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Motivation and Aim: Flax (Linum usitatissimum L.) is an important crop that is grown for fiber and seed.
Seeds are used for oil production that has a wide range of applications: pharmaceuticals, food, feed, paints,
varnishes, etc. Directions of flax oil use are determined by the ratio of fatty acids, mainly linolenic (omega-
3) and linoleic (omega-6) ones. It is known that genes of FAD3 (fatty acid desaturase 3) family play a key
role in fatty acid synthesis by catalyzing the conversion of linoleic acid into linolenic one. The purpose of
our study was to reveal polymorphisms in FAD3A and FAD3B genes that determine the fatty acid
composition of flax oil and to develop a test system for their identification.

Methods and Algorithms: A representative set of 84 flax cultivars and lines with different fatty acid
composition was provided by the Institute for Flax (Torzhok). DNA was extracted from 40-50 seedlings
for each cultivar/line, and two-staged PCR was performed for library preparation. Full-length sequences of
FAD3A and FAD3B genes were determined using deep sequencing on MiSeq (Illumina, USA) with
300+300 bp reads. VarScan variant caller was used for revelation of polymorphisms in the studied genes.
High resolution melting (HRM) analysis with pre-amplification was performed on a Rotor-Gene Q real-
time PCR cycler (Qiagen, Netherlands) for identification of single nucleotide polymorphisms (SNPs) of
interest.

Results: On sequencing, average coverage of 300x was obtained for FAD3 genes that enabled accurate
identification of polymorphisms. Using VarScan, 91 and 62 polymorphisms were identified in FAD3A and
FAD3B genes respectively. Correlation analysis revealed SNPs that were associated with the content of
fatty acids in flax oil. Further detailed analysis showed that samples with both the tryptophan to stop codon
substitution in FAD3A and the histidine to tyrosine substitution in FAD3B had a low level of linolenic acid,
while all cultivars and lines without these mutations were high-linolenic. Samples with only one of these
mutations had medium content of linolenic and linoleic acids. Another important mutation in FAD3A
resulting in arginine to stop codon substitution was identified only in one low-linolenic cultivar from the
analyzed collection. HRM-based test system was developed for identification of these three
polymorphisms. Homozygous and heterozygous states for analyzed SNPs were distinguished clearly by
temperature shift in melt curves.

Conclusion: Analysis of the deep sequencing results revealed three polymorphisms in FAD3A and FAD3B
genes that determine the ratio of linolenic and linoleic acids. An HRM-based test system for identification
of these key SNPs can increase the efficiency of breeding cultivars with the targeted content of fatty acids
in flax oil.
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