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ABSTRACT
Background: A recent genome-wide association study (GWAS) by our group
identified 13 loci associated with the plasma triglyceride (TG) response to
omega-3 (n-3) fatty acid (FA) supplementation. The present study aimed to test
whether single nucleotide polymorphisms (SNPs) within the IQCJ, NXPH1,
PHF17 and MYB genes are associated with the plasma TG response to an n-3
FA supplementation.
Methods: 208 subjects followed a 6-week n-3 FA supplementation of 5g/d of fish
oil (1.9–2.2g of EPA and 1.1g of DHA). Measurements of plasma lipids were
made before and after the supplementation. Tagged SNPs were selected to
increase the density of markers near GWAS hits.
Results: In a repeated model, independent effects of the genotype and the gene
by supplementation interaction were associated with plasma TG. Genotype
effects were observed with two SNPs of NXPH1 and gene-diet interactions were
observed with ten SNPs of IQCJ, four of NXPH1 and three of MYB. Positive and
negative responders showed different genotype frequencies with nine SNPs of
IQCJ, two of NXPH1 and two of MYB.
Conclusion: Fine mapping in GWAS-associated loci allowed the identification of
SNPs explaining partly the large inter-individual variability observed in plasma
TG levels in response to an n-3 FA supplementation.
Keywords: Gene-diet interactions, plasma lipid levels, omega-3 fatty acids,
genome-wide association study, nutrigenetics.

BACKGROUND
It has been demonstrated that omega-3 (n-3) fatty acids (FA) from marine
sources, including eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA), are beneficial in cardiovascular disease (CVD) prevention [1]. More
specifically, the consumption of n-3 FA is associated with a decrease in plasma
triglyceride (TG) levels, which are recognized to be a CVD risk factor [2].
However, there is an important and well-recognized inter-individual variability in
the plasma TG response to an n-3 FA supplementation. Our research group has
previously reported that 29 % of all participants of the Fatty Acid Sensor (FAS)
Study, who received a 6-week n-3 FA supplementation of 5g of fish oil (1.9-2.2g
EPA and 1.1g DHA) per day, did not reduce their plasma TG levels [3]. Likewise,
in the FINGEN study, 31% of all volunteers did not show any reduction of their
plasma TG levels after an 8-week supplementation of 1.8g of n-3 FA per day [4].
This heterogeneity in the plasma TG response may be partly due to genetic
factors [5]. Numerous research groups around the world have been interested in
the study of associations between polymorphisms (SNPs) in candidate genes
such as the apolipoprotein E (APOE) or the peroxisome proliferator-activated
receptors (PPARs) and their effect on plasma TG levels in response to n-3 FA
[4;6-9]. However, these variations account for a very small proportion of the
variance of the plasma TG levels in response to an n-3 FA supplementation.
Other not yet identified genetic variations are thus likely to contribute to the
heterogeneity of the response. Genome-wide association studies (GWAS)

provide a more complete and non-restrictive approach to test the impact of SNPs
on a phenotype.
Recently, a GWAS performed by our research group on subjects of the FAS
Study identified 13 SNPs associated with plasma TG levels [10]. A genetic risk
score (GRS) constructed with these loci explained 21.53% of the variability in
plasma TG levels in response to an n-3 FA supplementation. Most of these SNPs
were located within or in the vicinity of IQ motif containing J (IQCJ),
Neurexophilin 1 (NXPH1), PHD finger protein 17 (PHF17) and V-MYB avian
myeloblastosis viral oncogene homolog (MYB) genes. IQCJ is mostly expressed
in the brain and is part of an isoform of a transcriptional unit named IQCJSCHIP1 that binds two distinct genes, IQCJ and SCHIP1, encoding different
proteins. IQCJ-SCHIP1 is implicated in the neuronal development, particularly of
the nodes of Ranvier and the axon initial segment [11;12]. NXPH1 encodes the
Neurexophillin-1 protein, which binds to alpha-neurexins in the synapse and is
implicated in neuronal regulation [13-15]. PHF17 encodes the Jade-1 protein,
which plays a role in cell growth, apoptosis and cancer [16-18]. Jade-1 is
stabilized by the von Hippel-Lindau tumor suppressor [16]. It also interacts with
HBO1 histone acetyltransferase (HAT) to promote acetylation of nucleosomal
histones and to increase cell proliferation [18;19]. MYB encodes a transcriptional
factor, whose role is mainly to regularize hematopoïesis, tumorigenesis and cell
growth [20-22].
Thus, the objective of the present study was to increase the density of markers
within the IQCJ, NXPH1, PHF17 and MYB genes and to test their association

with plasma TG levels in response to an n-3 FA supplementation. The hypothesis
is that genetic factors exert influence on plasma TG levels in response to an n-3
FA supplementation.

METHODS
Study population
A total of 254 subjects from the Quebec City metropolitan area were recruited
between September 2009 and December 2011 to participate in the FAS Study.
Recruitment was made via announcements in local newspapers and electronic
messages sent to university students and employees. To be eligible, participants
had to be aged between 18 and 50 years old and to have a body mass index
(BMI) between 25 and 40 kg/m2. They also had to be non-smokers, and be free
of any thyroid or metabolic disorders requiring treatment such as diabetes,
hypertension, dyslipidemia or coronary heart disease. Participants were excluded
from the study if they had taken n-3 FA supplements for at least six months prior
to the beginning of the study. In sum, 210 participants completed the intervention
protocol. Two of them did not have plasma TG levels data available for further
analyses, leaving 208 subjects included in the study sample. Statistical analyses
were therefore conducted with 208 subjects. Subjects who completed the
intervention protocol were divided into two subgroups: positive and negative
responders to the n-3 FA supplementation. This classification was made
according to the change of their plasma TG levels. Participants who had Δ TG ≥
0 were considered as negative responders and those whose Δ TG was < 0 were
considered as positive responders.
Study design and diets
The whole study design and diets have been previously reported [10]. Briefly,
subjects followed a run-in period of two weeks. During these two weeks, they

received individual dietary instructions by a trained registered dietitian to achieve
the recommendations from Canada’s Food Guide to Healthy Eating.
Recommendations were given to ensure constant n-3 FA dietary intake and body
weight stability throughout the protocol. After the run-in period, they received a
bottle containing the needed n-3 FA capsules (Ocean Nutrition, Nova Scotia,
Canada) that would be taken for the next six weeks. Each capsule contained 1 g
of fish oil concentrate. They had to take five capsules a day, providing 3 g of n-3
FA, including 1.9 – 2.2 g of EPA and 1.1 g of DHA. Furthermore, they were
asked to report any deviation from the protocol or experienced side effects, and
to write down their alcohol intake as well as their fish consumption. They also
received detailed oral and written instructions on their diet before each phase.
Laboratory methods
Plasma lipids
Methods to measure plasma lipids have previously been detailed [10]. Briefly,
blood samples were collected after a 12h overnight fast and 48h alcohol
abstinence. Blood samples were taken before the run-in period to verify whether
individuals were presenting any metabolic disorders. The remaining participants
who were eligible to the study had blood samples taken prior to and after the n-3
FA supplementation period. Enzymatic assays were used to measure plasma
total cholesterol (TC) and TG concentrations [23;24].
SNP selection and genotyping

SNPs in IQCJ, NXPH1, PHF17 and MYB were identified via the International
HapMap Project SNP database, based on the National Center for Biotechnology
information (NCBI) B36 assembly Data Rel 28, phase II + III, built 126. Gene
Tagger procedure in the Haploview software v4.2 was used to determine tagged
SNPs with a minor allele frequency (MAF) > 5% and pairwise tagging (r2 ≥ 0.80)
located in gene regions and surrounding regions (2kb). The mean r2 was 0.96 for
IQCJ, 0.96 for NXPH1, 0.97 for PHF17 and 0.95 for MYB. 16 tag SNPs in IQCJ,
34 in NXPH1, 8 in PHF17 and 9 in MYB were selected, so that ≥ 85% of all
common variations (MAF > 5%) in these genes were covered. The GenElute Gel
Extraction Kit (Sigma-Aldrich Co., St. Louis, MO) was used to extract genomic
DNA (gDNA) from the blood samples. Selected SNPs were genotyped using
TaqMan technology. More specifically, 2.5 µL of each gDNA (40 ng/µL) and 2.5
µL of OpenArray Genotyper Master Mix (Life Technologies, Carlsbad, CA) were
mixed with a validated primer in a 384-well plate and loaded onto the genotyping
plates with the QuantStudioTM 12K Flex OpenArray® AccuFillTM System (Life
Technologies). Genotyping was conducted on the QuantStudioTM 12K Flex RealTime PCR System (Life Technologies). Thereafter, results were analysed in
TaqMan Genotyper v1.3 (Life Technologies).
Statistical analyses
All statistical analyses were run in SAS Statistical Software v9.2 (SAS Institute,
Cary, NC, USA), except for the ALLELE procedure, which was conducted using
SAS Genetics v9.3. This procedure was used to test genotype distributions for
any deviation from the Hardy-Weinberg equilibrium (HWE) and to calculate the

MAF. Normal distribution was evaluated with the box-plot, skewness and kurtosis
ranges. Abnormally distributed variables were log10-transformed. Rare genotype
homozygotes presenting a genotype frequency < 5% were merged with
heterozygotes for statistical analyses (dominant model). Otherwise, all three
genotypes were analysed separately as three groups, namely major allele
homozygotes, heterozygotes and minor allele homozygotes (additive model).
The MIXED procedure for repeated measures was used to test whether there
was an effect of genotype, supplementation and genotype × supplementation
(gene-diet) interaction on TG levels after the n-3 FA supplementation in a model
adjusted for age, sex and BMI. The MIXED procedure for repeated measures
was also used to test for significant differences of the study sample pre- vs postsupplementation in a model adjusted for age, sex and BMI. Finally, the FREQ
procedure was used to verify differences in genotype frequency distribution
between positive and negative responders to the n-3 FA supplementation. P ≤
0.05 was defined as the statistical significance threshold.

RESULTS
Table 1 shows allele frequencies of selected SNPs. All SNPs were in HardyWeinberg equilibrium and were therefore kept for further analyses. The percent
coverage of each gene was 87% for IQCJ, 85% for NXPH1, 96% for PHF17 and
100% for MYB. The vast majority of SNPs were located within introns. Three
SNPs of PHF17, namely rs2217023, rs13143771 and rs13142964, were located
in the upstream region of the gene and rs13148510 was located in the 3’UTR
region. Finally, one SNP of MYB (rs210936) was located in the downstream
region of the gene.
Baseline characteristics of the subjects are shown in Table 2. The average BMI
pre- and post-supplementation of all participants were above 25 kg/m2 as
specified by the study design. The average plasma TG levels before the
supplementation were above the cut-point value of 1.129 mmol/L according to
the American Heart Association (AHA) for optimal plasma TG levels [2].
For each selected SNP, we tested the independent effect of genotype,
supplementation (time) and genotype × supplementation (interaction) on plasma
TG levels (Table 3). First, as expected, the supplementation alone had a
significant effect on plasma TG levels (p < 0.006, for all). Second, two SNPs of
NXPH1 (rs2107779 and rs2107474) were associated with TG levels (p < 0.05, for
both) during the supplementation. Two SNPs of NXPH1 and another of MYB had
marginal but not significant effects on TG levels (p < 0.1, for all). Third, significant
gene-diet interaction effects were observed with ten SNPs of IQCJ (rs2044704,
rs1962071, rs6800211, rs17782879, rs1868414, rs2595260, rs9827242,

rs1449009, rs2621309 and rs61332355), four SNPs of NXPH1 (rs7806226,
rs7805772, rs2349780 and rs6974252) and three SNPs of MYB (rs9321493,
rs11154794 and rs210962) (p < 0.05, for all). Marginal effects of gene-diet
interactions were observed with two additional SNPs, located in IQCJ and
NXPH1 respectively (p < 0.1, for both). Neither genotype effects nor gene-diet
interaction effects were found with SNPs of the PHF17 gene.
Significant differences were observed in the genotype distribution between
positive and negative responders for several SNPs in IQCJ, NXPH1 and MYB as
shown in Table 4. Globally, higher frequencies of minor allele were observed in
negative responders while for two SNPs, rs1868414 and rs9827242, there was a
higher frequency of carriers of the minor allele among positive responders vs.
negative responders. There was no significant difference in genotype distribution
with SNPs from PHF17.

DISCUSSION
In the present study, we narrowed down regions previously identified in a GWAS
performed on the FAS Study by increasing the density of markers in IQCJ,
NXPH1, PHF17 and MYB, and testing for associations with plasma TG levels
during the supplementation. To do so, 67 SNPs were selected in order to cover ≥
85% of the genetic variability near GWAS hits. This study is the first to report on
follow-up of GWAS signals associated with plasma TG levels in a
supplementation protocol with n-3 FAs.
In this study, it was observed that the n-3 FA supplementation alone induced a
decrease of plasma TG levels, as previously reported [4]. Furthermore, two
SNPs were independently associated with plasma TG levels and significant
gene-diet interaction effects were found with 17 SNPs. 13 SNPs had different
genotype frequency distribution between positive and negative responders.
Results in Tables 3 and 4 have some similarities. Indeed, nine out of the ten
SNPs whose genotype frequency distribution was significantly different between
positive and negative responders have either been found to exert significant
influence on plasma TG levels or to show gene-diet interaction with the
supplementation.
Most of these associations were observed with SNPs in the IQCJ and NXPH1
genes. Both of these genes are mainly known to be expressed in the brain and to
participate in the nervous system functions. The IQCJ gene alone has been
barely studied. IQCJ is bound to SCHIP1 to form a fusion gene called IQCJSCHIP1 and up to now, the vast majority of researches have been done on the

whole IQCJ-SCHIP1 segment. Nevertheless, it has been demonstrated that the
IQCJ-SCHIP1 protein contains a calmodulin-binding IQ motif at the N-terminus
that SCHIP1 does not have hereby suggesting that the latter has a different
biological role [11]. SCHIP1 has also been associated with neurofibromatosis
type 2 (NF2), a tumor suppressor protein [11]. According to the literature, IQCJSCHIP1 is mostly involved in the neuronal function and its protein has been
observed in cytoplasm, actin-rich regions, differentiated PC12 cells and neurite
extensions [11;12]. As to NXPH1, it is a member of the neurexophilin family,
composed of four genes encoding for related glycoproteins that act as
neuropeptides and interact with neurexins [13-15].
For two of these genes, IQCJ and NXPH1, very few associations with plasma
lipid levels have been reported. It has recently been reported in the Genetics of
Lipid Lowering Drugs and Diet Network (GOLDN) Study, which aimed to
investigate SNPs responsible of the heterogeneity observed in the response to a
lipid-lowering therapy with fenofibrate, that these two genes may actually play a
role in lipid metabolism [25]. Indeed, Kraja et al. conducted a GWAS and
demonstrated that one SNP in IQCJ-SCHIP1 (rs6805526) was associated with
very low-density lipoprotein (VLDL) particle clearance and TG levels [25]. It is
well known that a decrease of TG synthesis through fish oil rich in n-3 FAs is also
associated with a decrease of VLDL secretion from the liver [26]. Moreover,
fenofibrate and n-3 FA have similar mechanisms of action as they can both
activate PPAR-alpha, a nuclear receptor involved in the regulation of intra- and
extracellular lipid metabolism, and have beneficial effects on inflammation

[27;28]. Like n-3 FAs, fenofibrate therapy is used to lower plasma TG levels and
its effectiveness to reduce the risk of CVD events for patients with
hypertriglyceridemia has been demonstrated [29]. However, one can notice that
rs6805526 is located in the SCHIP1 section of IQCJ-SCHIP1 and is thus not part
of IQCJ alone. rs6805526 is not in LD with any SNP in IQCJ either. In the
present study, we tested SNPs in IQCJ only and not SCHIP1. Nonetheless,
because IQCJ and SHIP1 are comprised within a single fusion transcript (IQCJSCHIP1), they are closely connected [11]. Even if the physiological roles of IQCJ
and its impact on lipid metabolism remain unclear, these findings suggest that
both IQCJ and SCHIP1 are very likely to play a role in lipid metabolism.
In the same GWAS (Kraja et al.), several SNPs of NXPH1 were associated with
low-density lipoprotein LDL, high-density lipoprotein (HDL), TG levels, type 2
diabetes, C-reactive protein and blood pressure [25]. Another SNP in the vicinity
of this gene, rs10952132, was strongly associated with LDL peak particle
diameter and it is known that plasma TG concentrations influence the LDL
particle size [30;31]. Comuzzie et al. found an association between NXPH1 and
some features of diabetes in a population of Hispanic children [32]. All these
findings support the association between NXPH1 and plasma lipids, but yet very
little is known about the underlying mechanisms.
Furthermore, several significant results were observed with the MYB gene. It is
recognized that MYB participates in leukemogenesis and hematopoiesis [33].
MYB is also known to promote cell proliferation, to suppress apoptosis and to
block differentiation [33]. Gross et al. stated that this gene may be associated

with CVD development and intracellular lipid accumulation [34]. C-myb
messenger RNA is expressed in vascular smooth cells and c-myb is induced in
response to homocysteine [34]. High levels of homocysteine are an independent
cardiovascular risk factor [35]. A recent study showed that one SNP in MYB,
rs9494145, might be associated with some features of obesity such as BMI, even
though no significant association was observed [36]. Besides that, some studies
have reported that MYB may be involved in intestinal nutrient absorption and
adipogenic differentiation in mesenchymal stem cells [37;38].

CONCLUSION
In sum, results from the present study suggest that the heterogeneity observed in
plasma TG levels following an n-3 FA supplementation might be partly explained
by SNPs within the IQCJ, NXPH1 and MYB genes. Further investigations will be
necessary to provide a better understanding of the underlying mechanisms
through which these genes may exert their effects on plasma lipid levels.
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Table 1. Selected polymorphisms in candidate genes from the FAS Study GWAS (n = 210)
Gene

dbSNP No.

Sequence

Function

IQCJ

rs12497650

TTT[C/T]ATTG

Intron

C (n = 286) 0.6810

T (n = 134) 0.3190

rs4501157

ACA[G/T]TAA

Intron

G (n = 147) 0.3517

T (n = 271) 0.6483

rs13091349

TCT[C/T]CTC

Intron

C (n = 350) 0.8333

T (n = 70) 0.1667

rs2044704

TTT[C/G]TAG

Intron

C (n = 108) 0.2571

G (n = 312) 0.7429

rs1962071

AGC[A/C]GCC

Intron

A (n = 306) 0.7286

C (n = 114) 0.2714

rs7634829

TGT[A/G]TAA

Intron

A (n = 237) 0.5643

G (n = 183) 0.4357

rs2621294

TGC[A/G]AAG

Intron

A (n = 260) 0.6220

G (n = 158) 0.3780

rs6800211

AGG[C/T]GTC

Intron

C (n = 298) 0.7095

T (n = 122) 0.2905

rs17782879

TCC[A/G]TAT

Intron

A (n = 128) 0.3048

G (n = 292) 0.6952

rs1868414

CTG[C/T]GCC

Intron

C (n = 281) 0.6722

T (n = 137) 0.3278

rs2595260

AGG[C/T]ATC

Intron

C (n = 316) 0.7524

T (n = 104) 0.2476

rs6763890

ATG[A/T]CTT

Intron

A (n = 141) 0.3373

T (n = 277) 0.6627

rs9827242

TCA[C/T]AGT

Intron

C (n = 78) 0.1857

T (n = 342) 0.8143

rs1449009*

CAA[C/T]ATT

Intron

A (n = 295) 0.7091

G (n = 121) 0.2909

rs2621309*

TTT[C/G]CTT

Intron

C (n = 300) 0.7211

G (n = 116) 0.2788

rs61332355*

AGG[A/C]AAT

Intron

A (n = 75) 0.1803

C (n = 341) 0.8197

rs6956210

TTC[C/T]TTT

Intron

C (n = 99) 0.2357

T (n = 321) 0.7643

rs2107779

ATG[C/T]TGA

Intron

C (n = 232) 0.5524

T (n = 188) 0.4476

rs10273195

CTG[A/T]GGC

Intron

A (n = 336) 0.8000

T (n = 84) 0.2000

rs12216689

TGA[A/C]TGA

Intron

A (n = 301) 0.7167

C (n = 119) 0.2833

rs6963644

TGC[A/G]TTT

Intron

A (n = 32) 0.0762

G (n = 388) 0.9238

rs17150341

AGG[C/T]ATT

Intron

C (n = 292) 0.6952

T (n = 128) 0.3048

rs1013868

TTC[A/G]CTG

Intron

C (n = 281) 0.6690

T (n = 139) 0.3310

rs12537067

CTA[A/G]CTC

Intron

A (n = 35) 0.0833

G (n = 385) 0.9167

rs4318981

CAT[C/T]ATA

Intron

C (n = 150) 0.3571

T (n = 270) 0.6429

rs17153997

GTG[C/T]GTA

Intron

C (n = 238) 0.5694

T (n = 180) 0.4306

rs7801099

AAC[A/G]ACA

Intron

A (n = 233) 0.5548

G (n = 187) 0.4452

rs4725120

ATA[A/G]AAG

Intron

A (n = 193) 0.4595

G (n = 227) 0.5405

rs1859275

GTG[A/G]CTA

Intron

A (n = 147) 0.3517

G (n = 271) 0.6483

rs10238726

CTC[A/G]TTC

Intron

A (n = 288) 0.6857

G (n = 132) 0.3143

rs1012960

GTT[A/T]CTT

Intron

A (n = 210) 0.5000

T (n = 210) 0.5000

rs11767429

ACA[A/G]GAG

Intron

A (n = 294) 0.7000

G (n = 126) 0.3000

rs4333500

AAG[G/T]TGG

Intron

G (n = 253) 0.6024

T (n = 167) 0.3976

rs7793115

GGA[A/G]GAG

Intron

A (n = 41) 0.0981

G (n = 377) 0.9019

rs7799856

CAA[A/C]AAA

Intron

A (n = 240) 0.5714

C (n = 180) 0.4286

rs7806226

ATA[A/C]TAT

Intron

A (n = 354) 0.8429

C (n = 66) 0.1571

NXPH1

Allele frequency

PHF17

MYB

rs13221144

CCT[C/T]ACG

Intron

C (n = 97) 0.2310

T (n = 323) 0.7690

rs17406479

TTG[G/T]TTT

Intron

G (n = 341) 0.8119

T (n = 79) 0.1881

rs10486228

AAA[C/T]TGA

Intron

C (n = 76) 0.1810

T (n = 344) 0.8190

rs17154569

TCT[A/G]AGA

Intron

A (n = 344) 0.8230

G (n = 74) 0.1770

rs4141002

CAC[C/T]TGT

Intron

C (n = 368) 0.8762

T (n = 52) 0.1238

rs7805772

GAG[A/G]TCC

Intron

A (n = 338) 0.8086

G (n = 80) 0.1914

rs2349780

ACA[A/G]TGG

Intron

A (n = 260) 0.6190

G (n = 160) 0.3810

rs2107474

CTT[C/G]AAC

Intron

C (n = 242) 0.5762

G (n = 178) 0.4238

rs11769942

TTC[C/T]GAC

Intron

C (n = 263) 0.6262

T (n = 157) 0.3738

rs6952383

CTA[A/T]TCT

Intron

A (n = 378) 0.9000

T (n = 42) 0.1000

rs6974252

GTA[A/G]TTG

Intron

A (n = 59) 0.1405

G (n = 361) 0.8595

rs10265408

CTG[C/G]ATG

Intron

C (n = 303) 0.7249

G (n = 115) 0.2751

rs2189904

TAC[C/T]TTT

Intron

C (n = 281) 0.6690

T (n = 139) 0.3310

rs2057862

AGA[C/G]TGT

Intron

C (n = 171) 0.4091

G (n = 247) 0.5909

rs2217023

GCA[C/G]ATG

nearGene-5’ C (n = 81) 0.1938

G (n = 337) 0.8062

rs4975270

TAC[A/G]CAT

intron

A (n = 240) 0.5714

G (n = 180) 0.4286

rs11722830

CTT[A/G]TGG

Intron

A (n = 89) 0.2119

G (n = 331) 0.7881

rs12505447

CCT[C/T]GGG

Intron

C (n = 341) 0.8119

T (n = 79) 0.1881

rs6534704

GTA[A/T]CCT

Intron

A (n = 32) 0.0762

T (n = 388) 0.9238

rs13148510

CAA[C/G]AGC

3'UTR

C (n = 403) 0.9595

G (n = 17) 0.0405

rs13143771

ATA[C/T]AGT

nearGene-5’ C (n = 119) 0.2833

T (n = 301) 0.7167

rs13142964

TAA[C/G]AAC

nearGene-5’ C (n = 389) 0.9262

G (n = 31) 0.0738

rs9321493

GTA[C/T]ACT

Intron

C (n = 233) 0.5548

T (n = 187) 0.4452

rs11154794

AGC[C/T]TCC

Intron

C (n = 53) 0.1262

T (n = 367) 0.8738

rs210798

GAA[G/T]TCC

Intron

G (n = 245) 0.5833

T (n = 175) 0.4167

rs210936

CTT[C/T]TCC

nearGene-3’ A (n = 218) 0.5190

G (n = 202) 0.4810

rs7757388

ATA[A/G]AAG

Intron

A (n = 351) 0.8397

G (n = 67) 0.1603

rs210962

AGA[C/T]CCT

Intron

C (n = 318) 0.7608

T (n = 100) 0.2392

rs17639758

GTA[A/G]CAT

Intron

A (n = 11) 0.0262

G (n = 409) 0.9738

rs1013891

TAC[A/G]GCA

Intron

A (n = 146) 0.3476

G (n = 274) 0.6524

rs2179308

GGT[A/G]TTG

Intron

A (n = 214) 0.5095

G (n = 206) 0.4905

FAS: Fatty Acid Sensor
Allelic frequencies were obtained using the ALLELE Procedure (SAS Genetics v9.3).
* GWAS hit identified in the FAS study

Table 2. Characteristics of the study sample pre- and postsupplementation (n = 208)
a

Characteristics

Pre

Post

P

Study population, n

210

208

-

Age, years

30.8 ± 8.7

-

-

81.3 ± 13.9

81.6 ± 14.2

0.0009

27.8 ± 3.7

27.9 ± 3.8

0.005

1.21 ± 0.63

1.02 ± 0.52

< 0.0001

Weight, kg
BMI, kg/m

b, c

2 b, c

TG, mmol/L

b, d

Values are means ± SD. *P < 0.05
b

P values are for log10-transformed values

c

P values adjusted for age and sex

d

P values adjusted for age, sex and BMI

Table 3. Plasma TG levels before and after a 6-week n-3 FA supplementation according to genotype for tagged SNPs with marginal or significant effect of
genotype or gene-diet interaction (n = 208)
Pre-n-3 FA supplementation

IQCJ

Post-n-3 FA supplementation

a

P values

11

12

22

11

12

22

rs12497650

1.175 ± 0.664

1.224 ± 0.554

1.293 ± 0.811

1.034 ± 0.563

1.010 ± 0.484

1.004 ± 0.555

0.96

<0.0001

0.09

rs2044704

1.184 ± 0.538

1.266 ± 0.726

1.157 ± 0.791

0.957 ± 0.466

1.110 ± 0.633

1.103 ± 0.397

0.52

<0.0001

0.004

rs1962071

1.262 ± 0.619

1.168 ± 0.677

1.051 ± 0.455

1.023 ± 0.509

1.041 ± 0.594

0.930 ± 0.304

0.74

<0.0001

0.03

rs6800211

1.164 ± 0.590

1.250 ± 0.623

1.253 ± 0.881

1.038 ± 0.479

1.004 ± 0.569

1.003 ± 0.568

0.82

<0.0001

0.01

rs17782879

1.251 ± 0.688

1.165 ± 0.543

1.185 ± 0.680

1.001 ± 0.532

1.016 ± 0.493

1.138 ± 0.624

0.43

<0.0001

0.01

rs1868414

1.195 ± 0.707

1.208 ± 0.492

1.255 ± 0.714

1.055 ± 0.560

0.998 ± 0.503

0.966 ± 0.472

0.97

<0.0001

0.03

rs2595260

1.202 ± 0.550

1.235 ± 0.708

1.157 ± 0.835

0.973 ± 0.485

1.108 ± 0.605

<0.0001

0.01

b

1.212 ± 0.679

1.202 ± 0.527

-

<0.0001

0.02

1.201 ± 0.557

1.229 ± 0.683

1.173 ± 0.777

0.956 ± 0.458
1.082 ± 0.598

0.85

rs1449009*

1.055 ± 0.556
0.960 ± 0.483

1.027 ± 0.454
-

0.67

1.105 ± 0.419

0.83

<0.0001

0.002

1.194 ± 0.549

1.232 ± 0.699

1.201 ± 0.784

0.955 ± 0.476

1.090 ± 0.608

1.129 ± 0.414

0.67

<0.0001

0.002

rs61332355 * 1.240 ± 0.592

1.145 ± 0.697

-

0.999 ± 0.485

1.064 ± 0.597

-

0.81

<0.0001

0.0002

1.347 ± 0.761

1.163 ± 0.516

1.094 ± 0.588

1.094 ± 0.508

0.995 ± 0.511

0.962 ± 0.572

0.05

<0.0001

0.55

rs12216689

1.209 ± 0.675

1.194 ± 0.571

1.277 ± 0.622

1.044 ± 0.510

0.998 ± 0.487

0.979 ± 0.783

0.76

<0.0001

0.08

rs1013868

1.268 ± 0.590

1.106 ± 0.568

1.400 ± 0.925

1.059 ± 0.543

0.948 ± 0.453

1.175 ± 0.688

0.08

<0.0001

0.52

rs11767429

1.270 ± 0.724

1.085 ± 0.509

1.373 ± 0.431

1.096 ± 0.592

0.895 ± 0.382

<0.0001

0.33

1.259 ± 0.671

1.072 ± 0.471

-

1.025 ± 0.529

1.007 ± 0.517

1.123 ± 0.562
-

0.08

b

0.27

<0.0001

0.004

rs7805772

1.266 ± 0.689

1.066 ± 0.408

1.165 ± 0.681

1.022 ± 0.529

0.944 ± 0.393

1.290 ± 0.849

0.28

0.006

0.002

rs2349780

1.120 ± 0.621

1.254 ± 0.614

1.272 ± 0.703

1.006 ± 0.562

1.042 ± 0.509

0.973 ± 0.489

0.55

<0.0001

0.04

1.156 ± 0.506

1.106 ± 0.567

1.383 ± 0.733

1.052 ± 0.464

0.913 ± 0.486

0.01

<0.0001

0.26

1.241 ± 0.646

1.114 ± 0.571

-

1.021 ± 0.519

1.020 ± 0.546

1.157 ± 0.578
-

0.23

<0.0001

0.03

1.191 ± 0.698

1.243 ± 0.651

1.158 ± 0.448

1.076 ± 0.589

1.032 ± 0.543

0.52

<0.0001

0.04

1.229 ± 0.588

1.142 ± 0.748

-

1.024 ± 0.549

1.010 ± 0.442

0.910 ± 0.340
-

0.61

<0.0001

0.02

1.168 ± 0.605

1.323 ± 0.688

1.027 ± 0.497

1.031 ± 0.533

1.060 ± 0.548

0.774 ± 0.270

0.08

<0.0001

0.05

rs9827242

rs2621309*
b

NXPH1 rs2107779

rs7806226

rs2107474
rs6974252
MYB

a

b

rs9321493
rs11154794

b

rs210962

The MIXED procedure (SAS v9.2) for repeated measures adjusted for age, sex and BMI was used to test for the interaction effects
P values are derived from log10-transformed TG levels
11: common genotype homozygotes, 12: heterozygotes, 22: rare genotype homozygotes
a

Values are mean ± SD

b

12 were merged with 22 (dominant model)

* GWAS hit identified in the FAS Study

Genotype Supplementation Interaction

Table 4. Significant differences in genotype frequency distribution between positive and negative
responders to the n-3 FA supplementation according to genotype for tagged SNPs (n=208)
Positive responders

IQCJ

22

11

12

22

P value

rs2044704

64.9

29.7

5.4

41.7

40.0

18.3

0.001

rs1962071

60.8

32.4

6.8

40.0

43.3

16.7

0.01

rs17782879

52.7

41.2

6.1

36.7

45.0

18.3

0.01

rs1868414

40.8

42.9

16.3

63.3

30.0

6.7

0.01

66.2

27.0

6.8

43.3

43.3

13.3

0.01

58.8

41.2

-

80.0

20.0

-

0.004

rs1449009*

59.5

34.5

6.1

35.0

43.3

21.7

0.0004

62.2

31.8

6.1

35.0

45.0

20.0

0.0003

25.0

75.0

-

53.3

46.7

-

<0.0001

79.1

21.0

-

58.3

41.7

-

0.002

73.0

25.0

2.0

54.2

30.5

15.3

0.0005

81.1

18.9

-

65.0

35.0

-

0.01

25.7

52.0

22.3

36.7

33.3

30.0

0.05

c

rs61332355 *
rs7806226

c

rs7805772
rs11154794

c

rs210936

The FREQ procedure (SAS v9.2) was used to test the differences in allele frequency distribution
11: common genotype homozygotes, 12: heterozygotes, 22: rare genotype homozygotes
b

c

b

c

rs2621309*

a

a

12

rs9827242

MYB

Negative responders

11

rs2595260

NXPH1

a

Relative values in percent
Chi-square test in SAS v9.2
12 were merged with 22 (dominant model)

* GWAS hit identified in the FAS Study

