
0.143, 0.445, 0.151 and 0.441 for SNPs rs17036314, rs12490265, rs4684847,
rs1801282, rs2938392, rs2959273, rs1175542, respectively.

Linear regression analysis of single SNP revealed two SNPs associated with
BMI with significant p-values reported in Table 3 (non-adjusted for multiple
testing).

Table 3. Significant associations revealed by single SNP analysis and
the body mass index (BMI)

SNP ID Location Population Model Coefficient P-value
rs2938392 Second intron Whole Dominant 1.0866 0.008
rs2938392 Second intron Male Dominant 1.3818 0.009
rs1175542 Fifth intron Whole Recessive 0.898 0.029
rs1175542 Fifth intron Male Recessive 1.171 0.029

In addition, we used a sliding window technique to fine map any potential
signals within the larger haplotype using haplo.stats [41]. The size of the
window varied from 3-4 SNPs in order to provide a comprehensive assessment
of the haplotype subsets within the gene. Permutation based p-values were
summarized in Table 4 for significant SNP combinations.

Table 4. Haplotypes revealing significant associations with BMI
using 1,210 Mexican samples, p-value(sim) indicated the p-values
based on permutation.

Haplotypes Frequency P-value P-value
(sim)

rs17036314*1/rs12490265*2/rs1801282*1 0.38952 0.05224 0.0495
rs17036314*1/rs4684847*1/rs1801282*1 0.38808 0.05637 0.058
rs17036314*2/rs2938392*1/rs1175542*2 0.28722 0.05607 0.0555
rs12490265*2 /rs1801282*1/ rs2938392*2 0.42052 0.05121 0.0512
rs12490265*2 /rs1801282*1/ rs1175542*1 0.42607 0.05451 0.0558
rs17036314*1/rs12490265*2/rs4684847*1/rs1801282*1 0.38607 0.03466 0.034
rs17036314*2/rs4684847*1/rs2938392*1/rs1175542*2 0.2869 0.05644 0.0564
rs12490265*2/rs4684847*1/rs1801282*1/ rs2938392*2 0.42129 0.0388 0.0387
rs12490265*2/rs4684847*1/rs1801282*1/ rs1175542*1 0.42648 0.04124 0.043

Furthermore, we examined the association between haplotypes built from 7
SNPs and BMI using a global score statistic.  While the permutation based
global p-value was 0.544 (degree of freedom=11), one individual haplotype gave
a p-value of 0.086 (permutation based) in all samples for a haplotype frequency
of 0.279.  Interestingly, when the analyses were conducted in males only, the
permutation based global p-value was 0.055, and one relatively frequent
haplotype (frequency =0.28) gave a significant signal of 0.013.



3. Discussion

To summarize, we genotyped the 7 selected SNPs of the PPAR_ transcript
variant 3 (including pro12Ala) in a group of unrelated 717 males and 493
females (ages ranging from 11-24), among which 3 SNPs are located in the 5’
untranslated region.  These 7 SNPs were selected by the tagging algorithm
implemented in haploview to cover the whole gene and all SNPs conformed to
Hardy-Weinberg equilibrium.  We tested each of the 7 SNPs individually for
association with body mass index (BMI).  Although no association between
Pro12Ala and BMI was observed, two SNPs rs2938392 and rs1175542 revealed
significant associations with BMI (p-values=0.008 and 0.029, respectively). It
is worth noting that the SNP rs2938392 is roughly 41.5 Kb away from
Pro12Ala (rs1801282), a polymorphism known to be associated with BMI and
diabetes type II.  Furthermore, when all 7 SNPs were analyzed together, the
permutation based global p-value was 0.544, and one individual haplotype
(haplotype frequency =0.279) gave a significant signal of 0.086 (permutation
based).  Moreover, when the analyses were conducted in males only, the
permutation based global p-value was 0.055, and one relatively frequent
haplotype (frequency =0.28) gave a significant signal of 0.013.
Several speculations may explain our findings.

1. There is no association between Pro12Ala polymorphism and BMI in the
1,210 school students from Morelos, Mexico.  The positive signals we
detected are false positives, which may be due to the high-level admixture
structure in the Mexican population.  

2. There may not be a direct association between Pro12Ala and BMI, however,
SNPs which are in high LD with Pro12Ala are associated with BMI in
Mexican population, but this hypothesis will need to be further
investigated.  

3. Environmental factors may play a role to increase the genetic effect and the
lack of data on dietary factors and physical activities in this data set may
have limited the power to detect an association.
To summarize, our results indicate that SNPs in high linkage

disequilibrium with Pro12Ala are associated with BMI in 1,210 students in
Morelos, Mexico.  However, due to limited access to the epidemiological
factors such as dietary factors and physical activities, the results we reported here
need to be interpreted with caution.  Future study will explore causal
associations between other genetic and non-genetic risk factors and obesity in
this population.  Further studies will consider increased sample sizes, and we
will genotype 40 random SNPs to assess the level of population admixture this
population.
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