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Characterization of swine stress gene by DNA testing using
plucked hair as a source of DNA
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Abstract

The swine stress gene (hal) in recessive homozygotes (nn) leads to porcine stress syndrome (PSS), and i s associated with pale, soft,
exudative pork (PSE). In heterozygosis (Nn) it islinked to poor carcass quality. A total of 179 pigs (86 Large White, 69 Landrace, 12
Duroc and 12 Pietrain) were characterized asnormal homozygotes (NN), heterozygotes or recessive homozygotesfollowing amplifica-
tion of atarget region of the hal gene using the polymerase chain reaction (PCR), followed by arestriction endonuclease assay. Plucked
hair was used asasource of genomic DNA. Theresulting PCR was digested with the restriction enzyme Cfol, followed by agarose gel
electrophoresis. Of 179 animal stested, 70% were NN, 28% were Nn, and 2% were nn. Thefrequency of heterozygoteswas higher (P
<0.05) inLandrace (0.43 for Nn) thanin Large White pigs (0.09 for Nn). Nine of the 12 Pietrain animalswere Nn and threewere nn,
suggesting ahigh frequency for then allelein thisbreed. These results may be related to the incidence of PSS and PSE in these two
breeds, both of which arewidely usedin breeding programs. The utilization of plucked hair asthe source of genomic DNA wasanon-

invasive and quick method to screen farm animals.
INTRODUCTION

The swinestressgene (hal) islocated on chromosome
6 (p1.1-g2.1) and codes for ryanodine receptors, which are
Ca* rel ease channel sof skeletal muscle sarcoplasmic reticu-
lum (Otsuetal., 1991). Porcinestresssyndrome (PSS) isan
inherited myopathology in which skeletal muscle contrac-
tion, hypermetabolism and an elevationin body temperature
aretriggered by inha ed anestheticsand environmental stress
(Louisetal., 1990; Santoro and Faucitano, 1996). Compari-
son of sequenceof full-length hal cDNA (Genbank M91451)
from PSS susceptible and PSS non-susceptible pigshasre-
vealed 18 single nucleotide polymorphisms between these
two types of pigs. One of the polymorphismsinvolvesthe
substitution of cytosine (PSS non-susceptible) by athym-
ine (PSS susceptible) at nucleotide 1843. This ateration
resultsin the replacement of an arginine at position 615 by
acysteine (Fujii et al., 1991). Asaconsequence, in reces-
sive homozygotes (nn) the gene hal leadsto PSS and the
major post-mortem manifestation of pale, soft and exuda-
tive pork (PSE). In heterozygosis (Nn) the hal gene pro-
duceslower carcass quality (Prommier and Houde, 1993;
Cheak et al., 1994; Webb, 1996), but possibly higher car-
cassweight (Zhang et al., 1992; Leach et al., 1996; Favero,
1997). The polymorphism at nucl eotide 1843 of the hal gene
hasrecently been characterized by aDNA test using blood or
amuscle biopsy asthe source of genomic DNA (Houde et
al., 1993; Cheak et al., 1994).

Inthisstudy, we assessed thevalidity of the DNA test
in commercial pigs using PCR amplification of the target
region of hal genefollowed by arestriction endonuclease

assay (REA). We also examined the feasibility of using
plucked hair as source of genomic DNA, and determined
the frequency of each hal genotype in Landrace, Large
White, Duroc and Pietrain pig breeds.

MATERIAL AND METHODS
Animds

One hundred seventy-nine pigs (86 Large White, 69
Landrace, 12 Duroc and 12 Pietrain) were studied. All ani-
mals came from a single commercial farm in the State of
Rio Grandedo Sul, Brazil. Plucked hair was collected from
randomly chosen pigs.

Extraction of genomic DNA

Genomic DNA wasextracted from the hair rootsus-
ing two protocols. In protocol | (Bauerovaet al., 1995), 10
hair rootswere suspendedin 100 ul of lysisbuffer (10mM
Tris-HCI, pH 8.0, 10mM EDTA, 100 mM NaCl, 2% SDS,
70mM DTT and 0.4 mg/ml of proteinaseK), and thenincu-
bated at 45°C overnight. Five microliterswas used in the
PCR reaction. In protocol |1, modified from Drissing et al.
(1996), 1-3 hair rootswereincubated at room temperature
for 5minin 0.5 ul of 0.1 M NaOH, after which 4.5 pul of
0.02M Tris-HCl, pH 7.4, wasadded. The PCR reaction mix-
ture (20 wl) wasthen added to the tube containing the above
extract. Asalternative sources of DNA, blood and semen
sampleswerea so used and the DNA was extracted accord-
ing to the method described by Sambrook et al. (1989).
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PCRand REA

The PCR reactionsweredonein afina volume of 25
ul containing 200 uM of each dNTR, 2.5 pl of PCR buffer
with afinal concentration of 1.5 mM MgCl,, 0.2 uM of
eechprimer (forward5'-GTTCCCTGTGTGGCAATGGTG-
3 andreverse5’-ATCTCTAGAGCCAGGGAGCAAGTTCT
CAGTAAT-3) (Fujii etal., 1991), 1 U of Tag DNA poly-
merase (CENBIOT/RS, UFRGS) and 5 ul of extraction so-
[ution containing genomic DNA (Inniset al., 1990). The
PCR reaction was carried out in a Perkin EImer 2400
thermocycler with thefollowing settings: 1 minat 95°C, 1
min at 56°C, and 1 min at 72°C for 30 cycleswith afinal
cycleof 7minat 72°C. Five microliters of the PCR prod-
uct was digested with 5 U of Cfol (Boehringer Mannhein)
for 3hat 37°C. Digestion by Cfol produced two DNA frag-
mentsof 49 pb and 32 pb for theN aleleand anintact 81 pb
for the“n” alele. The digested product was submitted to
electrophoresis on a4% agarose gel containing 0.5 pg of
ethidium bromide/ml (Sambrook et al., 1989), visualized
withan UV transilluminator and photographed using aK odak
DC40digital camera.

Genefrequency

The genotype frequencies of the hal gene (NN, Nn,
and nn) among the breedswereanalyzed using the chi-square
test (x?).

RESULTS AND DISCUSSION

PCR amplified a specific 81-base pair (bp) DNA
fragment from the hal gene using different sourcesof pig
DNA. Collection and transportation of plucked hair were
quite easy so this was the source used throughout this
study. Protocol 11 for DNA extraction from plucked hair
gave the most consistent results, and sinceit was simpler
and easier to perform than protocol 1, this method was
adopted as standard. A single hair root was enough to al-
low amplification of the expected DNA fragment (Figure
1). Theimpurities present inthe DNA samples apparently
did not affect amplification of thetarget DNA. Thesize
of thefragment amplified by PCR wasthe same, 81 bp, in
all samplesanalyzed.

Digestion of the PCR product with Cfol produced two
fragmentsof 49 bp and 32 bp for normal homozygotes (NN),
three fragments of 81 bp, 49 bp and 32 bp for heterozy-
gotes (Nn) and an undigested fragment of 81 bp for reces-
sive homozygotes (nn) (Figure 2).

The gene frequency of the n alele of the hal gene
washigher (P<0.05) in Landracethanin Large Whiteani-
mals(Tablel). Thefrequency of heterozygoteswas higher
(P<0.05) in Landrace pigsthan Large Whitepigs.

Comparisons between Duroc and Pietrain pigswere
not done, because of the small samplesize. However, there
was atendency towardsahigh frequency of thenalelein

Figure 1 - PCR products obtained using DNA extracted with protocol 1.
L ane 1: 100-bp ladder molecular weight marker (Gibco BRL); lane2: DNA
extracted fromasinglehair root; lane 3, DNA extracted from two hair roots,
and lane 4: DNA extracted from three hair roots.

bp1234567891011
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Figure2 - Electrophoretic profile of PCR products digested with Cfol . Lane
1: 10-bp ladder molecular weight marker (GIBCO BRL); lanes 2, 6, 7, 8, and
10: normal homozygotes (NN) (two Large White pigs, two Landrace pigs,
and one Duroc pig); lanes 3, 4, and 9: heterozygotes (Nn) (two Landrace
pigsand one Pietrain pig); lanes5 and 11: recessive homozygotes (nn) (two
Pietrain pigs).

Pietrain pigs and a low frequency of this allele in Duroc
pigs. No Pietrain animal was characterized asNN.

Plucked hair was asuitable source of DNA for PCR,
and it waseasily collected and transported from thefarm to
the laboratory. This source of DNA should facilitate the
characterization of the hal genotypein farm animals. Col-
lection and use of blood or semen as a source of DNA is
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Tablel - Frequencies of the hal genein different breeds of pigs.

Breeds No. Genefrequency (%)

NN (No.) Nn (No.) nn(No.)
Large White 6 0.913(78) 0.09°(8) -
Landrace 6 0.56°(38) 0.43°(31) -
Duroc 12 0.83(10) 0.16(2) -
Pietrain 2 - 0.75(9) 0.25(3)
Total 179 0.70(126) 0.28(50) 0.02(3)

NN - Normal homozygotes; Nn - heterozygotes; nn - recessive homozy-
gotes; 2°Different letter means P < 0.05.

laborious and, in some cases, dangerous because of the
stress caused to the animal during sample collection. Death
may occur if the genotypefor the hal geneisnn.

Thehighfrequency of heterozygotes (Nn) in Landrace
pigsand the high frequency of heterozygotes (Nn) and re-
cessive homozygotes (nn) in Pietrain pigs may berelated
totheincidence of PSS and PSE, since both of these breeds
areused widely in breeding programsand commercid farms.
A study to correlate the presence of the n allele with car-
casstraitsin theseanimalswasdone by Bastoset al. (2000),
and no correlation was found between the presence of then
allele and higher carcass weight, contrary to findings of
Zhangetal. (1992), Leach et al. (1996) and Favero (1997).

Asthe presence of the hal gene, bothin heterozygos-
ity and recessive homozygosity, does not seem to be asso-
ciated with better carcassweight, and the utilization of these
animals may lead to lower carcass quality, breeding pro-
gramsshould aim at eliminating thisgenotypefromthe herd.
Theuse of hair roots asasource of DNA should facilitate
theanalysisof the genotype of hal gene of different breeds
and crossbreed pigs.
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RESUMO

O genedo estresse suino (hal) em homozigoserecessiva (nn)
ocasionaasindromedo estresse porcino (PSS), e estarelacionado
com aocorrénciada carne palida, mole e exudativa (PSE). Em
heterozigose (Nn) estaassociado com diminui¢do daqualidadede
carcaga. Um total de 179 suinos (86 Large White, 69 Landrace,
12 Duroc e 12 Pietrain) foram caracterizados como homozigotos
normais(NN), heterozigotos e homozigotos recessivos por andlise
do DNA usando a reacdo de polimerizacdo em cadeia (PCR),
seguidade um ensaio com endonucl ease derestricdo. Foi utilizado
foliculo piloso como fontede DNA genémico. O produto do PCR

foi digerido com aenzimaderestri¢ao Cfol, seguindo-seandlise
dosfragmentos por el etroforeseem gel deagarose. Dentre 0s179
animaisanalisados, 126 (70,0%) foram caracterizadoscomo NN,
50 (28,0%) como Nn, e 3 (2,0%) caracterizadoscomo nn. A fre-
giénciade heterozigotosfoi maior (P< 0,05) em animaisdaraga
Landrace do queem animaisdaracalL arge White. Nove animais
daracaPietrainforam classificados como heterozigotosetrescomo
homozigotosrecessvos. Estesresultados podem estar relacionados
comaincidénciade PSSe PSE nestasragas, asquaissio largamente
utilizadasem programasde cruzamento. A utilizacgo defoliculopiloso
comofontede DNA gendmicofoi um método rdpido endo-invasivo
queviabilizaaexecucgdo dacaracterizacdo do gene hal .

REFERENCES

Bastos, R.G., Federizzi, J., Deschamps, J.C., Carddlino, R. and Dellagostin,
O.A. (2000). Efeito do gene do estresse sobre caracteristicasde carcaga
de suinos comerciais. Rev. Bras. Zootec. (in press).

Bauerova, M., Vasicek, D., Uhrin, P,, Chrenek, P., Mlynek, J. and Bulla, J.
(1996). Detection of malignant hyperthermiain pigsby DNA-test using
plucked hair asasource of DNA. Pig NewsInf. 16: 109N-111N.

Cheak, K.S,, Cheak, A.M.andKrausgrill, D.l. (1994). | dentification of varia:
tions in meat quality in live pigs free of the halothane gene using bi-
opsy samples of M. longissimusdorsi. Pig News Inf. 15: 55-57.

Drissing, J., Rudbeck, L. and M archer, H. (1996). A five minute procedure
for extraction of genome DNA from whole blood, semen and forensic
stainfor PCR. In: Advancesin Forensic Haemogenetics (Carracedo, A.,
ed.). Springer-Verlag, New York, pp. 269-271.

Favero, J.A. (1997). Influéncia do gene halotano sobre o desempenho
produtivo de suinos. In: Anais do VIII Congresso Nacional da As-
sociacdo Brasileira de Veterinarios Especialistas em Suinos,
ABRAVES, Foz-do-lguacu, PR, Brasil, 1997, pp. 395-396.

Fujii, J., Otsu, K ., Zor zato, F., Leon, S, Khanna, V., Weiler, J.E., O’ Brien,
P.J.and MacL ennan, D.H. (1991). Identification of amutation in por-
cine ryanodine receptor associated with malignant hyperthermia. Sci-
ence253: 448-451.

Houde, A., Pommier, S.A. and Roy, R. (1993). Detection of theryanodine
receptor mutation associated with malignant hyperthermiain purebred
swinepopulations. J. Anim. &ci. 71: 1414-1418.

Innis,M.A., Gelfand, D.H., Sninky, J.J. and White, T.J. (1990). PCRProto-
cols: A Guideto Methods and Applications. Academic Press, San Diego.

Leach,L.M.,Ellis M., Sutton, D.S., McKeith, FK. andWilson, E.R. (1996).
The growth performance, carcass characteristics, and meat quality of
hal othane carrier and negative pigs. J. Anim. Sci. 74: 934-943.

Louis, C.F, Gallant, E.M., Remple, E. and Mickelson, J.R. (1990). Malig-
nant hyperthermia and porcine stress syndrome: atale of two species.
Pig News|nf. 11: 341-344.

Otsu, K., Khanna, V.K.and Archibald, A.L . (1991). Cosegregation of porcine
malignant hyperthermiaand a probable causal mutation in the skeletal
muscle ryanodine receptor gene in backcross families. Genomics 11:
744-750.

Prommier, SA.and Houde, A. (1993). Effect of the genotype maignant hyper-
thermiaas determined by arestriction endonuclease assay on the quality
characteristicsof commercia pork loins. J. Anim. Sci. 71: 420-425.

Sambrook, J., Fritsch, E.F. and Maniatis, T. (1989). Molecular Cloning: A
Laboratory Manual. 2ndedn. Cold Spring Harbor Laboratory, New York.

Santoro, P. and Faucitano, L . (1996). Stressin pig production. Pig News|nf.
17: 49N-52N.

Webb, A.J. (1996). Future challengesin pig genetics. Pig News Inf. 17: 11N-
16N.

Zhang, W., Kuhlers, D.L. and Rempel, W.E. (1992). Halothane gene and
swineperformance. J. Anim. Sci. 70: 1307-1313.

(Received February 17, 1999)






