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PROTEIN PHENOTYPES AND PRODUCTIVE TRAITS IN LANDRACE,
LARGE WHITE AND DUROC SWINE

FENOTIPOS PROTEICOS E CARACTERISTICAS PRODUTIVAS EM SUINOS
LANDRACE, LARGE WHITE E DUROC

Claudia Helena Tagliaro'

SUMMARY

Fourteen protein systems coded by 15 structural
loct were typed by horizontal clectrophoresis to determine
possible associations betweem the protein phenotypes and
productive traits in Landrace (N=109), Large White (N=116)
and Duroc (N=57) pigs, reared in Southern Brazil.
Signiticant associations between protein phenotypes and
production traits were detected. The most consistent
imteraction were observed between two protein systems
(phosphogluconate dehydrogenase - Pgd and Hemopexin -
Hpx) and at least one ot the tour pertormance variables
considered. In Duroc breed, the Pgd phenotypes were
associated with daily weight gain (P < 0.01), feed
conversion ratio (P < 0.01) and selection index (P < 0.001),
while 1 Landrace significant associations were observed
only with teed convertion ratio (P < 0.05). The Hpx
phenotypes were  associated  with  daily  weight gain
(P <0.05) and backtat thickness (P < 0.05) in Large White
and with this last variable (P < 0.01) and selection index
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(P < 0.05) in Duroc pigs. Since these results had not been
reported previously, further studies are need to contirm
these associations.

Key words: pigs, protein phenotypes, production traits,
associations.

RESUMO

Quatorze sistemas proteicos, codificados por 135
locos estruturais, foram tipados através de eletrotorese
horizontal para investigar possivels assocragdes entre oS
diferentes fendtipos proteicos e parametros de producao em
suinos das racas Landrace (N=109), Large White (N=116)
¢ Duroc (N=57), cnadas no sul do Brasil. As associacoes
mais consistentes foram detectadas entre dois sistemas
enzimaticos  (Fostogliconato  desidrogenase - Pgd e
Hemopexina - Hpx) ¢, pelo menos, um dos quatro parame-
tros produtivos considerados. Na raca Duroc toram veritica-
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das associagoes dos fenétipos de Pgd com o ganho de peso
diario (P < 0,01), com a conversdo alimentar (P < 0.01) e
com o indice de sele¢do (P < 0,001), enquanto que na Lan-
drace foram detectadas interagGes significantes apenas com
relagao a conversdao alimentar (P < 0,05). Quanto ao sistema
Hpx, foram verificadas associagoes significanies dos fendti-
pos desta proteina com o ganho de peso (P < 0,05) ¢ com
a espessura do towcmho (P < 0,05) entre os porcos Large
White ¢ nos Duroc com a espessura do toicinho (P < 0,01)
¢ com o indice de desempenho (P < 0,05). Uma vez que
tais resultados ndo foram observados em investigacoes ante-
riores, outros estudos serdo necessarios para confirmar estas
assoclagoes.

Palavras-chave: suinos, caracteristicas produtivas, tendtipos
Protcicos, associacoes.

INTRODUCTION

Studies concerming  the inheritance of blood
groups and protemn types in many domestic animals have
shown the occurence of genetic polymorphisms at several
loct (BOUQUET and WILLENS, 1971a and 1971b). In
tarm animals, the biochemical variability are frequently used
as genctic markers to mvestigate the relationships between
genetic phenotypes and productive traits. In this context
several studies have been performed in swine (JENSEN et
al., 1968; TRIPATHI and HOWELL, 1969; VOGELI ¢t al..
1984; BARDISA ctal,, 1986a and 1986b). Considering the
economic importance of the hog-raising industry in Brazil
and the lack of studies about biochemical polymorphisms in
pig herds reared in this country, the objective of the present
study was to mvestigate the possible occurence of associa-
tions between protein phenotypes and productive traits.

MATERIAL AND METHODS

Blood samples and data conceming performance
tests were obtamned from 282 pigs (109 Landrace, 116 Laree
White and 57 Duroc) at two localities: the Boar Test Station
of Venancio Aires and Estrela, both in Rio Grande do Sul.
At these stations the pigs were tested to sclect the best
animals for the Swine Artiticial Insemination Center ot Rio
Grande do Sul. The pigs that were tested came from several
farms and were not directly related. The criteria used to
preselect the animals were to choose healthy animals and
the biggest pigs from the litters.

The performance tests considered were average
teed conversion (FC), average daily welght gam (DG) and

ultrason backtat thickness (BT). The test were started when
the amimals weighed 30kg and were ended when they
rcached 90ke. A selection index (1) was calculated for each
animal based on the results of all pertformance ftest
according to the tormula described by COSTA et al. (1985}
= 100 + 0.25 (DG - DG) - 30 (FC -FC) - 40 (BT - BT),
where DG, FC, BT are the averages of these pertormance

results tor cach population of the difterent breeds.
Genetic varlation was assayed by horizontal starch

ocl or by agarose gel clectrophoresis at 15 structural locr:
malate dehydrogenase (Mdh), isocitrate dehydrogenase
(Idh), phosphogluconate dehydrogenase (Pgd), superoxide
dismutase (Sod), esterase D (EsD), acid phosphatase (Acp),
amylase 1 (Amyl), amylase 2 (Amy2), glvoxalase I (Glol),
phosphohexose isomerase (Phi), albumin (Al),
ceruloplasmin (Cp), Hemoglobin (Hb), hemopexin (Hpx)
and transferrin (Tf). The techniques ot electrophoresis and
proteins statning were those employed by TAGLIARO etal.
(1993).

To mvestizate possible signiticant assocrations
between pertormance data and specitic protein phenotypes,
the tollwomg statistical methods were used: the one-way
analysis of variance (ANOVA) for data with homogencous
variances by the Bartlett test (ROSNER, 1982). and the
Kruskal-Wallis one-way analysis ot variances for data with
heterogencous variances (SIEGEL, 1956). The analyses
were performed usmg Epr Info program (DEAN et al,
1990). When signiticant differences were detected among
three distincet phenotype classes, the data were submutted to
the Student-Newman-Keuls test (ZAR, 1974), using the
SPSSPC+  statistical program  for  nucro  computers
(NORUSIS. 1980). to verity which classes are statistically
ditterents. The phenotype classes with less than five animals

were excluded from  these analyses.

RESULTS AND DISCUSSION

Among 15 loct investigated in the three breeds,
cight were monomorphic (Mdh, Idh, Sod, Acp, Amy2, Glol
Al and Hb) and one was polymorphic (Cp) but had an
msutficient number of amimals to be considered m this
study .

Table 1 shows the number of animals with the
ditferent phenotypes detected for the systems that were
polymorphic i at least onc of the samples under
consideration.

The significant  associations  tound  between
average performance and specific protein phenotypes mn
[Landace, Large White and Duroc can be seen 1n Table 1l
[IT and 1V, respectively.

Landrace pigs (Table 1) presented associations
between the phenotypes of three enzimatic systems (Phy,
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Table [ - Protein phenotypes at polymophic loct observed in Landrace, Large

White and Duroc breeds.

Loci Phenotypes Landace Large White Duroc
(N=109) (N=116) (n=57)
Ppd Pad AA 42 43 2
Pcd AB 53 38 22
Ped BB 14 15 33
EsD EsD AA 94 116 40
EsD AB 1 4 0 17
EsD BB 1 0 0
Amyl Amy AA 4 0 0
Amy AB 21 21 O
Amy BB 83 95 57
Amy BC 1 O O
Phi Ph1 AA 4 28 2
Phi AB 26 47 |7
Phi BB 79 41 38
Hpx Hpx 0-0 I 0 0
Hpx O-1 6 ] ()
Hpx -2 3 0 ()
Hpx 0-3 3 () ()
Hpx 1-1 44 62 ()
Hpx 1-2 S 0 2
Hpx -3 37 48 6
Hpx 2-3 2 () 14
Hpx 3-3 R 5 35
Tf T AA () 7 !
Tf AB R 25 9
Tt BB 101 84 477

Ped and Amyl) and two productive parameters (daily
weight gain and feed conversion), According to these results
Phi BB pigs were, on average, 6% superior to Phi AB pigs
in relation to datly weight gain. Ditferences in average feed
conversion were only detected between Pgd AA and Ped
AB phenotypes (Student-Newman-Keuls test). However, the
average teed conversion of Pgd AB and BB animals on the
role was significantly lower (P < 0.01) than that obtained
tor Ped AA pigs. Thus, pigs which are carriers of Pgd*B
allele may need a smaller amount of food to reach the same
weight as the pigs that are not carriers of this allele.
Differences between teed conversion and Amy1 phenotypes
were also detected; 1n this case Amy 1 BB animals are better
than AB pigs.

Significant ettects were observed in Large White
breed (Table 1) for Hpx system on two productive traits.
Pigs  with Hpx 3-3 phenotypes presented, on average, a
dailly weight 15% greater than those with the Hpx 1-3.

Table II - Signicant associations detected betwveen meam performance of
productive trait tests and protein phenotypes in Landrage pgs.

Productive Loci Phenotype N Average SD P SNK
traits
Daily weigth
gain () Phi Phi AB 26 932836 RI.78S  <0.05 (3)

Phi BB 79 990.03% ] 28.703
Feed Ped Pgd AA 42 2.903 0240 <005 () a
Conversion Ped AB 53 2.759 (.301 b
(kg) Pgd BB 14 2.738 0,273 ab

Amyl Amy AB 21 2.912 0,191 <0.01 (3)
Amy BB 83 2780 0.290

S standard desvialion; P sigmificance level,
SNK Student- Newinan-Keuls test (P<0.05); means followed by diferent letiers ditfer sigmificantly;
(2} One-way analvsis of variance (ANOVA);

(3) Kruskal-Wallis one-way analysis of variance.

Table TH - Sienificant associations detected between mean performance of
productive trait tests and protein phenotypes i Large White

Plas.

Productive | .oct Phenotupe N Averape SD p SNK

{rails

P}aily weight

pain (g) Hpx Hpx 1-] 62 H96.6061 120706 <0058 (2) ab
HPX 1-3 18 953.792 FO4.257 2
Hpx 3-3 5 1 094,200 F3Y. 313 b

Backial

thickness Hpx Hpx 1-] 62 [.665 (.35 <08 (2) 4

{cm]} Hpx 1-3 4K P .S1N {().335 b
Hpx 3-3 5 1,392 ().291] ab

Nelection

inde x Tf Tt AA 7 6l 36776 <001 2) 4
1t AB 25 89. 740 13.651 ah
T BRY R4 106132 38,095 b

. il " .

SD standard deviation;, P sigmticance leved,
SNK Student-New man-Kewls test (P<0,053; means followed by different letiers Jilter stgnificanty;
(1} One-way analvsis ol variance (ANOVA),

Differences were also detected between  this
system and backfat thickness, that 1s, Hpx 1-1 pigs had
thicker backfat than those Hpx 1-3. There were no
detectable differences between these two phenotypes and
Hpx 3-3, however, when the Hpx 1-3 and 3-3 anmimals were
srouped Into one class, average backtat thickness were
lower than the average estimated for Hpx 1-1 pigs (P <
0.05). This suggests that the Hpx*3 allele may have an
advantageous ettect concerning this trait. Another signiticant
results obtained 1n Large White involved the Tt system and
the selection index, which was 68% higher in pigs with Tt
BB type than in Tf AA animals. Tt AB heterozygous
presented an intermediated  value and the ditferences
between  this  phenotype and the other two are not
significant.
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Table IV - Significant associations detected between mean performance of

productive trait tests and protein phenotypes in Duroc pgs.

e S

Productive Loci Phenotupe N Average SD P SNK
trails
Daily weight
gan {g) FPed Pgd AB 22 1080304 67765 <001 (2)
Pgd BR 33 991.606 66,848
Feed
conversion Ped Ppd AB 22 2476 Q273 <0.01 (23
(kg) Pxd BB 33 2707 (.332
Backfat
thickness Hpx Hpx [-3 6 [.900 0261 <001 (2) a
(cm) Hpx 2.3 14 421 ().264 h
Hpx -3 358 ] RY 0271 b
Selection
index Pgd Ped AR A 1 16.OK6 2162 <D0l (2
Ppd BB 3 NR.OIT 26516
Hpx Hpx 1-3 § TIRY2 ISM40 <008 (2 4
Hpx 2-3 [ 112,707 JA04 b
Hpx 3-3 35 Y7.5860) 2B RN ab
SI) standards deviation, P significance level;

SNK Swdent-Newman-Keuls 1est (P<thi (1S means followed by difterent fetters ditfer sienificant]y;
(2) one-way analysis of variance (ANOV AL

In Duroc breed (Table 1V), significant eftects
were detected tor Pgd phenotypes on productive traits. Ped
AB carriers had a higher daily weight gain and a lower feed
conversion than Pgd BB homozigous. Furthermore, the
selection index of Pgd AB pigs was, on average, 32%
higher than that of Pgd BB pigs. Considering the Hpx

system, Hpx 2-3 and 3-3 animals presented a smaller
backtat thickness than Hpx [-3 pigs. The selection index of

Hpx 1-3 carriers was lower than that of Hpx 2-3.
Many attempts have been made to correlate

brochemical polymorphisms  to  quantitative  traits  of

economic importance n farm animals. [n present study, the
most consistent etfects were observed for two protein loc
(Pgd and Hpx) on at least one of the four productive
parameters.

In Duroc breed the Pgd phenotypes were
associated with daily weight gain, feed conversion ratio and
selection index, while in Landrace a significant association
was only detected  between this system and  feed
conversion. VOGELLI et al. (1984) Investigating the etfects
of several protein loci, including Ped system, on production
traits did not verity, in Swiss Landrace PIES, an assoclation
between feed conversion and this system. They also did not
verity significant ditferences in the gene trequencies ot Pad
between two line of Landrace pigs (one superior and
another 1nferior) selected tor several generations with
relation to daily weight gain, feed convertion and backfat
thickness.

In this study associations were also detected
between Hpx phenotypes and daily weight gain and backfat
thickness 1n Large White and between this system and
selection index in Duroc. RIPATHI and HOWELL (1969)
studying Yorkshire pigs, which in Brazil is considered the
same breed as Large White, and JENSEN et al. (1968)
studying Duroc animals did not find any of these
assoclations.

There are great variations among the results
obtammed 1n several studies and some of them are
inconsistent  with no  clear pattems of associations
(RASMUSEN;, 1981). Some of the conflicting results may
occur due to problems inherent to the statistical analyses.
Furthermore, the interpretation of these data is complicated
by the fact that the mechanism responsible for a specific
association is trequently not identitied, since there are
several  factors  (pletotropy, hnkage desequilibrium,
heterozygote advantage, cpistatic eftects) which might
mvolved 1n the interactions between biochemical phenotypes
and quantitative traits. It 1s clear, therefore, that further
studies, on a large number of animals, are required to
contirm, or not, the results obtained 1n this investigation.
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