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Introduction

RYRI encodes the ryanodine receptor 1, which is a

Aim: The ryanodine receptor 1 (RYR1) is a calcium ion channel in the sarcoplasmic reticulum of skeletal
muscle. Multiple polymorphic loci have been identified in the RYR! gene in human and animals and some of
them are associated with certain phenotypes. However, there are still few data on the RYR genetic variability
in pig and only the missense mutation Arg615Cys, associated with the malignant hyperthermia, porcine stress
syndrome and meat quality, has been studied in several commercial and local breeds. The aim of the current
study was to genotype the rs344435545 (C1972T, Arg615Cys), rs196953058 (T8434C, Phe2769Leu) and
1rs323041392 (G12484A, Asp4119Asn) in the Latvian local pig breed Latvian White and to evaluate the even-
tual functionality of amino acid substitutions. Methods: Loci were genotyped by the restriction fragment
length polymorphism technology in the collection of 8 samples of original Latvian White collected in 2006 and
103 samples of Latvian White collected in three Latvian geographically distant private farms in 2015. SIFT
online tool was applied to evaluate a potential effect of the amino acid substitutions on protein functions.
Results: The loci rs344435545 and rs196953058 were found to be monomorphic in both collections. On the
contrary, the rs323041392 showed a high level of polymorphism in the original Latvian White with GG/GA/
AA genotype correlation equal to 3/4/1 and the absence of polymorphism in 2015 collection. From the studied
loci only the rs344435545 was identified as possessing potential to change functions of the protein.
Conclusions: The unfavourable rs344435545 T allele having functional effect on the protein function, appears
not to have been introduced in Latvian White pig breed. Full loss of the 1s323041392 variability in Latvian
White happened in nine years of private farming, could be a message to Latvian and other European livestock
industry that the breeding intensification may decrease the genetic diversity, specific features performance and
adaptability to the environmental challenges in local breeds of small populations.
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homologous missense mutations in human
(Arg614Cys) and pig (Arg615Cys) originated from
homologous C>T c¢SNPs (rs118192172 and

calcium ion channel in the sarcoplasmic reticulum of
skeletal muscle. In humans multiple single nucleo-
tide polymorphisms (SNPs) in the coding gene re-
gion (cSNPs) are associated with the malignant hy-
perthermia susceptibility [1], central core disease
[2], and other myopathies [3]. Remarkably, that a

rs344435545 for human and pig respectively) lead to
the same malignant hyperthermia syndrome. Besides
malignant hyperthermia the rs344435545T allele is
associated in pig with the porcine stress syndrome
(PSS, halothane susceptibility) and pale, soft and
exudative meat (PSE) syndrome [4]. It is suggested,
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however, that heterozygote carriers in some breeds
may have some adaptive advantages and better pa-
rameters for the economically important meat
traits [5].

Besides the rs344435545 up today about 2000
SNPs and 150 cSNPs have been reported for the pig
RYRI gene (http://www.ncbi.nlm.nih.gov/snp).
However, there are still no data on their genetic di-
versity and possible association with phenotype.

The aim of the current study was to genotype the
rs344435545 (C1912T, Arg615Cys), 1s196953058
(T8434C, Phe2769Leu) and rs323041392 (G12484A,
Asp4119Asn) in Latvian local pig breed Latvian
White and to evaluate in silico the potential effect of
amino acid substitution on the protein function.

Materials and methods

Sample collections include the Primary (PR) collec-
tion of 8 samples of original Latvian White randomly
collected from Latvia University of Agriculture
(LLU) herd in 2006 within Latvian Ministry of
Agriculture supported project and Representative
(RP) collection of 103 samples collected in 2015 in
three geographically distant private farms in frame
of the “AgroBioRes” Latvian National Research
Program (VPP) 2014-2017. DNA was isolated from
500 pl of blood of each animal by using a K0512
Genomic DNA Purification Kit (Thermo Scientific).
Sequence information for swine (Sus scrofa) RYRI
gene available in GenBank (http://www.ncbi.nlm.
nih.gov/nuccore/3476168297report=fasta&from=17
14228&1t0=1862032) was used for the genomic re-
gion reconstruction and PCR primer design. Figure 1
provides a detailed information on the conserved do-
main RYR1 protein architecture and location of the
genotyped polymorphic loci.

All three polymorphisms were genotyped by a re-
striction fragment length polymorphism (RFLP)
technology. Primer sequences and other PCR and
RFLP related information are given in Table 1.

PCR was performed using DreamTaq polymerase
(Thermo Scientific) with following DNA amplifica-
tion parameters: 94 °C for 5 min; then 40 cycles of
94 °C for 30 s, appropriate annealing temperature

(60.2-65.6 °C) for 30 s, 72 °C for 45 s and 72 °C for
5 min. DNA digestion with restriction enzymes was
performed according to the producer protocol
(Thermo Scientific). The PCR and restriction prod-
ucts were analysed by electrophoresis in 1-3 % aga-
rose gel. Genotyping was performed in duplicate for
each locus of each animal. The genotyping results
were verified by sequencing in both directions (ABI
Prism3100 Genetic Analyzer) of randomly chosen
amplicons.

The prediction of potential effect of amino acid
substitutions on the protein function was performed
using online available tool SIFT (Separate Intolerant
from Tolerant, http://sift.bii.a-star.edu.sg/) following
the recommendations of developers [6, 7]. The pig
RYRI1 sequence with the accession P16960 used as a
query was compared with the related sequences
found by SIFT in SwissProt database. The sequence

Pratein 1 1000 2000 3000 4000 5035
architecture
Region
studied
Domains RYDR_ITPR RyR EF-Hand_8
Exan 17 52 89
SNP ID 5344435545 5196953058 r$323041392
Substitution:
allele 19727 T8434C G12484A
aa residue Arg615Cys Phe2769Leu Asp4119Asn
(R615C) (F2769L) (D4119N)
Homologous rs118192172 nid nid
mutation c1970T
in human Arg6i4Cys

Fig. 1. Pig (Sus scrofa) RYRI protein sequence scheme given
along with information on the mutations studied. Upper line il-
lustrates the polypeptide chain architecture where the conserved
domains are indicated in black. The conserved domains and ex-
ons encompassing the studied cSNPs are indicated below by ab-
breviation and number for the domains and exons respectively.
SNPs’ description include the SNP ID number and nucleotide
and amino acid residue change in mRNA (NM_001001534.1)
and polypeptide (NP_001001534.1) respectively given accord-
ing to SNP database at NCBI (http://www.ncbi.nlm.nih.gov/
snp). Information on the homologous mutation in human is giv-
en in the bottom of the picture. Abbreviations: RYDR_ITPR —
the RIH extracellular domain found in both the ryanodine and
the inositol-1,4,5- trisphosphate receptors types of calcium
channels; RYR — the ryanodine receptor specific conserved do-
main of unknown function; C — EF-hand_8 — the conserved do-
main of the cl08302 superfamily, contains calcium sensors and
calcium signal modulators; n/d — no data.
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Table 1. Details of the genotyping technology

SNP ID Primer sequences Enzyme / restriction site Fragr;n:snt:iscitz: da(r:)lg ;iﬁed !
Hhal /
, s 282/ 150+132
rs344435545% | F3-CCTGGGACATCATCCTTCTG-3’ 5-GICGAC-3
R-5’-GGTGGTGGAGGGTTCTAAGC-3’ Aw211/ 282 / 1524130
5-GWGCWAC-3’

15196953058 F-5’-ATGTTTCAGGGGTGGAAGGC-3’ Apal/ #1246 / 209+25+12
R-5’-AGGGAAATGTGGGGCCCTTG-3’ 5’-GGGCCA-3’ #2246 / 107+102+25+12
F-5’-GCCATGGACAGCCAGAAGCA-3’ Bell/

+

15323041392 R-5’-CCCAGGTAGGGCCGGAAGTA-3’ 5’-T’\GATC@-3 ’ 251/171+80

* locus was genotyped according to Silveira et al. (2011) [8] simultaneously by two restriction enzymes: Hhal cuts the sequence
having major favourable allele C and 4/w211 cuts the sequence encompassing unfavourable allele T;
# Apal cuts two and three restriction sites in the sequence encompassing the rs196953058 T (1) and C (*2) alleles respectively. A poly-

morphic nucleotide is boxed in the restriction site description.

median conservation was set to 3.00 prior the analy-
sis [6]. For every amino acid in each position in the
alignment, SIFT calculates normalized probabilities
for all possible amino acid substitutions. The substi-
tution is predicted as deleterious if normalized va-
lues are less than cut-off (0.05) [7].

The research was approved by the LLU review
board.

Results and Discussion

All polymorphic loci studied are cSNPs located in
the RYRI gene evolutionary conserved domains
(Figure 1, 2). Figure 2 illustrates a homology be-
tween the related sequences of human and pig pro-
teins and a high level of homology in the positions
and motifs of amino acid substitutions.

The conserved domains are thought to be respon-
sible for binding different modulators of the protein
function [9]. Therefore, amino acid substitution in
the RYR1 domains may significantly change the
protein target affinity and response to the regulators.
We performed an in silico analysis using SIFT on-
line tool to detect, whether an amino acid substitu-
tions in the loci studied may affect the RYRI func-
tion. We found out that the R615C substitution po-
tentially possessed a damaging influence on the
RYRI1 function (SIFT score 0.01) while the F2769L
and D4119N substitutions appear to be neutral (SIFT
scores 1.00 and 0.24, respectively).
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Our findings on the R615C functionality is in good
correlation with well-known data on the mutation
phenotypic effect in both human [1, 10] and pig [8]. In

A aa R614C R628C*
! 1
Human 601 VLCSLCVCNGVAVRSNQDLITENLLPGRELLLQT
B T T
Pig 602 VLCSLCVCNGVAVESNQDLITENLLPGRELLLQT
1 1
R615C R629C
B Q2772R
|
Human 2756 NEFAEYTHEKWAFDEIQNNWSYGENIDEELKTHP
Sedckkkokdkokkdokok ko koo ko ke kkok ko
Pig 2757 NKFAEYTHEEWAFDKIQNNWSYGENIDEELKTHP
| |
F2769L Q1773H
(&
Human 4112 SCSEADENEMINCEEFANRFQEPARDIGFNVAVL
B i
Pig 4108 SCSEADENEMIDCEEFANREFQEPARDIGFNVAVL

D4119N

Fig. 2. Partial alignment of the human (P21817.3/G1:108935904)
and pig (P16960.2/GI:1173335) RYRI protein sequences. Pa-
nels A, B and C illustrate alignment of the regions encompassing
the rs344435545, rs196953058 and rs323041392 of the pig pro-
tein respectively. Arrows indicate a position of mentioned and
neighbouring amino acid substitutions in the human (upper line)
and pig (lower line) protein, motif description is given above the
corresponding arrows. *there are two variants of amino acid
substitution at the 628: besides indicated R628C substitution the
R628H also has been reported. Abbreviations: aa — amino acid.
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contrast to human where the mutation is dominant
[11], the malignant hyperthermia, PSS and PSE syn-
dromes in pig are associated with a homozygous ge-
notype [12] and the adaptive advantages and better
parameters for economically important meat traits
were reported for the heterozygous animals [5, §].

Figure 3 illustrates genotyping results.

The locus 1s344435545 was found to be mono-
morphic in both PR and RP collections. Despite the
fact, that a related unfavourable phenotype (malig-
nant hyperthermia, PSS) had not been reported for
Latvian White until now, the full absence of site
polymorphism in this breed was not expected before
our study. The rs344435545 minor (unfavourable) T
allele had been detected in the pigs of Yorkshire
breed [13] used in Latvian White initial selection
(http://www.ccc.lv/lIv/selekcija/latvijas_balta.htm)
and often used in current breeding programs (http://
www.ccc.lv/lv/selekcija/latvijas_balta.htm).
Heterozygote carriers of the rs344435545 T allele of
Yorkshire breed could be supported by breeding pro-
grams as having adaptive advantages and better meat

quality parameters [5]. However, this allele appears
not to have been introduced in Latvian White. A per-
manent control using molecular markers is required
to prevent introducing of unfavourable 1912T allele
from Yorkshire pigs to Latvian White in the future
breeding programs.

The locus rs196953058 was also observed as
monomorphic in both PR and RP collections.

Instead, the rs323041392 showed in the PR a high
level of polymorphism with the GG/GA/AA geno-
type correlation equal to 3/4/1. As the LLU herd (PR
collection) had been under a strong selection control
focusing on the Latvian White breed maintenance
and conservation, polymorphism at the rs323041392
observed in the PR collection could be considered as
a breed specific character. However, in the RP col-
lection (animals from private farms) this locus was
found to be monomorphic. So, full loss of the
rs323041392 variability in Latvian White happened
in nine years (from 2006 till 2015) of private farm-
ing. The loss of heterozygosity at the rs323041392
may signal to Latvian livestock industry that the

A 1s344435545 15196953058 15344435545
Hhal Abw211 Apal Bell
] 1 1 ]
M ‘1 Tatls g s g
=
500 —> | m—
—
W S — —
 — — —
—
E —
100—+ SE. — Fig. 3. Genotyping results given for two
samples from PR collection. Panel A illus-
cc co oo ce T IT GG GA trates RFLP data; restr‘lctl'on enzymes and
genotypes defined are indicated below and
lower electrophoregrams —respectively.
18344435545 15196953058 1$323041392 Letter M indicates 100 bp DNA ladder
______ doom: B -- m - - (Thermo Scientific). Panel B provides ex-
AT C G A C A cC R AcC

amples of sequencing chromatograms: the
rs344435545 and 15196953058 were
found to be homozygous on the C and T
alleles respectively, the 1s323041392 was
observed in the PR collection either as ho-

mozygote GG or as heterozygote GA.
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breeding intensification and over-introgression of fa-
vourable alleles may lead to the loss of local breeds’
specific features and decrease in the selective facili-
ties and adaptability to the environmental challenges
in the local breeds of small populations.
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OneHka reHeTHYECKOro pasHoodpasus reios RYR1
B JIATBUIiCKOH OeJ10ii mopoxe cBHHeil

K. Hoxkane, /1. fIOHKyc, T. Cosixcte

Penenrrop pianoauny 1 (RYR1) € kasbiieBIM iOHHIM KaHAJIOM cap-
KOIIIa3MAaTHYIHOTO PETHKYIyMYy CKEIeTHUX M's13iB. Y TeHi RYR1 mmio-
JIMHH 1 TBApHH OyITH BHSBIICHI KiTbKa MOMIMOP(GHHUX JIOKYCIB, JEsKi
HUX NOB's13aHi1 3 TeBHUMH (heHoTunamu. OJJHaK JaHUX PO TeHETHY-
Hy MiHUBIiCTb RYR] y cBUHE MaJIo: JUTsl ICKIIBKOX KOMEpLIHHKX 1
MiCIIEBHX TOpi[] MoKa3aHa MicceHe MyTarlist Arg615Cys, noB's3aHa
31 3JTOSIKICHOIO TiMepTepMIi€r0, CHHIPOM CBHHSUOTO CTPECY 1 SIKICTIO
Mm'sica. Meta. OLiHUTH MOXIIHBY (DYHKI[IOHAJIBHICTh aMiHOKHCIIOT-
HUX 3aMiH y reHotmmax 1s344435545 (C1972T, Arg615Cys),
15196953058 (T8434C, Phe2769Leu) i 1s323041392 (G12484A,
Asp4119Asn) miciieBoi JaTBiiichkoi 61101 mopou cBuHEi. MeTomau.
Jlokyc monimopdi3My T€HOTHIYBAIM PECTPUKIIHHUMU aHATi30M
nopkuHK (parMenTiB. [IpoanarnizoBaHo 8 3pa3kiB OpHIiHAIBHOL
TaTBICHKOI 01101 oporH cBUHEH, 310paHi B 2006 pori i 103 3paskiB
JaTBICHKO]1 01101, BiiOpaHi B TPHOX JIATBIMCHKUX reorpadivyHo Bij-
nanenux Qepmepcbkix rocrogapersax y 2015 poui. st oniHku
MOTEHLIHHOTO e(heKTy aMiHOKHCIIOTHHUX 3aMiH Ha (yHKLIT Oinka 3a-
crocoBaHuii omnaiH-iHcTpymMeHT SIFT. Pesyabrarn. Jloxycn
15344435545 1 15196953058 mMoroMop¢hHI B 000X Komekuisix. [Ipu
poMy 15323041392 nokazaB BUCOKHI piBEHb OTIMOP(i3My B OpH-
riHajbHIN natuchkoi Oumiid mopoai 3 GG / GA / AA reHOTHIIOM 1 KO-
pemsuiero — 3/4/1 1 BincyTHicTh monimopdizmy B konekuii 2015
potii. 3 BUBYCHHX JIOKYCIB, TUTbKH 1$344435545 Mae MOTEHITA 3Mi-
HU QyHKIi Oiika. BucnoBku. HecnipusiBuii Ha (yHKIIiIO Oika
ayutenb T B 1s344435545, He npuCcyTHIN B JaTBIMCHKIH OLTiif TOposi
CBUHEH. 3a eB'ATh POKIB Y (hepMEepPChKHX TOCTIONAPCTBAX Y JIaTBili-
CBKili 011l opozii cCBUHEH cTanacs Brpara MiHanBocTi 1323041392,
JlatuchbKiii 1 €BpOIEHChKOi TBAPUHHHUIIBKIM TaTy3i HEOOXiTHO Bpa-
XyBaTH, 110 IHTeHCU]IKALisI PO3MHOYKEHHST MOYXKE 3HH3UTH T€HETHY-
Hy Pi3HOMaHITHICTb, KOHKPETHI POO0U1 XapaKTepHCTHKH 1 a/1alTHB-
HICTB IO EKOJIOTIYHHX IPOOJIeM y MICIEBUX TOpIJ Y HEBEIHKUX
TIOTYJTALIISIX.

Kuawouosi caosa: RYRI, nonimMopdism, reHeTHyHa pizHOMa-
HITHICTb, CBHHI.

OneHka reHeTHYECKOro pasHoodpasus reios RYR1
B JIATBUIiCKOI OeJ10ii mopoxe cBHHeil

K. doxkane, /1. fIOHKyc, T. Cpsikcte

Penienrrop pranoguua 1 (RYR1) siBisiercst KaablMeBBIM HOHHBIM
KaHAJIOM CapKOIUIa3MaTHYECKOTO PETUKYITyMa CKEJIETHBIX MBIIIIL.
B rene RYR] 4enoBeka 1 )KMBOTHBIX OBUTH OOHAPYKEHBI HECKOIb-



Evaluation of the RYR! gene genetic diversity in the Latvian White pig breed

KO HOJIMMOP(HEIX JIOKYCOB, HEKOTOPBIE M3 KOTOPBIX CBSI3aHBI C
omnpeneneHHbIMI (eHoTHIamMy. OfIHAKO JAHHBIX O TeHETHYECKOH
W3MEHYMBOCTH RYRI 'y CBHHEH Mano: MHCCEHC MyTalus
Arg615Cys, cBsi3aHHas C 37I0KAYECTBEHHOM T'MIEpTepMUEH, CHUH-
JIpOM CBHMHOIO CTpecca U KaueCTBOM MsCa IOKa3aHa JUIsl HECKOJIb-
KUX KOMMEPYECKUX M MecTHBIX nopox. Llesb. OneHnTs BO3MOXK-
HyI0 (DyHKIIHOHAIFHOCTh AMHHOKHCIIOTHBIX 3aMeH B T€HOTHIIAX
15344435545 (C1972T, Arg615Cys), 15196953058 (T8434C,
Phe2769Leu) u 15323041392 (G12484A, Asp4119Asn) mecTHOI
JaTBUicKoi Oernoit mopoapl cBuHe. Metonbl. JIokyc momimop-
(1)1/[3Ma FEHOTUIIMPOBAJIM  PECTPUKIMOHHBIM aHAJIM30M  JIMHbBL
(parmenToB. [Ipoananm3upoBaHs! 8 00pa3LOB OPUTUHAIEHOM J1aT-
BHICKOH Oenoit moponsl cBUHEH, codpannbie B 2006 roqy u 103
00pa31oB JaTBUIICKOI 0er0ii, 0TOOpaHHBIE B TPEX JIATBHHCKUX Te-
orpaduyecku yIaleHHbIX GepMepckux xo3siictBax B 2015 romy.
JI1s OLIEHKH NMOTEHIMAIBHOTO (D (eKTa aMUHOKUCIIOTHBIX 3aMEH
Ha QyHkimu Oenka npuMeHeH onyadH-uHCTpyMeHT SIFT.
PesyabTarsl. Jlokycs rs344435545 n rs196953058 moroMOpGhHEI
B o0omx korwekimsix. [Ipu atom 1s323041392 mokasan BBICOKUIT

YPOBEHb MOMMMOP(I3Ma B OPHTMHAIBGHON JIATBHIMICKOH OeIoif ¢
GG / GA / AA reHoTHIIOM KOppernsuud, paBHOM 3/4/1 u orcyt-
cTBUE noiumopdusma B koswiekmu 2015 roxy. M3 u3yueHHBIX J10-
KYCOB, TOJIbKO 15344435545 o0namgaeT MOTEHLHAIOM M3MEHEHUs
¢yskumm 6enka. BeiBoabl. Mmeromnias BiusiHue Ha (GyHKIHIO Oel-
Ka HeOmaronpusTHeIA ayutenb T B rs344435545, He ipucyTCTBYET B
JaTBHICKON Oerolt moposie cBUHEH. 3a IeBATh JIeT B (hepMEpPCKIX
XO3AHCTBAX Y JIATBUHCKOM OOl MOpOIbI CBUHEH MPOU30IILIA 110~
Tepst n3MeHunBoCTH 18323041392, Kak naTsIckoii Tak 1 eBporeii-
CKOH JKMBOTHOBOIYECKON OTpPACiIM HEOOXOAMMO y4eCTh, YTO WH-
TeHCU(HUKAIS Pa3MHOXKEHHSI MOXKET CHU3HUTh T€HETHIECKOe pa3-
HOOOpa3ne, KOHKPETHbIe paboure XapaKTepUCTUKHM U aJalTHB-
HOCTb K 9KOJIOTHYECKHM IPoOIeMaM y MECTHBIX TTOPOZ B HEOOMb-
LIMX TOMYJISILIAH.

KawueBbie caoa: RYRI, nomiMophusMm, reHeTHUECKOe
pa3HOO0Opasue, CBUHBH.
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