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Why oleic acid and tocopherols?

Confectionery 

sunflower

Oilseed

sunflower

Salad oilsFrying oils

● Resistant to oxidation

● High content of oleic acid

● Gamma and delta tocopherols

● Vitamin E + polyunsaturated fats

● Moderate content of oleic acid

● Alpha and beta tocopherols 2



Biosynthesis and causal genes
2-methyl-6-

phytylbenzoquino

l

(MPBQ)

The Tph1 and Tph2 mutants were obtained by screening 

genetic collection including one from VIR

Tph1

Tph2

Tocopherols biosynthesis



Biosynthesis and causal genes
2-methyl-6-

phytylbenzoquino

l

(MPBQ)

It looks like there should be a three genes! Two

for tocopherol composition and one for oleic acid 

content!
The Tph1 and Tph2 mutants were obtained by screening 

genetic collection including one from VIR

Tph1

Tph2
The Ol mutant plant was obtained in 

VNIIMK by chemical mutagenesis in 1970s

Ol
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Oleic acid 

(FA18:1) 

biosynthesis

Tocopherols biosynthesis



Genetic control is more complex for tocopherols and oleic acid
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Additional factors:

● Non-allelic genes with 

moderate effects

● Loci with minor effects

● Genetic background

Goals of the present study:

● Map major effect loci

● Check weather the minor loci 

are also specific to VNIIMK lines 

● Find potential markers for MAS



Experimental crosses and phenotyping

144 F2 plants + 7 plants for 

each of the parents collected

For each of the population!

Tocopherol profiling:

Thin-layer chromatography 

with subsequent 

densitometry

F2

F1

Oleic acid profiling:

gas chromatography 

followed by flame 

ionization detection
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Mutant 

line

Wild-type lines (VK303 and 

VK101 ):

● ~80-99% of alpha 

tocopherol

● ~32-55% oleic acid

Mutant lines (VK195 and 

VK876):

● ~40-60% of gamma 

tocopherol

● ~40-60% of delta 

tocopherol 

● ~83-93% of oleic acid

Wild-type 

line
Genetic diversity of the studied lines

VK195xVK303
VK876

X

VK101



VK195xVK303

VK876xVK101
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Tocopherol class

Tocopherol composition

● Observations are dependent

● Distributions are not normal



Not so bad if we look through dihybridism model!
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9

alpha alpha/beta gamma gamma/delta

Tph1 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
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9 3 3 1

Not so bad if we look through dihybridism model!



Oleic acid content - a semi-quantitative case!

VK195xVK303 VK876xVK101

High-oleic 

phenotype

ol ol

High-oleic 

Phenotype

ol ol or ol Ol

p-value < 2.2e-16

for 3:1 phenotypic 

segregation ratio
p-value = 0.44 for 3:1 

phenotypic segregation 

ratio

Typical Ol 

mutation is 

dominant!

10



Genotyping strategy for QTL mapping

What was previously used?

● Indel markers

● SSR markers

● SSCP markers

Genotyping-by-sequencing approach
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Genetic map construction: LOD and RF

Recombination fraction

L
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D
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Relationship between LOD and RF
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Genetic map construction: LOD and RF

2) Reestimate physical map:

Filtering the markers

Re-ordering markers within 

linkage groups (chromosomes)

1) Build genetic map de novo:

Calculate pairwise LOD and RF

Form linkage groups (chromosomes)

Order markers

Recombination fraction

L
O

D
 s

c
o

re

Relationship between LOD and RF
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Assembled genetic maps

Number of the markers - 3200 ; Length- 5197.7 cM Number of the markers- 2571; Length 3898.8 cM
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VK195xVK303 VK876xVK101



Mapping strategies

Qualitative approach Quantitative approach

Tocopherol 

composition

Oleic acid 

content

Tph1 Tph2

Haley–Knott (HK) regression based 

interval mapping for binary traits

α β γ δ

Tocopherol 

composition

Oleic acid 

content

Composite interval mapping approach for all types of the traits

Haley–Knott (HK) regression based 

interval mapping for non-normally 

distributed traits

Ol
Relative content of 

oleic acid
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Tocopherol composition mapping (quantitative approach)
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VK195

x

VK303

VK876

x

VK101

Interval mapping (non-parametric) Composite Interval mapping 



Tocopherol composition mapping (qualitative approach)
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VK195xVK303

VK876xVK101



Tocopherol composition mapping (qualitative approach)
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Tph1

Tph2

VK195

X

VK303

VK876

X

VK101



Mapping oleic acid content

VK195xVK303

VK876xVK101



Issue with chromosomes 7 and 14, map reconstruction 

Possible 

translocation 

event!  
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Why did we find 

significant markers on 

chromosome 7 and 14?

Genetic map reconstruction for 

chromosomes 7 and 14



Mapping oleic acid content (reconstructed map)

Ol

VK195xVK303

VK876xVK101



Genotype effects for oleic acid content 

VK195xVK303 VK876xVK101
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PVE = 56%

PVE = 53% PVE = 48%



Conclusions ● 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 loci were found for studied 

traits
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Tph1 - LG1

Tph2 - LG8

Ol - LG14 or 

LG7



Russian sunflower improvement initiative - a bigger picture

Collaborators:

Core:
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Resistance to the 

broomrape

Development of 

markers for herbicide 

resistance in 

sunflower

Oil quality:

● Triglyceride composition

● High oleic

● Tocopherol composition

Traits related to seed 

quality:

● Husk size

● Seed size

● Seed/husk ratio

Fertility Restorer Gene



Core team and mentors

25

Prof. Philipp

Khaitovich, Skoltech

Prof. Yakov 

Demurin, VNIIMK

Prof. Sergey

Nuzhdin, 

USC

Prof. Laurent

Gentzbittel, 

Skoltech

Plant / 
molecular
genetics

Rim 
Gubaev

Alina 
Chernova

Sequencing

Stepan 
Boldyrev

Data analysis / 
Bioinformatics

Elena 
Martynova

Molecular 
biology

Assoc. Prof.

Cecile Ben,

Skoltech



Marker using independent sample
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Population structure and respective phenotypes of sample. 

Color indicates line, shape corresponds to the phenotype.

Tocopherol 

composition

Oleic acid 

content



Marker validation on the independent plant sample



Analysis pipeline

Read QC and 

filtering

(FastQC + 

Trimmomatic)

Read alignment

and sorting

(Bowtie2, BWA)

SNP calling

(Tassel GBSv2)

Variant filtration

(Filters MAF, 

Depth)

Selection of 

variants

homozygous within 

and polymorphic 

between the 

parents 

Genotype 

imputation

(LB-Impute)

Setting the parental 

alleles

Additional filtering 

the genotypes

Genetic map 

construction

(R/qtl)

Composite interval 

mapping (R/qtl)

Single marker 

analysis (Tassel)

Selection of 

significant markers

Assessment of the 

marker effects

Scanning for 

causal genes
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Effect of Tph1 and Tph2 on beta and delta tocopherol 

content
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Tph1 

disrupted

Tph2 

disrupted

Tph2 

Tph1

Normal path



Imputation with LB-Impute 
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Imputation results



Genotyping data filtering

Variant depth filter Minor allele frequency

Filtering the genotype by 

segregation pattern

1:2:1

(Chi-square test for 

goodness of fit)

Individuals with missing 

genotypes (> 30%)

Markers that are 

genotyped in less than 

70% of individuals

Selection of variants homozygous within and 

polymorphic between the parents 

Number of 

markers

Before

filtering

After

filtering

VK195

×

VK303

119,964 3566

VK876

×

VK101

182,749 5979

31



Genetic map construction

Ordering

Dropping single 

markers

Reordering

LOD scores distribution 

across markers

Comparison of physical and 

physical genetic distance

Markers

Markers
32



LOD Threshold calculation  

95th percentile = 5.68 

The distribution of max LOD scores across permutations
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Variance explained by top 10 significant markers
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Chromosomes



Genotype effects (qualitative approach)

35Plants demonstrating wild-type phenotype Plants demonstrating mutant phenotype



Effects of the markers for cross VK876xVK101
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alpha-beta class

gamma-delta class

delta 

class

alpha class


