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Abstract

Variants in the engulfment and cell motility 1 gene, ELMO1, have previously been associated with 

kidney disease attributed to type 2 diabetes. The Pima Indians of Arizona have high rates of 

diabetic nephropathy, which is strongly dependent on genetic determinants; thus, we sought to 

investigate the role of ELMO1 polymorphisms in mediating susceptibility to this disease in this 

population. Genotype distributions were compared among 141 individuals with nephropathy and 

416 individuals without heavy proteinuria in a family study of 257 sibships, and 107 cases with 

diabetic ESRD and 108 controls with long duration diabetes and no nephropathy. We sequenced 

17.4 kb of ELMO1 and identified 19 variants. We genotyped 12 markers, excluding those in 100% 

genotypic concordance with other variants or with a minor allele frequency <0.05, plus 21 

additional markers showing association with ESRD in earlier studies. In the family study, the 

strongest evidence for association was with rs1345365 (odds ratio [OR]=2.42 per copy of A allele 

[1.35–4.32]; P=0.001) and rs10951509 (OR=2.42 per copy of A allele [1.31–4.48]; P=0.002), both 

of which are located in intron 13 and are in strong pairwise linkage disequilibrium (r2=0.97). 

These associations were in the opposite direction from those observed in African Americans, 

which suggests that the relationship between diabetic kidney disease and ELMO1 variation may 

involve as yet undiscovered functional variants or complex interactions with other biological 

variables.
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1. Introduction

Diabetic nephropathy is the most common cause of end-stage renal disease (ESRD) in the 

United States and underlies a substantial proportion of morbidity and mortality associated 

with diabetes. Regardless of diabetes type, duration of the disease is one of the strongest 

determinants of diabetic nephropathy (1–3). In addition to duration of diabetes, other risk 

factors include hyperglycemia, hypertension, and hyperlipidemia (4; 5); however, strong 

evidence supports a role for genetic factors in mediating susceptibility to diabetic 

nephropathy and it is likely that the combination of environmental exposures and genetic 

load determine individual risk for development or progression of the disease (6–8).

Variants in the gene encoding the engulfment and cell motility 1 protein (ELMO1) are 

associated with kidney disease attributed to type 2 diabetes in Japanese (9) and African 

American individuals (10). Variants in ELMO1 are also associated with kidney disease in 

European Americans with type 1 diabetes (11; 12). However, the particular nephropathy-

associated variants have differed across populations, and the contribution of this gene to the 

development of diabetic nephropathy remains unclear. In the present study, we evaluated the 

role of ELMO1 variants in diabetic nephropathy in American Indians. This population is at 

high risk for diabetic nephropathy, and the occurrence of the disease is strongly familial (13; 

14). The goals of this study were twofold: 1) to identify additional ELMO1 polymorphisms 

and test them for association with kidney disease in American Indian individuals with T2D, 

and 2) to assess in this population the association between diabetic kidney disease and 

ELMO1 variants previously observed in other populations.

2. Materials and methods

2.1 Subjects

All subjects in this analysis are participants in a longitudinal study of type 2 diabetes and its 

complications conducted in the Gila River Indian Community since 1965 (15). In this study, 

community members were invited to biennial examinations, which included a 75 g oral 

glucose tolerance test, used to diagnose diabetes, and measurement of urinary protein-

creatinine and (since 1982) albumin-creatinine ratio. Some of the individuals in the present 

analysis participated previously in a genome-wide linkage scan for diabetic nephropathy 

(13). A description of the study group in whom sequence variants were genotyped has also 

been published (16). Genotyping was performed in the family-based study of individuals 

who participated in the original linkage scan, and in a case-control study of diabetic ESRD. 

The family-based sample was comprised of 141 individuals with nephropathy (i.e., urinary 

protein-to-creatinine ratio >500mg/g) and 416 individuals without nephropathy (protein 

creatinine ratio < 500 mg/g) (13). Among the affected individuals 62% were women, the 

mean (± SD) age was 51.0 ± 11.5 years and mean duration of diabetes was 17.9 ± 7.9 years, 

while among the unaffected individuals 65% were women, the mean age was 42.2 ± 11.9 

years and mean duration of diabetes was 8.0 ± 7.2 years. The case-control study consisted of 

107 cases with diabetic ESRD (68% women, mean age=55.9 ± 8.9 years, mean 

duration=20.4 ± 7.1 years) and 108 control subjects with diabetes duration >10 years and a 

maximum urinary albumin-creatinine ratio <300 mg/g observed in the longitudinal study 

(56% women, mean age=58.8 ± 9.7 years, mean duration=20.7 ± 5.5 years); none of these 
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individuals was a first-degree relative of another in the sample. There were 71 individuals 

who were part of both the case-control and family-based studies. The study was approved by 

the Institutional Review Boards of the National Institute of Diabetes and Digestive and 

Kidney Diseases (NIDDK) and the Translational Genomics Research Institute. All subjects 

provided written informed consent prior to participation in the study.

2.2 SNP detection

We sequenced 17.4 kb of ELMO1, including all exons, exon-intron boundaries, and 3 kb of 

the 5′ regulatory region, in 36 Pima Indians (18 ESRD cases, 18 diabetic controls) to 

identify genetic variants. DNA was amplified in a final reaction volume of 10 μl using 60 ng 

genomic DNA, 10x standard PCR buffer containing 1.5 mM MgCl2 (Applied Biosystems; 

Foster City, CA), 800 μM dNTPs, 0.4 μM oligonucleotide primers, and 0.4 U AmpliTaq 

Gold (Applied Biosystems). PCR cycling conditions consisted of an initial denaturation at 

96°C for 7 min, followed by 35 cycles of 96°C for 20 s, 57°C for 30 s, and 72°C for 45 s, 

ending with a final elongation step at 72°C for 5 min. Following amplification, AMPure 

magnetic bead technology (Beckman Coulter Genomics; Danvers, MA) was used to remove 

unconsumed dNTPs and oligonucleotide primers. Amplicons were bidirectionally sequenced 

using the BigDye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems; 

Foster City, CA) and 35 cycles of 96°C for 10 s, 55°C for 10 s, and 60°C for 4 m and 

subsequently purified with CleanSEQ magnetic bead technology (Beckman Coulter 

Genomics). Sequences were generated by the AB3730xl DNA Analyzer platform (Applied 

Biosystems) and analyzed using Mutation Surveyor software v2.61 (SoftGenetics; State 

College, PA). Information on all sequencing primers is available upon request.

In addition to variants identified by sequencing, we also selected SNPs that showed 

association with kidney disease in Japanese (9) and African American (10) individuals with 

T2D. These included 8 SNPs from the study conducted in Japanese individuals: rs1541727, 

rs4723596, rs11983698, rs4723593, rs7799004, rs1558688, rs3807163, and rs7804092 (9), 

and 13 SNPs from the study conducted in African American individuals: rs9969311, 

rs2717972, rs6462740, rs2058730, rs2160430, rs7782590, rs10951509, rs1981740, 

rs1345365, rs6979467, rs6462733, rs6967682, and rs6462731 (10).

2.3 SNP genotyping

SNPs were genotyped by either allelic discrimination PCR (AD-PCR) in conjunction with 

the 7000 Sequence Detection System (Applied Biosystems) or the iPLEX assay (Sequenom, 

Inc.; La Jolla, CA) according to the manufacturers’ protocols. SNPs genotyped using AD-

PCR included 37457413, rs1731981, rs1882072, rs1882071, rs13242348, rs2717968, 

rs17170970, rs1420421, 37139247, rs2072522, rs741301 and rs7785934. All remaining 

markers (i.e., rs1541727, rs9969311, rs2717972, rs6462740, rs2058730, rs2160430, 

rs7782590, rs10951509, rs1981740, rs1345365, rs6979467, rs6462733, rs6967682, 

rs6462731, rs4723596, rs11983698, rs4723593, rs7799004, rs1558688, rs3807163, 

rs7804092) were genotyped using the iPLEX platform. We designed iPLEX primers and 

multiplex conditions with the Assay Design v3.1 software (Sequenom). For the iPLEX 

assay, reaction products were dispensed onto a 384-element SpectroCHIP bioarray 
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(Sequenom) using a MassARRAY Nanodispenser, and analyzed by MassARRAY 

Workstation v4.0 software.

The observed genotype frequency for each SNP was assessed for deviation from that 

expected under Hardy-Weinberg equilibrium and encrypted samples were used to assess data 

quality. Assays were considered successful and genotype data subsequently analyzed if 1) a 

minimum of 90% of all genotyping calls were obtained, 2) markers did not deviate 

significantly (P≤0.05) from Hardy-Weinberg equilibrium, and 3) genotyping error results 

were <3%.

2.4 Power Calculations

Power for association studies depends on the sample size, the level of type I error specified, 

and the genotype frequencies in cases and controls. Genotype frequencies will depend on 

population frequency of the allele of interest and its effect on disease liability. For the 

present power calculations, a functional allele with an additive effect on disease liability was 

assumed (comprised of a mixture of three normal distributions). By 20 years of duration of 

diabetes, the cumulative incidence of ESRD in Pimas is ~0.15 and the cumulative incidence 

of macroalbuminuria is ~0.85, thus, the cases and controls are assumed to represent the 

upper and lower 15% of the liability distribution, respectively (17). Individuals in the family-

based study were estimated by application of the generalized estimating equation approach 

to simulated data to represent an effective sample size of 133 cases and 395 controls for a 

dichotomous trait with prevalence of 24% (i.e., the upper 24% and the lower 76% of the 

liability distribution). With these assumptions, the minimal effect size detectable with 80% 

power at p<0.05 was calculated using the formulas derived by Hanson et al (18) for various 

values of the minor allele frequency (maf). The results, shown in Table 1, indicate that the 

present case-control study is well-powered to detect an association accounting for ~1.5% of 

the variance in liability; given the selection parameters this corresponds to an odd ratio of 

1.7–3.8 per copy of the risk allele depending on its frequency. Similarly the family study is 

powered to detect an association accounting for ~2.7% of the variance, corresponding to 

odds ratios of 1.5–2.6.

2.5 Statistical Analysis

The extent to which observed genotype frequencies for each SNP deviated from that 

expected under Hardy-Weinberg equilibrium (HWE) was assessed (χ2 with 1 df); none of 

the markers varied significantly from HWE. The statistical evidence for association and the 

strength of the association between genotype and affection status, as determined by the odds 

ratio (OR) and the corresponding 95% confidence interval (CI), were calculated by logistic 

regression. For these analyses, an “additive” model was used in which the genotype was 

coded as a numeric variable representing the number of risk alleles; thus, the OR designates 

the odds for nephropathy associated with each copy of the risk allele. In the family study, the 

logistic regression was performed using a non-linear “mixed” model (PROC NLMIXED in 

SAS) in which sibship was included as a random effect to account for the familial nature of 

the data; age, sex, duration of diabetes, and genotype were analyzed as fixed effects. In the 

case-control study, logistic regression was used without covariates (since duration of 

diabetes was included in the selection criteria). However, results were similar when age, sex 
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and duration of diabetes were included as covariates. To conduct a statistical test of 

association across both the case-control and family-studies, the p-values for each of the 

statistical tests were combined using Stouffer’s method (19), which takes direction of 

association into account. To avoid duplication of individuals in the combined analysis, the p-

value for the case-control study was re-calculated excluding individuals in the family study 

prior to conducting the combined test. Haplotype analyses were conducted as previously 

described (20).

Given the disparate findings across some populations, a meta-analysis of p-values from 

specific investigations of ELMO1 variants [(10; 12; 21) and the present study] was 

conducted to assess the null hypothesis that the p-values are derived from the null 

distribution (no association with any variant). P-values were combined using the method of 

Brown, which is analogous to Fisher’s method for combining p-values except that it 

accounts for correlation among SNPs (22; 23). The p-values were taken from published 

supplemental material where available (10; 12) or supplied by the authors of the original 

study (21). Correlations among SNPs (|r|) were estimated from the HapMap data.

3. Results

ELMO1 spans over 590 kb on 7p14.2 and contains 22 exons. We sequenced approximately 

17.5 kb of the gene corresponding to all exons, exon-intron boundaries, and 3 kb of 

upstream regulatory sequence in 36 Pima Indian individuals (18 diabetic kidney disease 

cases and 18 diabetic controls). Using this approach, we identified 19 SNPs in the ELMO1 
locus (Fig. 1). Six SNPs (37457413, rs1731981, rs56005717, rs1882072, rs1882071, and 

rs13242348) were located in the promoter, and three were in coding regions, including 

rs2717968, 37238295, and rs13246439 in exons 6, 8, and 22, respectively. Five markers 

were not present in the public SNP database dbSNP (http://www.ncbi.nlm.nih.gov/SNP), 

and are designated here by genomic position (Build 36.1). Three pairs of markers showed 

complete genotypic concordance (i.e., rs2717969/rs2717968, 37277648/rs17170970, and 

rs2072522/rs2072521); only one SNP from each pair was genotyped in the study samples. 

Four markers (i.e., rs56005717, 37320773, 37238295, and rs13246439) had a minor allele 

frequency ≤0.05 and were not genotyped in the expanded study sample.

We genotyped 12 ELMO1 SNPs (37457413, rs1731981, rs1882072, rs1882071, 

rs13242348, rs2717968, rs17170970, rs1420421, 37139247, rs2072522, rs741301, 

rs7785934). In addition, we selected 21 markers previously associated with diabetic kidney 

disease in earlier studies (9; 10). Linkage disequilibrium among the genotyped markers is 

shown in Figure 2. We evaluated association between the genotyped ELMO1 markers and 

diabetic nephropathy as shown in Table 2. In the family study, the strongest evidence for 

association with diabetic nephropathy was found with markers rs10951509 (OR=2.42 per 

copy of the A allele [1.31–4.48]; P=0.002) and rs1345365 (OR=2.42 per copy of the A allele 

[1.35–4.32]; P=0.001). These two markers, located in intron 13, are within 13 kb of each 

other and are in strong pairwise linkage disequilibrium (r2=0.97, D′=1.0). There was also 

evidence of association between diabetic nephropathy and 3 other SNPs in intron 13: 

rs7782590 (OR=2.13 [1.12–4.07]; P=0.0133), rs1981740 (OR=1.86 [1.03–3.38]; P=0.0319), 

rs6462733 (OR=2.21 [1.09–4.50]; P=0.0185). These markers were also in strong LD with 
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each other and with rs10951509 and rs1345365. Further, we observed a trend toward 

association with 3 additional markers in intron 13: rs6967682 (OR=1.97 [0.95–4.07]; 

P=0.0550), rs6462731 (OR=1.92 [0.96–3.85]; P=0.0530), and rs1420421 (OR=1.81 [0.94–

3.50]; P=0.0663). However, none of these SNPs had a significant association (p<0.05) with 

nephropathy conditional on the association with rs1345365, although rs1345365 had a 

significant association conditional on each of these markers. Similarly, haplotype analyses 

showed that the most strongly associated haplotypes were those highly concordant with 

alleles at rs1345365 (supplemental figure). These observations suggest that the primary 

association in the family study is with rs1345365 (or rs1095109 which is statistically 

indistinguishable), and that the other associations are due to LD with these markers. 

However, rs1345365 was not significantly associated with ESRD in the case-control study, 

and neither were any of the other genotyped markers. When the family- and case-control 

studies were combined, the evidence for association was modest, and the strongest 

association was with rs1345365 (P=0.03). Results for the meta-analysis of the present study 

and previously published studies of ELMO1 variants are shown in Table 3. The combined p-

value across all variants for the present study was 0.2974, whereas across all studies 

combined, it was 0.1782.

4. Discussion

In this study, we screened ELMO1, including all exons, exon-intron boundaries, and the 

upstream regulatory region to identify variants that might increase susceptibility to diabetic 

nephropathy in Pima Indians. We identified 19 polymorphisms and genotyped 12 common, 

non-redundant SNPs (r2<1), in conjunction with 21 ELMO1 variants previously found to be 

associated with diabetic kidney disease in other populations.

We investigated ELMO1 as a candidate gene for diabetic nephropathy based upon findings 

from two independent studies. The first was a genome-wide case-control study conducted to 

identify candidate genes for diabetic nephropathy in Japanese individuals (9). In that study, a 

SNP located on 7p14 showed the strongest association with diabetic nephropathy and 

subsequent linkage disequilibrium screening of a 200 kb region flanking the landmark SNP 

identified other markers showing association with the disease. Based on the absence of other 

genes within this linkage disequilibrium block, the authors concluded that ELMO1 was the 

most likely candidate for diabetic nephropathy at this locus. In a subsequent study, different 

variants in this gene were associated with ESRD attributed to T2D in African American 

individuals (10). In addition, recent studies describe variants in ELMO1 associated with 

diabetic nephropathy in type 1 diabetes (11; 12). However, a recent study in Mexican-

Americans neither confirmed previous findings of association, nor observed significant 

associations with other ELMO1 variants after correction for multiple comparisons (21). 

Previous studies in the Pimas identified linkage on chromosome 7, but this was 95 Mb away 

from ELMO1, and, thus, unlikely to reflect variation at this locus (13).

In the current study, we did not detect statistically significant evidence for association 

between diabetic nephropathy in Pima Indians and ELMO1 variants associated with the 

disease in Japanese individuals with T2D (9). The SNPs associated with nephropathy in the 

current family study (i.e., rs1345365, rs1981740, and rs10951509) are the same as those 
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reported as associated in African American individuals with ESRD attributed to T2D (10), 

but the direction of association observed in Pimas was opposite to that in the African 

American study sample. For example, the A allele at marker rs1345365 was associated with 

increased risk of diabetic nephropathy in Pima Indians, whereas the same allele was 

associated with a lower risk of ESRD in African Americans. It is possible that disparate 

associations can occur spuriously, i.e., by chance alone. It is also possible, however, that 

different association patterns can occur between populations due to variable linkage 

disequlibrium patterns which result in functional variants occurring on different haplotypes 

(i.e., the “flip-flop” phenomenon (24)). It is noteworthy that LD extends for much greater 

distances in Pima Indians compared with African Americans. In addition, in Pimas, the A 

allele at rs1345365 is the major allele, whereas in African Americans, it is the minor allele. 

The same relationship is found among the other associated intron 13 markers, with the 

exception of rs2058730, in which the A allele is the major allele in both populations. It is 

also worth noting that, while associations between ELMO1 variants and nephropathy have 

been observed in many populations, the specific allelic associations have not replicated 

across populations. Different variants are associated with risk of diabetic nephropathy in 

Japanese, African Americans, European Americans (9–12) and, now, American Indians. 

Such a pattern of disparate associations within a gene might be expected if numerous rare 

functional variants influenced the risk of diabetic nephropathy. Investigation of these 

markers in other populations, along with resequencing studies, may help to resolve the 

disparate findings of association between ELMO1 variants and diabetic kidney disease.

The role of chance in producing the disparate association patterns is difficult to exclude 

without clear replication in an independent group of individuals. In this respect, the lack of 

replication between the family and case-control studies suggests that the associations 

observed in the former may be spurious. Yet it is also possible that biological differences in 

the affection status could result in lack of comparability across the two studies. In the family 

study, nephropathy was defined on the basis of proteinuria, while in the case-control study it 

was defined on the basis of ESRD. Genetic factors that influence initiation of diabetic 

nephropathy in the form of proteinuria may be different from those that influence 

progression to ESRD (25). In such a situation, the power for replication may be diminished.

When the current family and case-control studies were combined, the associations between 

ELMO1 variants and diabetic kidney disease remained nominally significant. ELMO1 is a 

large gene and in the present study, as in most others in the literature, a large number of 

variants were tested for association with nephropathy. In such a situation, the potential for 

chance findings arising on account of multiple comparisons should be considered. In fact, 

results from the meta-analysis presented here suggest that the distribution of p-values across 

the published studies is consistent with the null hypothesis of no true associations, although 

the power of this analysis is likely quite low. Correction for multiple comparisons in genetic 

studies should take into account the fact that genotyped variants within a gene are not 

independent. A simple Bonferroni correction for the number of genotyped variants is too 

stringent, as it ignores the dependence among SNPs. One simple method to account for 

multiple comparisons is to correct for the effective number of variants, estimated from the 

number of haplotype blocks plus the number of SNPs outside of blocks (26). This method 

would imply eight effective tests for the present study, which does not yield a statistically 
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significant result in the combined analysis (although the results for the family study remain 

significant).

With the present sample sizes, power is low to detect variants with modest effects on 

susceptibility to diabetic nephropathy. Based on the cumulative incidence of ESRD and 

heavy proteinuria in this population (13; 14), we estimate that the smallest odds ratio 

detectable at p<0.05 with 80% power for a risk allele with frequency of 0.2 is 1.7 for the 

family study and 2.0 for the case-control study (18), and these are stronger effects than those 

reported previously for many ELMO1 variants (ORs ~1.3). It is noteworthy, however, that 

for many of the SNPs previously associated with nephropathy, the associations in the current 

study are in the opposite direction of the original report, and the confidence intervals 

reported here exclude the previously-reported odds ratios. For example, in African 

Americans the odds ratio was 0.75 per copy of the A allele for rs1345365 (10), and in 

Japanese subjects the odds ratio was 0.75 per copy of the T allele at rs7799004 (9). The 

present study did not attempt a thorough examination of all common variation in ELMO1; 

instead we chose to focus on variants that were more likely to be functional based on 

proximity to coding regions and/or association in previous studies. Thus, it is possible that 

associations were missed for variants that were not well-captured with this approach.

In summary, we have undertaken a systematic analysis of the ELMO1 locus in this study to 

identify genetic variants associated with kidney disease attributed to T2D in Pima Indians. 

These results identify novel ELMO1 variants and nominally significant associations with 

heavy proteinuria for markers in intron 13 of this gene. However, the associations did not 

replicate in a second sample of cases and controls ascertained for ESRD and were in the 

opposite direction of those previously reported in African Americans. Further genotyping of 

these and other variants in diverse populations is necessary to determine what role, if any, 

ELMO1 variants play in susceptibility to diabetic nephropathy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Location of SNPs identified by sequencing in the ELMO1 locus.
Vertical lines represent the 19 markers identified by sequencing in Pima Indian individuals 

with T2D with (N=18) or without (N=18) kidney disease. Marker names are given below the 

gene with the alleles shown in brackets. Exons are designated as rectangles and are 

numbered consecutively, although the gene is transcribed in the reverse orientation; unfilled 

exons are untranslated, while filled exons are coding regions. Asterisked markers are novel 

SNPs not yet present in public databases and are named after chromosomal position (NCBI 

Build 36.1).
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Figure 2. Pairwise linkage disquilibrium and haplotype block structure for ELMO1 variants.
Gene structure and relative SNP position are shown at top of figure; marker name and 

orientation is designated below. For these analyses, a single individual from each family was 

selected. Haplotype blocks were estimated using the solid ‘spine’ method with D’>0.8 taken 

as the criterion to extend the spine (27). LD is represented in this figure as a measure of D’, 

which is shown within each diamond. Darker shading designates strong LD, while lighter 

shading designates weak LD.
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Table 1.

Minimal detectable effect size at P<0.05 with 80% power for case-control and family association studies.

Case-Control Study Family Study

Maf OR h2 OR h2

0.05 3.80 0.017 2.57 0.030

0.10 2.54 0.016 1.96 0.029

0.20 1.99 0.015 1.65 0.028

0.30 1.82 0.015 1.55 0.027

0.40 1.75 0.015 1.50 0.027

0.50 1.73 0.015 1.49 0.027

OR represents the odds ratio per copy of the risk allele and h2 is the proportion of variance in liability to disease explained by the variant.
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Table 2.
Association of ELMO1 genotypes with diabetic nephropathy.

Fam_OR and fam_p_val are family-based odds ratio and p-value, respectively. CC_OR and CC_p_val are 

case-control odds ratio and p-value. Comb_p_val is combined p-value

Marker Pos Fam_OR fam_p_val CC_OR CC_p_pval Comb_p_val

rs1882072 37456528 1.16 0.5344 0.89 0.6345 0.5903

rs1882071 37456113 0.88 0.5472 1.07 0.7536 0.9255

rs13242348 37455513 1.03 0.8974 1.06 0.7608 0.6475

rs1541727 37448950 0.82 0.3384 1.01 0.9469 0.8676

rs9969311 37381582 0.95 0.8151 1.08 0.6979 0.9728

rs2717972 37270120 0.92 0.6947 1.02 0.9247 0.8214

rs2717968 37265325 1.16 0.5051 0.83 0.3938 0.6316

rs17170970 37265247 0.89 0.699 1.16 0.6253 0.5859

rs2058730 37201281 0.87 0.5039 0.9 0.6161 0.6435

rs2160430 37189926 0.74 0.2379 1.17 0.5842 0.1483

rs7782590 37182849 2.13 0.0133 0.89 0.6503 0.0945

rs10951509 37180008 2.42 0.0022 0.95 0.8579 0.0487

rs1981740 37178829 1.86 0.0319 0.87 0.621 0.1525

rs1345365 37167138 2.42 0.0013 1 0.9957 0.0333

rs6462733 37156909 2.21 0.0185 0.84 0.5898 0.0972

rs6967682 37156400 1.97 0.055 0.72 0.3615 0.226

rs6462731 37154082 1.92 0.053 0.86 0.6603 0.1316

rs1420421 37139573 1.81 0.0663 0.76 0.4065 0.2048

37139247 37139247 0.86 0.5956 0.84 0.5376 0.5019

rs4723596 36917569 1.05 0.7931 1.21 0.3433 0.4743

rs11983698 36915072 1.16 0.466 1.16 0.4415 0.3419

rs7799004 36895489 1.21 0.3354 1.22 0.2955 0.1836

rs2072522 36893603 0.56 0.0432 1.06 0.8518 0.2545

rs741301 36884520 1.2 0.3518 1.2 0.3352 0.1647

rs1558688 36881710 1.11 0.5906 1.29 0.1917 0.2346

rs3807163 36875284 1.08 0.7016 1.21 0.3369 0.4233

rs7785934 36868104 0.92 0.7227 0.87 0.536 0.6211

rs7804092 36859757 1.02 0.9238 1.19 0.3702 0.6615
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Table 3.

Meta-analysis of p-values across studies of ELMO1 variants and diabetic nephropathy.

Population Reference N Markers Σ−2ln(p) Corrected χ2 Effective df p-value

African Americans, Type 2 diabetes [10] 88 279.3 36.2 22.8 0.0375

European Americans, Type 1 diabetes [12] 118 241.0 20.7 20.3 0.4317

Mexican Americans, Type 2 diabetes [21] 46 81.6 38.6 43.6 0.6830

American Indians, Type 2 diabetes Present 28 66.8 10.0 8.4 0.2974

Combined 11.4 11.4 8.0 0.1782

The method of Brown (22) was used to combine p-values for all SNPs across ELMO1 in each study, with accounting for the correlation among 

SNPs. Σ−2ln(p) represents the sum of the twice the negative of the logarithm of the p-value across all SNPs. The corrected χ2 and effective df are 
calculated from the correlation among SNPs (estimated from HapMap for all previous studies and from the current data in the present study). The 
combined value across all studies is calculated by Fisher’s method (23).
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