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Malignant hyperthermia (MH) causes neurological, liver, and kidney damage and
death in humans and major economic losses in the swine industry. A single point
mutation in the gene for the skeletal muscle ryanodine receptor (Ryrl) was found to
be correlated with MH in major breeds of swine. This mutation generates the
production of an abnormal protein which alters the structure and function of the
Ca®* release channel of skeletal muscle sarcoplasmic reticulum (ryanodine
receptor). Because the mutation destroys the recognition site for the restriction
endonuclease Hhal, it was possible to develop a PCR-RFLP method for MH
diagnostication in all swine breeds. Our objective was to identify the normal
homozygous, heterozygous carriers and affected homozygous swine for MH trait,
using this method. Results suggest that the genetic test will be useful in identifying
heterozygous pigs for the MH trait.

Key words: swine, malignant hyperthermia, PCR-RFLP, diagnasito.

Introduction

Malignant hyperthermia (MH) is an inherited myopathy in whicbledal
muscle shrinkage with attendant hypermetabolism and elevatiorbody
temperature, which is triggered by inhalation anaesthetic skietetal muscle
relaxants (O'Brien, 1987) in humans. The syndrome can cause newblbger
and kidney damage, and is frequently fatal.

MH also occurs in domestic animals such as swine and therefgre ha
worldwide economic consequences (DavideHal, 1992). Homozygous animals
for the abnormality respond to stress in the same way litexdeygous humans
respond to anaesthetics: muscle rigidity, hypermetabolism, andfdwegh The
stress-induced death of such animals (Porcine Stress Syndrd?%S) is only one
aspect of economic loss due to the syndrome. An equally seriougmrabthat
the same reaction can be triggered when an acute stress igihéfoe slaughter
determining pale, soft, exudative pork in large segments of theasses of
susceptible animals.

The incidence of MH in swine varies from breed to breed, withigher
incidence in specialized lean breeds of swine. This inciderdigeiso a dual effect
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of the gene: negative and, in the same time, beneficial. Theidiaheffects of the
MH gene are associated with leanness and muscle hypertrophglelting
breeding stocks for such characteristics as large ham owation, and excessive
leanness, selection is inadvertently being marked for the MH gene.

The disease is caused by a single point mutatieaTCin the gene for the
skeletal muscle ryanodine receptor (Ryrl). This mutation rgéee the production
of an abnormal protein (CysArg), which alters the structure and function of the
Cd" release channel of skeletal muscle sarcoplasmic retic{Hujnet al. 1991).

In MH pigs, theC&" release channel (Ryrl) releases'Ga enhanced rates, and
does not close readily. The abnormal channel floods the cell @ath and
overpowers the G& pump that ordinarily lowers cytoplasmic .aSustained
muscle contraction accounts for rigidity, and sustained glycolgtid aerobic
metabolism account for the generation of lactic acid;, @@d heat and enhanced
oxygen uptake (Davidt al. 1992).

Materials and Methods

We used blood samples from 40 pigs (S.C. Romsuintesf) Renéserved in
EDTA anticoagulant. The isolation of genomic DNA from freslvod was
performed with Wizard Genomic DNA Extraction Kit (Promega).

PCR was done using a GeneAmp 9700 PCR System (AppliedBiosystems).
The reactions were carried out in @5final volume containing PCR Buffer,
MgCl,, 20QuM dNTP, 0.uM of each primer (F-CTGGGACATCATCCTTCTGG;
R-GGGTTCTAAGCTCTGGGGTC), 0.5 wunits of AmpliTag Gold DNA
Polymerase, diluted DNA and nuclease-free water. PCRs wdogrped in 0.2 ml
tubes using 40 cycles with denaturation at 95°C (30s), annealiBj&{30s) and
extension at 72°C (60s). The first denaturation step was of 10esiati®5°C and
the last extension was of 10 minutes at 72°C.

PCR products were detected by electrophoresis in 2% agaroseaigeld
with ethidium bromide and then digested with restriction endonweldhal at
37°C for 3 hours. Restricted products were analyzed by electrghane 2%
agarose gel stained with ethidium bromide.

For sequencing, we performed the PCR under the same conditions above.
The amplified fragments were sequenced by ABI Prism 310 GeAattyzer,
using the ABI Prism ® BigDye Terminator Cycle Sequencimgd®ion Kit after
purification with the Wizard System Kit (Promega). The segas were processed
using DNA Sequencing Analysis 5.1 Software (AppliedBiosytems) dmed t
nucleotide sequences were aligned with the BioEdit program and refinedlijmanua

Results and Discussions
Our goal was to develop an easy and efficient method, whitheaised to

correctly identify the normal, carrier and affected swineMdbt and to sequence
the fragment of the gene that contains the mutation.
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For MH diagnostication we used PCR-RFLP method. The set of fgrimves
designed to amplify only a 274bp fragment from the ryanodine receptue
containing or not the single point mutation—+T). This mutation modifies the
recognition site foHhal restriction endonuclease (GE&G— GTGC). The PCR
conditions were selected in such a way that the two primersl @nplify the
DNA from normal, carrier and MH affected swines.

Successful amplification and digestion widal yielded one, two or three
alleles with an expected size of 123, 149 and (or) 272bp. The namiehe size
of alleles depends on whether the animal tested is a hetetez{carrier) or
homozygote (normal or MH affected). For a normal pig (NN) we should obtain two
bands at 123 and 149bp since the enzyme cuts the PCR products ingiwents
For homozygous affected pigs (nn) only one band of 272bp was obtainedebecaus
the mutation modified the restriction site and the enzyme did noTbrge bands
of 123, 149 and 272bp are obtained for the heterozygous carriers (Nn3dece
allele is normal and the other one contains the single point mutatguréHi).

In our study we identified homozygous normal (NN) and heterozygous (Nn)
pigs but we didn’t find any homozygous affected (nn) pigs

Figure 1: Electrophoresis pattern of ryanodine locs after digestion withHhal enzyme. Line 1,
3, 4 - two fragments of 123 and 149bp indicate norah homozygous pigs (NN); Line 2,5 - three
fragments of 123, 149 and 272bp indicate heterozyg® pigs (Nn); Line 6 - negative control;
Line 7 - uncut PCR product; Line 8 - molecular sizemarker-50 bp DNA Step Ladder.

To confirm our findings we sequenced the 274bp fragment of the ryanodine
receptor gene. Figures 2 and 3 illustrate the profiles ofab@n from the PCR
products that may contain the point mutation and BioEdit fragnigmnaent of a
region of Ryanodin receptor gene and our PCR products, in the case of a
homozygous normal (NN) pig.

40 a0 a0 T a0 o0 100
GUT GCAT GTCCTOTOTTCOCTOTOTOT OT GCAAT GOT OT OGO COTECOOTCCAACCAAGATCTCAT TA

Flgure 2: The sequence of the region from the PCRrpduct that may contain the single point
mutation inside the recognition site forHhal for a homozygous normal pig (NN).
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Ryanodine receptor
P641 Ryr F

P64l Ryr R
Clustal Consensus

Ryanodine receptor
P641 Ryr F

P641 Ryr B
Clustal Consensus

Ryanodine receptor
P641 Ryr F

P641 Ryr R
Clustal Consensus

leden le470 ledan le4a0 legon lgglo legzo legzn leg40
ORISR VPO TOPRPUTR | SVROOIN [OWRIOR OUOPPUTE VNI VRPN NPRIOR OUPOTE VRIS RO (VRO ORPPOTE DVOIOTR RPN (OO |
TCACATCCCCACCTCOCACCCTRERACATCATCCTTCTRECTTCCCACCCTREETCTTCCATREACCACACCCTCCCCRCARBTRCCCTC
¢
ACATCATCCTTCTEECTTCCCACCCTEEETCT TCCATERACCACACCCTCOCCECAABTRCCCTC

18550 18560 18570 18580 18550 18600 18610 18620 18630
SPVROR{PUORI] CYPUVETR | PUVRPRTY. DRPRPITR {UPOVUTRE | APRTRTR | NVRVRYR] DUVRITR| PRVRPRTE. DUPRTIVD | JNPOVOTE VUV NVRVNTR| VRO 0. NIV TP |
ACRCCTTGACCTCTRACCTTRACCCCTAGGT GCTREATETCCTGTEITCCCTRTGTETETGCAATGETETRGCCRTECLCI CCARCCARG
ACTCCTTGACCTCTGACCT TRACCCCTAGGT GCTGEATETCCTETEITCCCTETGTGTETECAATGETETEGCCETECLC CCARCCARG
ACRCCTTGACCTCTRACCTTRACCCCTAGGT GCTREATETCCTGTEITCCCTRTGTETGTGCAATGETETRGCCRTECLC CCARCCARG

18640 18650 18680 18670 18680 18620 18700 18710 187z0
YR OO (RO (O AR OUPPUTE TR | O OV OO TSNS o VR OO Y o (o
ATCTCATTACTGAGAACTTGCTCCCTEGCCECEABCTTCTECTGCAGACAAACCTCATCARCTATETCACCAGETCTEECCCCCCARCCT

ATCTCATTACTGAGAACTTGCTCCCTEECCECRAGCTTCTECT GCAGACARACCT CATCARCTAT GTCACCAGGTCTGECCCCCCARCCT
ATCTCATTACTGAGAACTTGCTCCCTRECCRCEAGCTTCTECT GCAGACARACCT CATCAACTATGTCACCAGGTCTGECCCCCCA

Figure 3: BioEdit fragment alignment of a fragment from ryanodine receptor gene and our
PCR product for a homozygous normal pig (NN).

The profile of the region of the PCR products that contalims goint
mutation is shown in figure 4. The BioEdit fragment alignmenthef region of
ryanodine receptor gene and our PCR products from heterozygous (NNnis pig
presented in figure 5. To confirm this heterozygosis we wereeaublig clone the
two different amplification products (data not shown).
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GTTCCCTGOGTOGTOTGTGCAATGOTOTGOCCGTIOTOCTCCAAC CAAGATCTCATTACTGAGAACTTGCTCCCTGGC

ol A

Figure 4: The sequence of the region from the PCRrpduct that may contain the single point
mutation inside the recognition site forHhal for a heterozygous carrier pig (Nn).
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1la4g0 13470 12480 13430 13500 13510 13520 13530 13540
| T PO PR | VOIS O o, O O T A A— r—
TCACATCCCCACCTCCCACCCTRGRACATCATCCTTCTGECTTCCCACCCTBEETCTTCCAT BRACCACACCCTCCCCRCAARTRCCCTC

ACCCTEEGTCTTCCATGRACCACACCCTCCCCRCARGTGCCCTC
BGGACATCATCCTTCTERCTTCCCACCCTBEETCTTCCATBRACCACACCCTCCCCRCAARTRCCCTC

18550 18880 13570 13580 135380 1ae00 1ael0 136Z0 12830
ezl el el e mna el el e el el e s llm el
ACACCTTGACCTCTGACCTTGACCCCTAGRTGCTREATGTCCTETRTTCCCTRTBTRTGTGCARTGETETEECCRTECELT CCAACCALE
ACACCTTGACCTCTGACCTTGACCCCTAGRTGCTREATETCCTRTRTTCCCTRTBTRTGTGCAATGETETEECCETRTECT CCAACCARE
ACACCTTGACCTCTGACCTTGACCCCTAGRTGCTREATETCCTRTRTTCCCTRTBTRTGTGCARTGETGTEECCATRTRCT CCAACCALE

18640 18650 18650 18670 18680 18690 18700 18710 18720
T O o o, P
ATCTCATTACTGAGAACTTGCTCCCTEECCRCRAGCTTCTGCTBCAGACALACCT CATCARCTATGTCACCARGT CTEECCCCCCARCCT

ATCTCATTACTGAGAACTTGCTCCCTRGCCGCEGAGCTTCTGCTGCAGACARACCTCATCARCTATGTCACCAGGTCTGGCCCCCCAACCT
ATCTCATTACTGAGARCTTGCTCCCTEECCGCGAGCTTCTECTGCAGACARACCTC

Figure 5: BioEdit fragment alignment of a fragment from ryanodine receptor gene and our
PCR product for a heterozygous carrier pig (Nn).
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Conclusions

The major focus of this study has been to identify the normalffected
homozygous and heterozygous carriers for MH trait in Romanian $néeels and
to implement a useful diagnosis methodology in order to assisinstans and
breeders in disease control. Knowledge of molecular altaraisociated with MH
and with a specific Ryrl genotype has allowed us to develop a simple, accndate, a
noninvasive test for the altered Ryrl gene that will make it possit@érhinate this
gene from livestock.

Since the heterozygous carries for MH trait don't show angicel
symptoms of the disease it is very difficult to identify thesimals without a
genetictest. Our results showed that, using this technique, it is eadgritify the
heterozygous carriers for MH trait and to exclude these anifoal$orward
breeding programs.

The method presented above is reliable, fast and cost-effeatisdecan be
successfully applied in the wide-scale screening of different pig pamda

Bibliography

1. David H. M., M. S. Phillips (1992) -Malignant hyperthermia. Science
256: 789-794.

2. Fill M., Coronado R., Mickelson J.R., Vilven J., Ma J., Jacobson M.
A., Louis C. F. (1990) - Abnormal ryanodine receptor channels in malignant
hyperthermia. Biophys. J. 50, 471-475.

3. Fujii J., Otsu K., Zorzato S. de Leon S., Khanna V.K., Weiler J.E.,
O’Brien P.J., Maclennan D.H. (1991) -Identification of a mutation in porcine
ryanodine receptor associated with malignant hyperthermia. Science 253:448-451.

4. O'Brien P.J. (1987) -Etiopathogenetic defect of malignant hyperthermia:
hypersensitive calcium-release channel of skeletal muscle sarcoplasmic reticulum.
Veterinary Research Communications %2:7-559.

5. Stanistaw K., A. Rué¢, K. Wojtasik (2002) —Smultaneous identification
of ryanodine receptor 1 (RYR1) and estrogen receptor (ESR) genotypes with the
multiplex PCR-RFLP method in Polish Large White and Polish Landrace pigs. J.
Appl. Genet. 43(3): 331-335.

6. Wappler F. (2001) — Malignant hyperthermia. European Journal of
Anaesthesiology 18, 632-652.

121



