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Why oleic acid and tocopherols?
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Biosynthesis and causal genes
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Biosynthesis and causal genes
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Genetic control is more complex for tocopherols and oleic acid

Theor Appl Genet (2006) 113:767-782
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Additional factors:

Three non-allelic epistatically interacting methyltransferase
mutations produce novel tocopherol (vitamin E) profiles
in sunflower

s s e e Non-allelic genes with

Ty3/gypsy-like retrotransposon knockout of a 2-methyl-6-phytyl-
1,4-benzoquinone methyltransferase is non-lethal, uncovers

a cryptic paralogous mutation, and produces novel tocopherol
(vitamin E) profiles in sunflower
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Experimental crosses and phenotyping

Mutant Wild-type  Wild-type lines (VK303 and
line line VK101 ): .
.. .. e ~80-99% of alpha 1001
X
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each of the parents collected | ¢ ~83-93% of oleic acid
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Tocopherol proportion, %

Tocopherol proportion, %

Not so bad if we look through dinybridism model!
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Not so bad if we look through dinybridism model!

Tocopherol class M alpha M beta M gamma M delta
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= o o/p

alpha alpha/beta gamma gamma/delta

Tphl 1 0 1 0
Tph2 1 1 0 0

VK195xVK303

Chi-square goodness of fit

test p-value p-value - 0.45

VK876xVK101

Chi-square goodness of fit

test p-value - 0.53



Oleic acid content - a semi-guantitative case!
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Genotyping strategy for QTL mapping

What was previously used? Genotyping-by-sequencing approach
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Genetic map construction: LOD and RF

Recombination Fraction

Recombination Fraction 0 =
Recombinants / Total =

61+77/61+77 +442 + 420 =138/ 1000
= 13.8%
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Genetic map construction: LOD and RF

Recombination Fraction

Recombination Fraction 0 =
Recombinants / Total =

61+77/61+77 +442 + 420 =138/ 1000
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Assembled genetic maps

Pairwise recombination fractions and LOD scores
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Mapping strategies

Qualitative approach Quantitative approach
Tocopherol Oleic acid Tocopherol Oleic acid
composition content composition content

oleic acid

\A/ /
) Haley—Knott (HK) regression based
interval mapping for non-normally

distributed traits

) ChLLTD e

ol Relative content of
Tphl Tph2 a B y 5

Haley—Knott (HK) regression based
interval mapping for binary traits

[ Composite interval mapping approach for all types of the traits 1
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Tocopherol composition mapping (quantitative approach)

Composite Interval mapping

Interval mapping (non-parametric)
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Tocopherol composition mapping (0
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Tocopherol composition mapping (qualitative approach)
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Mapping olel
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Issue with chromosomes 7 and 14, map reconstructlon

123 4 56 7 8 9 10 1112131415 16 17
| | | | |
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201 Why did we find
significant markers on | ., Eess
chromosome 7 and 14?

Possible
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Mapping oleic acid content (reconstructed map)
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Genotype effects for oleic acid content

Oleic acid content, %
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Conclusions
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e Two loci of major effects were identified on

chromosomes 1 and 8 controlling tocopherol
composition

One locus controlling oleic acid content was
identified on chromosome 14 and 7

No minor effect Ioci were found for studied
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Genetic mapping of loci involved in oil
tocopherol composition control in Russian sunflower
(Helianthus annuus L.) lines
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noleic Lmol.emc A
acid AD3 acid Tocopherols are antioxidants that preserve oil lipids against oxidation and serve as a natural source of vitamin E in the human diet.
C18:2 C18:3 Compared with other major oilseeds like rapeseed and soybean, sunflower (Helianthus amnuus L) exhibits low phenotypic diversity of
tocopherol composition, both in wild and cultivated from germpl I Two major jons that alter tocoph
were ified in genetic coll and several studies d additional loci i i with

lhew expression possibly depending on the genetic background. In the present study, we performed QTL mappmg of tocopherol composi-

tion in two independent F2 crosses between lines wuh contrasting tocopherol composition from the Pustovoit All-Russia Research Institute

of Oil Crops (VNIIMK) collection. We used pi que mg (GBS) to construct single nucleotide polymorphism-based genetic

maps, and performed QTL mapping using quanti and q ding for ph pic traits. Our results support the notion that 23
the tocopherol composition in the assessed crosses is controlled by two loci. We addmonally selected and validated two single nucleotide
polymorphism markers for each cross which could be used for marker-assisted selection.




Russian sunflower improvement initiative - a bigger picture

Traits related to seed s k I
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Marker using independent sample
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Marker validation on the independent plant sample
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Analysis pipeline

Genetic map
construction
(R/qtl)

Read QC and
filtering
(FastQC +
Trimmomatic)

Y

Composite interval
mapping (R/qtl)
Single marker

analysis (Tassel)

A

Setting the parental
alleles

Additional filtering
the genotypes

Read alignment
and sorting
(Bowtie2, BWA)

Y

Selection of
significant markers

A

Genotype
imputation
(LB-Impute)

Y

SNP calling
(Tassel GBSv2)

Variant filtration
(Filters MAF,

Dp?th)

A

Assessment of the
marker effects

Selection of
variants
homozygous within
and polymorphic
between the
parents

Scanning for
causal genes

28



Effect of Tphl and Tph2 on beta and delta tocopherol
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p-tocopherol a- tocopherol

29



Imputation with LB-Impute
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Genotyping data filtering

Variant depth filter
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G e n eti C m ap C O n St r u Cti 0 n Genetic map Pairwise recombination i1ractiuns and LO scores
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LOD Threshold calculation

The distribution of max LOD scores across permutations

Single trait permutation schema 1N AT 95th percentile = 5.68

—> LOD over genome —> max LOD

genotypes
phenotype
10
1

1. shuffle phenotypes to break QTL I-h-.-l-ﬂ o -

L 2. repeat 1000 times and summarize

LOD score

lod
(+2]
]

idﬁ%wmw,, MWMMWW

1 2 3 4 5 67 8 12 13 14 15 16 17
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Variance explained by top 10 significant markers
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Genotype effects (qualitative approach)
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Effects of the markers for cross VK876xVK101
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