Resum

Aquesta Tes sha reditzat amb |’ objectiu de detectar QTLs amb efecte sobre carecters
dinterés economic i productiu en porci. Per aconseguir-ho, inicidment es va reditzar I'andis
genotipica de 60 microsatd- lits posicionats en ds cromosomes 1, 2, 3,4, 7, 8,9, 13, 16 1 17.
Aqueta andis es va dur a teme en una poblacié de tipus R obtinguda mitjancant
I'encreuament de 3 porcs Ibérics de I'edtirp Guadyerbas amb 31 femeles Landrace, les
diferéncies entre s quas son molt notables. Mitjancant aquest encreuament, es varen obtenir
73 femdles i 6 mastles Fy, que dhora, varen produir 577 animas F2 (295 maescles 1 282

femelles).

Bl primer trebal experimenta reditzat fou I'extracciO de 'ADN genomic dds animds
i I'establiment d'un banc de mosres. Pogteriorment es varen sdleccionar 60 microsatd- lits en
funcid de I'eficiencia damplificacio, la poscidé cromosomica i la informativitat que varen
modrar. Findment es va reditzar I'amplificaci6 d'aguess microsatd- lits en ds 34 animds
fundedors, ds 79 individus de la F; i 321 animds F, agrupas en 58 families diferents, per la
gud cosad nombretota d animas anditzats fou de 434.

La informativitat dels microsatd- lits es va vdorar mitjancant € cadcul modifica (Clop
et al.,, 1998) de I'index dinformativitat de Ron (Ron et al., 1995) en ds tres mascles Ibérics i
en 15 femdles Landrace (les), € mateix cdcul en ds 3 masdes i en 29 femdles tenint en
compte la informacié genedlogica (ley), I'heterozigositat a la F; (H) i @ contingut informatiu
ala R, (IC). Totes aquestes mesures resultaren dtes en la mgoria dels microsad- lits. Segons
e paametre, entre 2 i 4 microsatd- lits varen presentar un vdor inferior a 05 1 entre 6 i 14
microsatd- lits asoliren @ vador maxim (1). Hs quatre parametres varen mostrar una dtissma
corrdlacio genética podtiva, per la qud cosa va quedar demostrada la utilitat de I'index de
Ron per a vdorar la informativitat deds marcadors a la Fo. El nombre d'd- |ds dds marcadors
es va Stuar entre 2 i 12, essent ds marcadors meés freglents aquells que presentaven 5 0 6
d- lds

Amb la informacié genctipica obtinguda i mitjancant I'opcié build del programa CRI-
MAP, verson 24 (Green e al., 1990), es varen cdcular les digancies de recombinacié entre
es marcadors i es va congdruir € mapa de lligament per ds deu cromosomes. L’ordre dels
microsatd- lits d mapa de lligament obtingut, va coincidir plenament amb d destrit per
Rohrer et al. (1996). Exigeixen agunes diferencies en les digancies entre els microsad- lits
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gue podrien ésser degudes a la diferent base genetica de les poblacions anditzades en ambdos
trebdls o d diferent nombre de meiossinformatives detectades en les mateixes.

L'andis de deteccid de QTLs es va reditzar mitjatant € métode de regresso
desenvolupat per Hdey et al. (1994). Es varen detectar QTLs sgnificatius en s cromosomes
2,4,7i 8 End cromosoma 2 es va detectar un efecte sgnificatiu per a I'espessor (F = 10,36)
i 'area dd llom (F = 129), a les poscions 54 i 68 cM, repectivament. En ambdds casos
I'efecte additiu (@ = -251 i -184, regpectivament) va indicar una disminucié de
deservolupament del llom quan’d- 1€l 1beric estava present.

Els QTLs més dgnificaius varen ser detectats d cromosoma 4, a la regié compresa
entre es microsad- lits SW839 i S0214. El mgor de tots dls afectava a I'espessor dd greix
dorsd mesurat amb regleta a I'escorxador (F = 25,97), que, dhora, anava acompanya d'dtres
efectes sgnificatius sobre  mateix cadcter pero mesurat amb un Fat-O-meter | obre @ pes
dd grex dosd. L'd- ld lbéric en homozigopd augmentava claament aguests parametres
(a = 3707). El segon efecte de mgor sgnificacio descrit a la present Tes (F = 17.13), es va
detectar a la mateixa regié cromosomica i estava associa amb  percentatige d' acid linoleic d
teixit adipds subcutani dorsd. L'd- ld Iberic estava asocia a una disminucidé d aguest
percentatge (a = -0,65). Aquesta regié també va modrar un efecte sobre I'index de dobles
enllacos dds &cids grassos (DBI) i llur index de peroxidebilitat (P1). La maeixa regio
cromosomica poseeix efectes sobre la longitud de la cand (F = 11,8), de manera que I'd- ld
Ibéric redueix d tamany de les cands. En una regié propera d nicrosatd- lit SW445 (109 cM)
i dlunyada de la descrita per aguests QTLS, es va detectar una associacio amb la concentracio
d hematina d muscul Longissmus (F = 868) i sobre d paramere colorimétric L* (F = 164).
L'd- ld Iberic augmentava € vaor dd primer i disminui a € dd segon. També sobsarva un
efecte sobre € parametre colorimétric & en una regio que presentava un interva de confianca
ensolgpat amb els segments que s associaren amb la concentracié d hematinaii L*.

En d cromosoma 7 es va trobar un efecte (F = 9) per a la concentracié d’hematina a la
mateixa podcid que @ microsad- lit (S0066), en d que I'd- ld Ib&ic augmentava d
paamere. En d comosoma 8, a la maeixa poscid que € microsatd- lit S0225, es vaen
trobar efectes sobre ds percentages dds acids grassos pamitic i pamitoleic en d grex
dorsd, axi com sobre la longitud mitjiana de les cadenes de carboni dels acids grassos en
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agquest teixit (ACL). La prestncia de I'd- ld Ibéric implicava un augment dd percentaige
dambdbs acids grexosos i, per tant, una disminucd ded vador de ACL. També es varen
detectar per a diversos caracters efectes suggestius a tots s cromosomes estudiats en aguesta
Tes. Aquests QTLs afectaren d percentaige de fibres musculars de tipus 1A (cromosoma 1) i
IIB (cromosomes 1 i 8), d diametre de fibres 11B (cromosoma 7), a la longitud (cromosoma
17) i & pes de la cand (cromosomes 2 i 17), d pH dd llom a les 24 hores pos-mortem
(cromosomes 1 i 3), a I'area dd llom (cromosoma 4), ds vaors minota & (cromosomes 4, 7
i 8), b* (ccomosoma 8) i L* (cromosoma 7), a I'espessor del greix dorsd (cromosomes 2, 7 i
8), d percentatge de greix intramuscular (cromosoma 16), d pes dd pernil (cromosoma 13) |
d percentage dds ecids grassos pamitic (cromosomes 6 y 12), pamitolec (cromosoma 2),
estedric (cromosomes 6 | 7) oleéc (cromosomes 4, 8 i 9), linoleic (cromosoma 6), vaccenic
(cromosoma 12) i € seus index metabolics ACL (cromosomes 6 i 12) i Pl (cromosomes 6 |
12).

Amb la intencié de valorar d possble efecte dd DNA mitocondrid sobre ds diferents
caracters de creixement i engreixament en la nostra poblacio, es va caracteritzar un haplotip
en € citocrom B porci (CytB), conditui t per quatre SNPs, que determina |’ origen europeu 0
agdic de la linia maerna dds animds. El baix nivell de segregacio de I'heplotip Al en la
poblacié Landrace Ry dd nodre trebdl, no va fa possble avduar la incidencia d aquests
haplotips en ds caracters productius anditzats. La caracteritzacid dds heplotips es va dur a
terme mitjancant la técnica de piroseglienciacio, en cinc poblacions porcines diferents per
determinar I’origen europeu o0 agaic de la linia maena dds animds que les composaven.
Dds quatre haplotips obsarvas fins deshores (Andersson, comunicacio persond), dos ddls
sOn caracterigtics d origen europeu (El i Ell) i s dtres dos ho son de I'asiaic (Al i All). Es
van genatipar cinc porcs de I'estirp Guadyerbas dd porc Ibéric (IB), cinc animds de la raga
Porc Negre de Malorca (PN), 112 truges Landrace (LD), 43 Large White (LW) i 69 Pietrain
(PT). Mentre que en les races comercids es va observar una clara segregacio de | haplotip
europeu El i agaic Al, en nou dels deu animds autoctons (IB i PN) sobsarva d tipus El i un
anmd PN presenta un nou haplotip aparentment hibrid del El i d Al.

Pear a la deteccid dds possbles gens candidats que expliquessn I'efecte sobre
caacters d'engreixament i de composicid en acids grasos ded grex dorsd en d cromosoma

4, es va revisar la funcié dds gens que es trobaven locditzats a la regi6 homologa a la de
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QTL, en huma (Hsap 1p22025 i Hsp 8911.1-q24.3). Findment, es va excollir d gen de la
24-Diendil Coenzim A Reductasa (DECR), (Hs3p8g21.3) i que intervé en la beta-oxidacio
des acids grassos, com a possble candidat. Es dissenyaren uns primers a patir de les
seguiéncies consarvades entre huma i rata i es va amplificar un grup d' animas parentds. Es va
detectar un polimorfisme nudeotidic (GO C) a la poscid 114 de I'exd 2 que implicava un
cawvi aminoacidic (Va 0 Leu) i que podia ser detectat per PCR-RFLP mitjancant la digestio
anb I'enzim de restricci6 Madl o d sau isoexquizome Bfal. Es varen anditzar tots es
animas dd pedigree i es va incorporar d mapa de lligament. L'd- | que presentava la diana
de redriccid edava representat en molt pocs individus del pedigree Degut d baix nivel de
polimorfisme exigdent, d resltaa de I'andis podulava dues poscons (entre ds
microsatd - lits SW839 i 0214, 0 entre SO001 i SW839), d LOD score de les quas era molt
gmilar. L'andis en un panndl de cd- lules hibrides irradiades va confirmar la posicié dd gen
entre s microsatd- lits SO001 i SW839. Aquesta podcié (683 cM) indica la proximitat de
gen d QTL per d peacentage dacid linoleic (67-87 ¢cM). Degut a aguest baix nivel de
polimorfisme exigent tampoc es va poder reditzar una andis d'associacié dd gen amb ds
caracters afectats per € QTL de greix i acids grassos dd cromosoma 4. Actudment s edtan
cercant noves mutacions que poguessn presentar un nivel de segregacié superior | que

permetessin per tant, reditzar unaandis d associacio amb aguests caracters fenctipics.

Els resultats obtinguts en aguesta Tes es complementen amb ds deectats en la resta
de cromosomes porcins en € laboratori dd Area de Genética y Mejora Animal dd CIT-INIA i
conditueixen una bona base i punt de patida per a la identificacio | caracteritzacid de gens
candidats d' interés economic-productiu en I’ espécie porcina
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The main purpose of this Thesis was to detect QTLs affecting economically important
traits in pigs. First of all, the genotypic analysis located along the chromosomes 1, 2, 3, 4, 7,
8, 9,13, 16 and 17 was performed. The analysis was executed in a F, intercross obtained by
mating 3 Iberian boars from the Guadyerbas lineage to 31 Landrace sows. The phenotypes of
the two breeds are markedly different. As a result of this cross, 73 females and 6 males in the
F, and 577 F, (295 males and 282 females) were produced.

Our first goal was to obtain genomic DNA from each pig. Afterwards, 60
microsatellites were selected according to their amplification efficiency, chromosomal
location and informativeness. Finally, we analysed these markers by PCR, in the 34 founder
animals, the 79 individuals from the R and 321 F from 58 full-sib families, which means a
total of 434 animals.

The informativeness of these markers was measured by means of a modified statistics
(Clop et al., 1998) derived from the predictor developed by Ron et al. (1995). The dtatistics
was calculated in the 3 Iberian boars and 15 Landrace sows (le;s), or by employing the 3
boars and 29 Landrace sows according to the pedigree information (Iexg). The heterozygosity
in the F1 (H) and the information content of the F2 (IC) was also calculated. Most of the
markers showed high informativeness, although, between 2 and 4 microsatellites showed
values below the 0.5 threshold. Approximately, between 6 and 14 markers presented the
highest informative index (1). All the 4 informativeness predictors were highly correlated.
This allows us to conclude that the le is a very useful index in predicting the marker
informativeness of microsatellites in the R, The number of alleles varied between 2 and 12,

being the mogt frequent markerswith 5 or 6 alleles.

By using the option build of the CRI-MAP program, version 2.4 (Green et al., 1990),
we calculated the recombination fractions between the markers and constructed the linkage
map of the 10 chromosomes. The order of the markers was in total agreement with the map
described by Rohrer et al. (1996). There exists several minor differences between both maps
related with the distances between markers. This could be due to the different biological
material used in both pedigrees or even to the different number of informative meiosis that
could be detected in each pedigree.
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With the objective of detecting QTLs, we performed the regression analysis devel oped
by Haley et al. (1994). We detected sgnificant QTLs in chromosomes 2, 4, 7 and 8. A
significant QTL affecting loin thickness (F = 10.36) and loin eye area (F = 12.9) was detected
in chromosome 2 at 54 cM and 68 cM, respectively. In both cases, the additive effect
(a= -2.51 and —1.84, respectively) showed that the Iberian allele decreased the values of both
parameters.

The most significant QTLs were found in chromosome 4, between the markers SAV339
and 0214. The most significant QTL affected backfat thickness measured directly in the
daughterhouse (F = 25.97). This QTL was also affecting backfat thickness measured with a
Fat-O-meter and backfat weight. The homozygous animals with the Iberian allele showed
higher backfat deposition (@ = 3.707). The second most important QTL found in this work
was detected in the same position and was affecting the linoleic fatty acid percentage in the
subcutaneous backfat (F = 17.13). The Iberian allele decreased this percentage (@ = -0.65).
An €effect on the double bond index of fatty acids (DBI) an their peroxidizability index (PI)
was also detected. In the same region, we detected an effect on the carcass length (F = 11.8),
showing that the Iberian allele reduced the value of this trait. In the position 109 cM, close to
the marker SWA445, we detected an effect on the haematine ®ncentration on Longissimus
muscle (F = 8.68) and on the colorimetric parameter L* (F = 16.4). The |berian allde
increased the haematine concentration and decreased L*. An effect on the colorimetric
parameter a* was also denoted in a position which confidence interval overlapped with the

segments associated with the concentration of haematin and L*.

In chromosome 7, in the same position defined by the microsatelite S0066, we
detected a QTL (F = 9) for the haematine concentration. When the Iberian allele was present,
the haematine concentration was increased. In chromosome 8, in the same position where the
marker S0225 is located, we detected an association with the percentage of palmitic and
palmitoleic fatty acids in backfat, as well as with the average chain length of fatty acids
(ACL). The presence of the Iberian allele increased these percentages and consequently,
decreased ACL. Suggestive associations were detected on all the chromosomes analysed in
this Thesis. These QTLS showed effects on the percentage of type I1A (chromosome 1)and 11B
(chromosomes 1 and 8), and the diameter of type IIB (chromosome 7) muscle fibres, the

carcass length (chromosome 17) and weight (chromosomes 2 and 17), the pH at the
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Longissmus muscle 24 hours post-mortem (chromosomes 1 and 3), the loin eye area
(chromosome 4), the minolta parameters a* (chromosomes 4, 7 and 8), b* (chromosome 8)
and L* (chromosome 7), the backfat thickness (chromosomes 2, 7 and 8),the percentage of
intramuscular fat (chromosome 16) the ham weight (chromosome 13) and the percentage of
palmitic (chromosomes 6 and 12), palmitoleic (chromosome 2), stearic (chromosomes 6 and
7), oleic (chromosomes 4, 8 and 9), linoleic (chromosome 6), and vaccenic (chromosome 12)
fatty acids and their metabolic ratios ACL (chromosomes 6 and 12) and Pl (chromosomes 6
and 12).

To evaluate the putative effect of mitochondrial DNA on fatness and growth traits in
our population, we characterized an haplotype in Cytochrome B (CytB), composed by four
\Ps, which determinates the european or asiatic origin of the maternal line of the animals.
Because the segregation of the Al allele in the |y Landrace sows was low, we could not study
the influence of this haplotype on the analysed traits. The characterization of the haplotypes
was performed by Pyrosequencing, in five different pig breeds in order to determine the
european or asiatic origin of their maternal lines. Two out of the four haplotypes that had
been detected to time (Andersson, Personal Communication) have an european origin (El and
Ell), and the other two types indicates an agiatic origin (Al and All). Five Guadyerbas pigs
from the Iberian breed (IB), five pigs from the Porc Negre de Mallorca breed (PN), 112
Landrace sows (LD), 43 Large White sows (LW) and 69 Pietrain sows (PT), were analysed.
The commercial breeds (LD, LW and PT) showed a clear segregation of both european El
and agiatic Al types. Nine out of the ten pigs from the autochthonous breeds (IB and PN) were
El type and one PN showed a new haplotype, which sequence was apparently a mixture
between El and Al haplotypes.

To detect the possible candidate genes for the chromosome 4 effect on the linoleic
percentage, we investigated the physiology of the genes that were located in the human
genomic regions that share homology with the chromosomal position of the QTL (Hsap
1p2.2-g2.5 and Hsap 80g11.1-g24.3). This study suggested that the 2,4-Dienoyl CoA
Reductase gene (DECR) (Hsap8g21.3) was a good candidate since it participates in the beta-
oxidation of fatty acids. We designed two primers complementary to the conserved regions of
the exon 2, between human and rat and we amplified this target in several F individuals. The
analysis of the sequences, showed a nucleotide polymorphism (G [0 C) that was associated to

124
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an amino acidic subgtitution (Val [0 Leu). This polymorphism could be detected by PCR-
RFLP by using the Bfal or Mael endonucleases. After analysing all the individuals of the
pedigree, we mapped the DECR in our linkage map. Due to the low polymorphism of the
mutation in our population, the results showed two possible postions (between the
microsatellites SV839 and 0214, or between 0001 and SW839), which LOD score was
highly smilar. The analysis in a RH panel confirmed the position between the markers S0001
and SW839. This position (68.3 cM) indicates that the fatty acids QTL lies in a close region
(67-87 cM). Due to this low polymorphism the association analysis with the traits affected by
this chromosome 4 fatness and fatty acids QTL could not be performed. At present, we are
searching for other mutations than could segregate at a higher level in our population, and

thus, allows us to perform an association analysis with these phenotypic traits.

The results showed in this Thesis are complementary to those detected in the rest of
pig chromosomes, that were analysed by the Laboratory of the “ Area de Genética y Mejora
Animal” from CIT-INIA. These results pinpoint the identification and characterization of

candidate genes in pigs, affecting important genes with effect on economic traits.



