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ABSTR ACT
OBJECTIVE: Chronic fatigue syndrome/myalgic encephalomyelitis (CFS/ME) is a disorder characterized by debilitating fatigue accompanied by pain 
and impairments in memory, cognition, and concentration. Acetylcholine (ACh) has a plethora of roles in neuronal and neuromuscular transmission. 
There are two types of ACh receptors, muscarinic and nicotinic, comprising 17 different subunits of the nicotinic ACh receptor (nAChR) and five different 
subtypes of the muscarinic receptor (mAChR) that have been identified in humans. The purpose of this study was to determine the role of ACh receptor 
(nAChRs and mAChRs) single nucleotide polymorphisms (SNPs) in CFS/ME patients.
METHODS: One-hundred and fifteen CFS/ME patients (age = 48.68 ± 1.06 years) and 90 nonfatigued controls (age = 46.48 ± 1.22 years) participated in 
this study, where CFS/ME patients were defined according to the 1994 Center for Disease Prevention and Control (CDC) criteria. A total of 464 SNPs for 
nine mammalian ACh receptor genes (M1, M2, M3, M4, M5, alpha 2, 5, 7, and 10) were examined via the Agena Biosciences iPLEX Gold assay. Statistical 
analysis was performed using the PLINK analysis software.
RESULTS: Seventeen SNPs were significantly associated with CFS/ME patients compared with the controls. Nine of these SNPs were associated 
with mAChRM3 (rs4463655; P = 0.00281, rs589962; P = 0.00348, rs1072320; P = 0.00371, rs7543259; P = 0.00513, rs6661621; P = 0.00536 rs7520974; 
P  =  0.0167, rs726169; P  =  0.02349, rsrs6669810; P  =  0.02361, rsrs6429157; P  =  0.0375), while the remainder were associated with nAChR alpha 10 
(rs2672211; P = 0.0107, rs2672214; P = 0.0108, rs2741868; P = 0.01185, rs2741870; P = 0.01281, rs2741862; P = 0.03043), alpha 5 (rs951266; P = 0.01153; 
rs7180002, P = 0.03682), and alpha 2 (rs2565048; P = 0.01403).
CONCLUSION: The data from this pilot study suggest an association between ACh receptors, predominantly M3 and CFS. ACh receptor SNPs may 
contribute to the pathomechanism of CFS/ME.
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Introduction
The physiological functions of acetylcholine (ACh) are medi-
ated by two membrane proteins, namely, the muscarinic 
(mAChR) and nicotinic (nAChR) receptors. Both receptor 
types have several subtypes and are located in the central and 
peripheral nervous systems, including the autonomic nervous 
system. ACh also performs functions in smooth muscle, sweat 
glands, b pancreatic cells, glial cells, lymphocytes, ocular lens 
cells, brain vascular endothelium,1 and the central nervous sys-
tem (CNS).2–6 The degradation of ACh into choline and ace-
tate is catalyzed by the enzyme acetylcholinesterase (AChE).7,8

There are five main mAChR subtypes: M1, M2, M3, 
M4, and M5, where M2 and M4 are inhibitory receptors, 
and M1, M2, and M3 are stimulatory receptors.7,8 Once acti-
vated, each subtype has distinctive functions. Activation of 
M1, M3, and M5 receptors results in increased intracellular 

calcium signaling. In contrast, activated M2 and M4 receptors 
inhibit adenylate cyclase activity and mediate the function 
of nonselective cation channels, transient receptor potential 
channels, and potassium channels.7–10

nAChRs are fast ionotropic cationic nicotinic receptor 
channels that allow the influx of cations such as potassium, 
calcium, and sodium ions into the cell. Depending upon the 
combinational subunit binding, AChRs can form either het-
eromers or homomers.11

Chronic fatigue syndrome/myalgic encephalomyelitis 
(CFS/ME) is a disorder characterized by debilitating fatigue 
accompanied by impairments in memory, cognition, and con-
centration as well as pain and dysregulation of the gastrointes-
tinal, cardiovascular, and immune systems.12–29

Importantly, peripheral cholinergic function is noted to 
be abnormal in CFS/ME patients exposed to ACh challenge, 
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whereby blood flow peaks take a longer time to return to normal. 
Increased sensitivity to ACh is noted in peripheral vascular endo-
thelium.30,31 ACh influences immune cell function32 and is man-
ufactured and secreted by a wide range of immune cells including 
lymphocytes.32–35 We, along with others, have reported changes 
in immune cell phenotype and function as well as noting cardiac 
and neurological effects in disease.14–16,18–20,22,24,26,27,29 Addition-
ally, we have reported single nucleotide polymorphisms (SNPs) 
in transient receptor potential (TRP) ion channels in CFS/
ME patients.36 SNPs occur in the coding sequences, noncoding 
regions, or intergenic regions of genes, where these SNPs, depend-
ing upon their location and the influence of additional splicing 
mechanisms, may lead to human disease.10,11,14–16,18–20,22,24,26,27,29 
Given these collective reports and the role of TRPs and AChRs 
in cellular functions, the aim of the current study was to exam-
ine SNPs in AChRs in the same cohort of CFS/ME patients in 
whom we had previously reported TRP SNP anomalies.

Methodology
Subjects. CFS patients were defined in accordance with 

the 1994 Center for Disease Prevention and Control (CDC) 
criteria for CFS.37 A total of 115 CFS patients and 90 non-
fatigued controls were recruited for this study, and a volume 
of 10 mL of whole blood was collected from all participants 
in EDTA tubes. Written consent was obtained from all par-
ticipants prior to the collection of samples and this research 
was approved by Griffith University Human Research Ethics 
Committee (MSC/18/13/HREC) in accordance with the 
National Human Research Ethical Standards and in accor-
dance with the Declaration of Helsinki.

DNA extraction. Genomic DNA was extracted from 
all whole-blood samples using the Qiagen DNA blood mini-
kit as per manufacturer’s instructions (Qiagen). Quality and 
quantity of the DNA extracted were determined by the The 
Nanodrop (Nanodrop), where approximately 2 μg of genomic 
DNA was used to perform the SNP assay.

SNP genotyping studies. Geneworks completed the 
SNP analysis as previously defined (MassARRAY iPLEX 
Gold Assay).38 Customized assays were developed for 464 
SNPs across the nine mammalian acetylcholine receptor 
genes (M1, M2, M3, M4, M5, alpha 2, 5, 7, and 10), which 
were selected because of the locations of these receptors in 
the central and peripheral nervous system, endocrine system, 
smooth muscle cells, b pancreatic cells, glial cells, lymphocytes, 
ocular lens cells, and brain vascular endothelium.1–6 Prim-
ers and extension primers were created for each of the SNPs 
using the Assay Designer38 according to the manufacturer’s 
instructions. The amplification of the DNA was done as previ-
ously described.39 Briefly, DNA was amplified via polymerase 
chain reaction (PCR) under the following conditions: 94°C 
for 2 minutes, 94°C for 30 seconds, 56°C for 30 seconds, and 
72°C for 1 minute. Amplification products were then treated 
with shrimp alkaline phosphatase (SAP) at 37°C for 40 min-
utes, 85°C for 5 minutes reaction, and a final incubation at 4°C. 

Extension primers were optimized to control the signal-to-
noise ratio where unextended primers (UEPs) were examined 
on the spectroCHIP and evaluated in Typer 4.0 to enable the 
division into low-mass, medium-mass, and high-mass UEPs.  
To perform the iPLEX extension reaction, a mixture contain-
ing iPLEX Gold reaction was prepared using iPLEX Gold Buf-
fer Plus, iPLEX termination mix, iPLEX enzyme, and primer 
mix. The iPLEX reaction was cycled at an initial denaturation 
of 94°C for 30 seconds, annealing at 52°C for 5 minutes, exten-
sion at 80°C for 5 minutes (5 cycles of annealing and extension 
were performed, but the whole reaction was performed in 40 
cycles), and extension again at 72°C for 3 minutes. Resin beads 
were used to rinse all iPLEX Gold reaction products. Follow-
ing iPLEX Gold reaction, MassARRAY was performed using 
the MassARRAY mass spectrometer, and the data generated 
were analyzed using the TyperAnalyzer software.

Statistical analysis. The PLINK v1.0740 whole-genome 
analysis toolset was implemented to determine the association 
between the CFS patients and the nonfatigued control group. 
A two-column χ2 test was used, where the alpha level of sig-
nificance was set at a P-value of 0.05.

Results
Participants. A total of 115 CFS patients (age = 

48.68  ±  1.06  years) comprising 84 (73.04%) women and 31 
(26.96%) men were recruited. The 90 nonfatigued controls 
(age  =  46.48  ±  1.22  years) comprised 59 (65.56%) women 
and 31 (34.44%) men. All participants in both groups were of 
European descent. All participants were aged between 25 and 
65 years and some of them were excluded following any symp-
toms and their replies in the affirmative to a medical question-
naire comprising whether they were taking any medications; 
showing signs of a comorbid chronic illness such as cardio-
vascular disease, diabetes, or autoimmune diseases; had been 
previously diagnosed with psychosis or epilepsy; or were preg-
nant, breastfeeding, or smokers. Furthermore, the nonfatigued 
controls were excluded if they reported symptoms of fatigue 
after completing the medical and symptom questionnaires.15,17 
All were residents of Australia at the time of blood collection.

SNP association studies. Of the 464 SNPs examined 
in the present study, 393 were successfully identified in both 
participants groups. Of the 393, seventeen were observed 
to be significantly associated with CFS (Table 1). Nine of 
these SNPs were associated with mAChRM3 (rs4463655; 
P = 0.00281, rs589962; P = 0.00348, rs1072320; P = 0.00371, 
rs7543259; P = 0.00513, rs6661621; P = 0.00536, rs7520974; 
P = 0.0167, rs726169; P = 0.02349, rsrs6669810; P = 0.02361, 
rsrs6429157; P = 0.0375), while the remainder were associ-
ated with nAChR alpha 10 (rs2672211; P = 0.0107, rs2672214; 
P= 0.0108, rs2741868; P = 0.01185, rs2741870; P = 0.01281, 
rs2741862; P = 0.03043), alpha 5 (rs951266; P = 0.01153; 
rs7180002, P = 0.03682), and alpha 2 (rs2565048; P = 0.01403). 
A summary of the SNPs that were not significant is given in 
Supplementary Table 1.
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Table 1. Analysis of the frequency distribution and significance of acetylcholine receptor (AChR) single nucleotide polymorphisms (SNPs) in CFS 
patients and nonfatigued controls in rank order of significance.

GENE CHR RefSNPID BP A1 FREQUENCY_A FREQUENCY_U A2 χ2 P-VALUE

mAchM3 1 rs4463655 239820994 T 0.3077 0.4671 C 8.932 0.00281*

mAchM3 1 rs589962 239826664 C 0.2416 0.3919 T 8.539 0.00348*

mAchM3 1 rs1072320 239819076 G 0.3242 0.1842 A 8.423 0.00371*

mAchM3 1 rs7543259 239815886 A 0.3187 0.1842 G 7.834 0.00513*

mAchM3 1 rs6661621 239821503 C 0.3022 0.1711 G 7.755 0.00536*

nAchα10 11 rs2672211 3669048 C 0.3736 0.2434 T 6.515 0.0107*

nAchα10 11 rs2672214 3670282 C 0.3708 0.24 T 6.498 0.0108*

nAchα5 15 rs951266 78586199 T 0.3944 0.2632 C 6.382 0.01153*

nAchα10 11 rs2741868 3668953 T 0.3693 0.24 A 6.333 0.01185*

nAchα10 11 rs2741870 3668879 G 0.3708 0.2434 C 6.195 0.01281*

nAchα2 8 rs2565048 27472615 C 0.0989 0.1933 T 6.034 0.01403*

mAchM3 1 rs7520974 239903960 G 0.4205 0.5533 A 5.727 0.0167*

mAchM3 1 rs726169 239630977 G 0.2833 0.4013 A 5.132 0.02349*

mAchM3 1 rs6669810 239905329 G 0.4213 0.5467 C 5.123 0.02361*

nAchα10 11 rs2741862 3666755 C 0.2857 0.1842 T 4.685 0.03043*

nAchα5 15 rs7180002 78581651 T 0.3846 0.2763 A 4.359 0.03682*

mAchM3 1 rs6429157 239818343 G 0.522 0.4079 A 4.327 0.0375*

nAchα2 8 rs55828312 42734459 G 0.2386 0.1513 A 3.914 0.04789

nAchα5 15 rs2175886 32063744 C 0.4944 0.3867 T 3.847 0.04982

mAchM3 1 rs12036141 239902696 A 0.4121 0.3092 G 3.781 0.05184

mAchM3 1 rs6429147 239631494 C 0.4444 0.34 G 3.728 0.05349

mAchM3 1 rs1594513 239848453 G 0.2198 0.3133 T 3.722 0.05371

nAchα2 8 rs16891561 42724596 T 0.2472 0.1597 C 3.696 0.05454

Notes: SNP, single nucleotide polymorphism with 115 CFS/ME patients and 90 controls. Data presented is included for P  0.05. Data presented for gene, 
chromosome location for muscarinic M3, nicotinic alpha 2, 5, and 10, (CHR), reference SNP identification (RefSNPID), base pair (BP) location of SNP, alleles (A1 
and A2), Allelic Frequency A (Frequency_A) of this allele in CFS cases, Frequency U (Frequency_U) of this allele in controls, Chi-square (χ2) for basic allelic test 
(1df), and P-value for this test set at a significance of P  0.05.

Discussion
This pilot study revealed a number of AChR SNP variations in 
CFS/ME patients. Specifically, within the coding sequences 
of nine AChR genes out of 464 SNPs examined, 17 significant 
alleles were found associated with CFS/ME patients com-
pared to the nonfatigued controls. Moreover, these alleles were 
located in the gene sequence of one of the muscarinic acetyl-
choline receptors (mAChRM3) and three nicotinic acetylcho-
line alpha receptors (nAChRα2, nAChRα5, and nAChRα10). 
Interestingly, in our previous study, we identified a number of 
SNPs in the TRP family, namely, TRPM3. The importance 
of SNPs in mAChRM3 and TRPM3 is that the latter couples 
with mAChRM3 and can be activated by ACh.41–43

There is limited information available on the role of 
these AChR SNPs. However, alternate splicing in the non-
coding sequences may have significant, unexpected outcomes 
on the splicing mechanism of the gene transcripts.44,45 Splic-
ing genetic variants that are intronic variants play a role in 
alternative splicing mechanisms, resulting in diverse protein 
isoforms. Incidentally, the human gene has the largest average 

number of mRNA isoforms per gene,46 with an average of 
seven isoforms.47,48 Additionally, enhancers and silencers that 
are located in the introns are integral to the recognition of 
the correct exon sequence49 for correct protein coding. Also, 
introns have been documented to generate active spliceo-
somes, giving rise to alternative splicing events.50,51 Impor-
tantly, our data show that the proportion of intron variants 
in the SNP has been previously reported to be associated 
with smooth muscle and respiratory function (rs4463655, 
rs589962, rs1072320, rs7543259, and rs6661621), neurocog-
nitive function (rs951266), neuropathic pain (rs2741868), and 
gastric function (rs7520974).52,53 Additionally, in the current 
study, we report SNP rs6669810 in CFS/ME patients, which 
is responsible for the gene ART1, an ADP-ribosyltransferase 
that catalyzes the ADP-ribosylation of arginine residues 
in proteins. Mono-ADP-ribosylation is a posttranslational 
modification of proteins affected by a variety of bacterial 
toxins, including cholera, pertussis, and heat-labile entero-
toxins of Escherichia coli. Interestingly, previous researchers 
have reported increases in viral loads, respiratory-associated 
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illnesses, neurocognitive changes, and neuropathic pain from 
CFS/ME patients.54–57

SNPs were found in mAChR receptors, and are respon-
sible for initiating smooth muscle contraction, such as in the 
gastrointestinal and genitourinary tracts, as well as effects in 
immune cells, epithelial, ovarian, and ocular skin cells, and 
respiratory and secretory glands.5,32–35,58–67 Additionally, 
nAChRs are reported on T and B lymphocytes.68,69 Human 
T lymphocytes express the α3, α4, α7, β2, and β4 receptor 
subunits,70 while in the mouse and human thymus mAChR 
expression has been found to play a role in T-lymphocyte 
development and proliferation.68,71–73 The α4 or α7 subunits 
have also been reported on B lymphocytes and found to stim-
ulate proliferation while decreasing antibody production.74 
Such findings provide possible insight regarding the SNPs 
found in the current paper, noting that previous investiga-
tions have reported compromise to immune function in CFS/
ME patients. Importantly, changes in numbers and function 
of lymphocytes, such as natural killer (NK) lymphocytes and  
T and B lymphocytes, in these studies suggest increased influx 
of Ca2+.

The mAChRM3 receptors are located in the gastrointes-
tinal tract and are controlled in part by the parasympathetic 
nervous system through the vagus nerve.75 Moreover, clinical 
data report that nAChRs are involved in inflammatory bowel 
disease.76 CFS/ME patients often exhibit gastrointestinal-
associated issues, such as irritable bowel syndrome and 
constipation.12,28

Dysregulation of mAChRM3 receptors may affect meta-
bolic and cardiac responses. In normal pancreas, mAChRM3 
receptors play a role in regulating insulin and glucagon secre-
tion.77,78 Muscarinic ACh receptors expressed by pancreatic 
β cells have been reported to play a significant role in main-
taining proper insulin release and whole-body glucose homeo-
stasis.77 Changes in Ca2+-mediated channels may result in 
adverse glucose metabolic outcomes as implied in CFS/ME 
patients.79 Pancreatic β cells rely on transient changes in Ca2+ 
to initiate the complex sequence of events resulting in insulin 
secretion following glucose exposure. Thus, it may be argued 
that aberrant intracellular Ca2+ concentrations through per-
missive AChR activity will impede the usual and necessary 
sequence of events required to initiate insulin response to glu-
cose in CFS patients.

Cardiac mAChRM3 receptors perform an array of 
pathological and physiological functions. mAChM2 is not 
the only muscarinic receptor involved in cardiac function. 
Rather, mAChRM3 parasympathetic control of cardiac func-
tion is well established.48 A report by van Borren et al80 has 
shown the effect of muscarinic AChR stimulation on Ca2+ 
transients, cAMP production, and pacemaker frequency in 
sinoatrial (SA) nodes of the rabbit. These findings imply that 
muscarinic agonism will have an effect on SA node function, 
exacerbating disturbances of proper cardioregulatory mecha-
nisms, particularly in an environment where Ca2+ intracellular 

concentrations are likely to be altered due to the direct effects of 
receptor activity. Clinical consequences such as altered ortho-
static cardiovascular responses could be predicted and could 
align with symptom presentation in CFS/ME.13,21,25,27,29

In the vascular system, the endothelium contains 
nAChRs, including α3, α5, α7, α10, β2, β3, and β4.63,81,82 
Depending upon the type of smooth muscle, a specific subtype 
of nAChR is present: α3 and α5 are found in arteries, while 
α7 is widespread although not present in the renal circulatory 
system. nAChR α5, α7, β2, and β3 have been found in brain 
endothelial cells83 and are an important component of the 
blood–brain barrier. This study identified SNPs in the α5 and 
α3 nAChR subunits, implying anomalies of signal transduc-
tion in our patient cohort. nAChRs are reported to be involved 
in arousal, sleep, and fatigue as well as those functions that are 
responsible for processing of pain, memory, and cognition.84–86

Conclusion
In conclusion, we report for the first time the presence of SNPs 
in receptors for ACh in patients with CFS/ME. Many detri-
mental consequences for physiological homeostasis are pos-
sible through aberrant AChR function in these patients. These 
scenarios require further investigation to establish whether 
the AChR SNPs identified in this study result in changes of 
function and conceivably may be associated with CFS/ME 
pathomechanisms and symptomatology.
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Supplementary Data

Supplementary Table 1. Analysis of the frequency distribution and significance of AChR single nucleotide polymorphisms (SNPs) in CFS 
patients and nonfatigued controls in rank order of significance.

GENE CHR RefSNPID BP A1 A2 FREQUENCY_A FREQUENCY_U χ2 P-VALUE

nAchα10 11 rs2672215 3670419 A C 0.4607 0.36 3.399 0.06523

nAchα2 8 rs6474413 42695921 C T 0.2308 0.1513 3.336 0.06778

mAchM3 1 rs10926008 239898823 G A 0.3722 0.277 3.333 0.06792

nAchα2 8 rs2741343 27468610 C T 0.5337 0.4324 3.317 0.06855

nAchα5 15 rs7178270 78628735 G C 0.3571 0.4539 3.231 0.07226

nAchα5 15 rs4243084 78619330 G C 0.3977 0.3026 3.227 0.07245

nAchα5 15 rs601079 78577237 A T 0.3901 0.4868 3.155 0.07571

nAchα5 15 rs12911602 78599107 C T 0.3901 0.4868 3.155 0.07574

nAchα5 15 rs588765 78573083 T C 0.3846 0.4803 3.095 0.07854

nAchα5 15 rs680244 78578946 A G 0.3846 0.4803 3.095 0.07857

nAchα5 15 rs6495306 78573551 G A 0.3895 0.4863 3.01 0.08274

nAchα5 15 rs6495307 78597979 T C 0.4111 0.5068 2.997 0.08341

mAchM3 1 rs12093821 239660948 A G 0.489 0.3947 2.979 0.08434

mAchM3 1 rs16838637 239665050 G A 0.4889 0.3947 2.957 0.08551

nAchα2 8 rs6997909 42705106 A G 0.2333 0.1579 2.945 0.08617

nAchα10 11 rs2672216 3670794 C T 0.4888 0.3947 2.934 0.08671

mAchM3 1 rs6429165 239896757 A G 0.2473 0.1711 2.873 0.09007

nAchα2 8 rs891398 27467305 C T 0.533 0.4392 2.872 0.09012

nAchα5 15 rs4366683 78619861 G A 0.3956 0.4868 2.802 0.09413

nAchα2 8 rs6985052 42696176 C T 0.2308 0.1579 2.774 0.0958

nAchα2 8 rs4950 42697490 C T 0.2308 0.1579 2.774 0.0958

nAchα2 8 rs6474414 42705193 A C 0.2308 0.1579 2.774 0.0958

nAchα2 8 rs6474415 42707795 G A 0.2308 0.1579 2.774 0.0958

nAchα5 15 rs35211613 78597441 D I 0.3889 0.48 2.771 0.09601

nAchα5 15 rs621849 78580519 G A 0.3901 0.4803 2.745 0.09757

nAchα5 15 rs8025188 78619936 C G 0.3901 0.4803 2.745 0.09757

nAchα2 8 rs10109429 42763247 T C 0.05495 0.01974 2.745 0.09758

nAchα10 11 rs2231532 3671890 A G 0.45 0.36 2.742 0.09777

nAchα5 15 rs6494211 32236220 T A 0.3611 0.2763 2.713 0.09954

mAchM3 1 rs2083817 239670305 A T 0.4551 0.3649 2.709 0.09976

nAchα4 20 rs3787137 63347748 G A 0.4341 0.3467 2.629 0.1049

mAchM3 1 rs7551001 239681300 G A 0.4833 0.3947 2.622 0.1054

nAchα5 15 rs7182583 78606868 C G 0.3352 0.4211 2.609 0.1063

mAchM3 1 rs6690809 239810706 A G 0.4121 0.5 2.584 0.1079

nAchα10 11 rs2741865 3670677 A G 0.4828 0.3947 2.549 0.1104

nAchε 17 rs12602789 4902954 T C 0.0989 0.05263 2.47 0.116

mAchM3 1 rs1867263 239644620 A G 0.4231 0.34 2.396 0.1217

nAchα2 8 rs7845663 42753420 A G 0.1868 0.125 2.371 0.1236

nAchα5 15 rs1878399 78619661 G C 0.3833 0.4671 2.371 0.1236

nAchα2 8 rs7004381 42696018 A G 0.2247 0.1579 2.342 0.1259

mAchM3 1 rs12090480 239650653 A G 0.2667 0.3446 2.341 0.126

nAchα5 15 rs12914385 78606381 T C 0.4341 0.3553 2.146 0.1429

nAchα2 8 rs1072003 42764858 G C 0.1782 0.12 2.123 0.1451

mAchM3 1 rs6701181 239906887 T C 0.4451 0.3667 2.089 0.1483

(continued)
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GENE CHR RefSNPID BP A1 A2 FREQUENCY_A FREQUENCY_U χ2 P-VALUE

mAchM3 1 rs16839070 239900650 T A 0.2857 0.2171 2.055 0.1517

mAchM3 1 rs6692904 239653232 A C 0.2637 0.3355 2.047 0.1525

mAchM3 1 rs6693851 239678897 C T 0.431 0.3533 2.035 0.1537

nAchα5 15 rs3743074 78617138 C T 0.3516 0.4276 2.017 0.1555

nAchα5 15 rs692780 78584163 G C 0.3462 0.4211 1.972 0.1603

mAchM3 1 rs10926010 239900836 G A 0.191 0.1333 1.969 0.1605

nAchε 17 rs4790235 4902757 A C 0.01111 0.03333 1.946 0.163

mAchM2 7 rs17494846 136885565 G A 0.2778 0.3487 1.936 0.1641

nAchα5 15 rs514743 78591885 T A 0.3462 0.42 1.904 0.1676

mAchM3 1 rs10925941 239649238 A G 0.456 0.3816 1.883 0.17

mAchM3 1 rs2165872 239663688 T C 0.4341 0.36 1.879 0.1705

mAchM2 7 rs1424569 136884669 A G 0.489 0.4145 1.856 0.1731

nAchα5 15 rs17408276 78589276 C T 0.3462 0.4189 1.837 0.1753

nAchα5 15 rs615470 78593646 T C 0.35 0.4236 1.835 0.1755

nAchα5 15 rs11637635 78584808 A G 0.3483 0.42 1.774 0.1829

nAchα2 8 rs2304297 42753056 C G 0.2363 0.1776 1.719 0.1898

nAchα5 15 rs3743075 78617110 A G 0.3516 0.4211 1.688 0.1939

mAchM3 1 rs685548 239831606 T G 0.4176 0.3487 1.659 0.1978

mAchM3 1 rs576386 239831989 C G 0.4176 0.3487 1.659 0.1978

nAchε 17 rs12600861 7452302 A C 0.01099 0 1.658 0.1978

nAchα5 15 rs6494212 32243752 T C 0.2637 0.2039 1.64 0.2004

mAchM3 1 rs6700643 239635621 C T 0.456 0.3867 1.62 0.2031

mAchM3 1 rs1867264 239681977 A T 0.4286 0.36 1.614 0.2039

nAchα5 15 rs472054 78595652 T C 0.3466 0.4145 1.598 0.2061

mAchM3 1 rs521328 239884722 A G 0.3956 0.3289 1.587 0.2077

nAchα5 15 rs2869546 78615003 C T 0.3462 0.4133 1.581 0.2086

nAchα5 15 rs660652 78595490 A G 0.3516 0.4189 1.565 0.2109

nAchα5 15 rs12901300 78600610 A G 0.4056 0.4737 1.555 0.2124

mAchM3 1 rs599855 239882678 A T 0.4011 0.3355 1.526 0.2168

nAchα2 8 rs10107450 42774752 T C 0.2253 0.1711 1.519 0.2178

mAchM3 1 rs10802810 239885325 A G 0.3989 0.3333 1.502 0.2204

mAchM3 1 rs12057204 239643093 T C 0.2278 0.2867 1.495 0.2214

mAchM3 1 rs10754677 239669800 A G 0.4659 0.5333 1.473 0.2249

nAchα5 15 rs495956 78577588 G A 0.3556 0.42 1.435 0.2309

mAchM3 1 rs10399860 239901238 G A 0.3022 0.2434 1.434 0.2312

mAchM3 1 rs12036109 239902578 A G 0.4396 0.375 1.427 0.2323

nAchα5 15 rs4887070 78623845 C T 0.3333 0.3986 1.417 0.2339

nAchα2 8 rs2217732 42763303 G A 0.2176 0.1667 1.294 0.2552

mAchM3 1 rs6701925 239648462 C G 0.2363 0.2895 1.217 0.2699

mAchM3 1 rs485412 239776596 C T 0.3077 0.2533 1.197 0.2739

nAchα5 15 rs11071503 32042753 T C 0.2473 0.1974 1.184 0.2766

nAchα5 15 rs636842 33976415 C A 0.3889 0.3311 1.174 0.2786

nAchα5 15 rs883473 32033473 T C 0.3034 0.25 1.162 0.2812

mAchM3 1 rs12033608 239824351 A G 0.1978 0.2467 1.145 0.2847

mAchM3 1 rs12097526 239637551 T C 0.2418 0.2933 1.123 0.2893

mAchM3 1 rs6688537 239687288 C A 0.4615 0.5197 1.123 0.2893

mAchM3 1 rs652349 239765167 C T 0.3297 0.2763 1.112 0.2918

Supplementary Table 1. (Continued)
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Supplementary Table 1. (Continued)

GENE CHR RefSNPID BP A1 A2 FREQUENCY_A FREQUENCY_U χ2 P-VALUE

mAchM3 1 rs6703930 239761570 T C 0.511 0.4527 1.11 0.292

nAchα5 15 rs6494223 32104256 T C 0.4382 0.3816 1.085 0.2976

mAchM3 1 rs537277 239882649 T A 0.3956 0.3421 1.016 0.3136

mAchM3 1 rs539364 239882940 G A 0.3956 0.3421 1.016 0.3136

mAchM3 1 rs532718 239768318 C A 0.3132 0.2632 1.006 0.3159

nAchα2 8 rs892413 42759235 A C 0.1923 0.1513 0.9699 0.3247

mAchM3 1 rs3841063 154580041 D I 0.2389 0.2867 0.9693 0.3249

mAchM3 1 rs714803 239631123 T A 0.4945 0.4408 0.9594 0.3273

nAchα5 15 rs499167 34056137 T G 0.2944 0.2466 0.9307 0.3347

mAchM3 1 rs536477 239882608 A G 0.3956 0.3446 0.9084 0.3405

nAchα5 15 rs8029344 34056771 T C 0.2967 0.25 0.9052 0.3414

nAchα5 15 rs579975 34057023 T C 0.2967 0.25 0.9052 0.3414

mAchM3 1 rs2355237 239694224 G A 0.5055 0.4533 0.8961 0.3438

nAchα1 2 rs2697782 232542806 C G 0.3132 0.3618 0.8797 0.3483

nAchα2 8 rs2741337 27478381 T A 0.2778 0.2333 0.8451 0.3579

mAchM3 1 rs2120241 239645191 T A 0.4529 0.4014 0.8386 0.3598

nAchα4 20 rs1044396 63349782 C T 0.4253 0.375 0.8285 0.3627

mAchM3 1 rs10802789 239669380 T C 0.4176 0.4671 0.8244 0.3639

nAchα5 15 rs885071 32032373 A C 0.1818 0.1447 0.8154 0.3665

mAchM2 7 rs12532094 136923178 T C 0.3791 0.4276 0.8113 0.3677

nAchε 17 rs8834 4897899 G A 0.3352 0.2895 0.8022 0.3704

nAchα10 11 rs142924694 3669531 D I 0.15 0.1867 0.792 0.3735

mAchM3 1 rs12409845 239654201 T C 0.427 0.3784 0.7917 0.3736

nAchα1 2 rs6761667 232542701 A T 0.489 0.4408 0.7737 0.3791

mAchM3 1 rs10802815 239892999 G A 0.4286 0.3816 0.7577 0.384

nAchα5 15 rs2651417 32299597 G C 0.4725 0.5197 0.7385 0.3901

nAchα2 8 rs10087172 42761725 C T 0.1868 0.1513 0.7374 0.3905

nAchα4 20 rs6090385 63360368 C A 0.3736 0.3289 0.7237 0.3949

nAchα2 8 rs2741342 27472579 A G 0.2363 0.2763 0.7003 0.4027

nAchα2 8 rs7819756 27473420 C T 0.5058 0.4589 0.6958 0.4042

mAchM2 7 rs17497261 136927841 T C 0.3846 0.4276 0.6364 0.425

mAchM3 1 rs474930 239891583 T C 0.3077 0.3487 0.6331 0.4262

nAchα5 15 rs1909884 32297961 T C 0.3571 0.3158 0.6327 0.4264

nAchα2 8 rs2741338 27478217 G A 0.2747 0.2368 0.6217 0.4304

nAchα5 15 rs8035849 34058132 A C 0.2921 0.2533 0.6155 0.4327

mAchM2 7 rs1364406 136923521 C G 0.3736 0.4145 0.5797 0.4464

nAchα5 4 rs7669882 40348634 A G 0.2967 0.3355 0.5792 0.4466

nAchα1 2 rs58091792 232524457 C G 0.2802 0.2434 0.578 0.4471

mAchM3 1 rs6660775 154566078 G C 0.08791 0.06579 0.5647 0.4524

nAchα1 2 rs1656388 232542094 G C 0.1868 0.22 0.5622 0.4534

mAchM3 1 rs658842 239785335 A T 0.4396 0.4803 0.5528 0.4572

nAchε 17 rs2302767 7447225 C T 0.3407 0.3026 0.5474 0.4594

nAchε 17 rs2302762 7455542 T C 0.3407 0.3026 0.5474 0.4594

nAchε 17 rs2302764 7456791 C T 0.2308 0.1974 0.5464 0.4598

mAchM3 1 rs6691263 239648803 G A 0.2473 0.2829 0.5422 0.4615

nAchα5 4 rs4469116 40335231 T A 0.2473 0.2829 0.5422 0.4615

mAchM2 7 rs7807871 136985024 T A 0.2582 0.2237 0.5384 0.4631
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GENE CHR RefSNPID BP A1 A2 FREQUENCY_A FREQUENCY_U χ2 P-VALUE

nAchα4 20 rs6062900 63348773 C T 0.1167 0.09155 0.5303 0.4665

nAchα1 2 rs1656389 232542095 A G 0.2857 0.3224 0.5275 0.4677

mAchM3 1 rs6429152 239690837 G A 0.4667 0.5067 0.5241 0.4691

nAchα5 15 rs8043009 78615812 C G 0.2167 0.25 0.514 0.4734

mAchM3 1 rs644326 239777828 A G 0.2989 0.2632 0.5102 0.475

nAchε 17 rs7210231 7454545 A C 0.2159 0.1842 0.5099 0.4752

nAchα2 8 rs2565049 27472125 A G 0.1374 0.1118 0.4907 0.4836

nAchα5 15 rs7177514 78615064 G C 0.2143 0.2467 0.4885 0.4846

mAchM3 1 rs10802814 239890697 A T 0.2747 0.3092 0.478 0.4893

nAchα5 15 rs11072768 78637136 T G 0.1868 0.2171 0.474 0.4912

nAchα1 2 rs6433502 174760914 G A 0.511 0.4733 0.4665 0.4946

mAchM3 1 rs525389 239769082 G A 0.2967 0.2632 0.4609 0.4972

nAchα1 2 rs2853446 232524616 T C 0.4231 0.46 0.455 0.5

nAchα10 11 rs55885673 62913240 T G 0.06044 0.07895 0.4425 0.5059

nAchα10 11 rs2186410 62917945 A G 0.06044 0.07895 0.4425 0.5059

nAchα5 15 rs7183604 78606871 T C 0.2151 0.2466 0.4419 0.5062

nAchα5 15 rs11637890 78643077 G C 0.3647 0.4014 0.4418 0.5063

mAchM2 7 rs7810473 136911710 G A 0.4835 0.5197 0.4346 0.5097

nAchα2 8 rs2292974 27460874 T C 0.4505 0.4867 0.4309 0.5115

nAchα5 4 rs4861065 40342378 C T 0.3022 0.3355 0.4247 0.5146

nAchα2 8 rs2292975 27460908 A C 0.4505 0.4865 0.4235 0.5152

nAchα5 15 rs6495308 78615314 C T 0.2198 0.25 0.4226 0.5157

nAchα5 15 rs8042059 78615517 C A 0.2198 0.25 0.4226 0.5157

nAchα5 15 rs8042374 78615690 G A 0.2198 0.25 0.4226 0.5157

mAchM2 7 rs1424543 136947256 C G 0.3864 0.4211 0.4081 0.5229

nAchε 17 rs12942540 4900778 C G 0.09195 0.1133 0.4025 0.5258

mAchM3 1 rs543307 239764310 A G 0.2944 0.2632 0.4 0.5271

nAchα5 15 rs569207 78580777 A G 0.2143 0.2434 0.4 0.5271

mAchM3 1 rs1111249 239802010 G A 0.4066 0.4408 0.397 0.5286

mAchM3 1 rs481036 239773282 A G 0.3077 0.2763 0.3933 0.5306

mAchM2 7 rs6947206 136930364 C G 0.4286 0.3947 0.3911 0.5317

mAchM3 1 rs643040 239784120 A G 0.4396 0.4737 0.3889 0.5329

nAchα5 15 rs7175359 32283601 T C 0.4725 0.5066 0.3844 0.5353

mAchM3 1 rs12063454 239808590 A T 0.2527 0.2237 0.3841 0.5354

nAchα4 20 rs11698563 63360933 A C 0.3895 0.3562 0.3755 0.5411

nAchε 17 rs3514 4898299 C G 0.1099 0.1316 0.3696 0.5432

nAchα2 8 rs3824103 27466912 G A 0.02198 0.01316 0.3652 0.5456

mAchM2 7 rs6944132 136885529 T A 0.3132 0.2829 0.3623 0.5472

nAchα1 2 rs67583510 232540940 A G 0.2588 0.2297 0.3618 0.5475

nAchα5 15 rs12440014 78634384 G C 0.2191 0.2467 0.3475 0.5556

nAchα10 11 rs2067482 46385217 T C 0.1538 0.1776 0.3407 0.5595

nAchα5 15 rs9920506 78638715 A G 0.1538 0.1776 0.3407 0.5595

nAchα5 15 rs667282 78571130 C T 0.2135 0.24 0.3276 0.5671

mAchM3 1 rs665159 239798702 T C 0.4556 0.4868 0.3238 0.5693

mAchM2 7 rs7806357 136935405 T C 0.3222 0.2933 0.3197 0.5718

mAchM3 1 rs2278642 239703843 T G 0.4451 0.4145 0.3158 0.5741

Supplementary Table 1. (Continued)
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Supplementary Table 1. (Continued)

GENE CHR RefSNPID BP A1 A2 FREQUENCY_A FREQUENCY_U χ2 P-VALUE

mAchM3 1 rs2841040 239799881 T G 0.456 0.4868 0.3154 0.5744

nAchα5 15 rs1948 78625057 T C 0.3389 0.3684 0.3149 0.5747

nAchα5 4 rs6819385 40337557 A G 0.511 0.4803 0.3128 0.5761

nAchα5 15 rs938682 78604205 C T 0.2143 0.24 0.3109 0.5771

mAchM2 7 rs17411478 136916210 T C 0.3846 0.4145 0.3081 0.5788

mAchM2 7 rs17412549 136928070 A G 0.3846 0.4145 0.3081 0.5788

mAchM3 1 rs663927 239772051 A G 0.2874 0.26 0.3026 0.5823

mAchM3 1 rs10925964 239739214 A T 0.4444 0.4145 0.3019 0.5827

mAchM3 1 rs682355 239867099 A G 0.4444 0.4145 0.3019 0.5827

mAchM3 1 rs4620530 239900521 T G 0.4176 0.4474 0.2996 0.5841

mAchM3 1 rs2790328 239763515 C T 0.2967 0.2697 0.2959 0.5864

nAchα4 20 rs11697662 63360653 C T 0.1703 0.1933 0.2939 0.5877

nAchα5 4 rs4861323 40353798 G A 0.1868 0.1645 0.2842 0.5941

mAchM2 7 rs1111418 136948957 C T 0.2418 0.2171 0.2838 0.5942

mAchM2 7 rs2113550 136881786 G A 0.3407 0.3684 0.2794 0.5971

nAchα5 4 rs10022491 40335891 T C 0.456 0.4276 0.271 0.6027

mAchM3 1 rs6698105 239826290 G T 0.3022 0.2763 0.2692 0.6038

mAchM3 1 rs714266 239713560 T C 0.4121 0.44 0.2622 0.6086

mAchM2 7 rs7357341 137006706 T C 0.3791 0.4067 0.2619 0.6088

nAchα5 15 rs28534575 78631503 G T 0.2167 0.24 0.2536 0.6145

nAchα1 2 rs2278478 232526753 C T 0.2816 0.2568 0.2505 0.6167

nAchα5 4 rs13105969 40341407 G A 0.3077 0.3333 0.2487 0.618

mAchM3 1 rs12130403 154576994 C T 0.2921 0.3176 0.2472 0.6191

nAchα1 2 rs13026409 232537797 T C 0.2529 0.2292 0.2413 0.6233

nAchα2 8 rs2741341 27472769 C T 0.4011 0.4276 0.2405 0.6239

mAchM3 1 rs6688548 239687338 C A 0.467 0.4934 0.2311 0.6307

mAchM3 1 rs12406493 239689805 C A 0.467 0.4934 0.2311 0.6307

mAchM2 7 rs17495182 136895009 C T 0.382 0.4079 0.2299 0.6316

mAchM3 1 rs528011 239855007 A C 0.4382 0.4122 0.224 0.6361

nAchα5 15 rs3825845 78617916 A G 0.2088 0.2303 0.2236 0.6363

nAchε 17 rs7774 4897868 T G 0.2967 0.2733 0.2199 0.6391

mAchM2 7 rs13246516 136908793 T C 0.3764 0.4013 0.2143 0.6434

mAchM3 1 rs1544170 239744936 A G 0.4725 0.4474 0.211 0.646

mAchM3 1 rs1155611 239734527 T C 0.4506 0.4247 0.2102 0.6466

nAchε 17 rs2075763 4899390 T C 0.05618 0.06849 0.21 0.6468

nAchα5 15 rs11637630 78607377 G A 0.2222 0.2434 0.2079 0.6484

nAchα5 15 rs11636605 78636536 A G 0.1868 0.2067 0.2058 0.6511

nAchα1 2 rs12463989 232530319 C T 0.3833 0.36 0.1905 0.6625

nAchα5 15 rs8042524 33989422 C T 0.2747 0.2961 0.1851 0.6672

nAchα5 4 rs10029313 40348130 T G 0.3462 0.3684 0.1791 0.6722

nAchα10 11 rs2741864 3670891 T C 0.4505 0.4737 0.1784 0.6728

mAchM3 1 rs12059546 239806797 G A 0.25 0.2303 0.1755 0.6753

nAchα1 2 rs3828246 232533505 T C 0.25 0.2303 0.1755 0.6753

nAchα5 15 rs4779656 34032402 G A 0.1889 0.2067 0.1635 0.6862

mAchM3 1 rs2072661 154576404 A G 0.2414 0.2222 0.1619 0.6874

mAchM2 7 rs4341110 137007215 C T 0.3736 0.3947 0.1562 0.6927

nAchα5 15 rs1316971 78638168 A G 0.1868 0.2039 0.1551 0.6937
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nAchα5 15 rs7179008 32302586 G A 0.2637 0.2829 0.1534 0.6953

nAchα10 11 rs10897304 62922775 G A 0.3132 0.3333 0.1528 0.6959

nAchα5 15 rs511422 33990781 C T 0.3989 0.42 0.1503 0.6982

nAchα1 2 rs4973537 232527255 G A 0.3889 0.3684 0.1466 0.7018

nAchα5 15 rs11636753 78636604 T G 0.3833 0.4041 0.1459 0.7025

mAchM3 1 rs1431719 239717903 G A 0.4286 0.4079 0.1454 0.7029

mAchM3 1 rs988231 239696190 C T 0.4725 0.4934 0.1448 0.7035

nAchα2 8 rs2196128 42763143 C T 0.2143 0.1974 0.1446 0.7037

nAchα5 15 rs12593950 78628593 C G 0.2198 0.2368 0.1372 0.7111

nAchα5 15 rs4887072 78633093 G A 0.2198 0.2368 0.1372 0.7111

nAchα1 2 rs1376866 174763128 C T 0.1056 0.09333 0.1358 0.7125

nAchα5 15 rs12915695 32111144 A G 0.3297 0.3487 0.1338 0.7146

mAchM3 1 rs1019882 239735556 G A 0.4389 0.4189 0.1322 0.7162

mAchM3 1 rs891700 239718626 A G 0.467 0.4868 0.1303 0.7181

mAchM3 1 rs717227 239719299 C T 0.467 0.4868 0.1303 0.7181

mAchM3 1 rs6694220 239720316 A G 0.467 0.4868 0.1303 0.7181

mAchM3 1 rs6657343 239728211 T A 0.467 0.4868 0.1303 0.7181

mAchM3 1 rs11585281 239746351 T C 0.4341 0.4145 0.1301 0.7183

mAchM3 1 rs622628 239837749 T C 0.3407 0.3224 0.1249 0.7238

mAchM3 1 rs12751235 239706521 T C 0.4333 0.4145 0.12 0.7291

nAchα5 15 rs1685119 33984852 G A 0.4157 0.4342 0.1146 0.7349

nAchα4 20 rs6011779 63352965 C T 0.1648 0.1513 0.1134 0.7363

nAchα1 2 rs1376865 174759869 G A 0.1099 0.09868 0.1109 0.7392

mAchM2 7 rs10488598 136903096 C T 0.382 0.4 0.1106 0.7395

nAchα10 11 rs11823728 62909330 T C 0.03409 0.0411 0.1091 0.7411

nAchα10 11 rs544978 62917758 C A 0.2667 0.2829 0.1091 0.7412

nAchα5 15 rs4779652 34003918 C T 0.2088 0.2237 0.1086 0.7417

nAchα5 15 rs4887069 78616728 G A 0.2278 0.2432 0.1081 0.7423

nAchα10 11 rs2075748 62920797 A G 0.2389 0.2237 0.1069 0.7436

nAchα5 15 rs2611603 32149331 G T 0.3722 0.3553 0.1023 0.7491

mAchM2 7 rs324650 137008914 T A 0.4451 0.4276 0.1022 0.7492

mAchM2 7 rs1455858 136946956 A G 0.2802 0.2961 0.1014 0.7502

mAchM2 7 rs12535371 136899328 C T 0.3846 0.4013 0.09691 0.7556

mAchM2 7 rs7811061 136911836 A G 0.3846 0.4013 0.09691 0.7556

nAchε 17 rs1053754 4897993 A C 0.2614 0.2466 0.09195 0.7617

nAchα5 15 rs489832 33985706 A G 0.4101 0.4267 0.09172 0.762

nAchε 17 rs4151134 7443804 C T 0.4505 0.4671 0.09145 0.7623

nAchα9 4 rs4568270 40345218 G C 0.4835 0.5 0.09005 0.7641

nAchε 17 rs3829603 7443723 A C 0.3242 0.3092 0.08562 0.7698

mAchM3 1 rs497576 239862677 T C 0.4157 0.4 0.08336 0.7728

nAchα5 15 rs7175823 34029325 A C 0.1944 0.2067 0.07639 0.7823

nAchα1 2 rs112001880 232539050 D I 0.3864 0.3716 0.07419 0.7853

nAchα5 15 rs17236700 33989532 T C 0.2809 0.2945 0.07273 0.7874

nAchα5 15 rs8030094 34044681 A G 0.1923 0.2039 0.07077 0.7902

nAchα1 2 rs3791729 232530587 T C 0.3626 0.3487 0.07031 0.7909

nAchα10 11 rs56783086 62912718 D I 0.06044 0.06757 0.0696 0.7919

mAchM3 1 rs16832150 239646675 A T 0.2637 0.2763 0.06658 0.7964
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GENE CHR RefSNPID BP A1 A2 FREQUENCY_A FREQUENCY_U χ2 P-VALUE

mAchM3 1 rs1155612 239734405 A G 0.4725 0.4867 0.06587 0.7974

nAchα10 11 rs1942499 62916053 C T 0.3022 0.2895 0.0643 0.7998

mAchM3 1 rs2841036 239763732 C T 0.2889 0.2763 0.06419 0.8121

mAchM2 7 rs324645 137007017 G A 0.4611 0.4474 0.06277 0.8022

mAchM2 7 rs6948054 136996054 A G 0.2865 0.274 0.06249 0.8026

nAchα5 15 rs12440298 78635247 G T 0.01648 0.01316 0.06212 0.8032

CHRNA9 4 rs10009228 40354405 A G 0.1813 0.1711 0.06002 0.8065

mAchM3 1 rs10802795 239707475 C T 0.467 0.4539 0.05708 0.8112

mAchM2 7 rs1158586 136952389 G A 0.2944 0.2829 0.05348 0.8171

mAchM2 7 rs1035609 137001124 C T 0.3889 0.4013 0.05327 0.8175

nAchα2 8 rs623330 101281429 T A 0.3956 0.4079 0.05208 0.8195

mAchM2 7 rs2350780 136908222 G A 0.2912 0.3026 0.05182 0.8199

nAchα1 2 rs12466358 232532815 G T 0.2473 0.2368 0.04887 0.8251

nAchα5 15 rs7175581 32093264 A G 0.4444 0.4333 0.04101 0.8395

nAchα5 4 rs4264869 40353109 C T 0.489 0.5 0.04001 0.8415

nAchα1 2 rs13018423 232543573 T C 0.2472 0.2568 0.03928 0.8429

mAchM2 7 rs2113545 136977994 A G 0.2667 0.2763 0.03883 0.8438

nAchα6 19 rs4239626 15717596 G T 0.2527 0.2434 0.03858 0.8443

mAchM3 1 rs10495447 239888040 A G 0.2473 0.2566 0.03827 0.8449

mAchM3 1 rs12131198 239889149 A C 0.2473 0.2566 0.03827 0.8449

mAchM2 7 rs12537962 136894261 G A 0.3846 0.3947 0.03569 0.8502

mAchM3 1 rs10495448 239892173 A G 0.2802 0.2895 0.03485 0.8519

mAchM2 7 rs2350786 136991823 A G 0.2389 0.2303 0.03411 0.8535

nAchα5 15 rs2702282 34023861 G T 0.4111 0.4211 0.03353 0.8547

nAchα5 15 rs623941 34060377 C A 0.314 0.3043 0.03305 0.8557

mAchM3 1 rs7513746 239699111 G A 0.4231 0.4133 0.03207 0.8579

mAchM3 1 rs10802813 239889304 A C 0.2582 0.25 0.02965 0.8633

nAchα1 2 rs2600686 174759035 G A 0.1044 0.09868 0.02955 0.8635

mAchM2 7 rs1378646 136950254 G A 0.2912 0.2829 0.02795 0.8672

mAchM3 1 rs1125489 239843813 A G 0.3466 0.3378 0.02735 0.8686

nAchα1 2 rs2600685 174762320 G A 0.4451 0.4539 0.02647 0.8708

nAchα5 15 rs7178075 34005294 T C 0.2033 0.2105 0.02641 0.8709

CHRNE 17 rs7215056 7446731 A C 0.2033 0.2105 0.02641 0.8709

mAchM3 1 rs685550 239761108 C T 0.2111 0.2039 0.02569 0.8727

mAchM3 1 rs3738436 239709193 A C 0.4231 0.4145 0.02518 0.8739

mAchM3 1 rs7511970 239719955 A G 0.4231 0.4145 0.02518 0.8739

mAchM3 1 rs12743042 239725004 C T 0.4231 0.4145 0.02518 0.8739

mAchM3 1 rs10802801 239739541 A G 0.4231 0.4145 0.02518 0.8739

mAchM3 1 rs713117 239652741 G A 0.2556 0.2632 0.02482 0.8748

nAchα5 4 rs12509596 40341020 T A 0.4389 0.4474 0.02402 0.8768

nAchα5 4 rs10015231 40335549 T C 0.2167 0.2237 0.02366 0.8778

mAchM3 1 rs536071 239792665 C T 0.3989 0.4067 0.02054 0.8862

nAchα1 2 rs12185542 174762902 T A 0.4396 0.4474 0.02046 0.8863

nAchα2 8 rs16891604 42763570 A C 0.05556 0.05921 0.0204 0.8864

mAchM2 7 rs7800170 136939573 C A 0.4222 0.4145 0.02033 0.8866

mAchM3 1 rs10802794 239707321 T C 0.4615 0.4539 0.01923 0.8897

nAchα5 15 rs4779565 32248700 T G 0.3941 0.3867 0.01859 0.8916
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mAchM2 7 rs1364403 136904080 T C 0.2088 0.2027 0.0185 0.8918

mAchM3 1 rs2072660 154576245 T C 0.2308 0.2368 0.01707 0.8961

mAchM3 1 rs6663632 239714421 A C 0.4611 0.4539 0.01704 0.8961

nAchα4 20 rs2236196 63346204 G A 0.2363 0.2303 0.01666 0.8973

nAchα5 15 rs646950 33999459 T C 0.4011 0.4079 0.01588 0.8997

nAchα5 15 rs2611605 32149432 T C 0.1813 0.1867 0.01568 0.9003

mAchM3 1 rs16832152 239648409 T G 0.2692 0.2632 0.01563 0.9005

nAchα5 15 rs2337980 32302859 T C 0.4341 0.4408 0.01522 0.9018

nAchε 17 rs12936083 4898592 G A 0.2833 0.2895 0.01521 0.9018

nAchα5 4 rs4861307 40343222 A G 0.5 0.4934 0.01427 0.9049

nAchε 17 rs33970119 4901607 A G 0.04396 0.04667 0.01401 0.9058

mAchM3 1 rs602117 239843485 G A 0.4722 0.4662 0.01176 0.9136

mAchM2 7 rs1364407 136925178 C T 0.2778 0.2829 0.0107 0.9176

mAchM3 1 rs7533134 239761809 A G 0.2747 0.2697 0.0104 0.9188

nAchα5 4 rs4861306 40343001 C T 0.4945 0.5 0.00993 0.9206

mAchM3 1 rs1416789 239738345 G A 0.4489 0.4539 0.008513 0.9265

mAchM3 1 rs10802812 239889122 A G 0.2527 0.2566 0.00641 0.9362

mAchM3 1 rs2163546 239894660 A G 0.489 0.4933 0.006147 0.9375

mAchM3 1 rs1431718 239716253 T C 0.4121 0.4079 0.00602 0.9382

nAchα1 2 rs2767 232535364 C T 0.3791 0.375 0.005987 0.9383

nAchα5 15 rs12903907 34029780 C T 0.2033 0.2067 0.005734 0.9396

mAchM3 1 rs12037424 239635112 C T 0.2667 0.2632 0.005208 0.9425

mAchM3 1 rs619288 239795368 T C 0.4023 0.3986 0.004438 0.9469

nAchε 17 rs35400274 4900416 A G 0.1111 0.1133 0.004059 0.9492

mAchM3 1 rs1134 239708872 T C 0.4176 0.4145 0.003294 0.9542

mAchM3 1 rs6684622 239714237 C G 0.4821 0.4789 0.003296 0.9542

nAchα10 11 rs542269 62918065 C T 0.2802 0.2829 0.002931 0.9568

mAchM2 7 rs12155015 136961350 T C 0.2874 0.2847 0.002676 0.9587

nAchα1 2 rs2853457 232533258 A G 0.4176 0.42 0.001975 0.9646

mAchM2 7 rs324649 137008762 T C 0.4111 0.4133 0.001668 0.9674

mAchM3 1 rs6429154 239713966 G A 0.4222 0.42 0.001657 0.9675

mAchM3 1 rs10802802 239746642 A G 0.4231 0.4211 0.001391 0.9702

mAchM3 1 rs12029701 239747301 C T 0.4231 0.4211 0.001391 0.9702

mAchM3 1 rs7536133 239825549 T C 0.2418 0.2434 0.001247 0.9718

mAchM2 7 rs324594 136970576 C T 0.1923 0.1908 0.001232 0.972

mAchM2 7 rs10242108 136886960 T C 0.3736 0.375 0.000667 0.9794

mAchM3 1 rs693948 239792376 G A 0.4 0.4013 0.000594 0.9806

nAchα5 15 rs603152 34002436 A C 0.4066 0.4079 0.000581 0.9808

mAchM2 7 rs1455857 136955194 A G 0.2944 0.2933 0.000487 0.9824

mAchM3 1 rs2068941 239846641 G A 0.3407 0.34 0.000159 0.9899

nAchα1 2 rs1530906 174756207 C T 0.0989 0.09868 4.38E-05 0.9947

nAchα1 2 rs2600689 174756626 G A 0.0989 0.09868 4.38E-05 0.9947

nAchα1 2 rs2646165 174756754 G A 0.0989 0.09868 4.38E-05 0.9947

mAchM3 1 rs606709 239794842 T C 0.3944 0.3947 2.95E-05 0.9957

mAchM3 1 rs2790336 239799386 G A 0.3944 0.3947 2.95E-05 0.9957

Notes: SNP, single nucleotide polymorphism with 115 CFS/ME patients and 90 controls. Data presented for gene AChRs (muscarinic M3, nicotinic alpha 2, 5 and 10), 
chromosome location (CHR), reference SNP identification (RefSNPID), base pair (BP) location of SNP, alleles (A1 and A2), Allelic Frequency A (Frequency_A) of this 
allele in CFS cases, Frequency U (Frequency_U) of this allele in controls, χ2 for basic allelic test (1df), and P-value for this test set at a significance of P , 0.05.

Supplementary Table 1. (Continued)
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