
ArticlesBasic Science Investigationnature publishing group

Background: Mutations in canonical transient receptor 
potential channel 6 (TRPC6) have been identified as responsible 
for the development of focal segmental glomerulosclerosis, a 
proteinuric disease with steroid resistance and poor  prognosis. 
This study explores the prevalence of TRPC6 variants in Chinese 
children with idiopathic nephrotic syndrome (INS), the geno-
type/phenotype correlation of TRPC6 variants, the therapeutic 
response, and the underlying molecular mechanism.
Methods: Fifty-one children with sporadic INS were 
enrolled: 23 steroid-sensitive cases and 28 steroid-resistant 
cases. Polymerase chain reaction was used to amplify 13 exons 
and the promoter sequences of TRPC6 before sequencing. The 
expression of TRPC6 in renal tissues was illustrated by immuno-
histochemistry staining. The transcriptional activity of variants 
in TRPC6 promoter was measured by the luciferase assay.
results: Three variants (-254C>G, rs3824934; +43C/T, 
rs3802829; and 240 G>A, rs17096918) were identified. The 
allele frequency of the -254C>G single-nucleotide polymor-
phism (SNP) in the steroid-resistant nephrotic syndrome (SRNS) 
patients (40.5%) was higher than that in the steroid-sensitive 
nephrotic syndrome subjects (27.1%; P = 0.046). The -254C>G 
SNP enhanced transcription from TRPC6 promoter in vitro and 
was associated with increased TRPC6 expression in renal tis-
sues of SRNS patients.
conclusion: -254C>G, a SNP underlying enhanced TRPC6 
transcription and expression, may be correlated with the devel-
opment of steroid resistance in Chinese children with INS.

idiopathic nephrotic syndrome (INS) is a group of proteinuric 
disorders with a heterogeneous pathogenesis. The histologi-

cal features range from minimal change nephrotic syndrome 
to focal segmental glomerulosclerosis (FSGS), with variable 
responses to glucocorticoids, the mainstay antiproteinuria 
treatment (1). FSGS is a major cause of proteinuria and renal 
failure (2). It is responsible for 5–20% of all cases of end-stage 
kidney disease in the USA, and besides urogenital and kidney 

malformations, it is the main cause of end-stage kidney dis-
ease in children (2–4). Approximately 90% of the pediatric 
INS cases are steroid responsive (steroid-sensitive nephrotic 
syndrome (SSNS)), and 10% of the cases account for steroid-
resistant nephrotic syndrome (SRNS) (5). Glucocorticoid 
resistance is an important risk factor for the poor outcome and 
development of end-stage renal disease within 5 y (6,7).

Mutations in genes encoding podocyte proteins, such as 
NPHS1, NPHS2, ACTN4, CD2AP, PLCE1, and TRPC6 (8,9), 
have been identified in patients with SRNS. These proteins 
have been proven essential for the signaling initiated from the 
slit diaphragm, which is the key component of the glomerular 
filtration barrier (10). Therefore, these mutations may con-
tribute to disrupted filtration function and increased protein 
permeability. The genetic defects found in podocytes provide 
a better understanding of the pathogenesis of INS and their 
poor therapeutic responses (11,12). In addition, these gene 
mutations have been shown to be associated with a reduced 
incidence of relapse of proteinuria upon renal transplantation 
(13). One of these proteinuria candidate genes, canonical tran-
sient receptor potential channel 6 (TRPC6), encodes TRPC6 
protein, a Ca2+-permeable nonselective cation channel, which 
is a member of the transient receptor potential channel sub-
family (10). In 2005, Winn et al. first identified TRPC6 variants 
segregated with the development of familial FSGS. They also 
found that TRPC6 was selectively highly expressed in glomer-
ular podocytes (8,14) and localized to the slit diaphragm com-
plex in close association with nephrin and podocin (14). Until 
now, 13 TRPC6 mutations have been identified in 9 pedigrees 
(British, African American, Mexico, Irish/German, European/
Indian, Western European, Turkish, and Italian) and sporadic 
cases of FSGS (Spanish, Turkish, and Italian). Patients car-
rying TRPC6 mutations seem to progress to end-stage renal 
failure within 10 y (8,14–18). However, the epidemiologic 
features of TRPC6 variants in Chinese pediatric INS have not 
yet been explored. Assuming that the identification of TRPC6 
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mutations may provide a rationale for therapeutic choice and 
prognosis prediction, the purpose of this study is to explore the 
prevalence of TRPC6 variants in Chinese pediatric INS and to 
investigate the correlation between the TRPC6 genotype and 
the therapeutic response.

RESULTS
Clinicopathological Correlations
SSNS children were older at disease onset than those with 
SRNS (5.11 vs. 3.38 y; P = 0.047). The remainders of the demo-
graphic and clinical findings are shown in Table 1. As shown 
by histopathological analysis, minimal change nephrotic syn-
drome was significantly more common in the SSNS cases, and 
FSGS was predominant in the SRNS cases.

Genotype/Phenotype Association of the TRPC6 Variants
We identified three variants in our study: -254C>G (rs3824934) 
in the promoter region, 43C>T (rs3802829) in exon 1, and 240 
G>A (rs17096918) in the exon1–intron1 boundary (Figure 1). 
The frequency of the G allele of -254C>G was significantly 
higher in SRNS than that in SSNS (P = 0.046), whereas the 
frequencies of the C allele of P15S and the A allele of 240G>A 
were similar in both SSNS and SRNS (P = 1.00 and P = 0.12, 
respectively) (Table 2). Genotype analyses were conducted 
for the dominant model, the recessive model, and the additive 

model. The -254C>G genotype conferred a greater than three-
fold increase in the risk of SRNS (dominant model; odds ratio: 
3.27; 95% confidence interval: 1.00–10.69; P = 0.046; Table 3).

-254C>G Variant in the TRPC6 Promoter Enhanced TRPC6 
Transcription
-254C>G localizes to the promoter region of TRPC6 and its 
frequency is significantly higher in SRNS patients. P15S local-
izes near the promoter region of TRPC6. To explore whether 
these two variations affect the transcription of TRPC6, we 
compared the transcription activity of these two variants with 
the wild-type sequence using a dual-luciferase reporter assay. 
-254G allele significantly enhanced the activity of TRPC6 pro-
moter compared with the 43T allele (P = 0.008) and wild-type 
allele (P = 0.001). There was no significant difference between 
the 43T and wild-type alleles (Figure 2).

-254C>G-driven Upregulation of TRPC6 Correlates With the 
Development of SRNS
TRPC6 was ubiquitously expressed in the glomeruli and tubules, 
including the glomerular epithelium, mesangial cells, tubular 
interstitial area, and vessels (Figure 3a and Supplementary 
Figure S1 online). TRPC6 was more highly expressed in SRNS 
tissues than in SSNS tissues (P = 0.01; Figure 3b). The SRNS 
cases with the -254G allele showed higher expression of TRPC6 
than the cases with the -254C allele (P = 0.047; Figure  3c; 
Table 4). A similar, nonsignificant trend was found in the SSNS 
cases (P = 0.11; Figure 3c; Table 4).

DISCUSSION
The impact of the TRPC6 mutations on the FSGS progress and 
therapeutical response has been well established and exten-
sively investigated, both in adults and in children. For example, 
Q889K, M132T, L780P, H218L, and R895L variants of TRPC6 
have been identified in different populations, including FSGS 
and SRNS (15–18). However, the prevalence of TRPC6 muta-
tions and the genotype/phenotype correlation in pediatric INS 
in China have not been illustrated. The aim of this study is to 
investigate the TRPC6 mutations in sporadic INS in Chinese 
children and to provide more information concerning the 
genetic mechanisms underlying the development of the dis-
ease and the resistance to therapy mediated by TRPC6 gene 
defects.

We identified three variants, -254C>G, 43C>T, and 240G>A, 
in our group of SSNS and SRNS cases (Figure 1). The allele fre-
quency of the -254G allele was higher in SRNS cases, whereas 
the allele frequencies of the other two single-nucleotide poly-
morphisms (SNPs) were comparable between the two groups 
(Table 2). The high frequency of the -254G allele in SRNS cases 
indicates its potential significance in the pathogenesis of ste-
roid resistance.

-254C>G localizes within the promoter region of the TRPC6 
gene, which contains several transcription binding sites, such 
as nuclear factor of activated T cells (19,20). In cardiomyocytes, 
TRPC6 was upregulated through the calcineurin–nuclear fac-
tor of activated T  cells signaling pathway leading to cardiac 

table 1. Clinical characteristics of SSNS and SRNS children

Characteristic SSNS SRNS P value

N 23 28 –

Gender (M:F) 19:4 19:9 –

Age of onset (y) 5.11 ± 0.61 3.38 ± 0.59 0.048

BMI 19.12 ± 0.60 19.90 ± 0.84 0.47

Systolic BP (mm Hg) 101.4 ± 2.04 107.4 ± 3.01 0.123

Diastolic BP (mm Hg) 65.40 ± 1.63 70.22 ± 2.49 0.123

Serum creatinine (μmol/l) 34.73 ± 4.85 39.84 ± 5.05 0.502

Serum urea nitrogen 
(mmol/l)

5.478 ± 1.07 5.891 ± 0.83 0.76

Blood albumin (g/l) 22.93 ± 2.37 20.96 ± 2.46 0.57

Cholesterol (mmol/l) 9.38 ± 0.97 11.0 ± 1.47 0.324

24-h Urine protein (g/l) 2.34 ± 0.44 4.39 ± 1.31 0.148

eGFR (ml min−1 1.73 m−2) 177.1 ± 15.53 144.6 ± 12.25 0.104

Pathologic types (n) 13 24 –

Minimal change 
nephrotic syndrome

11 12 0.038

Focal proliferative 
glomerulonephritis

1 2 0.946

Focal segmental 
glomerulosclerosis

0 7 0.038

Membranoproliferative 
glomerulonephritis

1 3 1.0

BMI, body mass index: weight/height2; BP, blood pressure; eGFR, estimated glomerular 
filtration rate (baseline); SRNS, steroid-resistant nephrotic syndrome; SSNS, steroid-
sensitive nephrotic syndrome.

Data are mean ± SD.
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hypertrophy (20). TRPC6 mutations in the familial forms of 
FSGS have been shown to activate basal nuclear factor of acti-
vated T cells–mediated transcription significantly compared 
with wild-type TRPC6 (19). Yu et al. revealed that a higher 
frequency of -254G was associated with the development of 

idiopathic pulmonary arterial hypertension (21) and dem-
onstrated that it modulates TRPC6 gene promoter activity. 
In addition, Yu et al. showed that the -254G allele enhanced 
TNF-α- and NF-κB-mediated TRPC6 transcription (21), indi-
cating that this variant had the potential to modulate TRPC6 

table 2. Allele frequency comparison of three SNPs between SSNS and SRNS groups

SNP Genotype Allele SSNS (n = 23), n (%) SRNS (n = 28), n (%) Odds ratio (95% CI) P value

-254 C to G C 32 (72.9) 28 (59.5) 2.29 (1.01–5.18) 0.046

G 14 (27.1) 28 (40.5) –

+43 C to T C 42 (91.7) 51 (91.9) 1.03 (0.26–4.08) 1.00

T 4 (8.3) 5 (8.1) –

+240 G to A G 36 (75.0) 36 (68.9) 2.00 (0.82–4.86) 0.12

A 10 (25.0) 20 (31.1) –

CI, confidence interval; SNP, single-nucleotide polymorphism; SRNS, steroid-resistant nephrotic syndrome; SSNS, steroid-sensitive nephrotic syndrome.

P values, odds ratios, and 95% CIs are calculated by χ2 analysis for 2 × 2 contingency tables.

Figure 1. Identification of three single-nucleotide polymorphisms (SNPs) in the human transient receptor potential channel 6 gene. (a) Sequence 
chromatographs for the three SNPs in steroid-sensitive nephrotic syndrome and steroid-resistant nephrotic syndrome patients. Genomic DNA extracted 
from peripheral blood lymphocytes of patients was subjected to polymerase chain reaction to detect the molecular alterations of TRPC6. DNA sequenc-
ing analysis of all coding exons demonstrated the following mutations: -254C>G, 43C>T, and 240G>A (shown as red arrows). (b) The location of the three 
SNPs, -254(C>G), +43(C>T), and +240(G>A). Green represents the coding region in exon 1. The blue letters C and G represent the original sequence, and 
the red letters G, T, and A represent the mutational bases.
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expression in response to immune or inflammatory stress. We 
found this variant significantly enhanced the activity of the 
TRPC6 promoter in podocytes (Figure 2). Furthermore, we 
determined that there was increased expression of TRPC6 in 
the glomeruli and renal tubules of children with SRNS and 
that children with the -254G allele have a higher expression of 

table 3. Genotype comparison of three SNPs between SSNS and SRNS groups

Position SNP SSNS (n = 23) (%) SRNS (n = 28); n (%)

Dominant model Recessive model Additive model

Odds ratio (95% CI) P Odds ratio (95% CI) P Odds ratio (95% CI) P

-254 C/C 12 (52.2) 7 (25.0) 3.27 (1.00–10.69) 0.046 2.22 (0.50–9.81) 0.48 1.00 (0.27–3.74) 1.00a

C/G 8 (34.8) 14 (50.0) 3.00 (0.84–10.73) 0.087b

G/G 3 (13.0) 7 (25.0) 4.00 (0.77–20.68) 0.13c

+43 C/C 19 (82.6) 24 (85.7) 0.79 (0.18–3.59) 1.00 1.03 (0.97–1.11) 1.00 1.00 (0.43–2.34) 1.00a

C/T 4 (17.4) 3 (10.7) 0.59 (0.12–2.98) 0.69b

T/T 0 (0.0) 1 (3.6) 1.04 (0.96–1.13) 1.00c

+240 G/G 14 (58.3) 12 (51.4) 2.07 (0.68–6.38) 0.20 3.67 (0.38–35.36) 0.36 1.00 (0.34–2.98) 1.00a

G/A 8 (33.3) 12 (35.1) 1.75 (0.54–5.70) 0.35b

A/A 1 (8.4) 4 (13.5) 4.67 (0.46–47.63) 0.33c

CI, confidence interval; SNP, single-nucleotide polymorphism; SRNS, steroid-resistant nephrotic syndrome; SSNS, steroid-sensitive nephrotic syndrome.

P values, odds ratios, and 95% CIs are calculated by χ2 analysis for comparison of the genotype frequencies between SSNS patients and SRNS subjects.
aThe normal homozygotes were the control, e.g., SNP -254C/G (C/C vs. C/C). bheterozygotes vs. homozygotes, e.g., SNP -254C/G (C/G vs. C/C). cSNP homozygotes vs. normal 
homozygotes, e.g., SNP -254C/G (G/G vs. C/C).

Figure 2. Effect of TRPC6 mutations on transient receptor potential 
channel 6 promoter activation in podocytes. (a) Schematic diagram of a 
series of plasmids used for the promoter assay. 439-bp DNAs from TRPC6 
promoter region, containing three variants (-254G, +43T, and normal), 
were subcloned into luciferase expression plasmids. The transcription 
start site is denoted by +1 and indicated by a horizontal arrow. (b) -254G 
allele (p-254G) significantly enhanced the TRPC6 promoter activation. 
Podocytes cotransfected with the different pGL3 plasmids (p-254G, 
p-43T, p-normal, pGL3-control, and pGL3-basic) and the pRL-SV40 vector. 
Luciferase activity was determined in the cell transfection studies. The 
results were expressed as the ratio of firefly to Renilla luciferase activity of 
quadruplicate cultures, representative of three experiments. *P < 0.0001; 
luciferase activity of p-254G compared with that of p-43T and p-normal, 
respectively.
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Figure 3. Transient receptor potential channel 6 (TRPC6) protein expres-
sion in INS patients. (a) Immunohistochemistry staining of TRPC6 protein 
expression in renal biopsy specimens of steroid-resistant nephrotic 
syndrome (SRNS) (1 and 2) and steroid-sensitive nephrotic syndrome 
(SSNS) (3 and 4) patients. Magnification of 1 and 3 is ×200, and magnifica-
tion of 2 and 4 is ×400, bar = 200 μm. (b) Comparison of TRPC6 expression 
(express.) in renal tubules between SRNS and SSNS children, calculated 
by the Motic Images Advanced 3.2 medical image quantitative analysis 
system and software (Motic China Group). The mean of TRPC6 protein 
expression is higher in SRNS children, *P = 0.01. (c) Comparison of TRPC6 
protein expression in renal tubules between SRNS and SSNS with (black 
columns) or without (white columns) -254C>G single-nucleotide poly-
morphism (SNP). The calculation method was the same as that in panel b. 
Comparison of TRPC6 expression: *P = 0.047, between SRNS children with 
or without -254C>G SNP; §P = 0.11, between SSNS children with or without 
-254C>G SNP; †P = 0.07, for all INS patients without -254C>G SNP; and ‡P = 
0.01, for all INS patients with -254C>G SNP.
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TRPC6 in both the SRNS and SSNS groups (Figure 3). Taken 
together, our data showed that the -254C>G SNP may contrib-
ute to the upregulation of TRPC6 transcription and protein 
expression during the development of steroid resistance.

TRPC6 is a TRP family calcium channel that mediates calcium 
influx in response to phospholipase C activation (22,23) and 
the secondary messenger diacylglycerol (24). It has been dem-
onstrated that the elevated expression of TRPC6 could induce 
podocyte depletion from the glomerulus and lead to proteinuria 
with the histological features of FSGS in the transgenic animal 
model (25). Gain-of-function mutations in TRPC6 led to the 
constitutive activation of the calcineurin-nuclear factor of acti-
vated T cells pathway, which influences actin dynamics in podo-
cytes through the degradation of synaptopodin (19). Therefore, 
the upregulation of TRPC6 expression results in a higher calcium 
influx (8,14,17) and actin reorganization in podocytes, finally 
leading to proteinuria (11,26). Therefore, either the increased 
expression or increased function of TRPC6 is associated with 
crucial pathways that influence the podocyte phenotype. In 
addition to the transcription-promoting activity, -254C>G sig-
nificantly increased basal [Ca2+]cyt and agonist-triggered Ca2+ 
entry into pulmonary artery smooth muscle cells (21). Here, we 
propose that in podocytes, -254G allele might contribute to the 
susceptibility of podocytes to injuries and resistance to medica-
tions through enhancing the expression and function of TRPC6, 
which probably leads to the deterioration of INS.

The present study comprised 51 children of INS and indi-
cated a close relationship between the -254 C>G in TRPC6 
gene and SRNS. Although the TRPC6 variants were shown in a 
small group of INS patients in China, we can still speculate that 
this variant increased the susceptibility of steroid resistance 
development in pediatric INS in China. To our knowledge, the 
mechanism of -254C>G in regulation of TRPC6 gene is not so 
clear, the SNP might not act independently; it might be associ-
ated with the other unknown variants to effect together or it 
is merely a component of the pathway to adjust the individual 
sensitivity to the hormone. Therefore, large cohorts in whom 
both gene prevalence and functional studies were conducted 
are needed to confirm our findings.

Altogether, our findings in this study provided new evidence 
for the association between TRPC6 SNPs and steroid sensitiv-
ity in SRNS children. The genetic variations of TRPC6 may 

underlie the mechanism of nephrotic syndrome. -254C>G, a 
SNP underlying enhanced TRPC6 transcription and expres-
sion, may correlate with the development of steroid resistance 
in Chinese children with nephrotic syndrome. As we know, 
most TRPC6 mutations are found in adult FSGS patients, but 
in clinical work, children who have repeated renal biopsy show 
a transition process from minimal change nephrotic syndrome 
to FSGS (27). Our study explored a promising possibility of 
TRPC6 mutation as a biomarker; it can help clinicians to know 
a potential response to steroids of the patients and conse-
quently adjust the therapeutic response.

METHODS
Patients
Fifty-one patients with INS hospitalized in the Children’s Hospital 
of Fudan University from 2009 to 2010 were enrolled in the study. 
According to their response to steroid therapy, the patients were 
divided into two groups: steroid-sensitive (SSNS) and steroid-resistant 
(SRNS). INS was defined as a condition with heavy proteinuria (uri-
nary protein excretion ≥ 40 mg/m2·h) with hypoalbuminemia ≤25 g/l 
and without evidence of secondary nephrotic syndrome. Steroid-
resistant condition was defined as the failure to achieve remission 
despite 4 wk of prednisolone induction (2 mg/kg·d). Twenty-four out 
of 28 cases with SRNS and 13 out of 23 cases with SSNS were subjected 
to renal biopsy. This study was certified by the Ethics Committee of 
Fudan University, with written, informed consent signed by the par-
ents/legal guardians of all children.

SNP Analysis
Genomic DNA was isolated from peripheral leukocytes using the 
TIANamp Blood DNA Kit (TIANgene, Beijing, China). The exons 
of TRPC6 and the exon–intron flanking sequences were amplified 
by polymerase chain reaction (8) and analyzed by direct sequencing 
(Invitrogen, Carlsbad, CA).

Immunohistochemistry
The expression of TRPC6 in the glomerulus of the patients was illus-
trated by immunohistochemistry staining. The renal biopsy speci-
mens were provided by the Pathology Center of Fudan University. 
Briefly, 3-µm thick sections were deparaffinized, treated with 3% 
H2O2 (in methanol) to inactivate the endogenous HRP, and subjected 
to antigen retrieval in a microwave oven in sodium citrate buffer (pH 
6.0). Then, the slides were blocked for 30 min at 37 °C in 5% goat 
serum albumin and incubated with rabbit anti-TRPC6 antibod-
ies (dilution 1:100, Abcam, Cambridge, England) overnight at 4  °C 
and peroxidase-conjugated goat anti-rabbit IgG for 45 min at 37 °C. 
The signal was developed by applying 3,3’-diaminobenzidine sub-
strate purchased from Sigma Aldrich, St. Louis, MO, and the sections 
were counterstained with Meyer’s hematoxylin. After mounting, the 
sections were observed under light microscopy. The Motic Images 
Advanced 3.2 medical image quantitative analysis system and soft-
ware (Motic China Group, Xiamen, China) were used to measure the 
expression of TRPC6. TRPC6 expression of each biopsy specimen 
were captured, analyzed, and calculated. The mean positive index (%) 
of five representative fields for each sample was the final index.

Cell Culture
Immortalized mouse podocytes were maintained in RPMI 1640 sup-
plemented with 10% fetal bovine serum in the presence of 50 U/ml 
of interferon-γ at 33 °C in 5% CO2 for 5 d and then differentiated at 
37 °C in 10% RPMI 1640 in the absence of interferon-γ for 14 d (28).

TRPC6 Promoter Construction
The plasmids of TRPC6 promoter region (−335 to +104; p-254-Luc, 
p-43-Luc, and p-normal-Luc) were generated based on the protocol 
from Yu et al. (21). The control plasmids, pGL3-control (positive 
control) and pGL3-basic (negative control), were purchased from 
Promega (Madison, WI).

table 4. Comparison of positive expression index of transient 
receptor potential channel 6 between SRNS and SSNS children with 
or without the -254C>G SNP

Group -254C/C (n)
-254C/G  

and G/G (n) Pa Total (n)

SSNS 8.32 ± 1.60 (9) 13.31 ± 2.45 (4) 0.11 11.28 ± 1.27 (13)

SRNS 15.28 ± 2.16 (6) 20.19 ± 0.90 (10) 0.047 17.90 ± 1.26 (16)

Pb 0.07 0.01 – 0.001

SNP, single-nucleotide polymorphism; SRNS, steroid-resistant nephrotic syndrome; 
SSNS, steroid-sensitive nephrotic syndrome.
aP value for SSNS (-254C/C vs. -254C/G and G/G) and SRNS (-254C/C vs. -254C/G and 
G/G). bP value for SSNS vs. SRNS with genotype -254C/C, -254C/G and G/G, and the 
total.
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Luciferase Reporter Assay
Transfection of plasmid DNA was carried out with Lipofectamine 
2000 Transfection Reagent (Invitrogen) as recommended by the 
 manufacturer. Briefly, podocytes plated in 24-well plates were 
cotransfected with 490 ng of different pGL3 plasmids and 10 ng of 
the pRL-SV40 vector (Promega), an internal control plasmid. The 
cells were lysed 16 h after transfection, and the luciferase activities 
in cell lysates were quantified using Dual-Luciferase Reporter Assay 
System (Promega) and a Lumat LB 9507 (Berthold Technologies, Bad 
Wildbad, Germany). The relative luciferase activity was expressed as 
the ratio of firefly to Renilla luciferase activities of quadruplicate cul-
tures, representative of three independent experiments.

Statistical Analysis
The data were expressed as mean ± SD. Using SPSS version 17.0 soft-
ware, statistical differences of measurement data were assessed with 
an unpaired Student’s t-test. The χ2 test and Fisher’s exact test were 
used to analyze the differences in the allele frequencies and genotype 
frequencies, respectively, between groups. The odds ratio and the 95% 
confidence interval in each comparison were assessed in a dominant 
model (e.g., CC vs. CG + GG), a recessive model (e.g., CC + CG vs. 
GG), and an additive model (e.g., CC vs. CC, CC vs. CG, and CC vs. 
GG). Differences were considered significant at values of P < 0.05.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper at http://
www.nature.com/pr
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