3.85/2 = 1.92 units starting in both directions from the
position corresponding to the maximum F'. This method
performs reasonably well for large effect QTL but is not
valid for small effect QTL (Mangin et al., 1994).

Results

Table 1 shows summary statistics for the traits ana-
lyzed. Linkage analysis found a marker order identical

Table 1. Main statistics in the F, population genotyped

Trait N2 Mean oy Diet
Growth and carcass traits
Liveweight, kg 245 94.58 9.67 —
Carcass weight, kg 250 67.20 7.73 —
Backfat weight, kg 249 2.08 0.46 —
Backfat thickness, mm 247 24.06 6.27 —
Longissimus muscle area, cm? 235 33.31 4.08 —
Fatty acid composition, %
Myristic, 14:0 247 1.32 0.14 1.19
Palmitic, 16:0 247 18.86 1.12 28.63
Palmitoleic, 16:1 247 2.45 0.29 1.56
Stearic, 18:0 247 9.87 0.83 10.16
Oleic, 18:1 247 43.98 1.39 33.09
7-Octadecenoic, 18:1n-7 247 2.94 0.28 1.92
Linoleic, 18:2 247 15.37 1.09 30.12
Linolenic, 18:3 247 1.31 0.19 2.3
Eicosenoic, 20:1 247 0.95 0.22 0.36
Eicosadienoic, 20:2 247 0.65 0.03 0.20
Metabolic ratios
Average chain length 247 17.55 0.03 —
Double bond index 247 0.91 0.02 —
Unsaturated index 247 2.95 0.19 —

AN is the number of individuals with record and genotype; Mean
is the mean corrected for sex effect (referred to males), oy is the
residual standard deviation after fitting the fixed effects and covari-
ates, except the QTL. Diet is the percentage of fatty acids in the food
(average of three samples).
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Table 2. Marker positions and statistics

Position Position Position

Marker (sex average) (female) (male) le? IC

SW2404 0.0 0.0 0.0 0.57 0.510
S0301 45.1 46.9 43.5 0.84 0.805
S0001 64.6 62.1 67.4 0.89 0.844
SW839 75.1 69.3 81.7 0.96 0.992
S0214 93.7 92.3 95.7 0.96 0.998
SW445 117.5 130.1 107.3 1.00 0.948
S0097 134.2 144.1 127.7 0.86 0.773

e, Ron et al. (1995) index; IC, information content at marker
positions.

to that reported in the literature and distances were
similar to those in Rohrer et al. (1994) and in Gerbens et
al. (2000). There were minor differences in map length
between sexes, with the female map being 13% longer
on average (Table 2). Differences in allelic frequencies
between breeds were very high, with the sole exception
of marker SW2404, in agreement with the supposition
that the two lines are genetically distant.

Results from the QTL analyses are presented in Table
3. Confidence intervals for QTL location are shown only
for the QTL significant at a genomewide level. The F
profiles are shown in Figures 1 and 2 for the carcass
traits and fatty acid composition, respectively. A highly
significant QTL for fat and longissimus muscle area
maps to position 80 ¢cM (CI bounds = 71 to 93 cM). A
lower second peak with effect on growth traits is located
8 cM telomeric. The F-statistics for growth traits do not
reach the genomewide 5% significance level, and only
live weight reaches the 5% chromosomewise level. The
effects were in the expected direction (i.e., the Iberian
alleles increased fatness and decreased growth rate and
muscle area).

The most significant QTL found was that affecting
percentage of linoleic acid (Figure 2). It maps to the
same position as the fatness QTL with CI bounds (71
to 86 cM) nested within the fatness QTL CI limits.
Individuals homozygous for the Iberian allele are ex-
pected to have 1.5% less linoleic acid than those homo-
zygous for the Landrace allele. In a previous study
(Serra et al., 1998), we found that the difference in
linoleic acid content between both breeds was 4%, which
means that this QTL may explain almost 40% of pheno-
typic breed differences. This QTL explained 25% of all
the Fy phenotypic variance for content linoleic acid ad-
justed to a constant carcass weight (Table 3). The QTL
also affected oleic content, although in the opposite di-
rection, and the P-value was much smaller than for
linoelic acid percentage. We did not find any other rele-
vant association with fatty acid composition. Results
for metabolic ratios are caused primarily by the effect on
linoleic acid content. Consequently, their significance
levels were much smaller than for linoleic acid percent-
age. The correction for backfat thickness instead of car-
cass weight had a dramatic effect on linoleic acid con-
tent, but it was not as important for the remaining fatty
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Table 3. QTL analysis: live weight was corrected for age, carcass weight for age at
slaughter, and the remaining traits were corrected for carcass weight

Trait? Position (CI)® aztS.E. d+S.E. h% Fuax P, Pg
LW 88 -3.34 + 1.04 2.07 + 1.59 0.06 7.02 1.1 x 1072 0.19
CW 89 -2.29 + .83 1.18 + 1.23 0.04 4.94 6.7 x 1072 0.73
BFW 80 (71-90) 0.22 + .05 -0.03 = .07 0.11 11.08 45 %10 <0.01
BFT 83 (73-91) 3.65 = .67 -0.45 £ 1.02 0.17 15.85 <107 <0.01
MA 83 (72-93) -2.02 + .46 0.24 £ .70 0.12 9.87 9.0 x 107 0.02
Fatty acid

14:0 75 0.02 + .01 0.06 = .02 0.01 5.40 45 %1072 0.58
16:0 83 0.30 + .13 0.38 + .20 0.04 3.71 0.182 0.98
16:1 75 0.04 + .03 0.11 = .04 0.01 4.42 0.101 0.87
18:0 0 0.23 + .11 0.50 + .19 0.04 5.63 3.6 x 1072 0.51
18:1n-9 81 0.49 + .15 -0.29 + .23 0.06 6.68 1.5 x 1072 0.25
18:1n-7 0 -0.06 + .04 -0.12 + .06 0.02 3.02 0.309 0.99
18:2 79 (71-86) -0.77 + .13 -0.12 + .19 0.25 17.36 <107 <0.01
18:3 29 -0.03 + .03 -0.11 + .05 0.01 2.53 0.438 0.99
20:1 75 -0.05 + .02 -0.04 + .03 0.02 2.86 0.347 0.99
20:2 0 0.03 + .02 0.05 + .04 0.50 1.48 0.796 0.99
ACL 75 -0.94 + .34 -1.10 + 47 0.04 6.04 2.6 x 1072 0.39
DBI 80 -1.21 + .29 -0.44 + 44 0.12 8.65 3.0x103 0.06
Ul 84 -0.06 + .02 -0.05 + .03 0.05 4.20 0.121 0.91

ATraits: LW, live weight; CW, carcass weight; BFW, backfat weight; BFT, backfat thickness; MA, longissi-

mus muscle area; ACL, average chain length; DBI, double bond index; UI, unsaturated index; hé is the
fraction of the phenotypic variance in the Fy explained by the QTL.

PPosition in centimorgans corresponding to Fy,y, confidence interval (CI) bounds are shown only for Pg
< 0.05; a, additive effect; d, dominance effect; fraction of phenotypic variance explained by the QTL; P, P-

value for the chromosomewise test; Pg, approximate P-value for the genomewide test.

acids (Table 4, Figure 3). Gene action was additive for
traits showing the most significant QTL effects. This
agrees with results from other experiments (e.g., Knott
et al., 1998; Walling et al., 1998).

Discussion

The most significant effect found in this work corres-
ponded to the percentage oflinoleic acid content. Effects

T T \A T T T \A\ T y
1 21 41 61 81 101 121

\\\A\A

Figure 1. F-profile of the QTL scan: Growth and carcass
traits. The horizontal solid line is the approximate 5%
genomewide significance threshold; dashed line is the 5%
chromosomewise significance threshold. Arrows indicate
microsatellite positions. LW, liveweight; CW, carcass
weight; BEW, backfat weight; BFT, backfat thickness; MA,
longissimus muscle area.

on backfat thickness, backfat weight, and longissimus
muscle area were also highly significant and mapped
to the same position as the linoleic acid content QTL.
The evidence with respect to growth is much weaker.
Linoleic acid is an essential fatty acid for mammals
because they lack desaturase capacity beyond the 9th
carbon atom (Vance and Vance, 1996). It is a key compo-
nent for cellular membranes and a precursor of prostan-
glandins and thromboxanes. It is also stored in adipose
tissue or [-oxidized for energy production. In fact, it is

—*—C14:0

18- ——C16:1
16 - | ——C18:0
14 - ’ | —C18:1n-9
1 FUNEEEEEE c18:2

Figure 2. F-profile of the QTL scan: Fatty acid composi-
tion corrected for carcass weight (only the most significant
profiles are shown). The horizontal solid line is the ap-

proximate 5% genomewide significance threshold;
dashed line is the 5% chromosomewise significance
threshold. Arrows indicate microsatellite positions.
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Table 4. QTL analysis for the most significant fatty acid percentages;
traits corrected for backfat thickness

Fatty acid Position?® az*S.E. d+S.E. h% Fyax P, Pg
14:0 75 0.01 + .01 0.06 + .02 0.00 4.76 7.7 x 1072 0.78
16:1 0 -0.08 + .04 -0.12 £ .07 0.04 4.04 0.137 0.94
18:0 0 0.20 + .11 0.50 = .19 0.03 5.17 5.4 x 1072 0.65
18:1n-9 81 0.46 + .15 -0.28 + .23 0.06 5.85 3.0 x 1072 0.44
18:2 78 -0.43 + .12 -0.11 + .17 0.08 6.97 1.2 x 1072 0.20

#Position in centimorgans corresponding to Fy,,; a, additive effect; d, dominance effect; fraction of pheno-
typic variance explained by the QTL (h3); P., P-value for the chromosomewise test; Pg, approximate P-value

for the genomewide test.

highly digestible and is preferentially deposited com-
pared with other fatty acids (Lawrence and Fowler,
1997). The linoelic acid QTL alone explains 25% of phe-
notypic variance in the Fy, a much larger fraction than
is usually reported for QTL in porcine Fs crosses. The
estimated positions of the linoleic acid percentage and
backfat thickness QTL coincide (79 to 83 ¢cM), making
it most likely that backfat thickness and linoleic acid
differences result from pleiotropic effects of the same
QTL. The dramatic drop in significance of the linoleic
acid content QTL when correcting for backfat thickness
(Table 4, Figure 3) is thus only a consequence that they
are, to a large extent, the same trait. We have also
studied backfat thickness corrected for linoleic content,
and the QTL was clearly not significant (Fyp,, = 1.11).
That is, there is no effect of the QTL on fatness at equal
linoleic levels, as would occur if its primary effect were
on linoleic acid content rather than on backfat thick-
ness. A fat animal is expected to have low linoleic acid
content (because it cannot be synthesized de novo) and
high oleic acid content, because this fatty acid is the
main storage component in pigs. Thus, a negative corre-

Figure 3. F-profile of the QTL scan: Fatty acid composi-
tion corrected for backfat thickness (only the most sig-
nificant profiles are shown). The horizontal solid line is
the approximate 5% genomewide significance threshold;
dashed line is the 5% chromosomewise significance
threshold. Arrows indicate microsatellite positions.

lation between linoleic acid percentage and fat deposi-
tion across breeds is usually observed (Sellier and
Monin, 1994; Niirnberg et al., 1998). However, we have
reported a QTL on chromosome 6 that influences intra-
muscular fat and backfat thickness (Ovilo et al., 2000)
and that does not show any significant correlative effect
on fatty acid composition (Fy,, = 4.41 for linoleic acid
content; unpublished results). Altogether, it seems that
the effect of the QTL on linoleic acid content is not
an artifact caused by an increased fatness. Thus, we
conclude that the metabolism and(or) deposition rate
of linoleic acid is under (partial) control of a QTL on
chromosome 4.

The QTL locations corresponding to maximum F' for
fatness and growth were separated by 8 ¢cM or less in
this work and have overlapping CI. Similarly, in the
wild boar cross, the QTL locations do not coincide, being
separated by approximately 20 cM with the growth QTL
telomeric to the fatness QTL (Andersson et al., 1994).
However, in most experiments involving Meishan, only
one QTL affecting growth has been detected on chromo-
some 4 (Bidanel et al., 1998; Wang et al., 1998; Paszek
et al., 1999). Additionally, De Koning et al. (1999) did
not detect a QTL affecting backfat thickness, nor did
Gerbens et al. (2000) detect a QTL affecting adipocyte
fatty acid-binding protein on chromosome 4 using
crosses involving the Meishan breed. In contrast, Wall-
ing et al. (1998) detected both a QTL for growth and a
relatively smaller QTL for fat thickness on chromosome
4 in Meishan crosses. Again, the growth and fatness
QTL did not coincide. Thus, it is possible there are two
QTL in this region of chromosome 4, one affecting fat
deposition and the second affecting growth. This hy-
pothesis can be supported by studies of the FAT1 locus
(Marklund et al., 1999), which has been mapped to
this region of chromosome 4. The FAT1 locus effects on
growth were diminished in wild boar x Large White
backcrosses when boars with different FAT1 genotypes
were progeny tested. However, the effect of FAT1 on
fatness remained constant. We conclude that the Ibe-
rian crosses used in the present research were more
similar to wild boar crosses than to Meishan crosses in
that the primary QTL effect observed on chromosome
4 affected fatness rather than growth. This is consistent
with the well-known fact that the pig was domesticated
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independently in Asia and in Europe, from local wild
pig populations (Clutton-Brock, 1981).

A question posed by these results is whether the ob-
served QTL affecting fatness and linoleic content is
the same as the FAT1 locus (Andersson et al., 1994;
Marklund et al., 1999). The evidence supports an af-
firmative response. First, the marker interval con-
taining the QTL SW839 - S0214 in this work overlaps
with the FAT1 interval (Marklund et al., 1999). Exact
coincidence is not possible because the markers geno-
typed are different in each work. Second, both QTL
affect fat deposition and explain about the same per-
centage of Fy variation for fat thickness, 17% here and
15% in Knott et al. (1998). In contrast to previous re-
sults with chromosome 4, the effect on growth was much
smaller than that on fatness and we did not find a
genomewide significant association with growth. A pos-
sible reason is that the reported QTL on chromosome
4 seems to predominantly affect early growth (Knott et
al., 1998). Unfortunately, we did not record weight at
early stages in these Fs animals. An alternative expla-
nation is that alleles are not fixed within the parental
breeds, which causes a loss of power with regression
methods (Alfonso and Haley, 1998; Pérez-Enciso and
Varona, 2000), or fixed for the same allele in both
breeds.

Irrespective of whether the QTL is the FAT1 locus,
the QTL reported here has a large potential impact
in the industry because of its influence on fatty acid
composition. First, the fatty acids ingested show some
effects on human blood lipids and on cardiovascular
health (Yu-Poth et al., 1999). Second, there are increas-
ing problems with extremely lean carcasses that have
high linoelic acid content fat; they are difficult to pro-
cess because of its softness and are very prone to oxida-
tive rancidity. Linoleic acid has a strong influence on
oxidative stability of fat and muscle tissues, and it
needs to be modulated by formulating appropriate ani-
mal diets to avoid excessive oxidation. High linoleic acid
contents are also associated with low tenderness and
consumer acceptability (Whittinghton et al., 1986;
Cameron and Enser, 1991; Lawrence and Fowler,
1997). Finally, fatty acid content is the official criterion
to qualify Iberian cured products. Minimum oleic and
maximum linoleic acid concentrations are required, the
exact level determining the quality category in which
the product is classified (De Pedro, 1998).

Implications

This experiment illustrates the usefulness of autoch-
thonous breeds in the study of physiological and genetic
consequences of selection for current commercial objec-
tives (i.e., lean content or growth). We have found a
QTL on chromosome 4 with a large effect on the linoleic
acid content of subcutaneous fat. Eventual identifica-
tion of the gene may have an important economic im-
pact on pig breeding.

Pérez-Enciso et al.
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QTL mapping in an lberian X Landrace F, pig intercross.
composition and metabolic ratios of fatty acids.
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En aguest trebdl es descriu I'edtudi de deteccid de QTLs amb efecte sobre la
composicié en ecids grassos dd grex dorsd, en tot d genoma i en 321 animds F, agrupats en

58 families de germans complets.

Els microsad- lits anditzats d cromosoma 4 foren s mateixos que €s desrits en
lanex 1 i d mgpa de lligament obtingut també coinddi amb I'anterior. A més, shi va
indoure un polimorfiame de redriccid dd gen DECR (annex 3). Els méodes edtadidtics

emprats foren s mateixos que ds descritsen ' annex 1.

Aquest trebdl confirma I’efecte sobre € percentatge d acid linoleic en & cromosoma 4
i presenta nous QTLs amb efecte sobre dtres acids grassos. Al cromosoma 6 es detecta un
clar efecte sobre I'index de dobles enllagos (DBI) i I'index dinsaturacié (Ul) des acids
grasos dd teixit anditzat, recolzat per efectes de sgnificacid suggestiva ®bre @ percentatge
dadd linoec (LIN), &did pamitic (PA), pamitdlec (PAL) i etearic (STE), axi com sobre
la longitud mitjiana de la cadena de carbonis (ACL) i I'index de peroxidabilitat (P) des &cids
grassos. L'd- ld Ibéric redueix DBI, Ul, P, ACL, LIN i PAL, mentre que augmenta PA i
STE. Al cromosoma 8 sobserven efectes darament sgnificatius sobre PA i PAL, axi com
per a ACL. L'd- ld Iberic augmenta & percentatge d'ambddés i com a conseqliéncia,
disminuex ACL. E cromosoma 10 modra un efecte Sgnificatiu sobre € percentatge de
mirisic (MYR). El cromosoma 12 presenta un clar efecte sobre € percentatge d'acid linolenic
(LINL), un €fecte que sgoropa d llindar de dgnificacd gendmic dd 95% sobre
percentatge d'acid gadoleic (GAD) i un efecte suggestiu sobre € percentatge d'acid vaccenic,
ACL i Pl. En generd, aquests vaors coincideixen amb ds resultats obtinguts per Sara et al.
(1998), que aribava a la condusé que I'edtirp Guadyerbas presentava, en generd, mgor
proporcid d' acds grassos monoinsaturats i menor de poliinsaturats que es animals Landrace.

En corregir aguests vaors pd gruix dd grex dorsd enlloc dd pes de la cand, ds
resultats varien consderablement. Aixi, ds QTLs detectats sobre LIN i DBl d cromosoma 4
disminueixen fins a vdors infeiors d llindar de dgnificadd cromosomic dd 95%, i només
I'efecte sobre d percentatge d'acid oleic (OLE) manté la seva dgnificacid per damunt
daguest llindar. Al cromosoma 6, I'efecte per DBI, axi com ds efectes per a Pl i LIN
disminuexen fins a una vdor inferior d llindar de sgnificacidé cromosomic dd 95%, en cawi

es efectes sobre Ul i PA disminueixen, perd mantenen una dgnificacid superior d Ilindar
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cromosomic del 95%. Els efectes sobre PAL, STE i ACL es mantenen a nivels smilas Els
vaors obsarvats d cromosoma 8 es mantenen o fins i tot augmenten lleugerament. El QTL
per a MYR dd cromosoma 10 maté un vdor de sgnificacd molt smilar i lleugerament
inferior d llindar de dgnificacid genomic dd 95%. Quelcom semblant succeeix amb ds
QTLs detectats d cromosoma 12, que mantenen les seves dgnificacions molt smilars. D'dtra
banda, d cromosoma 11 goareix un efecte sobre MYR amb una significacio propera d llindar
genomic dd 95%, mentre que quan la covaridble era d pes de la cand, no sobsarva cap
indici d aquest QTL.

Aixi, es pot concloure que ds efectes detectats en es cromosomes 4 | 6 estan molt
lligats a I'espessor del greix dorsal, mentre que ds QTLs dds cromosomes 8, 10 i 12 no es
veuen influenciats pe gruix dd panide adipés El QTL dd cromosoma 11 podria edtar
ponderat per dgun caracter que afectéstambé d pesdelacand.

Aquest trebdl es complementa amb dos manuscrits que descrivuen es efectes detectats
en tot d genoma obre caracters de qudita de la cand (Vaona e al., manuscrit en

preparacio) i delacarn (Ovilo et al.; sotmésa publicacio).



QTL MAPPING IN AN IBERIAN X LANDRACE F, PIG INTERCROSS:

COMPOSITION AND METABOLIC RATIOSOF FATTY ACIDS.

SUMMARY

Detection of QTLs affecting fetty acid content and related metabolic ratios in backfa in
321 animds of an F, Iberian X Landrace pigs intercross has been obtained. The Iberian and
Landrace pigs show gtrong phenotypic differences in fatty acid trats as wdl as in other
productive charecterigtics. We confirmed a previoudy detected QTL on chromosome 4
dfecting linoleic and olec fatty acids percentage. This QTL dso dfects double bound index
(DBI) and peroxidizability index (P) of faty acids On Chromosome 6 different associions
with pamitic, padmitoleic, dearic and lindleic faty acids content as wedl as average chan
length of faty acids (ACL), DBl and the unsaurated index of faty acids (Ul) have been
detected in different pogtions of the chromosome. In chromosome 8, the effect is rdaed to the
padmitic and pamitoleic percentages as wel as for ACL. Chromosome 10 has shown a
suggestive QTL  for the myridic percentage. Findly, we have deected associdions in
chromosome 12 with vaccenic, linolenic and gadoleic faty acids percentages and with ACL

and PI.



INTRODUCTION

The faty acdd compostion is highly rdevant for the technologicd properties and
qudity of medt, plays an important role in human hedth and it is an important factor in the
maturation of traditiona pork products. In human hedth, ingested faty acids influence the
blood lipids and the risk of suffering cardiovascular disseses The linoldc add (C18:2 ne6), is
the precursor of the prosteglandines and tromboxanes, which are rdlated to the cardiovascular
equilibrium (Yu-Poth et al., 1999). The lindlenic add, affects specific functions in vison and
in bran (Conna e al., 1992) Searic, olac, linoldc and linolenic faty acdds have an
hypocholesterolemic  function (Grundy and Vega, 1988; Gardner and Kraemer, 1995).
Linolenic fatty acid is an essentid faty acid from the series w3 which are under specid
atention in human nutrition and hedth. Furthermore, faity acid compostion is important for
meat technology. The leaner carcases have a higher percentage of linoleic fatty acid
(Lauritzen et al., 2000). The fa cuts with high percentage of linoleic fatty acid are too soft to
be processed and they have a tendency towards oxidative rancidity. Moreover, high linoleic
fat compodtion in meat is dso asodaed with low juicness and low consumer acceptability
(Lawrence and Fowler, 1997). Fdty acid compodtion is dso vey important in Iberian Fg
cured products dnce it is the offidd criterion to qudify them. Lipid degradaion manly
through oxidation of free unsaturated faity acids produce off-flavours and rancdity in mes,
but it is an important part of traditiond pork products maturation. A fundamenta aspect of the
lipd-based flavour voldiles in meat products as drysdted hams is that ther origin is
primaily from unsaturated fetty acids (Chizzolini e d., 1998), manly oec (Matin et 4.
2000). Higher leves of oleic add and lower levels of linoleic acid incresses the qudity vaue
of these products (De Pedro et al., 1998). There are some faity acids like the linoleic and

lindenic-a acids that can not be syntheszed in the anima body, the socdled essentid fatty



acids. In consequence, dl the carcass linoleic and linolenic-a  compaodtion is exogenous (from
the diet). In contragt, the olec add, like many others can be syntheszed de novo in the
adipose tissue.

There exig many projects focused in the detection of QTLs for carcass and mest
qudity trats in pig. Thee ae modly based in the genome scanning with microsatellite
markers in a pedigree condructed by crossng two divergent populations. Using this gpproach,
severd dudies confirmed the exigence of a QTL in chromosome 4 affecting some production
traits as growth, fat depogtion and smdl intestine length (Andersson et al, 1994; Walling et
al. 1998; Knott et al. 1998 and Wang et al. 1998, Bidanel et al., 2001). Other groups have
described QTLs in different chromosomes affecting fa reated traits as in chromosome 1
(Rohrer and Keele, 1998a; Rohrer, 2000, Bidand et al., 2001), chromosome 2 (De Koning et
al., 1999; Rattink et al., 2000, Rohrer 2000), chromosome 6 (De Koning et al. 1999; Gerbens
et al., 2000; Ovilo et al. 2000; Grindflek et al 2001) and chromosome 7 (Rothschild et al.
1995, 1998, Wang et al. 1998; Rohrer and Kedle, 1998a; De Koning et al., 1999; Wada et al.,
2000; Rohrer , 2000; Rattink et al., 2000, Bidanel et al., 2001). Suggestive QTLs have dso
been found in chromosomes 10 by Rohrer and Kede (19988) and Bidand et d. (2001) and
12 by Rohrer and Kede (19989 daffecting backfat. None of these studies andysed the fatty
acid compostion and the only QTLs desribed in swine for this trat has been recently
reported by PerezEnciso et d. (2000) and Grindflek et d. (2001) in chromosome 4.

The lberian pig can be consdered the mogt important Mediterranean rudtic breed by
the number of animas and by its economic impact. This breed is characterized for its dark
coat, fat carcass high intramuscular fat content, reduced lean depostion and high gppetite.
The gendtic basis of these particular phenotypes makes the Iberian an interesting breed for pig

genomic studies (LOpezBote, 1998).



An experimentd cross between the Iberian (IB) and Landrace (LD) pig dtrans was
peformed to map quanttitative trait loc for diverse productive traits (Ibmap Consortium,

1998). We present here the results corresponding to the analyss of characteristics related to

fetty acid composition and its metabolic ratios.

MATERIAL AND METHODS

Animal material

The Guadyerbes dran is a highly inbred expeimenta line of the Iberian pig
(inbreeding coefficient above 0.3). (Toro et al., 2000). The Guadyerbas and the Landrace

breeds are highly divergent for the production traits Sudied here (Serra et al., 1998).

3 Iberian boars from the Guadyerbas line (IB) were maed to 31 Landrace sows from
the sdected line from the experimenta fam Nova Genédtica S. A (LD). The characteridtics of
the pedigree, the management of the animds and the characteridics of daughtering are
described in PérezEnciso et al., 2000 and in Ovilo et al., 2000.

In this work we report the results from the anadysis of 321 F, animds pertaining to 58
full-gb families

The DNA extraction was made from blood samples by convetiond <dine

precipitation based protocol (Miller et al., 1988).

Traits analysed

Faty acd compostion was messured by capillay ges chromaogrephy (Diaz and

GarciaRegueiro, 1987) in samples from backfat taken between the third and fourth ribs. The



following metabolic ratios were cdculaed: average chain length of fatty acids (ACL), double
bond index of fatty acids (DBI), unsaurated index of fatty acids (Ul) and peroxidizability

index (P1). (Pamplonat d., 1998).

Genotyping

To cover the 18 autosomes we used 90 fluorescent microsatelites  distributed
uniformly dong the chromosomes and previoudy chosen for ther podtion and informativity,
estimated from the Fo by the index that cadculates the frequencies in the LD sows of the dldes
that are present in the 1B boars, smilar to the Ron informativity Index (Ron & d.; 1995) and 2
RFLPs. The PCR products were andysed by capillary eectrophoress and  fluorescent
detection (ABI PRISM 310 Gendlic Andyser, Applied Biosysems). Genotypes were
andysed and dored in the GEMMA database (lannucelli et al.; 1996). The RFLPs were
located in the exon 2 of the DECR gene (24-Dienoyl-CoA Reductass), which mgps in
chromosome 4 Clop e d. (submitted) and in the second exon of the GH gene in chromosome

12 (Larssen and Nielssen, 1993).

Satistical analysis

The linkege map was condructed using the option “build’ of the CRI-MAP verson
24 program (Green et al., 1990). Maker informetion content in the F, were obtained as in
Knott et d. (1998). The QTL andyds was caried out as decribed in Haey et d. (1994). The

linear modd was;



Y =9 + family +cov+c,a+tcqd+e [1

where Y is the phenotype, sex and family are the fixed effects, ¢, (P(QQ) — P(ag)) ad ¢y
(P(Qq)), are the coefficients for the additive and the dominant effects, respectively. The
genotype of the putative QTL is cdculated conditiond upon the marker genotypes a eech
cM. a is the additive effect and d is the dominance deviaion. The covariate was dther the
cacass weight or the backfat thickness. The resdud error is expressed in e. The mode was
fitted & every cM according to the average sex distances map. The modd was tested versus a
modd without fiting a and d a each pogdtion to obtan the regresson F — datigics The
contribution of the QTL on the additive fraction of the phenotypic variance (s?) in the F» was
computed assuming aternative fixed aldles in each breed, i. e o = 25%.

Geome-wie and chromosomewise dgnificance  threshold were  caculaed by
permuting the measures 20,000 times within the sex ad the dong the 18 autosomes
(Churchill and Doerge, 1994). The 5%, 1% and 0.1% genome-wise threshold vaues were
8.53, 10.39 and 13.07, respectively.

The 95% confidence intervas for the location of the QTL were obtaned by the chr

drop approximation (Mangin et al., 1994) as described in PérezEnciso et d., (2000).

RESULTS

The phenotypic records of the traits andysed are shown in table 1. The olec acid is
the mogt abundant faty acid in backfa, followed by pamitic, linoleic and dearic adids. In
cotrad, the ecosadiencic and the gadoleic acids are present in the lowest amounts. The
podtion and disances of the microsatdlites are in generd agreement with other mapping

projects and with the USDA genome database www.genome.iastate.edu/maps/marcmap.html.




The most relevant results from the QTL andyses when the carcass weight is used as a
covaiate ae reported in table 2, which shows the maximum Fvdues, its pogtion and the
additive and dominant effects There are 5 chromosomes with dear sgnificant QTLs

Chromosome 4 In this chromosome (Figure 1), between makers S0001 and S0214,
we found a drong effect on the percentage of linoleic acid (LIN), as wel as a suggestive
effect on the percentage of oleic acid (OLE) and clear effects on DBI and on Pl. The effects
on LIN and Pl are the mog dgnificant QTLs of this work and they mapped a postion 75 (67-
87) cM as they were reported in a previous anadyss with fewer animas Pérez-Enciso et al.
2000). The phenotypic variance explained by both QTLs correspond to 12.73% and 12.08%,
respectively.

Chromosome 6 This chromosome showed a sgnificant QTL centred a 105 (99-117)
cM from the first marker, affecting DBI and, a suggestive leve, an effect on LIN a 107 (99
120) cM. Other ggnificant QTL was detected a 34 (21-54) cM dffecting the Ul. Other
suggedtive  effects were found on this chromosome a  different pogtions affecting the
percentages of pamitic (PA), pamitoleic (PAL), and dearic (STE) fatty acids, as wdl as
ACL (Fgures2 and 3).

Chromosome 8 A highly sgnificant QTL was detected & 86 ¢cM on chromosome 8
with effect on PAL, PA and ACL (Figure 4). This QTL explans 651% an 9.7% of the
phenotypic variance of PA and PAL, respectivdly. Besdes, a suggedtive effect (F = 5.83) on
OLE was found in another position of this chromosome (47 cM).

Chromosome 10 In the postion 82 cM of chromosome 10 we deected a QTL
affecting the percentage of myridic acid (MYR), which F-vaue is about the 5% genome-wise
threshold (Figure 5) and which is the respongble of the 9.86% of the phenotypic variance of

the trait.



Chromosome 12 In this chromosome (Figures 6 and 7), we found a sgnificant effect
on the percentage of linolenic fatty acid (LINL) and other suggedive effects on the
percentages of vaccenic (VAC) and gadoleic (GAD) faity acids, as well as on ACL and PI.
Thee effects corresponds probably to a single QTL since their confidence intervads are
overlapped.

We detected suggestive effects on féity acids in other genomic regions thet should be
confirmed in future andyss. On chromosome 2 (49 cM) we found an effect (F = 5.9) on PAL.
On chromosome 5 (126 cM) we detected a QTL (F = 5) affecting the PAL. A region on
chromosome 7 (40 cM) was affecting the percentage of STE (F = 5.67). OLE was influenced
(F = 594) by a region on chromosome 9 (7 cM). Findly, on chromosome 15 (45 cM), we
detected an effect on PAL (F = 6.66).

As table 2 shows, when the covariate is the backfat thickness, we obsave sgnificant
QTLs afecting PA (F = 11.38), PAL (F = 13.36) and ACL (F = 16,57) on chromosome 8 (85
cM). Another sgnificant QTL affecting LINL (F = 9.72) is detected in the postion 31 ¢cM and
ACL (F = 850) & 14 cM of chromosome 12. Other effects with an Fvdue dightly bdow the
genome-wise dgnificance levd can be obsarved in chromosome 12, affecting GAD (F = 8.46)
and Pl (F = 838), as wdl as in chromosome 10 (80 cM) and 11 (15 cM), which affects MYR
(F = 818 and 812, respectivdly). Suggedtive effects are obsarved in chromosome 2 for PAL
and STE, chromosome 4 on OLE, chromosome 5 for PAL, chromosome 6 on PA, PAL, STE,
and Ul, cromosome 8 and 9 on OLE, chromosome 12 on LIN, VAC, ad findly, in
chromosome 15, for PA. the Fvadue for the QTLs on chromosome 4 decreases to nork
ggnificant vaues, and only the effect of this chromosome on OLE shows a suggedive F

vadue



DISCUSSION

As the high number of dgnificant QTLs detected in this work shows, the Iberian
Guadyerbas line and the Landrace drain ae two outbreed populations with a very divergent
characteridics, induding fatty acid compodtion and metabolic raios Thus, an experimenta
crosshreed between both linesis a powerful tool to detect loci affecting quantitetive traits.

The region between markers S0001 and S0214 in chromosome 4 hes a large effect on
LIN in backfat. Its F vadue is smilar to that described in Pérez-Enciso e d. (2000) in a
previous andyss with fewer animds, but the percentage of the phenotypic variance explained
nov by the QTL is hdf the described previoudy. The Iberian dldes increese backfat
deposition whereas LIN, as wdl as the carcass length, the loin eye area and meat darkness are
decreased when the lberian QTL is present. Thus, it seems that both traits are highy
corrdaed. Snce linolec is an essentid faty acid, it can not be syntheszed by animds and
the increese in fa depogdtion is implemented with synthesized fatty acids. This indicates that
differences on LIN ae due to the difference in fat deposition, raher than in “de novo’
gynthess differences. The effect of this region on DBI and PI could be indirect conseguences
in linoleic content. All these trats showed a dear additive effect. Even though in Perez
Enciso et al. (2000), the QTL for LIN raises a suggesive Fvaue when correcting by backfat
thickness, in the present work, this vaue is bdow the 95% chromosome-wise sgnificance
levdl. Even more, none of the effects detected in this chromosome when the covariae is the
cacass weight, raisss the 95% genome-wise sgnificance threshold when the effects are

corrected by backfat thickness. It is noticesble that this region shows a strong effect on

backfat depth (Varona, personal communication). That indicates that these effects are either
influenced by the backfat thickness or that the effects are different expressons of the same

trat. The QTL fits in the same pogtion as the QTL detected by Andersson e d. (1994) and
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confirmed by Marklund e d. (1999) in a wild boar X Large White intercross, where the wild
boar dlde increases fat depth and decreases growth and smdl intestine length. A QTL in the
same pogtion with effect on fat depostion was dso detected by Walling et d. (1998), Wang
et d. (1998), Bink et d. (2000) and Bidand et d. (2001). Altogether, it seems thet there is a
sngle QTL with pleotropic effects in this region. Recently, Grindflek et d. (2001) have
detected a putative QTL affecting C17:0 faty acid in a Smilar pogtion (between markers
0214 and SW445), which is afaity acid that has not been recorded in our andysis.

QTLs detected in chromosome 6 have many different effects spanning from 0 cM
(PAL) to 107 cM (LIN). Only DBI exceeds the 5 % genome-wise threshold, whereas Ul
sgnificance is above this levd. The rest of fatty acid QTLs (PA, PAL, STE, LIN and ACL)
show a suggedtive sgnificance. However, the QTL on DBl suggest that, in fact, any of the
faty acid QTLs ae red effects and the low dggnificance levd should improve when more
animds were typed or more detalled maps were condructed. These associations show clear
overdominance effects. The fact that the two sgnificant QTLs are in different regions (Figure
2) suggest that a leadt, two QTLs could be segregaing in chromosome 6. However, we can
not exdude that a sngle QTL is the respongble of dl the effects since dl the traits are under
overdominance. Neverthdess, when the covariate is the backfat thickness dl the effects
decreases to nontggnificat F-vadues, which indicates that thee effects could be a
consequence of the differences on fat depodtion. It must be teken into account that the same
region shows a srong effect on backfat depth (Ovilo personal communication). Chromosome
6 was ds0 asociated with, intramuscular fat and loin eye area a podtion 100-116 cM Qvilo
et al., 2000). De Koning et d. (1999) suggested a QTL in the same pogtion with dominant
effect on backfat and a suggestive QTL affecting intramuscular fat and Wilkie e d. (1996)

found, in different regions of chromosome 6, associdions with carcass length, loin eye area
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and growth. Rohrer (2000) found an effect on backfat depodtion a podtion 83 cM in this
chromosome and Bidand et d. (2001) found the same effect in asmilar region.

Chromosome 8 has a QTL in which the Iberian dlde increases PA and PAL, which
are 16 carbon chan fatty acids, and thus, a clear effect on ACL is observed. The effects for
PAL and ACL ae dominanit. It is noticesble that these effects persst when correcting by
backfat thickness, which indicaes that these QTLs are not directly related to or influenced by
fainess. Andersson-Eklund et d. (1998) detected a QTL with effect on carcass length but in
the opposte region of the chromosome when is compared with the QTL described here
Rohrer and Kede (1998g 1998b) found a suggesive associaion with lesf fat and loin eye
aea in an equivdent pogtion of the QTL found in our animas and the backfat QTL was
confirmed by Rohrer (2000). Bidand & d. (2001) dso found a QTL for this trat but in
another confidence intervdl.

The QTL detected in chromosome 10, with effects on MYR faity acid is above the 5
% genome-wise threshold and has a dominant effect. The effect has a Smilar F-vaue when
correcting for backfat thickness. Knott et d. (1998) found a QTL affecting growth on a
different region of chromosome 10 and Rohrer and Kede (19983 detected associaion with a
uggestive Fvaue in a dose pogtion, associated with backfa depth over the midline a the
firs rib. Recently, Bidand et al. (2001) found an asocdiation of the same region with backfat
depth.

The results on chromosome 12 ae as expected snce the percentage of the
polyunsaturated linolenic faity acid decresses in the Iberian animas, whereass the content of
monounsaturaied faity acid veccenic increeses when the lberian dlde is present. The
percentage of the gadoleic fatty acid aso decreases when the Iberian dlde is present.
According to these resultss ACL and Pl show the expected tendency. When the regresson

gpproach is corrected by backfat depth, the same effects can be observed with a smilar -



vadue This may indicates that there is in that region, a leadt, one gene influencing fatty acid
compodgtion on backfat independently but with none effects on fainess It is noticesble thet
the lindlenic acid is an esstid faty add under specid atention in human nutrition and
hedth. Mo of the associations reported in the literature for this chromosome are related to
the GH gene (Nielssen et al., 1995; Knorr et al., 1997), which postion maps dose to the QTL
described in this work, and the only QTL that has been described in this chromosome  was
affecting early growth (Rohrer, 2000).

It is interesting to notice that in chromosome 11, we detected an effect on MYR only
when correcting by backfat thickness, but not when the covariae is the carcass weight. That
indicates that in any way, this QTL is influenced by ether birth weight or growth.

The region in chromosome 4 shows evident effect on backfa depodtion traits, length
of carcass, weight of shoulders, weight of left loin without backfat and weght of bely.
Ancther region in chromosome 4 affects meat colour and haem content. The faity acid QTL
region in chromosome 6 shows influences in backfa depogtion, intramuscular fat percentage,
loin depth and loin eye area, and weght of shoulders, weight of left loin without backfat and
weight of bdly (Varona, unpublished).

The lig of postiond candidate genes for the detected QTLsS can be huge but taking
into account their physiologicd role in fatty acids metabolism we can remark some genes that
gppear as possible candidates to be related to the described effects.

The 24-dienoyl-CoA-reductase (DECR) gene encodes an enzyme that participates in
the b-oxidation pathway of the lindleic faity acid by cataysng the reduction of trans-2-ds-4
dienoyFCoA to 3-enoyl-CoA (Kunau and Dommes, 1978). This gene magps to chromosome 4
in the same region of the QTL described in this chromasome (Clop et d., submitted).

The faty add binding proteins plays an important role on upteking and trangportetion

of faty acids a-FABP gene FABP4), which is only expressed in adipocytes, is located on pig
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chromosome 4 and resides between S0001 and 0217 Gerbens et al. 2000), where the QTL

described in this work is located. This locus is asociated with inframuscular fat content in

Duroc according to Gerbens et d. (1998) but could not be related to the same trait and backfat
depogtion in aF, intercross Me shan-Large White (Gerbens et al., 2000).

The h-FABP gene maps into the QTL region in chromosome 6 destribed in this atide
and an asocdidion to intramuscular fat content and backfat thickness has been found by
Gebens @ d. (2000). The medium chain of Acyl-Coenzyme A dehydrogenase maps to the
603233 regon, dose to the QTL for the percentege of linoleic acid and DBI, and it is
involved in the b-oxidetion of faity acids The leptine receptor gene (LEPR), maps to 6932
35, and the cholecystokinin type-A receptor locus (CCKAR), locaed in chromosome 8 and
linked to 0017 (Clutter et al. 1998), are both implicated in feeding modulation and mep
nearby to the QTL. Findly, the Acetyl Coenzyme A Caboxylase Alpha, which is involved in
the synthess of fatty acids maps in a cdose region where we found associaion to faty acid
trats in chromosome 12, Associaion andyds for dldic variant of these gees should be
performed in order to ascertain their influence in the described QTLS.

In summary, this work provides evidence of the exigence of QTLs for fety acid compostion
in pigs, a character of criticd importance in meet quality and of great economicd impact for
the indudry, only afforded by nutritiond bass up to day. The exigence in pigs of geneticd
influence in fa compogtion opens the posshility in the future, to implement sdection for this

trait in breeding programs.
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Table 1 Phenotypic records of fatty acids related traitsin the F, animas

Trait Abbreviation N Mean s.d.

% Myristic (C14:0) MYR 21 15 017

% Pdmitic (C16:0) PA 321 218 146

% Pdmitdleic (C16:1) PAL R1 247 037
% Stearic (C18:0) STE 1 1088 091

% Oldic (C18:1n-9) OLE R 412 167

% Vaccenic (C18:1n-7) VAC 21 294 028
% Lindeic (C18:2) LIN 1 1443 145

% Linolenic (C18:3) LINL 1 108 018
% Gadoleic (C20:1) GAD 1 086 021

% Eicosadienoic (C20:2) EIC 321 063 017
Average Chain Length ACL 21 175 004
Double Bond Index DBI 321 084 003

Unsaturated Index Ul 1 252 023

Peroxidizability Index Pl 3?1 1849 16




Table 2. Results of QTL andyss when corrected ether for carcass weight (CW) or backfat

thickness (BF).

Cr. Trat PosCW) F(CW) a se. d se h%n PoYBF) F(BF)

1 PA 0 3.99 - - - - - 0 4.76
2 PAL 49 (2961) 590 011 0034 -007 005 - 49 581
2 STE 36 4.69 - - - - - 36 6.11

4 LIN 75(6787) 1713 -065 011 -000 016 013 67 420
4 OLE 76(66%) 714 047 013 -017 019 006 76 59
4 DBl 73(6287) 989 -101 023 -026 033 007 73 151
4 PP 75(668) 1610 -074 013 -005 019 012 75 372
5 MYR 131 479 - - - - - 89 521
5 PAL 126(111;) 500 - - - - - 126 530
6 PA 443149 78 028 009 035 013 006 44 551
6 PAL  0(-12 678 -008 003 -015 005 008 0 641
6 STE 13(-23) 704 027 012 072 023 016 10 733
6 LIN 107(9120) 660 -028 013 048 018 005 12 245
6 ACL 44(349 700 -075 028 -101 038 - - -

6 DB

105(9117) 912 -083 026 099 038 008 29 4.48
6 Pl 107(100122) 589 -035 015 047 021 - 102 162
6 ul 34 (21,54) 871 -006 002 -011 004 012 27 6.97
7 STE 40 (2555) 567 002 009 046 014 - 40 4.82

8 PA 86 (7893) 863 041 010 -007 014 006

&

11.38

8 PAL 86 (77,94) 1297 014 003 -007 004 010 85 1336
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8 OLE 47(3l5) 58 -036 013 -035 019 005 47 601
8 ACL 86(8091) 1266 -141 028 042 042 009 8 1657
9 OLE  7(-24 594 -047 014 016 023 - 7 557
10 MYR 8&(9) 861 007 002 002 004 010 8 818
11 MYR 31 084 - - - - - 15 812

LIN 28(@73%) 484 - - - - - 23 647

GAD 25(1239) 842 -008 002 -0067 0036 00919 25 8.46

12
12
12 VAC 21 (438 675 010 003 -0138 006 01041 16 124
12 LINL  31(1840) 884 003 002 0091 0024 00985 31 9.72
12 ACL 16 (-40) 780 -144 037 014 0659 0095 14 8.50
12 Pl 23 (11,37) 640 -038 017 0807 0281 00943 24 8.38

15 PAL 45 (3653 666 006 003 0152 0049 - 45 6.73

Cr., Chromosome; Pos(CW), Postion of the maximum F-vdue when corrected for CW; FCW), confidence
interval bounds are shown, in brackets only for the 95% genome-wise significance levd. Fvalue a the postion

Po(CW); a additive effect of the QTL on po(CW); d, dominant effect of the QTL on Pos(CW); PosBF)
Position of the maximum F-vaue when corrected for BF; F(BF) F-vaue at the position Pos(BF).
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Fgure 1. Fvadue curve of fatty acid reaed traits across chr 4. The horizontd solid and the
dashed lines indicaes the 95 % genome-wise and the 95 % chromosome-wise thresholds,

respectively.
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Fgure2. F-vaue curve of fetty acid metabalic ratios acrass chr 6. The horizontd solid and
the dashed lines indicates the 95 % genome-wise and the 95 % chromosome-wise thresholds,

respectively.
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Figure 3. Fvdue curve of faty add compogtion on backfat across chr 6. The horizontd olid
and the dashed lines indicates the 95 % genome-wise and the 95 % chromosome-wise
thresholds, respectively.
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Fgure 4. Fvdue curve of fatty acid reaed traits across chr 8. The horizontd solid and the

dashed lines indicaes the 95 % genome-wise and the 95 % chromosome-wise thresholds,

respectively.
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Figure 5. Fvdue curve of myridic faty add across chr 10. The horizontad solid and the

dashed lines indicaes the 95 % genome-wise and the 95 % chromosome-wise thresholds,
respectively.
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Fgure 6. Fvaue curve of faty acid rdaed traits across chr 12. The horizontd solid and the

dashed lines indicaes the 95 % genome-wise and the 95 % chromosome-wise thresholds,

respectively.
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Fgure 7. Fvaue curve of faty acid rdaed traits across chr 12. The horizontd solid and the
dashed lines indicaes the 95 % genome-wise and the 95 % chromosome-wise thresholds,

respectively.
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