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ABSTRACT 
Whole-genome analysis in Korean 

patients with autoimmune 
myasthenia gravis 

 
Sang-Jun Na 

 
Department of Medicine 

The Graduate School, Yonsei University  
 

(Directed by Professor Young-Chul Choi) 
 
Background: Myasthenia gravis (MG) is an autoimmune neuromuscular disease 

leading to fluctuating muscle weakness and fatigability. The underlying cause of 

myasthenia gravis is unknown, although there is probably a genetic component to it. 

However, no common genetic variants have been unequivocally linked to autoimmune 

myasthenia gravis. We sought to identify the genetic variants associated with an 

increased or decreased risk of developing myasthenia gravis in the Korean Multicenter 

MG Cohort samples.  

Methods: To find new genetic targets that are related to autoimmune myasthenia gravis, 

a whole genome-based SNP analysis was performed using an Axiom™ Genome-Wide 

ASI 1 Array plate containing 598,375 SNPs and samples from 109 MG patients and 150 

neurologically normal controls. The SNP selection criteria were: 1) minor allele 

frequency > 0.01, 2) genotyping success rate > 0.90, and 3) P > 1E-07 in the Hardy-

Weinberg Equilibrium test from QQ plot.  

Results: The p values of association between these SNPs and autoimmune myasthenia 

gravis were calculated in all the available genetic modes such as allele, dominant, 

recessive, and co-dominant mode using 1) MG & Control, 2) AChR-antibody positive 

MG & Control, 3) AChR-antibody negative MG & Control, 4) Ocular MG & Control, 

and 5) Generalized MG & Control samples, respectively. A total of 641 SNPs from 5 



2 

 

case-control associations showed p values of less than 0.00001. From regional analysis, 

we selected 7 genes (RYR3, CACNA1S, SLAMF1, SOX5, FHOD3, GABRB1, SACS) 

for further analysis.  

Conclusion and comment: Myasthenia gravis (MG) is an autoimmune disease with 

impaired neuromuscular transmission mainly due to the effect of autoantibodies to 

acetylcholine receptor (AChR). Dysregulation of sarcoplasmic reticulum (SR) Ca2+ 

release has been associated with muscle fatigue. Fatigue in MG patients was caused not 

only by abnormal neuromuscular transmission but also by the impairment of excitation–

contraction (E–C) coupling. In the process of E–C coupling in skeletal muscle, 

ryanodine receptor (RyR) and dihydropyridine receptor (DHPR/CACNA1S) function as 

Ca2+ channels. SLAMF1 is an important genetic susceptibility locus for autoantibody 

production. SLAMF1 leads to IFN-γ production of CD4+ T cells. IFN-γ production of 

CD4+ T cells is associated with pathogenesis and immunoregulation of MG. However, 

speculating the plausibility and the biological significance of these candidate loci is 

premature because additional genetic data is needed to confirm the notion that these E-C 

coupling gene or SLAMF1 gene are associated with autoimmune MG. The present study 

suggests that some genetic polymorphisms might be related to autoimmune myasthenia 

gravis. Our findings also encourage further studies, particularly confirmatory studies 

with larger samples, to validate and analyze the association between these SNPs and 

autoimmune myasthenia gravis.  

 
 
 
 
 
 

---------------------------------------------------------------------------------------- 
Key Words : myasthenia gravis, whole genome-based SNP analysis 
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Whole-genome analysis in Korean 

patients with autoimmune 
myasthenia gravis 

 
Sang-Jun Na 

 
Department of Medicine 

The Graduate School, Yonsei University  
 

(Directed by Professor Young-Chul Choi ) 
 
 
 

I. INTRODUCTION 
Myasthenia gravis (MG) is an acquired autoimmune disorder of neuromuscular 

transmission associated with acetylcholine receptor (AChR) deficiency at the 

neuromuscular junction (NMJ). The cardinal symptoms are weakness and abnormal 

fatigability on exertion. The disease involves the external ocular muscles selectively or 

is generalized by distribution. Immune deposits of IgG and complement components are 

present on the postsynaptic membrane of the NMJ in all cases. Circulating antibodies 

directed against AChR are present in 80 to 90 percent of the cases.  

The annual incidence of MG ranges from 6 to 11 per million and estimates of 

prevalence range from 118 to 150 per million.1,2,3 There are few reports on MG in adults 

in a familial setting4 or transmission of seropositive MG by recessive5 or dominant6,7 

inheritance. No defined candidate gene loci could be identified in these families. 

Autoimmune MG is a complex genetic disorder and some of the genetic associations 

are shared with other autoimmune disorders, most typically MHC. The most 

reproducible finding is the association of the 8.1 ancestral haplotype of HLA-DR3 

(DRB1*03) for class II and HLA-B8 for class I with early-onset of AchR-MG and 

thymic hyperplasia in Caucasians. The MYAS1 locus encompasses 36 genes at the 

boundary of the class III and class I regions, which exclude the HLA-DR3 allele. Using 
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a high-resolution haplotype map as reference, a panel of 1472 single-nucleotide 

polymorphisms (SNPs) was genotyped across the classic MHC region in MG recently: 

the strongest association arose from the class I region specifically in the vicinity of 

the HLA complex protein 5 (HCP5) gene, while the strongest associated HLA allele 

was HLA-C*0701; paucity of significant signals was detected in the class II region.8 An 

association of MuSK-MG with HLA-DR14-DQ5 has been suggested: 52 patients carried 

the DR14 allele in contrast to 5% of the controls.9 No reproducible MHC associations 

have been reported in patients with MG with thymoma: certain studies exclusive of 

others have reported associations with distinct MHC II alleles. Recently, a protection 

associated with HLA-A*02 with B2 type thymoma has been found in 78 French 

patients.10 

A number of MHC-unlinked loci have also been investigated such as the 1858T 

(rs2476601) functional SNP located in the PTPN22 gene which encodes a tyrosine 

phosphatase expressed primarily in lymphoid tissues. The minor allele may weaken 

the T cell receptor signaling due to increased activity of the encoded Lyp tyrosine 

phosphatase, thus putatively impair the activation of Tregs and the deletion of 

autoreactive T cells in the thymus. PTPN22 1858T allele was overrepresented in non-

thymomatous MG patients, with anti-Titin antibodies in German and Hungarian 

populations; similar association with non-thymomatous MG was observed in French 

patients nevertheless without Titin antibodies.11,12 Recently, an association was also 

found with thymoma-associated MG; IL-2 expression in thymoma was lower in the case 

of the 1858T genotype indicating the weaker TCR signaling.13 

The CHRNA1 locus encodes the alpha subunit of AChR. A minor G allele of a 

functional SNP associated with MG markedly influences promoter activity resulting in 

the lower expression of the antigen in thymic epithelial cells, which affects central 

tolerance.14 No such association with the beta- and epsilon-subunit genes has been found; 

nevertheless the allele 268 of delta-subunit gene (CHRND) was overrepresented in non-

thymomatous patients.15 
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CTLA4 gene encodes the CTLA-4 protein which transmits an inhibitory signal to T 

cells. A coding polymorphism of + 49A/G is associated with several autoimmune 

diseases besides MG with tymoma; however, the risk allele was the opposite in the 

two MG studies.16,17 

Several other genes were reported to be associated (encoding β2-adrenergic 

receptor, IL-1β, IL-10, IFN-γ, TCRα, Ig heavy chain, Ig κ-chain, TNF-α, TNF-β, type 2 

receptors for Fc fragment of IgG and cysteine protease cathepsin V) or not associated 

(encoding IL-1R antagonist, IL-4, IL-6, CCR2, CCR5, IL-12 p40 subunit, B7 homolog 3 

and type receptors for Fc fragment of IgG) with different subtypes of MG, which need 

to be confirmed.18 Recently, a SNP resulting in inadequate upregulation of the 

complement regulatory protein decay-accelerating factor (DAF, CD55) was shown to be 

associated with ocular myasthenia.19 So far, the results of genome-wide screen have not 

been reported; one study is under way in the US. 

Little is known about the specific genes that contribute to the development of 

autoimmune MG. Identification of the specific genetic variants associated with 

autoimmune MG will improve our understanding of fundamental disease mechanisms. 

To this end, genomewide association studies provide a comprehensive, unbiased 

approach to screen groups of patients with autoimmune MG and groups of controls for 

genetic markers that are more common in patients with autoimmune MG and thus may 

reside in or near predisposition genes. To identify such markers, we carried out a 

genomewide case–control association study. 
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II. MATERIALS AND METHODS 
1. Participants 
Samples were obtained from four university hospitals (Konyang University Hospital, 

Kangnam Severance Hospital, Chugnam National University Hospital, and Pusan 

National University Hospital). All were mutually unrelated Korean subjects and 

provided the written informed consents to the participation in the study, according to the 

appropriate Institutional Review Board. 

DNA’s from 109 unique and mutually unrelated Korean individuals diagnosed with 

autoimmune myasthenia gravis (MG) were selected for the analysis. Their diagnoses 

were based on the clinical signs of the fluctuating weakness of voluntary muscles with 

fatigability and on either a positive response to neostigmine or an electrophysiological 

evidence of a more than 10% decrease in the negative-peak amplitude of the compound 

muscle action potential upon supramaximal repetitive (2 or 3 Hz) nerve stimulation. 

Positive response to the neostigmine test was defined as follows: Muscle weakness 

caused by MG is temporarily reversed following the administration of neostigmine. 

Eligible patients were classified as having ocular MG or generalized MG according to 

their clinical distribution of muscle involvement. Patients were classified as having a 

generalized disease if there was any weakness on exertion in the facial (except the 

orbicularis oculi), oropharyngeal, neck, respiratory, axial or limb muscles, which could 

be identified either subjectively or during neurological examination. Ocular MG was 

defined as follows: Ocular disturbances are the first and sole manifestation of MG and it 

was not progressed to generalized MG within the first 3 years. Acetylcholine receptor 

(AChR) binding antibodies determined by radioimmunoassay were positive (≥0.5 

nmol/L). AChR blocking antibodies determined by radioreceptor assay were positive 

(≥31% blocking). All patients were queried for family history of MG, other 

neuromuscular diseases, ALS, Parkinson’s disease, Alzheimer’s disease, dementia, and 

other neurodegenerative diseases. We excluded MG patients with autoimmune diseases 

other than MG.  
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The genotype data of normal controls were obtained from the samples of other study, 

which were from mutually unrelated Korean individuals within the Republic of Korea. 

All participants underwent a detailed medical history interview. None had history of 

MG, ALS, Alzheimer’s disease, ataxia, autism, bipolar disorder, brain aneurysm, 

dementia, dystonia, or Parkinson’s disease. All participants were interviewed for family 

history in detail. None had any first-degree relative with a known primary neurological 

disorder, including MG, ALS, ataxia, autism, brain aneurysm, dystonia, Parkinson’s 

disease, and schizophrenia. The control and the case cohorts were drawn from the same 

ethnic origin and were not matched by age or sex with the MG samples. The control 

cohort consisted of 33 men and 117 women. The age of patients at the onset of the 

disease ranged from 12 to 62 (mean 43.6 years). The disease onset was defined as the 

time when weakness was first noted. 

The MG patients were classified by disease type (ocular or generalized), the presence 

or absence of thymic hyperplasia/thymoma determined by a thymic pathology study, 

and whether anti-AChR blocking or binding antibody is positive or negative. 

 

2. Genotyping and Quality Control  

The patients’ genomic DNA was extracted from the peripheral blood using standard a 

protocol. We genotyped 598,375 Single Nucleotide Polymorphisms (SNPs) on 109 MG 

patients using an Axiom™ Genome-Wide ASI 1 Array chip (Affymetrix, Santa Clara, 

CA, USA) according to the manufacturer's instructions. Data of 150 control samples 

were obtained from other study which also were assayed with Axiom™ Genome-Wide 

ASI 1 Array chip. The Axiom ASI chip provides 88% common variant coverage in 

Asians and also can provide 74% rare variant (MAF 5%) coverage in Asians. To 

ensure SNP marker quality and reduce the possibility of false associations, quality 

control procedures were performed on each of the 598K SNPs before the association 

tests were carried out. The SNP set was filtered on the basis of genotype call rates (≥ 

90%) and minor allele frequency (MAF ≥ 0.01). Hardy–Weinberg equilibrium (HWE) 
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was calculated for individual SNP using an exact test. All of the SNPs reported in this 

manuscript have HWE P values > 1E-07. After filtering, 502,500 polymorphic SNPs 

were analyzed on chromosome 1 through chromosome 22 and 13, 850 and 13,835 

SNPs for chromosome X and Y, respectively. The average call rate for the filtered 

SNPs was 99.3%. We removed the patients if their percentage of missing genotypes 

was more than 5% or if there was an evidence of possible contamination in their DNA 

samples. 

 

3. Statistical Analysis  

We evaluated associations between SNP markers and autoimmune MG. Firstly, we did 

the association tests on all MG patients and control subjects and undertook further 

analysis of samples from subgroups such as AChR-positive, AChR-negative, ocular MG 

and generalized MG patients. Because the sample size is relatively small in our study, 

multiple hit SNPs from all association tests have more power than a single association 

test. For each SNP, we computed a series of summary statistics and association tests 

using the PLINK toolset. Five association tests were computed: two degrees of freedom 

(df) genotypic test in 2×3 tables, dominant model, additive model (Cochran-Armitage 

trend test), recessive model, and the basic allelic test. Odds ratios and upper and lower 

bound 95% CIs were computed for each SNP’s minor allele. 
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III. RESULTS 
Among the 109 autoimmune MG patients with complete genotypic and phenotypic 

data, 24 were enrolled at theGangnam Severance Hospital, 28 at the Konyang University 

Hospital, 39 at the Pusan National University Hospital, and 18 at the 

Chungnam National University Hospital. All patients were enrolled based on the same 

diagnosis criteria and all 109 patients were used for the subsequent association analyses. 

The baseline characteristics of the 109 patients are summarized in Table 1. At the time 

of diagnosis, their ages in years were 47.2 ± 15.8 and their mean disease duration was 

1.6 years. Patients in 64 cases (62%) were women. Among the 109 cases, 50 presented 

with generalized symptoms, 53 had purely ocular manifestation, and the remaining 6 

had uncertain information. Of the 91cases in which  the AChR antibody test was 

performed, 55 cases (60%) were positive. Of the 31 cases in which the thymic pathology 

study was performed, 18 cases (58%) had thymic hyperplasia/thymoma. 
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Table 1. Characteristics of the study population 

 Patients Controls 

Number of population 109 150 

Gender n (%)   

   Male 41 (38) 33 (22) 

   Female 68 (62) 117 (78) 

Age (mean ± SD, years) 47.2 ± 15.8 (range:15–80) – 

Mean duration of disease (years) 1.6 – 

AChR antibody positivity n (%) 55/91† (60) – 

Thymus pathology n (%) 18/31‡ (58) – 

  Thymus hyperplasia 9 (29)  

  Thymoma 9 (29)  

Distribution of weakness n (%)*    

  Ocular 53 (49) – 

  Generalized 50 (46) – 

   

SD = standard deviation, AChR = acetylcholine receptor.  

* Information of 6 samples are uncertain.  
† 91 cases is performed the AChR antibody test. 
‡ 31 cases is performed the thymic pathology study. 

 

The GWA analyses were performed after the quality control procedure to test the 

association with MG. In the sample QC, all 109 samples from the MG cohort passed the 

genotype quality threshold and were included in the final analysis. The average call rate 

across all samples was 99.3%. The quality control criteria for SNP selection were: 1) 

minor allele frequency > 0.01, 2) P > 1E-07 in the Hardy-Weinberg Equilibrium test and 

3) Cluster QC > 0.0001. Of the 598,375 SNPs studied, 516,335 SNPs passed QC 

(representing 86.3% of all SNPs assayed) in the MG & Control association test. A 
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quantile-quantile plot for the genome-wide phase, in which the observed −log10 p 

values were plotted against the expectation under the null hypothesis, showed an excess 

of significant associations (Figure 1).  

 

Figure 1. A quantile-quantile plot of observed –log10 p versus the expectation under the 

null for the genome-wide data 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The QC for subgroup analysis also was performed in the same manner. Those pass the 

QC test were: 515,340 SNPs (86.1%) in the AChR-positive MG & Control association 

test, 519,823 SNPs (86.9%) in the AChR antibody-negative MG & Control association 
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test, 515,032 SNPs (86.1%) in the Ocular MG & Control association test and 515,615 

SNPs (86.2%) in the Generalized MG & Control. The Summary of the quality control 

statistics of genome-wide data was presented in Table 2. 

 

Table 2. Summary statistics for quality control on genome-wide data  

  Total Female Male 

 Count Percent Count Percent Count Percent 

Before QC 580420 100% 16077 100% 17955 100% 

After QC 
             

MG 502500 86.58% 13850 86.15% 13835 77.05% 

AChR-positive 501719 86.44% 13905 86.49% 13621 75.86% 

AChR-negative 506352 87.24% 13798 85.82% 13471 75.03% 

Ocular 501376 86.38% 13903 86.48% 13656 76.06% 

Generalized 502154 86.52% 13911 86.53% 13461 74.97% 

Ocular_Generalized 498994 85.97% 13992 87.03% 13268 73.90% 

Thymoma/hyperplasia  500268 86.19% 13294 82.69% 12898 71.84% 

 

641 SNPs showed significant association in all case-control association tests (p values 

less than 0.00001) and top 20 p values of SNPs was shown in Table 3-7.  
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Table 3. Top 20 P-value lists for Total MG and controls association study 

 

 

 

 

 

 

 

 

rs_number p_value Model Chr Position Region Gene MAF_CASE MAF_CTRL 

rs7141349 8.2380E-07 Allele 14 47466935     0.55  0.33  

rs7154708 1.7520E-06 Codominant 14 47462218     0.55  0.34  

rs1258099 2.5279E-06 Dominant 9 77805019 intron PCSK5 0.25  0.43  

rs11842715 3.0170E-06 Dominant 13 27315033     0.02  0.13  

rs12486119 4.7299E-06 Dominant 3 30869474 intron GADL1 0.28  0.44  

rs2683954 4.9140E-06 Codominant 14 47455102     0.57  0.37  

rs10234656 5.7640E-06 Dominant, 
Codominant 7 40929185     0.08  0.01  

rs1952442 1.0462E-05 Recessive 14 47426380     0.50  0.32  

rs883159 1.1099E-05 Recessive 14 47428814     0.50  0.32  

rs1012947 1.1624E-05 Dominant 21 25788683     0.26  0.13  

rs11899394 1.1653E-05 Dominant 2 45784660 intron PRKCE 0.06  0.19  

rs1500722 1.1904E-05 Allele 14 32809609 intron NPAS3 0.29  0.13  

rs16897888 1.3136E-05 Dominant 6 30848494     0.06  0.19  

rs10858625 1.6307E-05 Dominant 12 86517374     0.20  0.37  

rs2829753 1.6603E-05 Dominant 21 25752161     0.24  0.11  

rs2770316 1.6805E-05 Allele 6 70226612     0.64  0.45  

rs12659838 1.6935E-05 Codominant 5 22330751 intron CDH12 0.35  0.18  

rs2208953 1.7123E-05 Allele 10 10840508     0.62  0.43  

rs17166605 1.8843E-05 Dominant 7 13030286     0.60  0.41  

rs7177307 1.9309E-05 Allele 15 44943871     0.29  0.14  
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Table 4. Top 20 P-value lists for AChR antibody-positive MG and controls association study 

rs_number p_value Model Chr Position Region Gene MAF_CASE MAF_CTRL 

rs3018886 8.3148E-08 Recessive 8 95128859     0.71  0.46  

rs7141349 2.0482E-06 Recessive 14 47466935     0.57  0.33  

rs16832753 2.5172E-06 Recessive 3 183110681     0.30  0.13  

rs7154708 3.7508E-06 Codominant 14 47462218     0.59  0.34  

rs12550945 3.9981E-06 
Dominant, 

Codominant 
9 80374542     0.08  0.00  

rs10487449 5.4366E-06 Recessive 7 125859302     0.38  0.23  

rs6558758 6.0900E-06 Dominant 8 3140536 intron CSMD1 0.18  0.05  

rs4588819 7.1397E-06 Recessive 8 95137400     0.55  0.39  

rs11817310 7.4844E-06 Allele 10 42603032 intron BMS1 0.14  0.02  

rs6455327 7.5314E-06 Recessive 6 70319290     0.63  0.39  

rs2453911 7.7731E-06 Dominant 9 75355673     0.35  0.17  

rs2683954 8.0170E-06 Recessive 14 47455102     0.58  0.37  

rs367964 8.2153E-06 Dominant 9 75353819     0.36  0.17  

rs6114735 9.0742E-06 Recessive 20 24393155     0.54  0.34  

rs3753381 9.6391E-06 Allele 1 158866034 intron SLAMF1 0.25  0.09  

rs756969 1.0419E-05 Recessive 7 125838952     0.38  0.23  

rs3018899 1.0566E-05 Recessive 8 95143771     0.62  0.42  

rs10496615 1.0982E-05 Recessive 2 123995938     0.60  0.39  

rs156085 1.1260E-05 
Dominant, 

Codominant 
5 139522621     0.06  0.00  

rs2770316 1.1267E-05 Allele 6 70226612     0.69  0.45  
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Table 5. Top 20 P-value lists for AChR antibody-negative MG and controls association study 

rs_number p_value Model Chr Position Region Gene MAF_CASE MAF_CTRL 

rs956412 1.6485E-08 Allele 4 47052607 intron GABRB1 0.15  0.01  

rs17571554 6.7382E-08 
Dominant, 

Codominant 
4 47056014 intron GABRB1 0.11  0.00  

rs6855913 6.8790E-08 Allele 4 47054238 intron GABRB1 0.15  0.01  

rs7664341 8.6776E-08 Allele 4 47056204 intron GABRB1 0.15  0.01  

rs12150099 4.1861E-07 Allele 17 49939613     0.22  0.04  

rs2676631 5.6777E-07 
Dominant, 

Codominant 
8 69487885     0.17  0.02  

rs11983497 6.4676E-07 Recessive 7 13387160     0.35  0.21  

rs9856502 7.4457E-07 Recessive 3 81539342     0.54  0.36  

rs1258099 8.7326E-07 Dominant 9 77805019 intron PCSK5 0.17  0.43  

rs7825012 1.5895E-06 Recessive 8 9709295     0.56  0.36  

rs4239186 2.0523E-06 Allele 17 49932218     0.22  0.05  

rs3862683 2.5963E-06 Recessive 18 48189303 intron DCC 0.68  0.45  

rs16842229 3.5855E-06 
Dominant, 

Codominant 
1 222038015 intron TP53BP2 0.07  0.00  

rs13392766 4.0898E-06 Recessive 2 80002716 intron CTNNA2 0.42  0.23  

rs17341778 4.2374E-06 Recessive 7 71027289 intron CALN1 0.28  0.14  

rs7680490 4.3651E-06 Recessive 4 107596146     0.57  0.34  

rs9827643 4.4527E-06 Recessive 3 60188341     0.40  0.27  

rs8068809 4.5573E-06 Recessive 17 67931624     0.29  0.13  

rs773478 5.1914E-06 
Dominant, 

Codominant 
12 75838122     0.14  0.02  

rs773461 5.6886E-06 
Dominant, 

Codominant 
12 75831749     0.14  0.02  
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Table 6. Top 20 P-value lists for Ocular MG and controls association study 

rs_number p_value Model Chr Position Region Gene MAF_CASE MAF_CTRL 

rs10234656 7.9221E-09 
Dominant, 

Codominant 
7 40929185     0.13  0.01  

rs28573248 8.3541E-07 
Dominant, 

Codominant 
7 40973171     0.13  0.02  

rs1460281 1.0655E-06 Dominant 18 71620567     0.16  0.39  

rs12486119 2.5028E-06 Dominant 3 30869474 intron GADL1 0.23  0.44  

rs12581407 3.0422E-06 Allele 12 127346421     0.37  0.15  

rs3823793 3.7607E-06 
Dominant, 

Codominant 
7 77578104 intron MAGI2 0.09  0.01  

rs2908967 3.8309E-06 
Dominant, 

Codominant 
17 11357947 intron FLJ45455 0.10  0.01  

rs3742888 4.0026E-06 Allele 14 68440958 intron ACTN1 0.20  0.05  

rs2908968 4.1762E-06 
Dominant, 

Codominant 
17 11357413 intron FLJ45455 0.10  0.01  

rs2965404 4.2462E-06 Codominant 7 21716027 intron DNAH11 0.39  0.18  

rs1366302 4.4270E-06 Recessive 3 161143969     0.39  0.28  

rs10261234 5.3672E-06 Allele 7 12063192     0.06  0.27  

rs1603257 6.2248E-06 Recessive 3 76331396     0.27  0.18  

rs1938791 6.4977E-06 Recessive 11 58502814     0.54  0.34  

rs17788458 6.6730E-06 Recessive 3 76338564     0.28  0.18  

rs9533748 7.5909E-06 Dominant 13 31642594 intron FRY 0.21  0.41  

rs6664468 7.9323E-06 Allele 1 224238098 3UTR C1orf55 0.40  0.18  

rs3131888 8.1942E-06 Dominant 6 29771868     0.23  0.45  

rs7625918 1.0055E-05 Allele 3 196156271     0.30  0.12  

rs12023502 1.1876E-05 Allele 1 215423103     0.42  0.21  
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Table 7. Top 20 P-value lists for Generalized MG and controls association study 

rs_number p_value Model Chr Position Region Gene MAF_CASE MAF_CTRL 

rs16832753 2.8384E-08 Recessive 3 183110681     0.34  0.13  

rs3130118 7.8913E-07 Codominant 6 30473719     0.45  0.20  

rs12539444 1.0970E-06 Recessive 7 7156698     0.62  0.38  

rs10262834 2.0167E-06 Allele 7 110091762 intron IMMP2L 0.10  0.01  

rs488173 2.1923E-06 Recessive 18 32156598 intron FHOD3 0.49  0.26  

rs1258099 3.1808E-06 Dominant 9 77805019 intron PCSK5 0.19  0.43  

rs6747418 3.7847E-06 Recessive 2 179591996     0.31  0.19  

rs35861024 4.2679E-06 
Dominant, 

Codominant 
11 35148413 intron CD44 0.17  0.04  

rs3804925 4.5803E-06 
Dominant, 

Codominant 
3 7555979 intron GRM7 0.13  0.02  

rs17169097 5.4048E-06 Dominant 7 15846487     0.36  0.17  

rs6114735 6.1284E-06 Recessive 20 24393155     0.55  0.34  

rs11135369 6.2397E-06 
Dominant, 

Codominant 
5 155219422     0.08  0.00  

rs277203 6.2397E-06 
Dominant, 

Codominant 
12 42320426     0.08  0.00  

rs7177307 6.2397E-06 Recessive 15 44943871     0.29  0.14  

rs2242290 6.4055E-06 Codominant 2 102951854     0.36  0.15  

rs7141349 6.8138E-06 Recessive 14 47466935     0.57  0.33  

rs11593843 7.3374E-06 
Dominant, 

Codominant 
10 55490462 intron PCDH15 0.11  0.01  

rs2507976 7.8462E-06 Dominant 6 31459866     0.18  0.37  

rs359371 7.9849E-06 Recessive 13 64090969     0.41  0.24  

rs1611985 8.6476E-06 Recessive 12 11564413     0.66  0.44  

 

From regional analysis, we selected 7 candidate genes (RYR3, CACNA1S, SLAMF1, 

SOX5, FHOD3, GABRB1, SACS) associated with MG for further analysis. 
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Statistical analysis was repeated for four subgroups of patients with generalized MG 

(n=50), ocular MG (n=53), AChR antibody positive MG (n=55), AChR antibody 

negative MG (n=36). In every case, the subgroup was compared with the full control 

cohort (n=150). The association results from four subgroup MG and controls association 

study were presented in Figure 2-6 with Manhattan plot, although the small size of these 

subgroups substantially decreased the power to detect even the highly significant disease 

associations.  

 

Figure 2. Manhattan plot of total MG and control association Results 

This plot shows the results of our GWAS between total MG and normal controls. The results are 

reported as –log10 (p value) by genomic position. The horizontal line indicates the cutoff p value 

0.0001. 
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Figure 3. Manhattan plot of AChR antibody-positive MG and control association Results 

This plot shows the results of our GWAS between AChR antibody-positive MG and normal 

controls. The results are reported as –log10 (p value) by genomic position. The horizontal line 

indicates the cutoff p value 0.0001. 

 

 

 

Figure 4. Manhattan plot of AChR antibody-negative MG and control association Results  

This plot shows the results of our GWAS between AChR antibody-negative MG and normal 

controls. The results are reported as –log10 (p value) by genomic position. The horizontal line 

indicates the cutoff p value 0.0001 
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Figure 5. Manhattan plot of ocular MG and control association Results 

This plot shows the results of our GWAS between ocular MG and normal controls. The results 

are reported as –log10 (p value) by genomic position. The horizontal line indicates the cutoff p 

value 0.0001. 
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Figure 6. Manhattan plot of generalized MG and control association Results  

This plot shows the results of our GWAS between generalized MG and normal controls. The 

results are reported as –log10 (p value) by genomic position. The horizontal line indicates the 

cutoff p value 0.0001. 
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Therefore, we did the regional analysis on each case-control association data set and 

finally we selected 7 genes (RYR3, CACNA1S, SLAMF1, SOX5, FHOD3, GABRB1, 

SACS) for further analysis. SLAMF1, CACNA1S, and RYR3 genes were selected from 

the analysis between AChR antibody positive MG cases and controls. GABRB1 and 

SACS genes were selected from the analysis between AChR antibody negative MG 

cases and controls. SOX and FHOD3 genes were selected from the analysis between 

generalized MG cases and controls. 
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IV. DISCUSSION 
In this study, we generated genome-wide SNP data consisting of more than 500K 

genotypes in multicenter cohort patients with autoimmune MG and controls derived 

from the samples used in other study. The use of tagging SNPs greatly improves the 

power of association studies as the same information from a larger number of SNPs can 

be gathered by genotyping only one subset of loci. The Axiom ASI array provides 88% 

common variant coverage in Asians. Furthermore, it can provide 74% rare variant (MAF 

≤5%) coverage in Asians. Tagging SNPs on the Axiom Genome-Wide ASI Array plate 

were selected from ~515K HapMp markers, ~72K 1000 Genome project markers and 

~10K other source markers including ~2k indels. Thus, most known genetic variation 

identified by the HapMap consortium was assessed in this project. Furthermore, the 

SNPs on the Axiom ASI SNP chip are a large representation of functionally relevant 

markers making the assay ideally suited for whole-genome association. 

Our data provide 80% power to detect an allelic association with an odds ratio of more 

than 2.75 and less than 0.33 at an asymptotic p value of 0.000001. This calculation is 

based on the average observed MAF of 23.7% and assumes that either the causal variant 

is typed or that there is complete and efficient tagging of common variation by the 

genotyped SNPs. To date, none of the putative susceptibility genes identified in 

autoimmune MG have an odds ratio greater than 2.0. For example, the H63D variant of 

the haemochromatosis gene (HFE), which has now been replicated in three 

populations,20-22 carries an odds ratio of 2.0 and might not have been identified by our 

study. The limited power of our study is a consequence of small sample size, though the 

digital nature of the data allows it to be supplemented with genotype information from 

additional sample series, thereby increasing the power over time. 

Analysis of our data showed 641 SNPs with less than 0.00001 p value with odds ratios 

ranging from 0.5 (95% CI 0.4–0.7) to 2.1(1.5–3.0). A Bonferroni correction based on 

502,500 independent tests used for analysis means that a pre-correction p value of less 

than 9.9×10–8 would be needed to provide a corrected significant p value of less than 
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0.05. Thus, none of the p values for SNPs listed were significant after the correction. 

This finding suggests that the MG phenotype is not driven by a single powerful locus. 

However, other possible explanations exist as to why our study might not have detected 

an SNP that convincingly affects the disease risk. Firstly, the Bonferroni correction is 

known to be over-conservative, especially in whole-genome association studies where 

dependence (ie, linkage disequilibrium) among SNPs is ignored.23 Second, the power of 

our study is limited by its sample size and the lack of age-matched and sex-matched 

controls. Finally, it is possible that, autoimmune MG consists of a diverse group of 

clinically indistinguishable disorders, each driven by different loci. Such disease and 

locus heterogeneity will interfere with the ability of whole-genome association studies 

to detect the SNPs associated with increased risk of disease. Therefore, we did the 

regional analysis on each case-control association data set and finally selected 7 genes 

(RYR3, CACNA1S, SLAMF1, SOX5, FHOD3, GABRB1, SACS) for further analysis. 

Myasthenia gravis (MG) is an autoimmune disease with impaired neuromuscular 

transmission mainly due to the effect of autoantibodies to acetylcholine receptor 

(AChR).24 Recently, dysregulation of sarcoplasmic reticulum (SR) Ca2+ release has been 

associated with muscle fatigue.25 An electrophysiological study showed that fatigue in 

MG patients was caused not only by abnormal neuromuscular transmission but also by 

impairment of excitation–contraction (E–C) coupling.26 In the process of E–C coupling 

in skeletal muscle, ryanodine receptor (RyR) and dihydropyridine receptor 

(DHPR/CACNA1S) function as Ca2+ channels.27 SLAMF1 is important genetic 

susceptibility locus for autoantibody production.28 SLAMF1 lead to IFN-γ production of 

CD4+ T cells.29 IFN-γ production of CD4+ T cells is associated with pathogenesis and 

immunoregulation of MG. However, speculating on the plausibility and the biological 

significance of these candidate loci is premature because additional genetic data is 

needed to confirm the notion that these E-C coupling gene or SLAMF1 gene are 

associated with autoimmune MG. Furthermore, as we have learned from the Alzheimer 

disease field, the identification of even a strong risk factor gene does not immediately 



25 

 

provide a cell biological explanation for disease pathogenesis. 

None of the 641 significantly associated SNPs from all association data sets were 

located in any of the known autoimmune MG genes or loci, indicating that these genes 

do not play a major part in the pathogenesis of autoimmune MG. 

The ability of whole-genome association studies to identify the genetic variants 

underlying the disease is well recognized. For example, the analysis of 100,000 SNPs in 

only 96 cases recently established that the variants in the complement factor H gene 

account for a significant proportion of age-related macular degeneration.30 Despite this 

finding, the data generated in whole-genome association studies should be interpreted 

cautiously because of the inevitably high false-positive rate that occurs whenever 

several hundred thousand tests are undertaken on the same dataset. For example, 

Maraganore and colleagues31 identified 13 putative SNPs that seemed to be associated 

with Parkinson’s disease, but none of these have been confirmed in subsequent 

independent studies.32-36 

To address the concern on false positive associations, it is our intention to replicate our 

current study using the same Axiom Genome-Wide ASI 1 Array in an additional sample 

set of equal or greater size drawn from Korean population. Joint analysis of these 

datasets will significantly increase our power to detect an allelic association, and loci 

that are common to both Korean and other Asian populations will be further analyzed to 

determine the precise genetic variation that conveys increased susceptibility to 

autoimmune MG. 
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V. CONCLUSION 
We report here the data from a whole-genome association study in a large group of 

autoimmune MG patients and neurologically normal control samples. 641 loci showing 

potentially significant association with MG were identified at a genotypic p value of less 

than 0.00001. To overcome the possibility of false-positive findings, this study will be 

replicated in a separate cohort of 120 Korean MG cases–control pairs. From regional 

analysis, we selected 7 genes (RYR3, CACNA1S, SLAMF1, SOX5, FHOD3, GABRB1, 

SACS) for further analyses. Among 7 genes, we suggest that three genes (RYR3, 

CACNA1S, SLAMF1) are associated with autoimmune MG. However, speculating on 

the plausibility and the biological significance of these candidate loci is premature 

because additional genetic data is needed to confirm the notion that these E-C coupling 

gene or SLAMF1 gene are associated with autoimmune MG.   
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ABSTRACT(IN KOREAN) 

 
한국인 자가면역성 중증근무력증 환자에서 전유전체 분석  

 

<지도교수 최영철> 

 

연세대학교 대학원 의학과 

 

나상준 

 
 

배경: 중증근무력증(myasthenia gravis, MG)은 자가면역성 신경근 접합부 

질환으로 변동하는 근력약화 및 피로감을 특징으로 한다. 중증근무력증에는 

유전적 요소가 결부되어 있을 것으로 추측되기는 하나 그 주요 원인은 

알려져 있지 않다. 또한 자가면역 중증근무력증과의 연관성이 명백한 

공통적인 유전적 변이가 밝혀진 것은 아니다. 이 연구에서는 한국의 다기관 

MG 코호트 모집단들에서 나타나는 중증근무력증의 발생도의 증감과 연관된 

유전적 변이를 찾아내고자 하였다.  

방법: 자가면역성 중증근무력증과 연관된 새로운 유전적 타깃을 찾아내기 

위하여 598,375 개의 SNP가 들어 있는 Axiom™ Genome-Wide ASI 1 

어레이 플레이트와 109 명의 MG 환자 및 150 명의 신경학적 정상인 

대조군의 샘플들을 사용하여 전유전체 SNP 분석을 실시하였다. SNP의 선정 

기준은 1) 소대립유전자 빈도(minor allele frequency) > 0.01, 2) 유전자형 

테스트 성공률 > 0.90, 3) QQ 플롯의 하디-와인버그 평형 테스트 결과 P > 

1E-07 인 경우였다.  
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결과: 대립유전자, 우성, 열성, 공동우성 모드와 같은 모든 가능한 유전 

모드에서의 SNP들과 자가면역 중증근무력증 간의 연관성에 대한 P 값을 1) 

MG군과 대조군, 2) AChR-항체 양성 MG군과 대조군, 3) AChR-항체 음성 

MG군과 대조군, 4) 안구형 MG군과 대조군, 5) 전신형 MG군과 대조군 

각각의 경우에 대하여 샘플을 사용하여 계산하였다. 이들 다섯 가지 각 

시험군-대조군 연관시험에서 총 641 개의 SNP의 P 값이 0.00001보다 작은 

것으로 나타났다. 확장 분석을 위해 국부적인 분석 (regional analysis)에서 

일곱개(RYR3, CACNA1S, SLAMF1, SOX5, FHOD3, GABRB1, SACS) 

유전자를 선택하였다.  

결론 및 해설: 중증근무력증(MG)은 주로 아세틸콜린 수용체(AChR)에 대한 

자가항체의 영향으로 신경근육전달에 장애가 발생한 자가면역 질환이다. 

근육 피로에는 근육세포질세망(sarcoplasmic reticulum. SR) Ca2+ 방출의 

조절 곤란과 연관되어 있음이 알려져 있다. MG 환자의 경우 피로감은 

비정상적인 신경근육 전달뿐 아니라 흥분수축결합(E-C coupling) 장애에도 

원인이 있다. 골격근 내에서의 흥분수출결합 과정에서 리아노딘 

수용체(ryanodine receptor, RyR) 및 디하이드로피리딘 

수용체(dihydropyridine receptor, DHPR/CACNAIS)는 Ca2+ 채널로서의 

기능을 수행한다. SLAMF1은 자가항체의 생성에 중요한 유전적감수성 

유전자자리(genetic susceptibility locus)이다. SLAMF1은 CD4+T 세포의 

INF-γ 생성을 초래한다. CD4+T 세포의 INF-γ 생성은 MG의 발병기전 및 

면역조절과 관계가 있다. 그러나 이들 흥분수축결합 유전자 또는 SLAMF1 

유전자들이 자가면역 MG와 연관되어 있는지 여부를 확인하려면 추가적인 

유전자 정보가 필요하기 때문에 이들 후보 유전자자리들의 유효성과 

생물학적 중요성에 관한 추측은 시기적으로 이르다고 할 수 있다. 본 

연구에서는 몇몇의 유전적 다형성이 자가면역성 중증근무력증과 관련되어 
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있다는 것을 제시하고 있다. 아울러, 본 연구에서의 발견 사실들은 

여기에서의 SNP들과 자가면역성 중증근무력증 간의 연관성을 검증하고 

분석하기 위해서는 더 많은 샘플들을 사용한 확인연구가 향후에 특히 

필요함을 시사해 준다.  
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