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determine whether the ELOVL genotypes were
associated with PUFAs, we evaluated the
associations of the genotype of ten SNPs with eight
levels of PUFAs by covariate ANOVA and the results
are given in Table 2. Significant associations were
observed between SNPs in ELOVL5 and the levels of
PUFAs. Carriers of minor alleles of rs2397142 and
rs9357760 in ELOVL5 had higher levels of linoleic
acid (LA), dihomo-y-linolenic acid (DGLA),
arachidonic acid (AA), docosatetraenoic acid (DTA)
and n-3 product docosahexaenoic acid (DHA)
compared to major homozygote alleles (P changed
from 0.004 to 0.046). However, there is an exception
that the carrier of a minor allele of SNP rs209512 in
ELOVLS was associated significantly (P = 0.023) with
lower levels of DTA in breast milk compared to major
homozygote alleles.

Linear regression analysis was used to investigate
the associations of ELOVL gene polymorphisms with
concentrations of PUFAs. The unadjusted R’ values,
that reflected the variability of PUFA concentrations
explained by the genetic variants, ranged from very
low for eicosapentaenoic acid (EPA) (3.2%) or GLA
(3.4%), to LA (6.0%). The variability of a-linolenic acid
(ALA) amounts explained by the analyzed
polymorphisms reached 7.4% in adjusted analyses,
which included the effect of confounders (maternal
age and pre-pregnancy BMI) (Table 3).

The synthesis of LC-PUFAs from LA involves
enzyme-mediated desaturation and elongation steps.
A6-desaturase (D6D, encoded by the FADS2 gene)
catalyzes the conversion of LA into GLA, which is

then elongated into DGLA by elongase-5 (encoded
by the ELOVLS5 gene). Moreover, DGLA can be
converted into AA by A5-desaturase (D5D, encoded
by the FADS1 gene)(4). In the covariate ANOVA
analyses, genetic variation in the elongase gene
ELOVLS (rs2397142 and rs9357760) was associated
with higher levels of LA, DGLA, AA, DTA, and DHA
compared to major homozygote alleles. Higher
transcription of elongase-5 may increase the
conversion of GLA to DGLA, and accumulated AA,
which is the substrates for DTA. It may contribute to
high efficient synthesis of AA to DTA. This is probably
due to ELOVLS gene variants that increased the
conversion efficiency or contribute to a high enzyme
activity.

The biological effects of LC-PUFAs on brain
function are assumed to be mediated by tissue
contents of LC-PUFAs with > 20 carbon atoms and
more than three double bonds, such as AA, EPA and
DHA®!. AA and DHA have important roles in synaptic
transmission and plasticity during early brain
development[G]. The intake of AA and DHA during
pregnancy and lactation can improve the visual
acuity, psychomotor development and mental
performancem. Although infants are capable of
synthesizing AA and DHA, the accumulation of
LC-PUFAs in utero is predominantly via placental
transfer. Based on the present results, maternal
genetic variants influence levels of LC-PUFAs in
breast milk and, thus, genetic polymorphisms in the
lactating mothers are likely to have important
influence on infant brain development.

Table 1. Characteristics of 10 Polymorphisms in the ELOVL Gene Cluster

Alleles

dbSNP Position Function Genotype HWE* Genotyping
(bp) M/m MM Mm mm Success Rate (%)
ELOVL2
rs2281591 10990260 Intron A/G 136 62 10 0.40 99.52
rs12332786 10998735 Intron C/G 115 81 12 0.65 99.52
rs3798713 11008389 Intron C/G 88 92 23 0.89 97.13
rs3778166 11032931 Intron G/A 60 108 35 0.25 97.13
rs9468304 11041932 Intron A/G 103 90 16 0.55 100.00
ELOVL5
rs2294867 53289156 Intron C/A 72 100 28 0.47 95.69
rs9357760 53325336 Intron A/G 88 91 22 0.83 96.17
rs2397142 53335501 Intron C/G 88 92 20 0.57 95.69
rs209512 53338779 Intron A/G 59 109 39 0.36 99.04
rs12207094 53339377 Intron AT 166 39 4 0.35 100.00

Note. "Position in basepairs was derived from dbSNP Build 126, based on NCBI Human Genome Build 36 of
chromosome 6. TM, major allele; m, minor allele. *HWE, Hardy-Weinberg equilibrium.
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Table 3. R*Across the 10 Genetic Variants for Each
Fatty Acid (%)

Fatty Acids Unadjusted Adjusted*
n-3
ALA C18:3 5.5 7.4
EPA C20:5 3.2 6.4
DHA C22:6 4.8 6.4
n-6
LA C18:2 6.0 6.5
GLA C18:3 34 3.8
DGLA C20:3 4.5 5.5
AA C20:4 5.9 6.0
DTA C22:4 5.5 6.5

Note. "All R® were adjusted by BMI and age.

In addition, not all genetic variants were
significantly associated with PUFA synthesis, we find
only one n-3 PUFA (DHA) associated with SNP
rs9357760 in ELOVLS5, and the effect of gene variants
on n-6 fatty acids was more obvious, compared with
n-3 fatty acids, probably due to the low conversion
of ALA to DHA (< 4%)[8]; Otherwise, limited sample
size also affected the power of the findings.

Associations of the ten SNPs and PUFAs were
explained by linear regression. In the initial
unadjusted analysis, the genetically explained
variability of the amounts of fatty acids ranged from
3.2% for EPA to 6.0% for LA. Lattka et al. reported a
genetically explained variability of 28.5% for AA®
and Tanaka et al reported a variability of 18.6%"". In
this study, the variability of the AA amounts
explained by the ten genetic variants analyzed was
5.9%, which might be because the two earlier
studies analyzed fatty acids in serum and plasma,
whereas we analyzed fatty acids in breast milk. Our
results suggest the amounts of fatty acids in breast
milk are less influenced by ELOVL genotypes,
compared to plasma or serum phospholipid fatty
acids, but this is purely speculative. Nevertheless, all
the  associations remained stable despite
adjustments for maternal age and preconception
BMI confounders. By including these covariables into
the analysis, we were able to explain < 7.4% of the
variance in the levels of fatty acids.

Overall, the findings of this study show that the
ELOVL5 gene polymorphisms might affect the levels
of PUFAs in the breast milk, accordingly affecting
children's growth and development in the future,
and it also provides basic data for personalized

nutritional intervention, but the underlying
mechanism needs further investigation among
different ethnic groups and with larger samples.
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