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Abstract

Sudden death syndrome (SDS) is a stress-related genetic disease in broilers with no diagnostic clinical or necropsy finding. SDS is
often preceded by elevated markers of cardiovascular risks (Obesity, Blood glucose, Lipidemia and Inflammation) in broilers.
Mutation of Ryanodine Receptor 2 (RYR2) gene, which controls rapid release of ca* from the sarcoplasmic reticulum (SR) into the
Cystol during muscle contraction has been associated with sudden death syndrome in broilers, but there are no reports on the
genetic association between RYR2 mutation and cardiovascular risk markers in broiler. This study aims to investigate the role of
RYR2 mutation in the development of SDS using the linkage association approach. The study compares exotic broiler chicken
(Ross 308, Arbor Acres) with the less susceptible indigenous Noiler chicken breed as a contrast to identifying genetic markers
linked to SDS susceptibility.

Key findings revealed a Single Nucleotide Polymorphism (SNP) near a functional RYR2 region at chicken genome location
3:36968262. The Noiler and Arbor Acres breeds carried an A (Adenosine) allele, while Ross 308 carried a G (Guanine) allele, with
the G allele associated with increased cardiovascular risk and stress. Moreover, Arbor Acres and Ross 308 breeds exhibited
higher stress levels and cardiovascular risk than the Noiler breed using certain metrics of measurement. These results
underscore the critical role of RYR2 genetic differences in growth and cardiovascular traits in poultry, these findings suggest that
genetic differences in the RYR2 gene play a crucial role in growth and cardiovascular traits in poultry, offering valuable insights for
breeding programs.

Implications

This research provides critical insights into the genetic basis of growth and cardiovascular health in poultry, emphasizing its
implications for sustainable breeding in tropical and subtropical regions. By identifying a Single Nucleotide Polymorphism (SNP)
in the Ryanodine Receptor 2 (RYR2) gene associated with sudden death, the study highlights genetic markers that can guide
breeding programs to enhance productivity and resilience in poultry. These findings hold economic importance by promoting
healthier, stress-resilient chicken breeds, reducing losses in poultry production. Environmentally, the results support breeding
strategies that minimize stress-induced mortality, improving resource efficiency. Socially, this research contributes to food
security in tropical regions.

Introduction

Broiler chickens play a crucial role in addressing Nigeria’s protein needs (Olorunwa, 2018). Broiler production provides
employment, income, and an affordable protein source within 6—10 weeks (Olorunwa, 2018). Broilers are favored in Nigeria for
their high feed conversion ratio, rapid growth, and profitability. With over 200 million chickens raised commercially (FAO, 2008;
Oloso et al., 2020), broiler production is significant to the economy. However, the fast growth rate of broilers comes with
challenges, including sudden death syndrome (SDS), where healthy birds suddenly die, often due to cardiovascular complications
(Sosnowka-Czajka & Skomorucha, 2022). Years of selection for rapid growth and feed efficiency have increased the
cardiovascular system’s workload, predisposing broilers to metabolic disorders like right ventricular failure, cardiac arrhythmias,
and sudden death (Julian, 2005). SDS accounts for a 3—6% mortality rate, with further studies indicating up to 17-35% of fast-
growing birds suffer from cardiac arrhythmias, a key cause of sudden death (Olkowski et al., 2005, 2008, 2010).

Slow-growing chicken breeds are less prone to SDS, as they have slower metabolic rates and reduced cardiovascular stress
(Olkowski & Classen, 1998). One such breed is the Noiler chicken, a Nigerian crossbreed between exotic broilers and pullets.
Though smaller and slower growing, Noilers are hardy and less susceptible to sudden death, making them a preferred breed for
many (Animashahun et al., 2022).

Genetic selection has been linked to SDS in broilers, with rapid growth and feed efficiency also increasing cardiovascular risks
(Ajayi, 2010). Traditional animal improvement methods, such as black box selection, are less efficient than molecular approaches
like marker-assisted selection (Meuwissen et al., 2001). One promising approach is candidate gene studies, which investigate
known genetic variations associated with traits or diseases. For SDS, studies have identified polymorphisms in genes like
calsequestrin 2 and ryanodine receptor 2 (RYR2), which are linked to cardiac disorders and sudden death (Basaki et al., 2019;

Page 2/21



Peng et al., 2016). This research will focus on RYR2's role in cardiovascular risk in broilers and Noiler chickens and will also
explore SDS by examining cardiovascular stress and risk factors, including obesity, lipidemia, inflammation, and blood glucose.

Materials And Method
Experimental site

The experiment was conducted at the University of llorin Teaching and Research Farm, llorin, Kwara State, Nigeria (Latitude:
8°27'09.5"N, Longitude: 4°39'44.5"E). Molecular biology analyses were performed at three locations:

¢ University of llorin Central Research Laboratories (DNA extraction).
» University of llorin Teaching Hospital, Molecular Diagnostic and Research Laboratories (PCR amplification).

¢ Ingaba Biotechnology Limited, South Africa (DNA sequencing).

Experimental Birds

A total of 150-day-old chicks from three breeds were used: 50 Noiler (from Amo Sieberer Hatchery, Ibadan), 50 Abor Acres (from
Valentine Hatchery, llorin), and 50 Ross 308 (from Agrited Hatchery, Lagos).

Management

Upon arrival, the chicks received electrolytes (Vitranor by Jubaili) and were wing-tagged for identification. The birds were divided
into three compartments based on breed and fed ad-libitum with commercial feeds. For the first 4 weeks, they were fed Ultima
broiler starter (23% protein), and for the remaining 2 weeks, they were fed Ultima broiler finisher (18% protein). Vaccinations
against infectious bursal disease and Newcastle disease were administered weekly.

Housing

The birds were housed in a deep-litter system for the entire experiment.

Data Collection

Weekly data were collected on growth parameters: body length, wing length, thigh length, drumstick length, shank length, keel
length, and body girth. Body weight was measured using a top-loading scale. Body Mass Index (BMI) was also calculated as a
metric of evaluating cardiovascular risk, providing an indicator of susceptibility to sudden death related to obesity. Growth rates
were determined using Maciejowski and Ziéba's formula (1982).

e BODY LENGTH: The distance between the top of the head and pygostyle (Oludoyi & Toye, 2012)

¢ WING LENGTH: Distance between the tip of the phalanges and the coracoids-humerus joint (Oludoyi & Toye, 2012).

e THIGH LENGTH: The distance between the beginning of the fibula to the hock joint.

¢ DRUMSTICK LENGTH: The length of the Femur bone (Oludoyi & Toye, 2012).

e SHANK LENGTH: The distance between the beginning of the hock joint to the last ring before the tarsal or meta-tarsal digit
(Oludoyi & Toye, 2012).

e KEEL LENGTH: The distance from the V-joint to the end of the sternum (Oludoyi & Toye, 2012).

e BODY GIRTH: This was taken from the point of depression to the breast round the body back to the point of depression
(Oludoyi & Toye, 2012).

e BODY WEIGTH: Body weight was measured weekly using a top loading 20kg scale with sensitivity of 10g (Oludoyi & Toye,
2012).
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e BODY MASS INDEX (BMI): The body mass index was derived by dividing body weight expressed in gram units by the square
of body

¢ length expressed in cm units (Oludoyi & Toye, 2012).

* GROWTH RATE: For body weight (g), and eachof the linear measures of body growth recorded (cm), Growth
rate/velocity/potential for 1, 3 and 6 successive week periods were determined by use of an adapted version of the formula
of Maciejowski and Ziéba (1982),

1=[(T2T1) / (T2+T1)/21 X 100 w.coeooceroceecoeo. EQ 1
Where:

| = Growth rate per unit period (%).

T1 = Average initial reading for the stated period (g or cm)
T2 = Average final reading for the stated period (g or cm)

¢ These measurements were taken with the use of a tailor rule and recorded in centimeter (cm) except for body weight which
was recorded in Grams (g), following the procedures of (Oludoyi & Toye, 2012).

Primer Design

The RYR2 gene (ENSGALT00010021632.1) on chromosome 3, with five variants in Gallus gallus domesticus, was the target gene
in this experiment. This gene, associated with sudden death syndrome in broilers, has 104 exons (Basaki, 2019). Genomic
organization and gene sequences were obtained from ENSEMBL (www.ensembl.org). Forward and reverse primers were designed
to amplify exons 23, 40, and 44 (Table 1), identified as mutational hotspots across species (Alvarado et al,, 2019). Using
Primer3web Version 4.0.0, primers were anchored 50—-100 base pairs from each exon’s flanking regions. These primers were
synthesized by Ingaba Biotechnical Industries, South Africa.

Table 1

Summary Of Results from Forward and Reverse Primer Sequencing Of Ryr2 Gene And Exon Pcr Products From Ross 308, Arbor
Acre And Noiler Chicken.

Primer Primer sequence (5’ - 3') Primer  Actual Product Exon Sequencing
Name length primer size position result
(bases) temperature (bp) (nt)
(*c) R3 AA NO
IF:QYRZ_XN23- GACAACTGTGGAAGCCTGTT 20 51.78 253 37,010,713 S S S
TCCCATTAGCACACTGAAATTGA 23 51.71 37,010,894 S S S
RYR2_XN23-
R
RYR2_XN40- TCTGCAGACAAAGTAGAAAGCA 22 51.11 344 36,968,268
F -
TTGGGGTGCACAGATCTTTC 20 51.78 36,968,758 S S S
RYR2_XN40-
R
RYR2_XN44- GTGCAAGATGATTATAAATTGAGTGGT 27 53.66 464 36959346 NS NS NS
F -
TCAAAGTTCAATCATCCAGAGCA 23 51.71 36959916 NS NS NS
RYR2_XN44-
R
*Ryr2- Ryanodine Receptor 2; Xn- Exon; F- Forward; R- Reverse; Ta- Annealing Temperature; Bp- Base Pair; Nt- Nucleotide; S-
Sequenced; Ns- Not Sequenced; R3- Ross 308 Chicken; Aa- Arbor Acre Chicken; No- Noiler Chicken. *Exon Position And
Location Relating To Nt- 100 (3'utr) Primary Transcript (Ryr2- Ensgalt00010021632.1)

Blood Collection and DNA Extraction
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Blood samples were collected for hematological analysis, serum biochemistry, and genotyping.

Tml of blood was collected via the brachial vein of each bird using sterilized disposable 2ml syringe and needle into EDTA
(Ethylene-di-amine-tetra-acetic acid) bottles to prevent coagulation. DNA was then extracted from blood samples using the
procedure described by Udeze et al. (2020). DNA yield and purity were accessed by the use of Nano-drop spectrophotometry
analysis.

Target Fragment Amplification by PCR

Fifteen DNA templates from three chicken breeds (five replicates per breed) were amplified using polymerase chain reaction
(PCR) following standard protocol. The PCR process was conducted at the Molecular Diagnostic and Research Laboratory,
University of llorin, Nigeria, using a MyGene™ Series Peltier Thermal Cycler. The NEB PCR cocktail included 2X Master mix with
buffer, chicken DNA template, primers, and deionized water, totaling 25ul. The thermal cycle used are: denaturation at 95°C,
annealing at 55°C, 58°C, or 62°C, and extension at 72°C. PCR products were resolved on a 2% agarose gel with ethidium bromide,
revealing a single clear band.

Sequencing

The band of the five replicates of each breed’s PCR products was purified and sequenced through a commercial service (Ingaba
Biotec Company, South Africa; using LIZ500 (ThermoScientific), ABI 3500XL Genetic Analyzer for Applied Biosystems, POP7™).
Sequences results (electrophoretogram) supplied by Inqaba were viewed using Finch TV v1.4.0.

Multiple Sequence Alignment

The sequence of each successfully sequenced Exon from each of the examined breeds was aligned (MultAlin; Corpet, 1996)
against the known sequence of the corresponding chicken gene (RYR2; ENSGALT00010021632.1) to confirm that the intended
fragment of the target gene has been correctly amplified and sequenced.

Phylogenetic Analysis

Phylogenetic analysis was carried out using MultAlin (Corpet, 1996) and phylogenyfr (Dereeper et al., 2008) to determine the
evolutionary relationship amongst orthologs.

Search for Regulatory Sequences (MOTIFS)

Tfsitescan (http://www.ifti.org/cgi-bin/ifti/Tfsitescan.pl) online Motif searching software was used to scan for known gene
regulatory sequences within the polymorphic intronic flanks of Exons DNA.

Search for Endonuclease Restriction Site

NEBcutter (https://nc3.neb.com/NEBcutter/) online endonuclease cleaving site software was used to scan for known gene
restriction site sequences within the overlapping intronic SNPs.

SNP Association with Trait Related to Cardiovascular Risks and Physiological Stress.

Data collected was analyzed by observing the effect of SNP on traits of cardiovascular risks and physiological stress by using
SPSS version 27.

Results

All three exons from each of the 15 DNA templates were successfully amplified. However, clear bands were observed in only
66.7%, 66%, and 60% of the template DNA for exon 40, 23, and 44, respectively (Fig. 1&2). The sharpest bands from the five
replicates of each breed were selected for sequencing. Despite attempts, sequencing exon 44 did not yield successful results in
any of the reactions.
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Nucleotide Sequence Polymorphism in RYR2
RYR2 gene Exon 23

Multiple sequence alignment of RYR2 exon 23 from Ross 308, Arbor acres and Noiler breeds (including flanking intron DNA)
against corresponding region of corresponding chicken gene (RYR2; ENSGALT00010021632.1) RYR2 revealed no sequence
polymorphism (deletion, insertion, inversion or substitution) in the coding and non-coding portion (Fig. 3)

RYR2 gene Exon 40

Multiple sequence alignment of RYR2 exon 40 from Ross 308, Arbor acres and Noiler breeds (including flanking intron DNA)
against corresponding region of corresponding chicken gene (RYR2; ENSGALT00010021632.1) RYR2 revealed no sequence
polymorphism (deletion, insertion, inversion or substitution) in the coding portion. However, a purine (Adenine A) to purine
(Guanine G), Inversion single nucleotide polymorphism (SNP) located at base 3:36968262 of the primary transcript (numbering
from nt-100 in the 3'UTR following Exon 40) was observed. This polymorphism falls in the 3’ non-coding portion of the amplified
exon 40 fragment; the primary transcript (ENSGALT00010021632.1) together with the Arbor Acre and Noiler breed carries the
36968262 Guanine (G) allele and the Ross 308 carrying the Adenine (A) allele (Fig. 4). (See Figs. 5,6 and 7 for the chromogram of
a segment of sequence at the 3’ flanking intron DNA sequence (within intron 40-41) of RYR2 Exon 40 of Arbor Acre, Noiler and
Ross 308 chicken respectively.)

Phylogenetic Analysis
RYR2 Gene Exon 23

The phylogenetic analysis of RYR2 Exon 23 (intron 23) for Noiler, Arbor Acre, and Ross 308, compared to the red jungle fowl and
other avian orthologs, revealed multiple conserved regions. These include conserved sequences within the exon and the 5’ and 3’
flanking intronic regions, such as an 8-base stretch (GTACCTTC) near the 3' splice donor site (GT) corresponding to position
37010779 - 37010771 of the primary transcript and a 7-base stretch (TCTCTTT) at the 5’ splice acceptor site (AG) corresponding
to position 37010898 - 37010891 of the primary transcript. Within the exon, sequences like (ATTGTTTTGCCTCC,
CATGAACTTTGGGTTATGAATAAGATT) were conserved (see Fig. 8). However, conservation decreased when non-avian species
were included, except for the dinucleotide GA within the exon (See Figs. 8 & 9).

RYR2 Gene Exon 40

The phylogenetic analysis of RYR2 Exon 40 (intron 40) for Noiler, Arbor Acre, and Ross 308, compared to the red jungle fowl and
other avian orthologs against the primary transcript (ENSGALT00010021632.1), revealed multiple conserved regions within the
exon and flanking intronic regions. Conserved sequences include a 5-base stretch (TTCAG) at the 5' splice acceptor site except in
duck corresponding to position 36968349 of the primary transcript and a 3-base stretch (TGT) at the 3' splice donor site
corresponding to position 36968494 of the primary transcript, along with the canonical splice dinucleotides AG and GT. Within the
exon, conserved sequences such as TTGA, TGG, ATGG, and GGAA were observed from positions 36,968,350 - 36,968,493 in the
chicken gene (See Figs. 10,11 & 12)

Regulatory Sequence (MOTIFS)
RYR2 Gene Exon 23

The search for regulatory signatures in the intron sequences flanking RYR2 Exon 23 in Ross 308, Arbor Acre, and Noiler chickens
revealed no regulatory elements. No polymorphisms were found in flanking introns of exon 23, corresponding to positions
37,010,785-37,010,889 in the broiler reference genome ENSGALT00000020816. Thus, the analysis did not identify any regulatory
signatures in these regions for the three chicken breeds.

RYR2 Gene Exon 40
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A sequential search for regulatory signatures in the polymorphic intron DNA sequence 3’ flanking RYR2 Exon 40 of Ross 308,
Arbor Acre, and Noiler chickens revealed no regulatory elements. Ross 308 carries an alternate allele (Adenosine; A) while Arbor
Acre and Noiler carry Guanine (G) at positions 36,968,350—36,968,493 of the broiler reference (ENSGALT00010021632.1). Despite
this, no regulatory signature was found at the polymorphic site, next to this site is an important motif, EF I| (AAGCAACATTA), a
transcription factor known as Elongation Factor 2, vital for protein synthesis and essential for cellular growth and development.
The EF Il motif, though critical, has not been reported in the RYR2 gene.

Search for Endonuclease Restriction Site

A search for endonuclease restriction sites in the polymorphic intron DNA sequence 3’ flanking RYR2 Exon 40 in Ross 308, Arbor
Acre, and Noiler chickens revealed no restriction signature. Ross 308 carries an alternate allele (Adenosine; A), while Arbor Acre
and Noiler carry Guanine (G) at positions 36,968,350—36,968,493 of the broiler reference (ENSGALT00010021632.1). Despite
being a highly endonuclease-restrictive region, PCR by Restriction Fragment Length Polymorphism (RFLP) is unsuitable for
determining allele inheritance at this SNP. An alternative approach, such as genotyping by tetra-arms PCR, should be used instead.

SNP Association with Trait Related to Cardiovascular Risks and Physiological Stress.

Bird genotypes were classified at each SNP locus, with Ross 308 broilers carrying the Adenosine (A) allele and Noiler and Arbor
Acre chickens carrying the Guanine (G) allele. This classification aimed to assess genotype effects on cardiovascular risks,
including obesity (BMI), blood glucose, inflammation, lipidemia, and stress levels, measured by the Heterophil/lymphocyte ratio.

Effect of Genotype on Obesity

At week 1, there was no significant BMI difference between genotypes (ROSS 308 = Arbor Acre & Noiler). From weeks 2 to 6, BMI
was significantly different (p < 0.05) between genotypes, with Ross 308 having higher BMI than Arbor Acre and Noiler (See
Table 2).

Table 2
Effect of genotype on body weight growth rate from week 1 to 6.

BMI: Body Mass Index (g/cm?), means with different superscript
within row are significantly different.

TRAITS GENOTYPE SNP (rs734634989)

A (ROSS 308) G (Arbor Acre & Noiler)
BMI_wk1 (g/cm?)  9.8+0.29(49)°  9.1+0.18(99)
BMI_wk2 (g/cm?)  23.5+0.83(49)° 17.2+0.52(99)°
BMI_wk3 (g/cm?)  38.311.52(49)® 26.4+0.96(99)°

BMI_wk4 (g/cm?)
BMI_wk5 (g/cm?)

BMI_wk6 (g/cm?)

54.1 +2.0(49)?
69.5 + 2.65(49)°

82.5 + 3.34(40)?

32.6 + 1.26(99)°
41.7 £1.69(99)°

49.5+2.11(97)°

Effect of Genotype on Blood Glucose.

There was no significant difference in glucose levels between the genotypes A (ROSS 308) and G (Arbor Acre & Noiler) (See
Table 3).
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Table 3
Effect of breed on body weight growth rate from week 1 to 6.

BLOOD PROFILE GENOTYPE SNP (rs734634989)
A (ROSS 308) G (Arbor Acre & Noiler)
TC (mg/dl) 21.7£0.95(10) 21.6£0.67(10)
LDL (mg/dI) 13.4+1.3(10) 11.3+0.88(10)
HDL (mg/dl) 6.5+ 0.52(10)? 8.440.36(10)°
GLUCOSE (mg/dI) 59.2 +2.7(10)? 62.141.9(10)2
HB (g/dL) 7.7 £0.32(10)2 8.4£0.22(10)?
RBC (x108/mcl) 3.840.18(10)2 4.02 +0.13(10)
MCV (fL) 60.9 +0.54(10)2 61.310.38(10)°
MCH (pg) 20.3+0.18(10)? 20.4 +0.13(10)2
MCHC (g/dL) 33.2+0.2(10)2 33.210.14(10)°
WBC (x10%/mcl) 2.6 +0.24(10)? 2.7 £0.17(10)?
LYM (%) 71.6+4.1(10) 65.842.9(10)2
HETERO 28.7 +4.0(10)2 38.7 +2.8(10)?
H/L RATIO 0.41 +0.66(10)2 0.57 +0.47(10)2
TRYGLY (mg/dI) 3.940.9(10) 3.9510.06(10)°
TC: Total cholesterol, LDL: Low Density Lipoprotein, HDL: High Density Lipoprotein, HB: Hemoglobin, RBC: Red Blood Count,
MCV: Mean Corpuscular Volume, MCH: Mean Corpuscular Haemoglobin, MCHC: Mean Corpuscular Concentration, WBC:
White Blood Count, LYM: Lymphocytes, HETERO: Heterophils, TRYGLY: Triglycerides, H/L RATIO: Heterophils/Lymphocytes
Ratio. means with different superscript within row are significantly different.

Effect of Genotype on Inflammation (White Blood Count, Heterophil, Lymphocyte).

There were no significant differences in white blood cell counts, heterophil percentages, or lymphocyte percentages between
genotypes A (ROSS 308) and G (Arbor Acre & Noiler) (See Table 3).

Effect of Genotype on Lipidemia (Tc, Ldl, Hdl).

There were no significant differences in total cholesterol (TC) or LDL levels between genotypes A (ROSS 308) and G (Arbor Acre &
Noiler), as shown in Table 4.9.2. However, HDL levels were significantly different (p < 0.05), with genotype A having lower levels
than genotype G (See Table 3).

Effect of Genotype on Physiological Stress (Heterophil/Lymphocyte Ratio)

Genotype does not significantly (p < 0.05) affect Heterophil/Lymphocyte ratio. However, with the p value approaching 0.05 may
point to a weak but significant difference detectable only in experiments with high power (higher replication per group and lower
environmental noise). Facilitating a stronger distinction between group variance from within group variance (See Table 3).

Author’s Point of View

The absence of polymorphisms in RYR2 Exon 23 for Noiler, Ross 308, and Arbor Acre chickens suggests this exon is not
responsible for cardiovascular risk and stress differences. However, intronic polymorphisms identified could serve as molecular
markers, creating breed-specific identities for future research on distinct variants.
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Evidence from 167 chicken genotypes across diverse geographical regions, including China, Indonesia, Korea, and Tibet, supports
the existence of the SNP. Studies indicate this SNP is conserved across various populations, suggesting its evolutionary
significance or selective pressure related to environmental adaptation. Notably, the exon 40 sequence of Arbor Acre and Ross 308
in the RYR2 gene has not been previously described, highlighting an intronic SNP that could be useful for selective breeding.

Using the SNP haplotypes identified outside RYR2 Exon 40, the three breeds—Arbor Acre Broiler, Ross 308 Broiler, and Noiler
chicken—can be distinguished at the molecular level regarding cardiovascular risk and physiological stress. This study
underscores the importance of comparative sequencing of candidate genes for identifying breed-specific haplotypes, paving the
way for gene association studies. However, the SNP haplotype does not fully distinguish effects on cardiovascular risk and stress,
except for HDL levels. Genotype A is associated with about 10% lower HDL than Genotype G, indicating that birds inheriting allele
A may experience higher stress due to reduced HDL. Although this SNP likely does not directly cause HDL differences, it may be in
linkage disequilibrium with a causal variant nearby. Further sequencing studies are needed to identify the actual causal variant
within this gene.

Conclusion

The unsampled RYR2 Exon 44 should be sequenced and analyzed by future researchers. Further studies are needed to identify
additional mutations to address the gaps in this research. Additionally, other candidate genes linked to cardiovascular risks and
stress in different chicken breeds should be amplified and sequenced in Noiler and indigenous birds to enhance local chicken
populations. The haplotypes identified outside RYR2 Exon 40 could serve as molecular markers for distinguishing Ross 308
broiler chickens. Future investigations should also explore how variations in RYR2 Exon 40 haplotypes contribute to differences in
cardiovascular risks and stress levels.
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Figure 1

Gel image of electrophoretically resolved RYR2 Exon 40 and 23 PCR amplified products. Ladder shown (lane M) and fragment size
to the right.

Lane M= 100 base pair DNA ladder; Lanes 1,2,3,4 and 5 = Exon 40 and 23 of Ross 308 respectively; Lanes 6,7,8,9 and 10 = Exon 40
and 23 of Arbor Acres respectively; Lanes 11,12,13,14 and 15 = Exon 40 and 23 of Noiler respectively; bp = base pair.
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Figure 2

Gel image of electrophoretically resolved RYR2 Exon 44 PCR amplified products. Ladder shown (lane M) and fragment size to the
right.

Lane M= 100 base pair DNA ladder; Lanes 1,2,3,4 and 5 = Exon 44 of Ross 308; Lanes 6,7,8,9 and 10 = Exon 44 of Arbor Acres;
Lanes 11,12,13,14 and 15 = Exon 44 of Noiler; bp = base pair.

Electrophoresis setup: 2% agarose, 145 volts for 45 minutes.
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Ross GACAACTGTGGAAGCCT BT TBCTCTGTTGAGCACTTT TG TR TRRCAT T CTCT T CTCT T TAGATTGTTTTGCC T CCACTTGARCGATTAGAGRRRATTAGCRGAGARCATCCATG
Notler GACAACTGTGGARGCE oTTGCTCTGTTCRGCRACTTTTT TG AATRACRTCTTCCTCTTTTCTCTCTTTAGATTGTTTTCCCCECACTTGGAACEAR TTAGAGRRRAGTTAGCACAGRACATCCATG
Consensus  GACAACTGTGGARGCE GTTGCTCYGTTCRGCAACTTTTT G RATARCATCTTCCTCTTTTCTCTCTTTAGATTGTTTTGCCTCCECACTTGGAACGA TTAGAGRRRRGTTAGCACAGRACATCCATE
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Mebor AAC TG00 TR TGAATAAGATTGAACTAGECTCECAGTRTOCACCAGTRTGTACCTTCTCTATTARTTTTCTGTTARTCACG
Ross ACTTTG0aTTATGAATAAGATTGRACTAGGCTGGCRGTRTGGACCAGTATGTACCTICTCTATTRATTTTCTGTTAATCACG
Notler AACTTTG0G1TATGAATAAGA TTCARCTAGGCTGGCAGATCGACCRGTATGTACCTTCTCTATTAATTTTCTGITARTCACG
Consensus AACTTT GG TATGAATAAGA TTGAACTAGGCTGGCAGTATCEACCRGTATGTACCTCTCTATTARTTTTCTGITARTCACG

Figure 3

Multiple sequence alignment of RYR2 Exon 23 and flanking intron DNA sequence for Ross 308 broiler (Reverse: Ross 308), Arbor
acre broiler (Forward: Arbor) and Noiler chicken (Reverse: noiler) amplified in this study against RYR2 Exon 23 and flanking intron
DNA sequence for broiler reference (XN26Ref) (ENSGALT00010021632.1) with no polymorphic base arrowed.
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¥HdORef RTTATTTTACTATTTGTTATATATTTATGATTTCAGGAATTGAACTAGATGAAGATGGARCTT TGGATGGARATAGTGATT TRACCATTAGGGGTCGCCTRCTATACT TGGTGGARRRRGT TACATATCT
firbor ATTATTTTACTATTTGTTATATATTTATGATTTCAGGARTTGARCTAGATGARGATGGAACTTTGGATGGARATAGTGATTTARCCATTAGGGGTCGCCTACTATACTTGGTGGARARAGTTACATATCT
Hoiler ATTATTTTACTATTTGTTATATATTTATGATTTCAGGAATTGAACTAGATGARGATGGAACTTTGGATGGARATAGTGATTTARCCAT TAGGGGTCGCCTACTATACTTGGTGGARAARGTTACATATCT
Ross ATTATTTTACTATTTGTTATATATTTATGATTTCAGGAATTGAAC TAGATGARGATGGARCTTTGGATGGARATAGTGATTTARCCATTAGGGGTCGCCTACTATACTTGGTGEARRARGTTACATATCT
Consensus ATTATTTTACTATTTGTTATATATTTATGATTTCAGGART TGARCTAGATGARGATGGAACTTTGGATGGARATAGTGATTTARCCATTAGGGGTCGCCTACTATACTTGGTGGARARAGT TACATATCT
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Arbor  GARGRAGARGCARGCTGAGARGCCAGTTGATGATGATGCTARGACATCCTGTARGCARCATTARATCACARTTTATTGTCGTAATTCCAARTAACTAGAGAAGTGGAGRRGAARATTCTATTTTCAGCAR
Noiler GAAGARGAAGCAAGCTGAGRAGCCAGTTGATGATGATGCTAAGACATCCTGTAAGCARCATTARRTCACARTTTATTGTCGTARTTCCARATARCTAGAGARGTGEAGARGRAARATTCTATTTTCAGCAR
Ross GARGARGAAGCAAGCTGAGAAGCCAGTTGATGATGATGCTAAGACATCCTGTARGCAACAT TARATCACARTTTATTGTCGTAATTCCAARTARCTAGAGARGTGGAGARGARARTTCTATTTTCAGCAA
Consensus GARGARGARGCAAGCTGAGAAGCCAGTTGRATGATGATGCTRAGRCATCCTGTARGCAACATTARRTCACARTTTATTGTCGTARTTCCAARTARCTAGAGARGTGGAGARGARARTTCTATTTTCAGCAA
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—— |

XN4ORef  ARACTAGGTGGATTTTTAGTGARRGATCTGTGCACCCCAR
Arbor  ARRCTAGGTGEATTTTTAGTGARAGATCTGTGCACCCCAR
Noiler ARACTAGGTGGATTTTTAGTGARAGATCTGTGCACCCCAR
Ross  ARACTAGATGGATTTTTAGTGARAGATCTGTGCACCCCAR
Consensus  ARACTAGTGEATTTTTAGTGARRGATCTGTGCACCCCAR

Figure 4
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Multiple sequence alignment of RYR2 Exon 40 and flanking intron DNA sequence for Ross 308 broiler (Reverse and Forward: Ross
308), Arbor acre broiler (Forward and Reverse: Arbor) and Noiler chicken (Reverse: noiler) amplified in this study against RYR2
Exon 40 and flanking intron DNA sequence for broiler reference (XN40Ref) (ENSGALT00010021632.1) with polymorphic base
arrowed.
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Figure 5

Chromatogram of a segment of sequence at the 3’ flanking intron DNA sequence (within intron 40-41) of RYR2 Exon 40 of Arbor
Acre broiler showing the G insertion region corresponding to the bases 36968444insA of the broiler reference
(ENSGALT00010021632.1) primary transcript.
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Figure 6

Chromatogram of a segment of sequence at the 3’ flanking intron DNA sequence (within intron 40-41) of RYR2 Exon 40 of Noiler
chicken showing the G insertion region corresponding to the bases 36968444insA of the broiler reference

(ENSGALT00010021632.1) primary transcript.
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Figure 7

Chromatogram of a segment of sequence at the 3’ flanking intron DNA sequence (within intron 40-41) of RYR2 Exon 40 of Ross
308 broiler chicken showing the A substitution region corresponding to the bases 36968444insA of the broiler reference

(ENSGALT00010021632.1) primary transcript.
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AWK Noiler  GACARCTGTGGARGCCTETTECTCTGTTGAGCARCTTTTTTGTARTRRCATCTTCCTCTTTICFeTCTTRAGATTGTTIvGcCTebcac GARcefTTAGRGARRAGTTAGCRGAGARCATClR
KHeIRTR2ross308  GACAACTGTGGRAGCCTGTTGCTCTGTTGRGCARCTTTTTTGTARTARCATCTTCCTCTTTICTCTCTTTAGATTGTTTTGCCTCCCCAC TTGGARCGRATT AGAGAARAGT TAGCAGRGARCATCCAT
¥H23RYR2arboracre  TRACARCTGTGGARGCCTGTTGCTCTGTTCAGCARCTTTTTTGTAATARCATCTTCCTCTTTTCTCICTTTAGATTGTTTTGCCTCCCCACTTGGRACGART TAGAGARRAGT TAGCAGRGAACATCCAT
¥NeIRYR2brodlerref  GACARCTGTGGARGCCTGTTGCTCTGTTGAGCARCTTTTTTGTRRTARCATCTTCCTCTTTTCTCTCTTTAGATTRTTTTGCCTCCCCACTTGGARCGRRT TAGAGAARAGT TAGCAGAGARCRTCCAT
KN2IRYR2uhiteleghorn  GACAACTGTGGRAGCCTGTTGCTCTGTTGAGCARCTTTTTTGTARTRACATCTTCCTCTTTICTCTCTTTAGATTGTTTTGCCTCCCCACTTGGAACGRATT AGAGAARAGT TAGCAGRGAACATCCAT
¥N23RYRZturkey  GACAACTGTGGRAGTCTRTTGCTCTGTTGRGCAACTTCTTCGTARTARCATCTTTRTCTTTICTCTCTTTRGATTGTTTTGCCTCCCCACTTRAGARRGRAT T AGAGAARRGT TAGCAGAGARCATCCAT
YN23RYR2red junglefou  GACAACTGTGGRAGCCTGTTGCTCTGTTGAGCARCTTTTTTGTARTRACATCTTCCTCTTTICTCTCTTTAGATTGTTTTGCCTCCCCACTTGGARCGRATTAGAGAARAGT TAGCAGAGAACATCCAT
HH23RYR2duck TCTCTTTRGRTTGTTTTGCCTCCTCACCTGGARAGERT TAGAGARRRATTAGCAGAGARCATTCAT
YH2IRYR2nuLLard TCTCTTTAGATTGTTTTGCCTCCTCACCTOGARRGGRTTAGAGRARART TAGCAGAGARCATTCAT
Consensus  pacaactetgpaapcctattoctotettpapeaactbitttetaataacatettoctet bbb TCTCTTTRGATTOTTTTRECTCCCCACE TOGARCGAATTAGAGRARAE TTAGCAGAGARCATCCAT
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XNE3RYReHodLer  GRACTTTGGGTTATGARTAAGAT IGARCTAGECTGECAGTATGGACCAGTATGTACCTTLICTATTRATTTTCTGIARA
¥N23RYR2ross208  GARCTTTGGGTTATGARTARGRTTGAACTAGGCTOGCAGTATGGACCAGTATGTACCTTCTCTATTARTTTTCTRTTARTCACE
YNZ3RYR2arboracre  GAACTTTGGLTTATGAATAAGATTGRACTAGECTGGCAGTATGGACCAGTRTGTACCTTCTCTATTRRTTTTCTGTTRATCACGTAGTRTTGCTTAGCARRTCART TTCAGTGTGCTAATGGCA
YHZ3RYR2broilerref  GAACTTTGGETTATGARTARGATTGARCTAGGCTOGCAGTATGGACCAGTATGTACCTTCTCTATTARTTTTCTGITRRTCACGTAGTATTGCTTRGCARATCAATTTCAGTGTGCTARTGGGR
¥N23RYR2uhiteleghorn GRRCTTTGGGTTATGARTAAGATTGARCTAGGCTGGCAGTATGGACCAGTATGTACCTTCTCTATTARTTTTCTGTTAATCACGTAGTATTGCTTAGCARRTCARTTTCAGTGTGCTAATGGER
FH23RYR2turkey GRACTTTGGGTTATGAATAAGATTGAACTGGGCTGGCARTATGGACCAGTACGTACCTTCTCTATTARTTTTCTGTTRATTACATGATATTGCTTAGCGARTCAGT TTCATTGTGCTAATGGGR
¥NeIRYR2red junglefow  GAACTTTGGGTTATGAATAAGATT TOTACCTTCTCTATTARTTTTCTGTTRATCACGTAGTRTTGCTTAGCARATCARTTTCAGTGTGCTRATGGGR
HNZIRYR2duck GAACTTTGGGTTATGAATAAGATTGARCTTGGCTGGCAGTATGGACCAGTATTACCTTCCARATTARTTTTCTGTTARTTACATAGTATTRTTTAGCARATCATCTTCAARGTGCTRRTGGGA
¥N2IRYR2nuLLard - GARCTTTGGGTTATGARTAAGATTGARCTTGGCTGGCAGTATGGACCAGTATGTACCTTCCARATTART TTTCTGTTARTTRCATAGTATTATTTAGCARRTCATCTTCARAGTGCTAATGGGA
Consensus GAACTTTGGGTTATGARTAAGATTgaact. gpctogcagtatygaccagtalGTACCTTCLCLATTARTTTICTGTEARE  ac, bagtatt, tlagcaaatea, tica, gtoctaatggea

Figure 8

Phylogenetic analysis alignment result showing conserved regions within RYR2 intron and Exon 23 (i.e. 100 bases before and
after Exon) amongst arbor acre broiler, Ross 308 broiler and noiler chicken against red jungle fowl and other avian orthologs.
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Figure 9

Phylogenetic analysis alignment result showing conserved regions within RYR2 intron and Exon 23 (i.e. 100 bases before and
after Exon) amongst arbor acre broiler, Ross 308 broiler and noiler chicken against red jungle fowl and other orthologs spanning
Aves, Eutherian and non-eutherian mammals, Pisces, and other vertebrates.
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AAGCAACAT TRAATCACART TTATTGTCGTAAT T===CCARATAR====CTAGAGARG T G====GAGARGAARART TCTAT TTTCAGCARARRC TAGG T GGATT T===TTAGTGARRGATCTGTGCACCCC
ARGCARCATTAAATCACARTTTATTGTCGTAAT T=--CCARATAR-——-CTAGAGAAG TG——--GAGARGAARARTTCTATTTTCAGCARARAC TAGG T GGATT T-——=TTAGTGARRGATCTGTGLACCCC
ARGCAARCATTAAATCACAATTTATTGTCGTAAT T===CCAAAT Af====C TAGAGARG T G====GAGARGAAAAT TCTATTTTCAGCARARAC TAGG T GGATT T===TTAGTGARRGATCTGTGCACCCC
ARGCARCATTRAAARTCACAAT TTATTGTCGTAAT T==<=CEAARTAR====CTAGAGARG T G====GAGARGARARTTETAT TTTCAGEARARARC TAGATGGATT T=-<=TTAGTGARRGATCTGTGLACCCC
ARGCARCATTAARTCACARTTTATTGTCGTAAT T===CCARATAR=——=-CTAGAGARG T G——-=GAGARGAARARTTCTAT TTTCAGCARARACTAGG TG

ARGCARCAT TRAATCACARTTTATTGTCGTAAT T===CCAAAT Af====C TAGAGARG T ====GAGARGAARAATTCTAT TTTCAGCARARAC TRGAT

ARGCARCATTAARTCACART TTATTGTCGTART T===CCAARTAR=-===CTAGAGARGT G====GAGARGARARTTCTATTTTCAGCARARAC TAGG TGGATT T=—=TTAGTGARARGATC TG TGCACCLCC
CTGTGGARGATACARTCAARTCTCCTGGCATCCCT TEGCCARATCCGTTCCTTGCTCAGTGTCAGGATGGEGAAGGAGGAAGAGAARCTTATGATTCGTGGATTAGGG TGGGTARTGTCTCTTAATGTACAH
CTETGEARGACACARTCARTCTTCTGGECATCCC TCGECCARATACGTTCC T TRETCAG TGTCAGGA TEGEARARGAGGAAGAGRAACT TATGAT TCGTGGAT TAGGGE TARATARCATCTCTGAACGTGCA
aalicascAttafatcaCAATETaL THLCgTaatT. . .COARAT . . . .CTabagafGTG., . . .GRgaatGaffatbcbAtttbcAgCaaRaacTaggThgat Ll . . .LLagtgasagatchghgoaccoo

410

¥HAORef AR
Arbor AR
Hoiler HAA
Roz= AR
red
uvhite
broiler HA
turkey
duck

Consensus

Figure 10

400 420 430 440 450453
L

GATACTTATT-——AGCTGTCTCATTTATATTAATAARGTTATGTGTGARACATGARCGTARG
GATATTTTTTGTTATTIGT TGTATGGTTATCATCARART TGTGCATGARGTTTGARTGTGAAT

Phylogenetic analysis alignment result showing highly conserved region within RYR2 exon 40 flanking intron DNA (100bp before
and after the exon) for arbor acre broiler, Ross 308 broiler and noiler chicken against red jungle fowl and other avian orthologs.
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ATTATTTTACTATTTGTTATATAT T TA===<TGAT T TCAGG---ART TGAR

GTTTGATTGT TTCTGCAGACARAG——=TAGARAGCAT TGCTGCAACT TGTCTARACTTATTATTTTACTATTTGT TATATAT T TA==-=TGAT T TCAGG=-=AAT TGAR
TTGATTGTTTCTHCAGACARAG-——TAGARRGCAT TGC TGCARCT TGTCTARACTTATTATTTTACTATTTGT TRATATATT TA-———TGAT T TCAGG-——AAT TGAR
TCTGCAGACARAG=—=TAGARRGCAT TGCTGCA=-CTTGTCTARRCTTATTATTTTACTATTTGT TATATAT T TA====TGAT T TCAGG=—=AAT TGAR

CTARGTTGTGCATGARAGARAT TACARGGCC TCAGART T=ATTTGCCCARGTGTATT=CTTTRAAATATTTTTTTCTGCCTCTCTGTTTTTT TAT====——====AC TAGG===AAT TGAG
TAAGL TATGCGTGGAT=ARGT TGCARAACCAGAGCAT T=TTTCTCCTARATGTATTTCTTTCARACACAT TTTTCTTTTCTTCGTTCTCT TTh==========CTTTTG-—RAATTGAG
ARAAAT TGCARRRCC TGAGARTTGTTTCCCCTCARTGTATTTTTTARATATTATTIGTTCTITTCTTATTTCTCTTTGTCTTCTTCC TAC TAGG———AAT TGAG

GRARARRARAT TGCARRACC TGAGARTTCTTTCCCCTCARTGTATTTTTTARACATTATTTGTTCTITTCTTATTTCTCTTTGTCTTCTTCC TAC TAGG=——RAT TGAG

AGGACAGARRRAC TCCAGAGCL TGAG=GT TAGT TCCCAGCTATGTACTGTTTTCARAGEGT T T—=CCTTCTCTCCCC TCTGECCC TR TGT TAATGCCAGG———AAT TGAR
GGCTA-TGEGEGETATAG-AGT TGACATATC——-CGAGGAGTCTTCTCTTACTAAT TTCTTCT T TARRRACCACCCATARCAACT TTACAGCCACTCT TCAGCAGT TGATTTCTGAGACCATGGT T
TTTGGGEGC TAC-GAGATATGC-AGT TGARATGCC—=CARTTTAATTTGTCTTCTCTTCTCTTCCTTTTTTARRAATATCCATARTGACT T TGCAGCCACTCT TCAGCAGT TGAT T TC TGAGACCATGGTT
GAGGTACAGC TGARATGCCC-ARCTCATTTGTCTTCTCTCGTTTTTGTTRTTTTTITTTTTCCTTT TA-ARRARTATCCG TAATGACTGTGCAGCCACTC T TCAGCAGT TGAT T TCTGAGACCATGGTC
ARTCCC TAGRARRRAAC—TGCTTCAGGGAC TACTATCAGAGATATGAGARACTAR——TGGTAATTTTETGAT———GTATTTTCTTCACAGC TRCTCTTCAGCART TGATTTCAGATACARTGGTG
TAGARATCCCTAGARARARC-TGCTTCAGGGAC TACTATCAGAGATATGAGARAC TAR=--TGGTAATTTTRTGAT-~=-GTATTTTCTTCACAGC TACTCTTCAGCART TGATTTCAGATACARTGGTG
CATGT TGEATARTGCAT TC=TG--——AGGAAC TAC TGGCGGAGATATGAGTAAT TAR-=TGGTAAT TGTGTGATTTATGTATTTTCT TCACAGC TACTCT TCAACAGT TGAT T TCAGACACARTGGTG
TTGGARATATGATGGAGACCTCAGCTTCTGAGCTTCTGARTGAT T T-—ATARARATCATT=——=TACTTTC

TTTATTTATTTTTTTGCTGTGTCAT TCC===TGAAT TCA=====CTTTTCT

AGGATCCCAGATARATGTTTATTTRARCTTTTTCTCTGAAT TTCATGL======CTCCCCCACTTTCTCCATTGACCT TTC TAG=—====<GGA

ARAGATTTATCAGGACC TCAGATARATTGTCATTTARATTTTTCTCTGACCTTTGTGCTCCCC TCCCCCCCCCCACC TATATTGTCCT TTC TAG-—————-GGA

TTCTTTCACT TATATGACATGGTAC TARAGGGARATAGT TAARACAATTAT==—=TATTGTTTTCTTATTCATTTTTTCATCGTAG=—m==—=fGA
srssssssssssnasnsssssnssssnsssssnssCosssnscbosssssssssnsboscasbbobo,.da,, . tTabbbl, b bL gtb b b LLE, ... Lgatiicagg. ..aaklgaa
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1 1
CTAGATGARGATGGAACTT TGG-ATGGAARTAGTGAT T TAR-—————CCATTAGGGGTCGCCTAC TATACT THGTGGA-AARRAGT TACATATC TGAAGARGARGCAAGE TGAGA———AGCCAGT TGATGA
CTAGATGARGA TGGRACTT TGG~ATGGARATAGTGATT TAR====-=CCATTAGGGGTCGCCTAC TATACT THGETGGA-ARARGT TRCATATC TGARGARGARGCARGL T GRAGA---AGCCAGT TGATGA
CTAGATGARGA TGGRAACTT TGG=ATGGARATAGTGATT TAR======CCAT TAGGGGTCGCC TAC TATACT THGTGLA=ARARG T TACATATC TGARGARGARGCARGL TGAGA=---AGCCAGT TGATGA
CTAGATGARGA TGGAAC T T TGG-ATGGAARTAGTGAT T TAR--——-—-CCAT TAGGGGTCGCC TAC TATACT THGTGGA-ARAAGT TACATATC TGAAGARGARGCAAGE TGAGA-—-AGCCAGT TGATGA
CTAGATGARGATGGAACTT TGG-ATGGAARRTAGTGAT T TAR====-=CCAT TAGGGGTCGCCTACTATACT TGGTGGA=-AARAAGT TACATATC TGARGAARGARGCAAGE TGAGA=---AGCCAGT TGATGA
CTAGATGARGATGGRACTT TGG=ATGGARATAGTGATT TAR======CCATTAGGGGTCGCCTAC TATACT TGGTGGA=ARRRG T TACATATC TGARGARGARGCARGE TGAGA=--AGCCAGT TGATGA
CTAGATGAAGATGGAACTT TGG-ATGGARATAGTGAT T TAR------CCATTAGGGGTCGCCTACTATACT THGTGLA-AARAGT TACATATC TGARGARGARGCARGE TGAGA---AGCCAGT TGATGA
CTGGATGAAGATGGGTCTC TGG=ATGGARACAGTGAT T TAR======CAAT TAGAGGGCGTC TGC TATCCCTGGTAGA=AARGE TGACATATC TGAAGARGARGCARGC AGAAR---ARCCAGT TGAGAG
CTGGATGARGATGGGTCTCT TG-ATGGAARCAG TGACT TAR======CART TAGAGGACGCCTGC TGTCCT TLGTAGA-ARRGG TGACATACC T GARGARGARACAAGL CGARA---ARCCAAT TGAGAG
ARGC

CTGGATGARGATAGGTCTCTGG-ACGGAARCARCGAT T TAR-—-—--CTATTAGAGGACGCCTGC TGTCCT TG TAGA-AARGEG TGACATATC TGARGARGARGCAAGE TGARA-—-AGCCAGT TGAGAG
CTGGACGAGEA TGGATCCC TAG-ATGGARGCAATGACT TAf=--=----CARTCAGAGGACGTC TGT TGTCTCTGGH TAGA-ARRGE T GACC TACT 1 GARGARGARGCARGL TGAAR---ARCCAGT TGCARG
COATGRGCCCARGAGTC TG TCA-TTGARGACCCTGAGT TRGTRGAGAGCCATGTTTGTGCTACT TCATCGRCAG TACGA-THECAT TELGLHGAC THGTCCGGGCCC TGLCCGARGACCTACACTATCARTGG
COATGRGCTCARGAGTCTGTCA=TTGAARGACCCTGAGT TRGTGAGGGCCATGTTTGTGTTGCTCCATCGACARTATGA=TGECAT TERGAGGTC TGGTTCGGGCTC TGCCARAGACCTATACTATAART GG
CHATGHGCACARGAGTC TG TCA=TTGARGACCC TGARC TRGTGAGGGCCATGTTTGTGT TGC TCCATCGACAG TACGA-TGGCAT TEHGHGGTC THGTCCGGGCTC TGCCARAGACC TACACTATARAT GG
CHCTHHHECCAGGARTCAG TAR=-TAGARGACCCAGAGT TAGTCAGGGCCATGTTTGTACTGCE T TCATCGTCARTATGA=TRETATCGGTRGEET THGT TCGAGC TC TARCCARAGAC T TACACCATARATAG
CGCTGGGCCCAGGARTCAG TAR=TAGARGACCCAGAGT TAGTCAGGGCCATGTTTGTACTGCTTCATCGTCARTATGA=TGGTATCGGTGGCT TGGT TCGAGC TC TACCARAGAC T TACACCATARATAG
COCTGEGCCCAGGARTCAG TAA=-TAGARGACCCAGAGT TAGTCAGGGCCATGTTTGTACTGC TTCATCGCCAGTATGA=-TGETATTGGTGECT TGGT TCGAGCCC TGCCARAGACC TATRCTATARATAG
CCAGCTARCTARRATGCTCTTT-ATGTAGGARATTACTTTT= —-—-(‘EWIEETGGCEHEIE‘ITGIIEITT-I:-CTC'IGITN'.I’T—-CTGTCGTIITMTCWWTCWTBTETITE
TITGCTTTTGCTCTTTCTCTCTCATGTTTTTCCAAACT 1 TC ==—===—AGATCAARTATGCTTCTCAAT TTTAAGGAT GACARAAG TGAATGTCCATGTCCTGAGGAAAT CCG TGA=====CC

CATCATGAATARCARAGTGT TTTACCAGCACCCTARTCTCATGAGAGCAC T Tm'HEmEmeTmGTCHTmTWTﬁTCETImI’mTCLme “:'H"lm
TATCATGAATARTARAGTAT TTTACCAGCACCCTAARTCTCATHGAGGGCAC T THGGATGCACGAGACGGTGATGGAGLTCATGGTGARTGTCCT TGGAGLGT GGAGAGTCCARGG TARAGGARAACCTTTGA
TATAATGARCARTARAGTTTTTTACCARCATCCTAATC T TATGAGAGCAT TGGGTATGCATGAGACTGTGATGGAGL TARTGG TGARTGTACT THGAGGAGGAGAG TCARAGEG TAR——GRAGACATTTTA
ct.gatgaaghitgga.ct.T.g.atggaaa.a, tgfttTaa, . ... .Coaltag.ge.cgect .ot b, , . tigt .Ga,asa.gt .ac. Lo, cThaagaagaagcaagl . gaga. . . agccagtigat . g
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Figure 11

Phylogenetic analysis alignment result showing limited conserved region within RYR2 exon 40 flanking intron DNA (100bp before
and after the exon) for arbor acre broiler, Ross 308 broiler and noiler chicken and orthologs spanning Aves, Eutherian and non-
eutherian mammals, Pisces, and other vertebrates.
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KNAOReT TGATGC TAAGAC——ATCCTG-TARGCARCAT TARATCACART TTATTGT-CGTAAT T——CCARATARC TAGAGARG TGGAGARGARART TCTATT T T-CAGCARARAC TAGGTGGATTTTTAGTGARAGRA
Arbor TGATGCTAAGAC--ATCCTG~TARGCARCAT TRARATCACAAT TTATTGT-CGTAAT T--CCARATAAC TAGAGAAGTGGAGARGARAAT TCTATTTT-CAGCARARAC TAGGTGGATTTTTAGTGARAGA
Hoiler TGATGCTARGAC--ATCCTG~TAAGCARCATTARATCACAATTTATTGT~CGTAAT T--CCARATAAL TAGAGAAGTGGAGARGARAART TCTATTTT~-CAGCARARAC TAGGTGGATTTTTRAGTGARAGA
Ross TGATGCTARGAC—ATCCTG-TARGCARCAT TAAATCACAAT TTATTGT-CGTAAT T--CCARATAAL TAGAGARG TGGAGARGARAAT TCTATT T T-CAGCARARAL TAGATGGATTTTTAGTGARRGA
red TGATGCTARGAC=-ATCCTG-TARGCARCAT TRAAATCACART TTATTGT=CGTAAT T-=CCARATAAC TAGAGAAG T GEAGARGARAAT TCTATTTT-CAGCARARAC TAGGTG
white TGATGCTAAGAC--ATCCTG~TAAGCARCATTAARATCACAATTTATTGT~CGTAAT T--CCARATAAL TAGAGAAGTGGAGARGAAAAT TCTATTTT~CAGCARARACTAGAT
broiler TGATGCTAAGAC--ATCCTG~-TARGCARCAT TARATCACAAT TTATTGT~CGTAAT T-~CCARATAAC TAGAGAAG TGGAGARGARAAT TCTATTTT-CAGCARARAC TAGGTGGAT TTTTAGTGARAGA
hunan  TGACTCCARARA--GTCCTG-TARGCAGTATGAGAGTGCAC TGGCAGAR-TGACCCA——ACTGC TGACACTTARCTCATCCTTTGARCGAATGT TTTACTGGATGAGCCAGTGR
leopard TGGCTCCARGAR=-ATCCTG~-TARGCAGTATGGARGGARAC T GGCARAR-CARCCCA=—ACTGC TGACATTTATTTC=TCCTT TGAGC TRRCATCATAC TAGATGAGCCAGTGAGA
cou  TGACTCCARGAR--GTCATG-TARGC -~ TATAARRGGEGCAL TGCCAGAR-TGACTCC~~ACCAC~-GGCATTTAT-TCATTGT T TGAACARATATCATAC TAGATGARCCAGTARG
sheep TGACTCCARGAR--GTCATG-TAAGC--TATGARAGGGLAC TGCCARAR-TGACTCC--ACCAC-GACATTTAT-TCATTGTT TGAACARATATCATACTAGATGAACCAGTGAGARAAT
house TGACTCCAGAAA=-GTGC TG=TAAGCA=TATGARAGGGE TCC TGGTC TAG=G6G==-C0C--AGTGATAT T TAC TCATCL TGAGAATGAACACL TAC TCAGCARGAGEG TCCCAACT
rabbit CGTCTCTGTGGAGGACACCA-TCARCCTGCTGGCATCTCTTGGTCARAT TCGT TCTCTGCTGAGTGTARGAATGGECAAAGAGGARGAGAAGC T TATGATTCGTGGAT TGGGGTRAAT TATTTARCATAT
horse TGTTTCTGTGGAGGATACCA-TCAACCTGCTGGCGTCTCTCGGTCAGATCCGT TCTCTGCTGAGTGTGAGAAT GGGCARAGARGARGAGAAGC T TATGATTCGTGGAT TAGGGTARATTATTTARCTATT
cat.  TGTCTCCGTGGAGGATACCA-TCARC |:m:rmn:tn:ssn:nﬁmrcuﬂtrtlﬁ:rmmrmtﬁﬁmmnn GATTCGTGGAT TAGGGTARTTTATTTARCTACT
Turkey TGTGTCTGTGGAAGATACAR-TCARTCTCCTGGCATCCCTTGGLL CCTTGETCAGTGTCAGGATGEAGAAGGAGGARGAGARACT TATGATTCGTGGAT TAGGGTGEGTARTGTCTCTTAR
Lurkey IGrEICTEImTﬂm—Im‘ICI(:(:Tlilil:nrl:l:l:naﬂ:l:lliﬂl:l:ﬂ‘l‘lu:rlmTcmtBIcmtmm‘l Imﬂn‘lcsrmn'nmsn‘mﬁmm‘lal‘cu:‘nm
duck TGTGTCTGTGGARGACACAR-TCAATCTTCTGGCATCCC TCGGECCARATACGT TCCT TGCTCAG AGGA TGEGARARGAGGRAAGAGARAL T RAATARCATCTCTGAR
Pig nrcart'rmcrrnnmcrnﬁmtmmnaﬁtntesrnn——-nm GII!TEM:IITtHTIIMTtTITwrmIHTMTRTMTITTMTTMIITMTEIMT
dog nrrmcnrmnmﬂm—-ﬂmcmmn‘-r.'lmn:nmt‘m—-uilc'll:rm‘l‘mmmtTrrn"‘rnl'rm‘r‘rmrtm'rrmn‘rnnrnTTmrtm’nm"‘lmrmtmrrm
guinea TTTCTGAGATACT-ATTCAGTGTARCCTCTTGAGTATGT TCCCTT
tiger rrcnmrcm—mmraac-uccmmtcarrntnm-—-nntmmrntnnﬂmtl
connon  AATATTGGCTGTA=-ATGCCAGATATAGAC T-GTGTACACAC TATGC ~CTTTRARAGCACTTTTGARCCACATTCTTTC
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XN4Ref TCTIGTGCACCCCAR

Arbor TCTGTGCRCCCCAR

Hoiler TCTGTGCACCCCAR
Rozz TCTGTGCACCCCAR

broiler TCTGTGCACCCCAR

rabbit. T-ARACGTTTGTICTTATARATTCTTTCTAGTTCTTTATCCCTAGGAARGTATARTAGATACAT TARTGCARATATAATGTC
horse ACARACTTTTATTTTATARATTTATTTT==TTCTAATTGTTTATTCCART-TAGTAGGTGCATT
cat. ACARCCTCT-GTCTTATARATGTCTTCC——TTCTRAATCGTTTATTCCAGT-AGGT—GCACTGTACGTCTAT
Turkey TGTACAGATACTTATT--—AGCTGTC———-TCATTTATATTAATAARGTTATGTGTGARACATGARCGTARGTAGTCTAC
turkey TGTACAGATACTTATT===AGCTGTC--~~TCATTTATATTARTARAGT TATGTGTGARRCATGARCG TARG
duck CGTGCAGATATTTITTGTTATTITGT T————GTRATGGTTATCATCARAATTGTGCATGAAGT TTGARTGTGAAT
TRACT

Figure 12

(Continuation) Phylogenetic analysis alignment result showing limited conserved region within RYR2 exon 40 flanking intron DNA
(100bp before and after the exon) for arbor acre broiler, Ross 308 broiler and noiler chicken and orthologs spanning Aves,
Eutherian and non-eutherian mammals, Pisces, and other vertebrates.
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