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Abstract

Optimal maternal long-chain PUFA (LCPUFA) status is essential for the developing fetus. The fatty acid desaturase (FADS) genes are involved in
the endogenous synthesis of LCPUFA. The minor allele of various FADS SNP have been associated with increased maternal concentrations of the
precursors linoleic acid (LA) and a-linolenic acid (ALA), and lower concentrations of arachidonic acid (AA) and DHA. There is limited research
on the influence of FADS genotype on cord PUFA status. The current study investigated the influence of maternal and child genetic variation in
FADS genotype on cord blood PUFA status in a high fish-eating cohort. Cord blood samples (72 1088) collected from the Seychelles Child
Development Study (SCDS) Nutrition Cohort 2 (NC2) were analysed for total serum PUFA. Of those with cord PUFA data available, maternal
(1. 1062) and child (12 916), FADS1 (rs174537 and rs174561), FADS2 (1s174575), and FADS1-FADS2 (1s3834458) were determined. Regression
analysis determined that maternal minor allele homozygosity was associated with lower cord blood concentrations of DHA and the sum of
EPA + DHA. Lower cord blood AA concentrations were observed in children who were minor allele homozygous for 153834458 (ff = 0-075;
P=0-037). Children who were minor allele carriers for rs174537, rs174561, rs174575 and rs3834458 had a lower cord blood AA:LA ratio
(P < 0-05 for all). Both maternal and child FADS genotype were associated with cord LCPUFA concentrations, and therefore, the influence
of FADS genotype was observed despite the high intake of preformed dietary LCPUFA from fish in this population.
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Long-chain PUFA (LCPUFA) have an essential role in fetal neuro-
development”. The LCPUFA, docosahexanoic acid (DHA,
22:6 n-3) and arachidonic acid (AA, 20:4 1n-6) are of particular
importance owing to their role in central nervous system devel-
opment>®, and DHA has been shown to accumulate in the fetal
brain during the third trimester”. AA is essential for fetal brain
growth during gestation®'%-19 whilst DHA is required for the
growth and function of nervous tissue and the retina®4-17,
Placental transfer is the sole source of PUFA for the developing
fetus'®; therefore, optimal maternal status is essential.

DHA and AA can be supplied directly to the mother from
dietary intake and also synthesised endogenously from the
essential fatty acids linoleic acid (LA, 18:2 12-6) and o-linolenic
acid (ALA, 18:3 n-3), respectively, via a series of elongation
and desaturation steps. The endogenous synthesis of LCPUFA
involves the A 5 desaturase and A 6 desaturase enzymes which
are encoded by the fatty acid desaturase (FADS) genes — FADS1
and FADS2, respectively”. The FADS genes are located on
chromosome 11q12-q13.1%%. SNP in the FADS gene cluster
are associated with LCPUFA concentrations. The minor allele

Abbreviations: AA, arachidonic acid; ALA, a-linolenic acid; ANOVA, Analysis of variance; BMI, body mass index; DGLA, Dihomo-y-linolenic acid; DHA,
Docosahexaenoic acid; EPA, Eicosapentaenoic acid; FADS, fatty acid desaturase; GC-MS, Gas chromatographymass spectrometry; LA, Linoleic acid;
LCPUFA, Long chain polyunsaturated fattyacids; LLOD, Lower limit of detection; MAF, Minor allele frequency; MeHg, Methylmercury; NC2, Nutrition Cohort
2; PUFA, Polyunsaturated fatty acid; SCDS, Seychelles Child Development Study; SNP, Single nucleotide polymorphism; SPSS, Statistical Package for Social
Sciences.
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homozygous genotype for FADST and FADS2 SNP has been
associated with increased blood concentrations of the PUFA
precursor molecules LA and ALA and lower concentrations of
LCPUFA products, particularly AA in pregnant women®!=23,
Higher cord blood LA concentrations and lower concentrations
of AA and DHA have been reported in children whose mothers
were carriers of the minor allele for FADSI SNP including
153834458%Y and rs174575 of the FADS2 gene®. Desaturase
enzyme activity has been reported in the liver of the developing
fetus®>?7, indicating that the endogenous synthesis of LCPUFA
is active in the fetus, which may in turn be influenced by FADS
genotype. The genotype of the child has also been shown to
influence cord 7-6 PUFA concentrations, with increased dihomo-
y-linolenic acid (DGLA)?*?>?® and decreased AA being reported
for minor allele carriers of several SNP, including rs174575,
1515352 15174561, 1538344587, 15102275 and rs174448%. In
a high fish-eating cohort in the Seychelles Child Development
Study (SCDS), mothers who were minor allele carriers for the inter-
genic FADS1-FADS2 SNP rs3834458 had significantly higher serum
concentrations of LA and ALA compared with major allele homo-
zygotes, and both 153834458 and rs174575 were associated with
significantly lower concentrations of AA®?),

The FADS genotype, therefore, may be a determinant of cir-
culating concentrations of PUFA in pregnant women and cord
blood even in high fish-eating populations. Given that the devel-
oping fetus relies on maternal supply, it is possible that both
maternal and child FADS genotype will influence cord PUFA
status. The aim of the current study is to investigate the influence
of maternal and child genetic variation in FADS genotype
on cord blood PUFA status in the high fish-eating SCDS. It is
hypothesised that carriers of minor alleles for FADST 1s174537
and 15174561, FADS2 15174575, and FADS1-FADSZ2 153834458
in either the mother or the child will have lower cord blood con-
centrations of the LCPUFA products AA and DHA.

Methods
Study design and participants

The SCDS is a longitudinal study based in the Republic of
Seychelles. The SCDS has the overall aim of investigating the
effects of methylmercury exposure from maternal fish consump-
tion on child neurodevelopmental outcomes. The current study is
part of Nutrition Cohort 2. Recruitment for Nutrition Cohort 2 took
place between 2008 and 2011 on the island of Mahé. Pregnant
women (2 = 1535) were recruited at their first antenatal visit from
eight health centres located on the island. The present study was
conducted according to the guidelines laid down in the
Declaration of Helsinki, and all procedures involving human sub-
jects were approved by the Seychelles Ethics Board, the Research
Subjects Review Board at the University of Rochester and the
Regional Ethics committee at Lund University, Sweden. Written
informed consent was obtained from all subjects.

Maternal characteristics

Mothers reported their age when enrolled to the study
using questionnaires administered by trained nurses. BMI

(BMI = weight (kg)/ height2 (m?)) was calculated using maternal
weight and height measurements recorded by trained nurses when
the children were approximately 20 months old. Data on BMI pre-
natally were not available; however, in a previous cohort (Nutrition
Cohort 1), maternal postnatal BMI was found to be highly corre-
lated (r=0-93) with preconception BMI. Socio-economic status
was determined when children were aged 20 months using
Hollingshead 4-Factor Social Status Index, adapted for use in the
Republic of Seychelles. Maternal fish consumption was determined
using a Fish Use Questionnaire completed retrospectively by moth-
ers to reflect fish consumption during pregnancy. The Fish Use
Questionnaire allowed for total fish consumption to be estimated,
as well as the consumption of oily and white fish.

Blood sampling and analyses

Maternal non-fasting blood samples, collected at 28 weeks’
gestation and cord blood samples collected at delivery, were
processed following collection to obtain serum samples by cen-
trifuging at 2500 rpm for 15 min and stored at —80 °C. Aliquots of
serum were shipped to Ulster University, Coleraine, for fatty acid
analysis. Total serum PUFA was assessed in cord blood samples
as PUFA transferred from the mother to the developing fetus via
the placenta originate from maternal triglycerides and free fatty
acids, and not from phospholipids®-3". Total PUFA analysis
was completed in cord blood serum samples using an adaptation
of the Folch et al.?? method. Total lipids were extracted and
methylated to fatty acid methyl esters using boron trifluoride
methanol (Sigma Aldrich, UK). Heptadecaenoic acid (C17:0)
was used as the internal standard. Fatty acid methyl esters were
quantified by GC-MS (Agilent 7890 A-5975C). Analysis was per-
formed in split mode, with a BPX70 capillary GC column (SGE
Analytical Science) (length 30 m, internal diameter 250 pm and
film thickness 0-25 pm), using He as the carrier gas (constant flow
at 1.0 ml/min). Samples were injected using an automatic liquid
sampler (injection volume 1 pl) ata temperature of 130 °C, which
was then ramped at 15 °C/min to 200 °C and then at 30 °C/min to
250 °C where it was held for 5 min. The total run time was 13 min,
with all peaks for chosen PUFA resolved in this short period. MS
was operated in positive ion mode using an electron ionisation
source. Mass range was set to 50-500 Da and acquisition was
performed by total ion chromatogram. The PUFA analysed
included LA (18:2#1-6), ALA (18:31-3), AA (20:4 n-6), EPA
(20:5 n-3) and DHA (22:6 n-3). PUFA were identified using their
retention time and corresponding qualifier ions with reference to
those of commercially available PUFA standards (Sigma Aldrich,
UK). Quantitation was performed using the internal standard
(C17:0) and PUFA quantifier ions. The sum of EPA and DHA
was calculated (EPA + DHA), 7-6:n-3 ratio (total #n-6:total
n-3), and product:precursor ratios (AA:LA, EPA:ALA and DHA:
ALA) were also calculated. Undetectable values for ALA and
EPA were seen in 85% and 57% of samples, respectively.
These samples had values below the lower limit of detection
(LLOD). For undetectable values, the LLOD/+/2 was inputted®?.

Genotyping

Aliquots of maternal whole blood were shipped to Lund
University, Sweden, for genotyping as described previously?.
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A total of four FADS SNP were chosen based on the
impact they have previously been found to have on LCPUFA
concentrations??, including FADSI 15174537, FADS1
151745601, FADS2 1s174575 and FADSI-FADS2 intergenic
s3834458. A Qiagen DNA Blood Mini Kit (Qiagen, Germany)
was used to extract DNA from maternal blood samples.
Genotyping of SNP was completed using the Iplex® Gold assay
on the MassARRAY platform (Sequenom™, USA) and by
TagMan allelic discrimination assay on an ABI 7900 instrument
(Applied Biosciences, USA).

Children provided a saliva sample when aged 7 years old.
Saliva samples were also shipped to Lund University, Sweden,
for DNA extraction and genotyping. DNA extraction was
completed using the E.ZN.A Blood DNA Mini Kit (Omega
Bio-Tek, USA) according to the manufacturer’s instructions.
The same four SNP genotyped for maternal samples were gen-
otyped in child saliva samples (FADS1 15174537, FADSI
151745601, FADSI-FADS2 intergenic 1s3834458 and FADS2
1s174575). Genotyping of SNP was completed using TagMan
real-time PCR using custom assays from Thermo Fisher
Scientific. To analyse the chosen SNP, ABI 7900HT Fast Real-
Time PCR System (Applied Biosystems, Thermo Fisher, USA)
was used according to the manufacturer’s instructions. Primers
and probes were pre-designed and validated by the manufac-
turer (Thermo Fisher Scientific, USA). Quality control was
checked by reanalysing > 5% of random samples, with there
being a resultant 100 % agreement between original and dupli-
cate samples. Hardy—Weinberg equilibrium was also evaluated
using y* test.

Statistics

Statistical analysis was completed using Statistical Package for
Social Sciences (SPSS), version 25 (SPSS, IBM, USA).
Descriptive analysis was completed, and data were tested for
normality, which indicated that PUFA status data were not nor-
mally distributed. Cord PUFA data were transformed using natu-
ral logarithmic transformation, with a constant of + 1 added.
Correlation analysis was completed for maternal and cord
PUFA status to investigate if maternal PUFA determines cord
PUFA. Differences in cord PUFA status across genotypes were
assessed using ANOVA. Log-transformed cord PUFA variables
were included in all regression models. Unadjusted linear regres-
sion was used to estimate the effect of maternal and child FADS
SNP on cord blood PUFA status, where child FADS and maternal
FADS genotype were analysed in separate models. A further
regression model was completed adding maternal FADS geno-
type as a covariate in order to examine more clearly the influence
of child genotype on cord PUFA concentrations. Regression
models were also run with maternal PUFA concentrations
included as a covariate. Regression assumptions including multi-
collinearity (VIF), Durbin—Watson and scatterplots were exam-
ined and determined to be appropriate. Product:precursor
ratios were also included in regression analyses (AA:LA, EPA:
ALA and DHA:ALA). In all regression models, the major allele
homozygote genotype for each SNP was used as the reference
group. A P-value of P<0-05 was considered statistically
significant.

Results

A total of 1535 mothers were recruited onto Nutrition Cohort 2. Of
these mothers, 1433 had PUFA concentrations measured at
28 weeks’ gestation. A total of 1088 of these mothers had a cord
blood sample collected at delivery. Of those with cord blood data,
1062 had maternal FADS genotype and 916 had child FADS geno-
type data available. Descriptive characteristics of the mothers
along with PUFA data for both mothers and children are included
in Table 1. Fish consumption in this cohort of pregnant women was
an average of 8-5 fish meals per week. The genotype distributions
for mothers and children are shown in Online Resource 1. Both
mother and child genotypes were in Hardy—Weinberg equilibrium.
The minor allele frequency (MAF) of each SNP in Nutrition Cohort 2
mothers and children is shown in Online Resource 2 with compari-
son to other populations. The minor allele frequencies for 15174537,
5174561 and rs3834458 were lower in the Seychellois populations
compared with European and global frequencies. The minor allele
frequency for 15174575 was similar to that seen for African
populations®?.

Pearson’s correlation analysis showed maternal LA status to
be significantly correlated with cord LA status (r=0-100;
P=0-001) and maternal ALA to be significantly negatively corre-
lated with cord AA (r=-0-091; P=0-003). Maternal EPA + DHA,
n-6:1-3 ratio and product:precursor ratios were all found to be
positively correlated with cord EPA, DHA and -3 product:pre-
cursor ratios (P < 0-05 for all) (Online Resource 3). Differences in
cord PUFA concentrations according to child genotype were
assessed using ANOVA and are shown in Table 2. Children
who were heterozygous or homozygous carriers of the minor
allele had significantly lower AA (P < 0-05 for all) concentrations
in cord blood, and a significantly lower AA:LA ratio (P = 0-05 for
alD) in cord blood compared with those who were major allele
homozygotes for all SNP. The equivalent non-parametric tests
were completed on non-log-transformed data which yielded
similar results.

Regression analysis investigated associations between mater-
nal FADS genotype and cord PUFA concentrations. Unadjusted
regression models were completed, as were regression models
including maternal PUFA concentrations as a covariate. The
results of these analyses were the same, albeit the level of signifi-
cance may have changed slightly in some instances. As the same
results were significant, the results from unadjusted models have
been reported (Table 3). In mothers, minor allele homozygotes
for the FADS1 (rs174537 and rs174561) and FADS1-FADS2
(r3834458) SNP were associated with lower cord DHA
(P < 0-05 for all) and lower EPA + DHA (P < 0-05 for all) when
compared with the reference genotype. The heterozygous
genotype was associated with increased concentrations of pre-
cursor molecules, specifically LA, when compared with major
allele homozygotes for rs174561 (P=0-013) and rs3834458
(P=0-013). The homozygous minor allele for FADS2 rs174575
was also associated with increased LA when compared with
the reference genotype (P =0-002).

Associations between child FADS genotype and cord PUFA
concentrations are shown in Table 4. The homozygous minor
allele genotype for rs3834458 was associated with significantly
lower AA concentrations when compared with the major allele
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Table 1. Descriptive statistics for maternal and cord PUFA

(Mean values and standard deviations; median value and interquartile range)

n Mean SD Median IQR Min Max
Maternal age (years) 1432 26-90 6-31 25.94 21.88, 31.37 16.03 45.56
Maternal BMI (kg/m?) 1433 2691 6-25 26-90 22.21, 30-22 14.67 49-60
Fish consumption (meals/week)
Fatty fish 1344 4.57 324 4.00 2.00, 7-00 0-00 24.00
White fish 1344 245 2.88 2:00 0-00, 3-00 0-00 26-00
Total fish 1342 852 4.51 8-00 5.00, 11-00 0-00 37-00
Hollingshead (SES) 1372 32.04 10-33 31.50 24.00, 39-50 11.00 63-00
Maternal PUFA (mg/ml)
LA (18:2 n-6) 1433 0-900 0-254 0-879 0-721, 1-047 0-309 2339
ALA (18:3 n-3) 1433 0-037 0-006 0-035 0-035, 0-038 0-000 0-114
AA (20:4 n-6) 1433 0-203 0-082 0-206 0-149, 0-262 0-040 0-383
EPA (20:5 n-3) 1433 0-052 0-008 0-049 0-049, 0-051 0-049 0-116
DHA (22:6 n-3) 1433 0185 0-085 0-180 0-116, 0-244 0-040 0-520
EPA + DHA 1433 0-237 0-089 0-230 0-166, 0-299 0-089 0-601
n-6:n-3 ratio 1433 4.350 1-634 3-930 3-264, 4983 1.556 15-810
AAILA 1433 0-233 0-090 0-244 0-181, 0-291 0-022 0-524
EPA:ALA 1430 1-416 0-211 1-400 1.389, 1-418 0-428 2.834
DHA:ALA 1430 4.946 2:229 4-869 3-138, 6-385 0-831 14.898
Cord PUFA (mg/ml)
LA (18:2 n-6) 1088 0-167 0-132 0-148 0-115, 0-189 0-012 1.999
ALA (18:3n-3) 1088 0-001 0-003 0-000 0-000, 0-000 0-000 0-026
AA (20:4 n-6) 1088 0-283 0-233 0-191 0-144, 0-269 0-030 1179
EPA (20:5 n-3) 1088 0-005 0-007 0-000 0-000, 0-011 0-000 0-051
DHA (22:6 n-3) 1088 0-103 0-049 0-097 0-072, 0-126 0-007 0-497
EPA +DHA 1088 0-108 0-052 0-102 0-076, 0-134 0-007 0-532
n-6:n-3 ratio 1088 5.424 5-703 3-351 2.601, 5-527 1-020 47707
AA:LA 1088 2.083 2490 1193 1-000, 1-516 0-167 42167
EPA:ALA 1087 82-128 130-358 0-571 0-571, 187-143 0-002 660-000
DHA:ALA 1087 1769-525 1081-284 1787-143 1131-857, 2442-429 1169 6493-286

IQR, interquartile range; Min, minimum; Max, maximum; SES, socio-economic status; LA, linoleic acid; ALA, a-linolenic acid; AA, arachidonic acid.

IQR is 25th and 75th centile.

homozygotes (P=0-037). The data suggest a trend for lower AA
concentrations for minor allele homozygotes for rs174537
(P=0-053), rs174561 (P=0-053) and rs174575 (P=0-085),
albeit this was not significant. A lower cord AA:LA ratio was also
observed for children who were heterozygotes for rs174537,
rs174561 and rs174575 (P<0-05 for all), and also in those
who were minor allele homozygotes for rs174537, rs174561
and 153834458 (P < 0-05 for all).

When the influence of maternal FADS genotype was taken
into account (Table 5), significant associations were observed
between cord ALA concentrations and child genotype, where
being homozygous for the minor allele for FADS? rs174537,
15174561 and FADSI-FADS2 153834458 was associated with
lower concentrations of ALA. This finding was also observed
in children who were heterozygous for FADS2 15174575
(P=0-025). There were significant associations among children
being heterozygous for FADS1 1s174561 and higher cord con-
centrations of DHA, EPA+DHA and lower n-6:n-3 ratio
(P=0-021; P=0-027; P=0-004, respectively), whereas there
were no associations among children being homozygotes for
these outcomes. The 7-6:1-3 ratio was also significantly lower
in children who were heterozygous for FADS1 rs174537 and
FADS1-FADS2 153834458 (P =0-019; P=0-028, respectively).

Discussion

The present study indicates that both maternal and child
FADS genotype are associated with cord PUFA status in a high

fish-eating cohort. Cord DHA concentrations were found to be
influenced by maternal genotype, but not by child genotype,
which was primarily associated with lower AA or ALA concen-
trations. FADS1 and FADSZ2 appear to behave differently, specifi-
cally with FADS1 15174537 and rs174561 found to influence DHA
and AA status, whereas this was not seen for the FADS2
1s174575.

The presence of the minor allele in the maternal genotype
was associated with increased LA for FADS1 rs174561, and lower
cord blood DHA and EPA + DHA concentrations for FADSI
rs174537, rs174575 and rs3834458. Previous research in a cohort
of mother—child pairs in England examined the influence of
maternal FADS on cord PUFA concentrations and also reported
lower cord blood DHA concentrations in children born to moth-
ers who were carriers of the minor allele for various FADST and
FADS2 SNP?*? The total LCPUFA concentrations in cord blood
are generally believed to be higher than maternal LCPUFA status
in what is known as ‘biomagnification”®®. The placenta has the
ability to select and transfer AA and DHA from the maternal sup-
ply to the fetus'%3® while also retaining the precursor mole-
cules LA and ALAY?. In the current analysis, cord DHA was
shown to be lower in children whose mothers were minor allele
carriers for FADS1 rs174537, 15174561 and FADSI-FADS2
153834458, suggesting that although there is a preferential trans-
fer and biomagnification of DHA, maternal FADS genotype may
influence the quantity of DHA present in fetal cord blood. The
order of transfer of LCPUFA is dependent on maternal status.
When maternal AA status is low, it is suggested that the placenta
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Table 2 Cord PUFA (mg/ml) according to child FADS genotype
(Mean values and standard deviations)

LA ALA AA EPA DHA
(18:2 n-6) (18:3n-3) (20:4 n-6) (20:5 n-3) (22:6 n-3) EPA+DHA  n-6:n-3 ratio AALA EPA:ALA DHA:ALA
FADS SNP  Genotype Mean SD Mean sD Mean SD Mean sD Mean SD Mean SD Mean sb Mean SD Mean SD Mean SD

rs174537 GG (n600) 0-165 0-108 0-001 0-003 0285 0-232 0-005 0-007 0-102 0.048 0-107 0-051 5548 5.877 2102 26352 78145 125403 1767-118 1068-606
GT (n275) 0-183 0203 0001 0-003 0249 0-198 0006 0-008 0-104 0.052 0-110 0.055 4761 4.572 1.782 2.206° 78.968 132227 1730-419 1054.028
TT (n 41) 0175 0-061 0000 0-000 0208 0-151 0-004 0-006 0096 0-059 0-101 0-061 6731 8802 1459 2.129° 78286 115682 1908-707 1176-996
P-valuet 0-290 0-098 0-012* 0-369 0-583 0-490 0-138 0-002** 0-973 0-237

rs174561 TT (n 627) 0-165 0-107 0-001 0-003 0-281 0229 0.005 0-007 0-101 0-048 0106 0.050 5-588 5.968 2.078 25912 77.915 125.608 1748.927 1065-650
TC (n 258) 0185 0208 0-001 0-003 0254 0-204 0.005 0-008 0-106 0-052 0-112 0.055 4579 4.039 1.796 2.255%° 79.039 132512 1784.921 1062.033
CC (n31) 0177 0-060 0-000 0-000 0-198 0-144 0004 0-005 0093 0-061 0097 0-062 7-398 9-842 1.450 2.385° 82.839 108.884 1847.995 1207710
P-valuet 0-200 0-157 0-034* 0-592 0-187 0-169 0-042* 0-004** 0-783 0-459

rs174575 CC (n553) 0166 0-119 0001 0-003 0-286 0232 0.005 0-007 0-102 0-050 0-107 0-052 5655 6:091 2.070 21522 78.061 123-38 1737.327 1078-970
CG(n320) 0176 0150 0001 0-002 0252 0205 0005 0-007 0102 0-047 0107 0.049 4912 4.645 1.761 2.081° 78280 133.988 1809-493 1049.483
GG (n43) 0197 0287 0002 0-004 0214 0-152 0006 0-009 0-114 0-071 0120 0-078 4.995 7285 2.390 6-438% 83.606 120951 1734.507 1090-615
P-valuet 0-344 0-091 0-019* 0-608 0-323 0-323 0117 0-015* 0-667 0-266

rs3834458 TT (n613) 0-165 0-107 0-001 0-003 0-282 0230 0-005 0-007 0-102 0-048 0107 0.050 5-526 5.860 2.088 26132 77-199 124.754 1760-863 1063-862
Tdel (n268) 0183 0205 0.001 0-003 0254 0-202 0006 0-008 0-104 0-052 0110 0-055 4.796 4.552 1.800 2.229% 80.274 133204 1741-081 1057-583
deldel (n35) 0180 0-062 0-000 0-000 0197 0-137 0004 0-006 0098 0-062 0103 0-064 6890 9360 1.393 2.247° 85.012 118:825 1953-376 1240-191
P-valuet 0-204 0-131 0-023* 0-479 0-655 0-579 0-208 0-002** 0-827 0-292

od£10ua3 aseiniesap poe Anej pue viand piod

FADS, fatty acid desaturase; LA: linoleic acid; ALA: a-linolenic acid; AA: arachidonic acid.

*P<0-05, *P<0-01; ***P<0-001.

1 P-value for significant difference between cord PUFA concentrations according to genotype as determined using ANOVA with Tukey for post hoc comparison; all cord PUFA were logged after adding a constant to all + 1; @®°mean values
within a column with unlike superscript letters were significantly different (P < 0-05). AA post hoc not significant.
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Table 3 Associations between cord PUFA concentrations (mg/ml) and maternal FADS genotype
(Coefficient values and 95 % confidence intervals)
LA ALA AA EPA DHA EPA + DHA n-6:n-3 AALA EPA:ALA DHA:ALA
FADS1rs174537 GG (n723) Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
GT (n 303) p 0-054 0-039 —0-042 0-037 -0-013 —-0-007 -0-010 —-0-059 0-020 —-0-030
95% ClI  —0-001, 0-021 0-000, 0-001 —-0-037, 0-006 0-000, 0-:002 -0-007, 0-005 —-0.-007, 0-005 —-0.087, 0-063 -0-130, 0-001 -0-207, 0413 -0-315, 0-107
P-value 0-080 0-207 0-166 0-224 0-663 0-817 0-748 0-053 0-514 0-334
TT (n 36) p 0-012 —-0-009 0-016 0-035 -0-076 —0-068 0-064 —0-006 0-041 -0-024
95% ClI -0-022, 0-033 —-0-001, 0-001 —0-039, 0-068 —0-001, 0-004 —0-033, 0-004 -0.032, -0-002 -0-011,0-385 —0-181, 0-147 -0-252,1.296 -0-732, 0-319
P-value 0-694 0776 0-607 0-253 0-013* 0-027* 0-038* 0-838 0-186 0-441
FADS1rs174561 TT (n762) Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
TC (n 268) p 0-076 0-050 —-0-038 0-031 —-0-005 0-000 0-001 —-0-067 0-006 -0-030
95 % ClI 0-003, 0-026 0-000, 0-001 —-0-036, 0-008 0-000, 0-002 -0-007, 0-006 —0-006, 0-006 -0.077,0-079 -0-144, -0-008 -0-293, 0-352 —0-330, 0-108 =z
P-value 0-013* 0-100 0-216 0-306 0-878 0-994 0-978 0-029* 0-857 0-322 :
CC (n32) p 0-003 —0-003 0-013 0-037 —0-080 -0-071 0-050 —-0-004 0-046 —0-029 o
95% Cl —-0-028, 0-031 —0-001, 0-001 —0-044, 0-069 —0-001, 0-004 —0-036, 0-005 —-0.035, -0-:0038 —-0-033, 0-363 —0-184, 0-163 -0-198, 1.440 -0-824, 0-289 9
P-value 0-917 0-931 0-674 0-229 0-009** 0-021* 0-103 0-908 0-137 0-346 2
FADS2rs174575 CC (n 663) Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref &
CG (n 346) p —0-003 0-023 —0-054 0-057 0-018 0-025 —0-052 -0-037 0-059 0-004 8
95% ClI —-0-011, 0-010 0-000, 0-000 -0-039, 0-002 0-000, 0-002 —-0-004, 0-007 —0-003, 0-008 -0-135, 0-009 -0:102, 0-024 —0-004, 0-593 -0-191,0215 o
P-value 0-932 0-450 0-076 0-062 0-566 0-411 0-088 0-224 0-053 0-908 =
GG (n53) p 0-094 0-053 0-020 0-057 0-032 0-038 -0.007 -0-022 0-013 -0-047
95% ClI  —0-013, 0-059 0-000, 0-001  —0-030, 0-059 0-000, 0-004 —0-006, 0-018 —0-005, 0-020 -0-174,0-137 —0-186, 0-086 -0-509, 0-778 —0-778, 0-095
P-value 0-002** 0-086 0-525 0-066 0-304 0-216 0-815 0-468 0-683 0125
FADS1-FADS2r  TT (n 746) Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
53834458 Tdel (n 285) p 0-076 0-048 —-0-035 0-040 —-0-001 0-005 0-005 —-0-064 0-010 -0-035
95 % Cl 0-003, 0-025 0-000, 0-001  —0-034, 0-009 0-000, 0-002 —0-006, 0-006 —0-006, 0-007 —-0-070, 0-083 -0-138, —0-004 -0-262, 0-371 —0-338, 0-092
P-value 0-013* 0116 0-258 0-195 0-963 0-879 0-876 0-037* 0-735 0-261
deldel (n 31) p 0-004 —-0-001 0-006 0-029 —-0-083 -0-075 0-050 -0-010 0-037 -0-032
95% Cl -0-028, 0-032 -0-001, 0-001 —-0-051, 0-064 —0-001, 0-004 -0-037, —-0-006 —0-037, —0-004 —0-036, 0-367 —0-206, 0-146 -0-314, 1.350 -0-869, 0-261
P-value 0-888 0-973 0-836 0-351 0-007** 0-014* 0-107 0-739 0-222 0-291

FADS, fatty acid desaturase; LA: linoleic acid; ALA: a-linolenic acid; AA: arachidonic acid.

All cord PUFA were logged after adding a constant to all + 1; homozygous major allele genotype was reference to which heterozygous and minor allele homozygous were compared; -values displayed are for the heterozygous genotype or
minor allele homozygous compared with major allele homozygous genotype.

* P<0-05, **P<0-01; ***P<0-001.
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Table 4 Associations between cord PUFA concentrations (mg/ml) and child FADS genotype
(Coefficient values and 95 % confidence intervals)

LA ALA AA EPA DHA
(18:2 n-6) (18:3n-3) (20:4 n-6) (20:5 n-3) (22:6 n-3) EPA + DHA n-6:n-3 AA:LA EPA:ALA DHA:ALA
FADS1rs174537 GG (n 600) Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
GT (n 275) p 0-046 0-034 —0-064 0-031 0-022 0-025 —0-063 —-0-072 —0-003 -0.017
95% Cl —-0-003, 0-020  0-000, 0-001 —0-045, 0-000 —0-001, 0-002 —0-004, 0-008 —0-004, 0-009 —0-157, 0-002 —0-147, -0-008 —0-343,0-315 —0-281, 0-167
P-value 0-160 0-310 0-052 0-353 0-516 0-455 0-055 0-028* 0-934 0617 o
TT (n41) B 0-017 —0-067 —0-064 —0-039 —0-030 —0-034 0-027 -0-078 0-007 0-055 Q
95% Cl -0-019, 0033 —-0-002, 0-:000 —0-100, 0-001 —0-004, 0-001 -0-020, 0-007 -0-022, 0-007 -0-104, 0-249 -0-339, -0-031 -0-646,0-814 -0.072,0918 =
P-value 0-615 0-043* 0-053 0-236 0-371 0-304 0-422 0-019* 0-821 0-094 E
FADS1rs174561 TT (n 627) Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref §
TC (n 258) p 0-054 0-033 —0-050 0-022 0-051 0-052 —0-079 —0-068 —0-004 0-002 )
95% Cl -0-002, 0-022  0-000, 0-001 —0-041, 0-005 -0-001, 0-001 -0.001, 0-011 -0.001,0-012 -0-179, -0-018 -0-145, -0-003 -0-355, 0-316 —0-221, 0-235 8_
P-value 0-105 0-320 0-134 0-502 0-120 0-115 0-017* 0-040* 0-909 0-954 =
CC (n31) p 0-019 —-0-058 —0-064 —0-028 —-0-038 —0-040 0-036 -0.077 0-023 0-041 g
95% Cl —-0-021, 0-038 —0-002, 0-000 —0-114, 0-001 —0-004, 0-001 —0-025, 0-007 —0-026, 0-006 —0-091, 0-313 -0-385, -0-033 -0-538,1-132 -0-211,0.922 &
P-value 0-571 0-080 0-053 0-397 0-254 0-226 0-282 0-020* 0-485 0218 a
FADS2rs174575 CC (n 553) Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref &
CG (n 320) B 0-033 —-0-052 —0-063 —-0-027 —-0-005 —0-008 —-0-042 —0-083 —0-028 0-051 8
95% Cl  —0-006, 0-:017 —0-001, 0-:000 —0-043, 0-000 —0-001, 0-001 —0-006, 0-006 —0-007, 0-005 —0-126, 0-027 —0-152, -0-019 —0-452,0-181 —0-046, 0-384 §
P-value 0-321 0-118 0-055 0-408 0-890 0-813 0-208 0-012* 0-401 0-123 %
GG (n 43) p 0-030 0-058 —0-057 0-023 0-050 0-050 —0-047 —0-034 0-015 —0-025 (;QD
95% Cl —-0-014,0-037  0-000, 0-001 —0-092, 0-006 —0-001, 0-003 —-0-003, 0-024 -0-003, 0-025 —0-297, 0-048 —-0-231, 0-071 —0-547,0-880 -0-673,0296 J
P-value 0-369 0-078 0-085 0-494 0-133 0-133 0-156 0-297 0-647 0-446 %
FADS1-FADS2 TT (n613) Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref o)
rs3834458 Tdel (n 268) p 0-049 0-033 —0-050 0-033 0-026 0-030 -0.057 —0-065 0-003 -0-013 ¢
95% ClI  —0-003, 0-021 0-000, 0-001  —0-040, 0-005 —0-001, 0-002 —-0-004, 0-009 -0-004, 0-009 -0-150, 0-010 —0-140, 0-000 -0-316, 0-347 -0-272, 0-178
P-value 0-135 0-319 0-132 0-321 0-427 0-371 0-086 0-050 0-927 0-683
deldel (n 35) B 0-026 -0-062 —0-069 —-0-027 -0-019 —0-022 0-021 —0-086 0-020 0-051
95% Cl -0-017,0-039 -0-002, 0-000 -0-112, -0-004 —0-004, 0-001 —0-019, 0-011 —0-020, 0-010 —0-127, 0-253 —0-386, —0-055 —0-549, 1.025 —0-110, 0-958
P-value 0-441 0-062 0-037* 0412 0-574 0-513 0-516 0-009** 0-553 0-120

FADS, fatty acid desaturase; LA: linoleic acid; ALA: a-linolenic acid; AA: arachidonic acid.

All cord PUFA were logged after adding a constant to all + 1; homozygous major allele genotype was reference to which heterozygous and minor allele homozygous were compared; s-values displayed are for the heterozygous genotype or
minor allele homozygous compared with major allele homozygous genotype.

*P<0-05, **P<0-01; P<0-001.
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Table 5 Associations between cord PUFA concentrations (mg/ml) and child FADS genotype whilst adjusting for maternal genotype
(Coefficient values and 95 % confidence intervals)

LA ALA AA EPA DHA EPA + DHA n-6:n-3 AA:LA EPA:ALA DHA:ALA
(18:2 n-6) (18:3n-3) (20:4 n-6) (20:5 n-3) (22:6 n-3)
FADS1rs174537 GG Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
(n 600)
GT B 0-033 0-028 —0-063 0-015 0-047 0-046 —0-083 —0-062 -0-019 —0-004
(n275) 95%Cl -0-007,0-019  0-000, 0-001 -0-046,0-002 -0-001,0-031 -0-002, 0-011 —-0-002, 0-011 -0-187,-0-017 —0-141,0-009 —0-449, 0257 -0-253, 0-227
P-value  0-356 0-431 0-077 0-682 0-189 0-192 0-019* 0-083 0-593 0915
T p —0-002 —0-088 —0-063 —0-067 —0-009 -0-018 0-017 —0-067 —0-009 0-080
(n41) 95% ClI -0-029, 0-027 —0-002, 0-000 -0-104, 0-006 —0-005,0-000 -0-017,0-013 -0-019,0-011 —-0-147,0-237 —0-327, 0-007 —0-896, 0-688  0-074, 1-147
P-value  0-945 0-015* 0-078 0-061 0-808 0-613 0-646 0-061 0-797 0-026*
FADS1 rs174561 TT Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
(n 627)
TC B 0-035 0-021 —0-047 0-005 0-083 0-079 —0-105 —0-054 —0-019 0-021
(n258) 95% Cl -0-007,0-019  0-000, 0-001 -0-042, 0-008 —0-001, 0-001 0-001, 0-015  0-001, 0-015 -0-219, -0-043 —0-136, 0-018 —0-462, 0268 —0-175, 0-321
P-valuet  0-337 0-558 0-188 0-899 0-021* 0-027* 0-004** 0134 0-602 0-565
CcC p —0-004 —0-081 —0-063 —0-051 —0-021 —0-028 0-027 —0-065 0-013 0-063
(n31) 95% ClI —0-034, 0-030 —0-002,0-000 -0-118,0-006 —0-005,0-001 —0-022,0-012 -0-024,0-011 —-0-132, 0-303 —0-366, 0-014 -0-732,1-066 —0-062, 1-157
P-value 0918 0-023* 0-076 0-155 0-551 0-438 0-441 0-069 0716 0-078
FADS2 rs174575 CC Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
(n553)
CG B 0-012 —0-079 —0-060 —0-063 -0-019 —-0-027 —0-029 —0-076 —0-052 0-069
(n320) 95%Cl -0-010,0-014 -0-001,0-000 -0-044,0-003 -0-002,0-000 -0-008,0-005 —0-009,0-004 -0-117,0-048 —0-150, —0-006 —0-594, 0-085 —0-002, 0-459
P-valuet 0743 0-025* 0-089 0-074 0-593 0-452 0410 0-033* 0-141 0-052
GG p 0-009 0-044 —0-053 —0-006 0-042 0-038 —0-036 —0-022 —0-003 -0-017
(n 43) 95% Cl —0-024, 0-031 0-000, 0-001 —0-093, 0-012 —0-003, 0-002 —0-006, 0-023 —0-007, 0-023 -0-279, 0-090 -0-212, 0-110 —0-795, 0-728 —0-643, 0-393
P-value  0-796 0-208 0-133 0-872 0-235 0-279 0-315 0-533 0-931 0-636
FADS1-FADS2 rs3834458 TT Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
(n613)
Tdel B 0-03 0-022 —0-047 0-017 0-051 0-051 —0-078 —-0-05 —0-009 0-004
(n268) 95% Cl -0-007,0-018  0-000, 0-001 -0-041,0-008 -0-001,0-001 -0-002,0-012 -0-002,0-012 -0-183,-0-010 —-0-130, 0-022 —0-406, 0-311  —-0-229, 0-258
P-valuet  0-399 0-542 0192 0-635 0-153 0-155 0-028* 0-162 0-794 0-908
deldel p 0-003 —0-085 —0-068 —0-051 0.000 —0-007 0-011 —0-074 0-010 0-077
(n 35) 95% ClI -0-029, 0-032 -0-002, 0-000 -0-116, 0-001 -0-005,0-001 -0-016,0-016 -0-018,0-015 -0-174, 0-237 -0-369, —0-011 -0-733,0-966  0-062, 1-212
P-value  0-928 0-017* 0-055 0-156 0-997 0-835 0-767 0-038* 0-788 0-030

FADS, fatty acid desaturase; LA: linoleic acid; ALA: a-linolenic acid; AA: arachidonic acid.

All cord PUFA were logged after adding a constant to all + 1; homozygous major allele genotype was reference to which heterozygous and minor allele homozygous were compared; p-values displayed are for the heterozygous genotype or
minor allele homozygous compared with major allele homozygous genotype; maternal FADS genotype was adjusted for in each regression model.
* P<0-05, **P<0-01; P<0-001.
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will retain AA and transfer PUFA to the fetus in the order
DHA, ALA, LA and lastly AA®”. If, however, maternal status of
AA is high, the order of selectivity and thus transfer to the fetus
is DHA, AA, ALA followed by LA®G”. The maternal PUFA
status of this cohort has previously been shown to be influenced
by maternal FADS genotype, in that maternal AA concent-
rations were decreased with minor allele homozygosity for
rs383445822. In the current study, we have confirmed that
children who are homozygous for rs3834458 also have lower
AA concentrations. We have added to these findings to show that
the genotype of the mother, but not the child, influences cord
DHA concentrations, which may suggest that the mother’s geno-
type is influential in determining the order of placental transfer of
PUFA to the fetus.

The endogenous synthesis of LCPUFA is active in the fetus
despite maternal transfer of LCPUFA being important for fetal
status. In the developing fetus, the endogenous synthesis of
AA is known to be greater than the synthesis of DHA®739,
Variation in child FADS genotype influences the endogenous
synthesis of LCPUFA, with lower cord blood concentrations of
AA in those with the minor allele®*?5?®_In the current analysis
for child genotype, 1s3834458 were associated with lower cord
blood AA concentrations; this has been observed previously in
the limited research relating to the influence of FADS on cord
PUFA status?*?>?®_This finding suggests that the presence of
the minor allele may impair the developing fetus’ ability to
endogenously synthesise LCPUFA, leading to lower cord AA
concentrations.

Child genotype was shown to be associated with product:
precursor ratios, with a decreased cord blood AA:LA ratio in
children who were heterozygous for rs174537, rs174561 and
153834458. Minor allele homozygous children for rs174537,
rs174561 and 153834458 also had a lower AA:LA ratio compared
to children with the reference genotype, indicating decreased
activity of the desaturase enzymes and thus leading to lower con-
centrations of AA in cord blood compared to LA. The presence of
the minor allele is known to be associated with increased
LCPUFA precursor and lower product concentrations. Given
the inefficiency of the LCPUFA endogenous synthesis pathway,
dietary intake of preformed LCPUFA is preferred. It should be
noted that when adjusting for maternal genotype, some associ-
ations were found for child genotype and DHA, but only among
heterozygotes and not in the expected direction. Similar unex-
pected associations were found between the child homozygous
genotype and lower ALA. As this is the opposite to what is
expected with lower FADS1 and FADS2 enzyme activity, these
findings should be interpreted carefully. The present study
was completed in a high fish-eating cohort, with a diet rich in
preformed LCPUFA. Participants in the Seychelles are consum-
ing on average 8-5 fish meals per week, which is much higher
than the mean weekly fish consumption of other populations
such as the UK®” and USA“?. The maternal concentrations of
EPA and DHA reported for Seychellois pregnant women are
reflective of this high fish consumption and are notably higher
than other populations with reported fish intake which is much
lower such as in the UKD and the USA“?. Despite the high
intake of preformed LCPUFA, associations between maternal
and child FADS genotype and cord PUFA were observed in

the current analysis, suggesting that the pathway may be more
important in optimal fetal PUFA status than previously believed.

To our knowledge, this is the first study to investigate the
influence of both maternal and child FADS genotype on cord
PUFA status in a high fish-eating cohort. The present study
has some limitations. There are other potential mechanisms
aside from desaturation of PUFA by which FADS variation has
an influence on PUFA status owing to changes in FADS gene
expression. These mechanisms include altered promoter region
of the FADS genes“# and low expression of protein®, and
these other potential mechanisms should be considered in future
studies. We measured total serum PUFA concentrations to
account for triacylglycerols which are known to be the major
lipid fraction transferred from the mother to the fetus®?.
However, it is acknowledged that measuring other lipid frac-
tions, such as plasma fatty acids, may yield different results.
Future analysis could also consider using the omega-3 index
as a measure of PUFA status in order to be more comparable
to other studies. Further investigation of other genotypes should
also be considered, such as variation in ELOVL genes, which are
involved in the elongation steps of the endogenous synthesis of
LCPUFA™,

Conclusion

In conclusion, the current study indicates that in a high fish-
eating cohort, genetic variation in both maternal and child
FADS genes influences cord PUFA concentrations, but for differ-
ent PUFA. Maternal genotype was associated with lower cord
DHA and EPA + DHA concentrations, whereas child genotype
was associated with lower cord ALA and AA concentrations.
The cohort included here have high fish consumption; however,
despite the high dietary intake of preformed LCPUFA, both the
maternal and child FADS genotype were shown to be associated
with cord PUFA status. Given the importance of PUFA for child
neurodevelopment, it is necessary to understand factors which
impact PUFA concentrations and to use this knowledge to
improve PUFA status of both the mother and child. Further
research is needed to determine whether increased dietary
intake can compensate for lower PUFA status as a result of
FADS genotype.
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