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FIGURE 1 | Metabolism of essential fatty acids.

respectively (Tanaka et al., 2009). These associations have been fur-
ther confirmed by candidate gene studies in various populations
(Schaeffer et al., 2006; Malerba et al., 2008; Martinelli et al., 2008;
Lattka et al., 2009, 2010; Rzehak et al., 2009; Bokor et al., 2010;
Glaser et al., 2010; Mathias et al., 2010; Merino et al., 2011). In
addition, these GWAS have found association between FADS1
and FADS2 SNPs and cardiovascular disease (CVD) risk factors
(Tanaka et al., 2009). Both genes are located on chromosome
11q12-q13.1. Genome-wide linkage and association studies have
been conducted with plasma fatty acids (Schaeffer et al., 2006;
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all household members. Anthropometric measurements, height,
weight, and waist and hip circumference, were measured by stan-
dardized procedures. Body mass index (BMI) was calculated by
dividing weight (kilograms) by height (meters) squared. Body fat
was measured using a Quantum II bioelectrical body composition
analyzer (RJL Systems,Clinton Township,MI). Triglycerides,high-
density lipoprotein (HDL), low-density lipoprotein (LDL), and
total cholesterol were measured using an auto analyzer (Hitachi
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levels of erythrocyte and plasma D5D (Table 5). None of these
SNPs showed posterior probabilities greater than 0.5 for estimated
plasma or erythrocyte D6D activities.

CONDITIONAL LINKAGE
A linkage scan conditional on the three SNPs, which showed pos-
terior probability of 0.8 and greater, decreased the LOD score for
erythrocyte D5D significantly from 3.5 to 1.5 for CPT1A SNP and
1.9 for FADS1 and FADS2 SNPs (Figure 4).

EXAMINATION OF CIS -REGULATED FADS1, FADS2, AND CPT1A
TRANSCRIPTS IN MEXICAN AMERICANS
In a previous study by Göring et al. (2007), linkage analysis was
conducted to identify genetic factors that affect the variation in

FIGURE 2 | Genome-wide linkage analysis for erythrocyte D5D

localizes a QTL on chromosome 11. The QTL for plasma and erythrocyte
D5D estimates on chromosome 11. Solid line, erythrocyte D5D (LOD = 3.5
at 82 cM); dashed line, plasma D5D (LOD = 0.9 at 81 cM).

the levels of gene expression. The study identified a number of
known cis-regulated transcripts with high-magnitude LOD scores.
Included among these, FADS1, FADS2, and CPT1A transcript
levels were found to be strongly associated with SNPs located
nearby (cis) their coding locus, with p-values ranging from 10−75

to 10−7. Just as in the GOCADAN study, these SNPs were also
tested for their association with cardiovascular risk factors, heart
rate, plaque, triglycerides, HDL, LDL, and total cholesterol in
the SAFHS, a large family-based study of genetics of coronary
artery disease in Mexican Americans. Nominal associations were
obtained between the SNPs and ApoA1, and HDL, LDL, total
cholesterol and heart rate in the SAFHS (Table 6).

DISCUSSION
The key finding of this study is the strong statistical support for
functional effects of FADS1, FADS2, and CPT1A SNPs on the vari-
ation in estimated erythrocyte and plasma D5D, a rate-limiting
enzyme in the conversion of essential fatty acids to AA (20:4 ω-
6) and EPA (20; 5 ω-3). High heritability estimates for estimated
plasma and erythrocyte D5D and D6D activities observed in this
study show that there is a significant genetic influence on their
variation. Although no study has so far computed heritabilities for
desaturase activities, heritabilities of their individual components
have been estimated and have been found to be lower than our
desaturase estimates (Tanaka et al., 2009; Voruganti et al., 2010).
Similarly, no linkage studies have been conducted for estimated
desaturase activities. A genome-wide scan conducted for plasma
and erythrocyte D5D and D6D activities in the current study
showed evidence of a highly significant QTL on chromosome
11q12-q13 for estimated erythrocyte D5D. This region has four
potential candidate genes, FADS1, FADS2, CPT1A, and DHCR7.
To follow up on our QTL, we genotyped SNPs in the four potential
candidate genes and conducted measured genotype-based associ-
ation analyses with estimated plasma and erythrocyte D5D and
D6D. Desaturases are key enzymes facilitating the introduction
of double bonds between carbon atoms of fatty acyl chains in

FIGURE 3 | Manhattan plots showing the association of SNPs on CPT1A and FADS1 and FADS2 with erythrocyte D5D. (A) CPT1A and (B) FADS1and
FADS2.
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FIGURE 4 | Conditional linkage analysis for erythrocyte D5D on

chromosome 11. Linkage analysis conditional on the most significantly
associated SNP in (A) CPT1A, (B) FADS1, and (C) FADS2. Solid line,
erythrocyte D5D; dashed line, erythrocyte D5D conditional on SNPs.

converted to acylcarnitines by CPT1A enzyme and transported
across the mitochondrial membrane (Prip-Buus et al., 2001). In a
study conducted in a Greenland Inuit population,Rajakumar et al.
(2009) found that variant P479L of CPT1A was very common and
was associated with higher levels of HDL and ApoA1 and thus
may be protective against atherosclerosis. In a study in Canadians,
CPT1A and CPT1B variants were associated with obesity traits.
In addition, the investigators found that the dietary intake of fat
seemed to modulate these associations, particularly in individu-
als who were consuming high-fat diets (Robitaille et al., 2007).
In another study, haplotypes of CPT1A were associated with left
ventricular mass in essential hypertension (Tripodi et al., 2005). In
the current study, the minor alleles of all three genes were associ-
ated positively with all CVD risk factors and with both desaturase
activity estimates.

The BQTN analysis helps narrow down the variants for fur-
ther molecular and functional analyses by identifying which SNP
has the highest probability of being associated with the pheno-
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